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BeezeHue. [Mrobnactoma — Hamboree pacnpocTpaHeHHas NepBUYHas 3110KaYeCTBEHHAS OMyXO/b FOIOBHOMO MO3ra C KpaiiHe HebnaronpusaTHbIM
MporHo3oM. Yactota heHoMeHa «JonroxuTensCcTBa» (>3 net obuuein BbxmneaeMoctn — OS, overall survival) npy faHHoM 3aboneBatinm 5-10 %.
OcTaloTcs HesICHBIMM NPKYMHBEI bonee 6MaroNpUATHOM NPOrHO3a Y AaHHbLIX NALMEHTOB.

Llenb pabotbl — cpaBHeHWEe AaHHbIX KMHUYeCcKVX U MPT, a Takxe 0cobeHHOCTe KOMMEKCHOrO eYeHUs MaLMEHTOB C CynpaTeHTopuanbHbIMM
rnobnacToMamu — n3 rpynnbl KoHTponsa (OS <2 neT) u ¢ heHoMeHOM «onroxuTenscTeax (0S >3 neT).

Martepuan u MeTtoapl. B uccnenoBaHme BrloYeH 41 naumeHT ¢ nonyLapHeIMM mvobnacToMamu: 17 — ¢ heHOMEHOM «[0NroXMUTENbCTBa»
(rpynna «ponroxutenens, 1X); 24 — B rpynne KoHTpons (peTpocneKTvBHLIN Habop). C y4eToM cpefHero Bo3pacTa NaLMeHToB UCCNeaoBany
ocobeHHocTv MPT: loKanu3aLmio onyxonm 0THOCUTENBHO I0BHO [10AU; MHBA3WI ITYBMHHBIX CTPYKTYP MO3ra; COOTHOLLIEHWE KOHTPACTUMpyeMOoN
W HEKOHTPACTUPYEMOW YacTel MMMOMbI; MHTEHCMBHOCTb KOHTPACTUPOBAHMUS OMYXOMK; JIOKANU3aLunio peumuamBa (NoKanbHbIM/ AUCTaHTHbIN)
B C/ly4ae MporpeccypoBaHms 3aboneBaHuns. CpaBHUTENbHBIA aHANM3 KOMMEKCHOMO NEYEHUs YYMTbIBa: YACIO KYpcoB Xxmmmotepanuu (XT)
W pexmMbl 0byyeHns — nocne 1-M onepaumy 1 nocne peunavea 3aboneBanuns; GaKT U KONMYeCTBO MOBTOPHbLIX PE3EKLIMIA ONYXonu nocse
peumaunBa; Hanmyue mytaumm IDHT.

Pe3ynbTarhl. JloKanusaums nopaxeHus oTHOCUTENbHO NI06HOWM [10AM, KOMMYECTBO NOPaKEHHBIX 0NEN roNIOBHOTO MO3ra U MHBa3us MyOUHHbIX
CTPYKTYp LLOCTOBEPHO He OTAMYanuch B uccnepyeMelx rpynnax. Maumentsl I (mpocnekTvBHbIA Habop) fLocToBepHO bbinv MooxXe, YeM na-
umeHTbl KoHTpons (p <0,05). [ina rpynnel XK otMeyeHa TeHAeHUMA K onHogonesoMy nopaxenuto (p = 0,085). CpeaHwii 0b6beM KoHTpacTvpye-
MO yacTv onyxonm (no aaHHbIM MPT B T1-pexume) y nauventos 1K coctaBun 34 cM?, a HekoHTpacTvpyeMoi (B pexinme T2-FLAIR) — 105 cM,
cooTHoLweHme 1: 3 (p >0,05). MHTeHCHBHOCTL KOHTPACTMPOBaHWUS OMyX0NW B CPeHEM coCTaBina 1,5 M0 CPaBHEHMIO C UHTAKTHBIM NofyLLapuem
Mo3ra. B rpynne [I}K noBTopHO onepvpoBaHo B CBA3M C peunamBoM 3aboneBanus 8 (47 %) naumeHToB, a B rpynne KOHTPOAS — HW OAHOMO
(p <0,05). Pe3ynbTaThl aHanm3a NnydeBor Tepanum nocne 1-i onepaumu: ans naumentos X meamaHa COL — 58 (35—66) Ip, nocToBepHbIX
OTNINYMIA Mexay rpynnamm He BoisieneHo (p >0,05); uncno Kypco Temosonommnaa B rpynne A — 9 (6—22), B rpynne KoHtponsa — 6 (3-10),
p <0,05. MNMoBTopHas nyyeBas Tepanus B pasHblx pexuMax: B rpynne I — 52 % naumentos, B rpynne kontpons — 0 (p <0,05). MostopHas XT
(17 (9-23) Kypcos, B ocHOBHOM beBaLm3ymabom): B rpynne K — 65 % nauueHToB, B rpynne koHtpons — 0 (p <0,05). MyTauws IDHT vccnepo-
Banach TONbKO Yy 15 naumeHTos: nonoxmtensHas —y 1 (rpynna JXK); otpuuatensHas — y 14 naumenToB (7 U3 KOHTPO/bHOM rpynmbi).
3akntoueHue. BoisiBeHbl OCTOBEPHbIE 0TMUMA: B rpynne [ naumeHTsl ¢ cynpaTeHTopuanbHeIMU MobnacToMami bonee Monoforo
BO3pacTa. BakHble 0cobeHHOCTM KoMMneKcHoro nedenns [XK: ctaticTidecky bonee BbICOKas YacToTa MOBTOPHLIX PE3EKUMIA NpU HaCTy-
nneHnn peunamsoB (47 %) M NOBTOPHBIX CEAHCOB JTy4eBOM Tepanuu B pasinyHbix pexumax (52 %); foctoBepHo bonee arpeccuBHas
n prvtenbHas XT (c npeobnagaHnem Temo3onoMmaa B 1-M KUK neyvenmns v beBaumayMaba Npu HacTynneHUn peumnanea). He BbisiBNEHb
LOCTOBEpHblE OTAIMYMA MeXAy ABYMA UCCefyeMbiMU rpynnaMu Mo JoKanmn3aumm onyxoniu, MHTEHCUBHOCTU ee KOHTpacT1pOoBaHus,
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Background. Glioblastoma is the most common primary malignant brain tumor with an extremely unfavorable prognosis. The frequency of the
“longevity” phenomenon (>3 years of overall survival — 0S) in this disease is 5—10 %. The reasons for the more favorable prognosis in these
patients are still unclear.

Aim. To compare the clinical and MRI data as well as features of complex treatment of patients with supratentorial glioblastomas among the
control group (OS <2 years) and study group (with the phenomenon of “longevity”, 0S >3 years).

Material and methods. This study included 41 patients with hemispheric glioblastomas: 17 with the “longevity” phenomenon (study group —
long-term survival (LTS), prospective set); 24 patients in the control group (retrospective set). Taking into account the average age of patients,
the following MRI features were examined: tumor localization relative to the frontal lobe; invasion of deep brain structures; the ratio of contrast-
enhancing and non-contrast-enhancing parts of the glioma; tumor contrast intensity; localization of recurrent tumor (local/distant) in case
of disease progression. Comparative analysis of complex treatment took into account the following parameters: the number of chemotherapy
(ChT) courses and radiation regimens after the 15 operation and after disease recurrence; the fact and number of repeated tumor resections
after recurrence; the presence of IDHT mutation.

Results. The localization of the lesion relative to the frontal lobe, the number of affected lobes of the brain and the invasion of deep structures
did not differ significantly in the examined groups. Patients of study group (LTS, prospective set) were significantly younger than the patients
of the control group (p <0.05). The tendency towards a single-lobe lesion was noted in the LTS group (p = 0.085). The average volume of the
contrast-enhancing part of the tumor (according to MRI data in the T1 mode) in patients of LTS group was 34 cm?, and the non-contrast-enhancing
part (in the T2-FLAIR mode) was 105 cm?, the ratio was 1: 3 (p >0.05). The tumor contrast intensity was 1.5 in average compared to the intact
cerebral hemisphere. Among patients of LTS group, 8 patients (47 %) were re-operated due to disease recurrence, while in the control group
there were no repeated operations (p <0.05). The results of the analysis of radiation therapy after the 1% operation were the follows: for LTS
patients the median total radiation dose (TRD) was 58 (35-66) Gy, with no significant differences between the groups (p >0.05); the number
of temozolomide courses in the LTS group were 9 (6—22), while in the control group it was 6 (3—10), p <0.05. The repeated radiotherapy (RT) in
different regimens was applied in the LTS group in 52 % of patients, in the control group — 0 (p <0.05). The repeated ChT (17 (9-23) courses,
mainly with bevacizumab) was applied in the LTS group in 65 % of patients, in the control group — 0 (p <0.05). The /DHT mutation was studied
only in 15 patients: positive — in 1 (LTS group); negative — in 14 patients (7 from the control group).

Conclusion. The following significant differences were revealed: patients with supratentorial glioblastomas were younger in the LTS group. The
important features of the complex treatment of patients in LTS group included statistically higher frequency of repeated resections in case
of recurrence (47 %) and repeated sessions of radiotherapy (RT) in various modes (52 %); significantly more aggressive and prolonged ChT (with
the predominance of temozolomide in the 15! line of treatment and bevacizumab in case of recurrence). There were no significant differences
between two examined groups in tumor localization, intensity of its contrasting, the ratio of contrasted and non-contrast parts of the tumor,
invasion of deep structures of the brain, involvement of functionally significant areas (FSA).

Keywords: phenomenon of long-term survival, overall survival (0S), progression free survival (PFS), glioblastomas, magnetic resonance imaging
(MRI), molecular genetic features, adjuvant treatment
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BBELEHUE

[I1mo61aCTOMEBI TOJIOBHOTO MO3Ta OCTAIOTCSI CJTOXKHOM
IIPOOIeMO UIST HEUPOXUPYPTOB M CMEXHBIX CIICIIHAIH-
croB. Hecmotpsg Ha 10 uTo ¢ 2010 1o 2018 . oTMeuaeT-
cs [1] yonBoeHMe MemraHbl 001Ieit BbLKBaeMOCTH (overall
survival, OS) rpu rao61acToMax, 4acToTa 3-JeTHEM BbI-
XKUBAaeMOCTH (WJIU «IOJITOXKUTEIIBCTBA» ) TP JTAaHHOM 3a-
0osieBaHMU OCTaeTCsl HU3KOM (Tad. 1).

Cornacao ganabiM CBTRUS (Central Brain Tumor
Register of the United States) [2], Bkimrodaromiem 21910
HaOJIIoIeHNI, IpH TIIMoOIacToMax ImokasaTesib OS cocTas-
nsieT: 3-yeTHUil — He Oonee 7,54 %; S5-neTHUIl — MeHee
5 % ciyuaeB. Panee B HameMm ucciegoBaHuu [3] Obuin
IMOKa3aHbl IIPEAUKTOPHI OJATOIPUSITHOTO IPOTHO3a
IS TTALIMEHTOB ¢ PEHOMEHOM <«IOJITOXKMTEILCTBA» C BE-
pUMULIMPOBAHHBIM TUATHO30M «IJIMO0IACTOMA» . MOJIOIOM
BO3pacT, CYIIPaTeHTOPUAIBLHOE PACITONIOXEHUE OITYXOJIH,
BeIcOKUii mHIeKC KapHoBckoro (MK) mo onepamuu, dhaxr
XUPYPTUUECKOTO YIaJIeHUS OITyXOJIH.

CrangapTHbIe JIeUeOHBIC IIPOIEIYPHl Y OOJIBHBIX
¢ nepBuuHbIMH omyxojisiMu ITHC B HacTostimee BpeMst:
XUPYPTHUSI, PaTHOTEPaIINs, IIPOTUBOOITYX0JIeBast JIEKAPCT-
BeHHas Tepanus. I mammueHToB ¢ IIMo0JIacTOMOM pe-
KM BBIOOPA TTOCIICOIIePALIMIOHHOTO JICUCHUS — XUMHOJTY-
yepast Teparnmst (XJIT) ¢ TeMo3010MUIOM: €KeTHEBHBIN
npueM (75 Mr/m?) B Te4eHUe BCEro Kypca JIydeBoil Tepa-
muu (JIT) (30 ¢ppakuuii o 2 Ip), ¢ mocaenyommumu 6—12
Kypcamu TeMo3ooMua mo cxeme 5/23 [4].

ITpu ananuze gaHHbIX 11 mauMeHToB ¢ riKMobaacToMa-
MM U pa3InIHON ImnTebHOM OS BEHISIBIICHBI TO3UTHUBHBIC
MPOTHOCTUYECKHE (pakTopHI [5]:

* MOJIOIOIT BO3pACT;
* MHIWBUAYATbHBIN ITOIXOM K JICICHUIO;
* MHTEHCUBHas TaKTUKa xumuorepamnuu (XT) — ot 6 10

15 uukiI0B TEMO3070MUAA B 1-i1 IMHUK U IPOBEAESHNE

2-11 muauM XT (B OTJIMYME OT CTAaHAAPTHBIX IIPOTOKO-
JIOB JICYCHMST, OTPAaHMYCHHBIX 110 IJTUTSIIbHOCTH Tepa-
ITAN).

HMHTepecHO OTMETUTB, YTO Y HAIIMEHTOB ¢ (heHOMEHOM
«IOJITOXKUTENILCTBa» TP TNO00JACTOMAX OTCYTCTBOBA-
ma myraumsa IDH] [5]. K coxaneHuio, ucclienoBaTeian
He TIPOBEJIM CPaBHUTEIbHBIN aHau3 M PT-maHHBIX ITamm-
€HTOB C TJTNO0JIACTOMAaMH B TPYIIIaX.

Kak cBumeTenbCTBYIOT JaHHBICE MUPOBOM JHUTEpa-
TYpHI, OCTACTCS IIPOTUBOPEUUBOI POJTb IOBTOPHBIX PE3EK-
LIMIA OITYXOJIM TIPY peluanBe 3aboneBaHus [6]. Psamx aBro-
pPOB IUIST OIIpede/ieHUs] MPOrHo3a 3a00JeBaHUSA IIPU
peruanBe TIM00IaCcTOMBI TIpeIIaraloT CIieIInaIbHbIC IITKa-
JIBI, YIUTHIBAOIINE 00BEM OITyXOJIM, BOBJIEUeHUE (DYHK-
IIMOHAJIEHO 3HAaYMMEIX 30H (P33) 1 nmpemomnepallmoHHOE
COCTOsIHME nanueHTa 1o mkajie KapHosckoro [7].

[IpencraBisieT 3HAYMTETBHBIN MHTEPEC TTOMCK OOIINX
3aKOHOMEPHOCTEH KIIMHMYECKIX, HEHPOBU3YTN3aLOHHBIX,
MOJIEKYJISIPHO-TEeHETUIECKNX OCOOCHHOCTEH Y TAllMeHTOB
C IIMOOJIACTOMAMHU Y (DEHOMEHOM «IIOJITOKUTETHCTBA».

Llens mpoBemeHHOI pabOTHI COCTOSIIa B CpaBHEHUU
NaHHBIX KaMnHUYeckux 1 MPT, a Takke ocoOeHHOCTEN
KOMIUIEKCHOTO JICYEHHS TTAITUEHTOB C CYIIPAaTeHTOPHATBHBI-
MM TJIMO00IaCTOMAMH — M3 Tpynmbl KoHTposst (OS <2 jeT)
¥ ¢ GeHOMEHOM «IOJNTOXUTEeIbCTBa» (OS >3 jeT).

MATEPWAJT N METOLbI

XapakTepucTuKa uccjeayeMoil KoropTbl MAUEeHTOB

B uccrenoBanme BKIIOYCHBI TTAIIMEHTHI C TTOJTYIIAP-
HBIMHU TJIMobacToMamMu — 41 yenoBek. YacTh U3 HUX OITe-
pupoBaHbl U Habmwoganuck B HMUII Heitpoxupypruun
nMm. akan. H.H. Bypoenko (ta6ur. 2).

B ocHOBHYy10 rpymity «monroxuteneii» (J12K) Bkimoue-
HbI 17 mauueHToB ¢ rrobjacToMaMu U (DeHOMEHOM «I0JI-
roxutenbctBa» (OS >3 ner).

Tabnuua 1. [laHHble M1poBoi nuTepaTyphl 0 BixueaemocTy (0S/PFS) nauyverTos ¢ muobnactoMamm ronosHoro Mosra 8 2010 1 2018 rr.
Table 1. World literature data on survival (0S/PFS) of patients with brain glioblastomas in 2010 and 2018

Ton IToka3arean

oS
2010

PFS

oS
2018

PFS

Menunana, mec Pasopoc (vec), 95 % AN

10,0 8,8—11,2
9,0 7,5-10,5
23,0 17,5-28,5
20,0 16,9—23,1

Ilpumenanue. OS — oowas evincusaemocms (overall survival); PFS — eviacuseaemocms 6e3 npoepeccuposanus (progression free survival) 3a60n1eeanus.

Ommeuena ounamura pocma (p <0,05) y 635 nayuenmos.

Note. OS — overall survival; PFS — progression free survival. Growth dynamics (p <0.05) was noted in 635 patients.
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Tabnuua 2. KnuHuueckvie faHHble nceneayemMblx nalneHTos C M1obacToMaMu rofloBHOTO Mo3ra

Table 2. Clinical data of the studied patients with glioblastomas

Ipynna koHTpOIA
IToka3zarenn Ipymna JI2K (17 nanueHTOB) (24 naumena)
OS (c MmomeHTa 1-if omeparuu), JieT >3 <
OS (from 1% operation), years
Bospact (Menuana), aeT 43 53
Age (median), years
Ilon, n:
Gender, n:
MYKCKOU 10 14
male
SKEHCKUU 7 10
female
Jlokanuzauus omyxonu, # (%): CympaTeHTopualbHast
Tumor localization, n (%): Supratentorial
®33 9(52,9 %) 14 (58,3 %)
FSA
OIHa OJIsI MO3ra 15 (88 %) 15 (62,5 %)
one lobe of the brain
27, 13 HUX 17 — ¢ MEPBUYHOI pe3eKIIUEH,
XUpypruyeckoe BMeIIaTeabCTBO (yaaJleHUe 8 — ¢ IOBTOPHOI, 2 — Ic))n epHp OBI;HHKTI;HMH o
b
OHY)'(S)JII/I), o 25, among them 17 — primary resection, 8§ — repeated
Surgical treatment (tumor removal), # ST B S ————

MPT-BoJItOMETPUYECKUIA aHATIU3, 1
MRI volumetric analysis, 7

17 (1o v mocie ornepanumn)
17 (before and after operation)

24 (o omepalumn)
24 (before operation)

Ilpumenanue. n — uucno nayuenmog; OS — obujas aviacugaemocms (overall survival); JI2K — «doseoncumenu» (OS >3 nem); MPT — macnummno-pe3o-

Hanchas momoepagus; P33 — GyHKUUOHANLHO 3HAUUMBLE 30HDL.

Note. n — number of patients; OS — overall survival; LTS — long-term survival (OS >3 years); MRI — magnetic resonance imaging; FSA — functionally

significant areas.

B rpy1imy KoHTpoJIsI BOoIIIy 24 TariMeHTa ¢ MeIMaHOM
OS <2 er.

CynpareHTopHalbHBIe omyxoau: B rpymnme 2K —
v 9 (52,9 %); B KoHTpONIBHOI — ¥ 14 (58,3 %) MalmeHToB.

MUKpOXHpPYyprudecKoe yaaJIeHNe OITyXOJIH BBITIOTHE-
Ho BceM (41 maumenTy). B rpymire JI2K B ¢Bs13u ¢ pemam-
BOM 3a00JIeBaHMST IIOBTOPHO ONEPUPOBAHbI § TMALIMEHTOB
(cM. Tab. 2), TPYCKIBI ONIEpUPOBaHbI 2 manneHTa. [1pu-
MepHO B 50 % ciny4aeB B 00eMX IpyIiiax OIyX0Jiu pacio-
JIaraJInch BOJIM3U MU HeltocpeacTBeHHO B P33 (peueBoit
IBUTATEJIBHON KOpe, MMPaMUIHOM TPAKTe, apKyaTHOM
my4Ke).

¥V Bcex manimeHTOB ¢ omyxonsiMu B P33 orepaTuBHEIE
BMEIIIATEICTBA BHIIIOJIHEHBI C MCITOIb30BaHUEM HEHpPO-
$HU3NOIOrNIeCKOr0 MOHUTOPWHTA IBUTATECILHBIX 30H
(mBUTATEIFHOI KOPHI U IIMPAMUIHOTO TPAKTa) M pEUEBHIX
30H B CO3HAHMM (peueBOM KOPBI X apKyaTHOTO TPAKTA).

¥ Bcex mauueHToB BbiNoHeHa olieHka M PT B pexxumax
T1, T2, T2-FLAIR, DWI, T1+C. I1pu ananuse olieHMBa-
JIaCh JIOKAJTM3AIIMS OITyXOJIH, €€ 00heM (KOHTPAaCTUPYeMOit
yacTh — B pexxume T1 ¢ KOHTpacTOM, HEKOHTpPACTHpYe-
Moit — B T2-FLAIR) mo omepamnum, JoKaIm3amus peim-
IBa, MTHTEHCUBHOCTH HAKOIJICHNS KOHTPACTHOTO Bellle-
CTBa, MHBA3MSI TTYOMHHBIX CTPYKTYP MO3Ta.

IIpoBenen aHanMM3 KOMITIEKCHOTO JICUCHUS TTAIlACH-
TOB mocie 1-it omepauuu (YUCIO ceaHCOB X1, pesKMBI
JIT) u mpu HacTyruleHUU peuuauBa (TOBTOPHBIE OTepa-
uuu, unciio ceaHcoB XT, pexxumsbl JIT).

OTaenbHO BBITIONHEH aHam3 MyTaunu IDH 1y 15 ma-
LIMEHTOB U3 00X IPYIIN C MTOMOIIbIO AHTUTEJIBLHOTO Me-
TOmA.

[Tpu ananu3e BEDKMBaeMOCTH (haKT CMEPTH U €€ JaTa
OBIT M3BECTHEHI y 24 TIAIIMEHTOB IPYIITH KOHTPOISI Uy 5 —
B rpynre JI2K. JlaTel HacTyIuieHUsI peuuauBa ObLIA 10-
CTYIHBI T aHanu3a y 16 maumentoB u3 rpynimsl 12K
MY 5 — 13 KOHTPOJIbHOI. 3a OS NMpUHSAT Mepros ¢ MOMEH-
Ta 1-i1 omepamm 10 DaThl CMepTH (€I OHA HACTYITHIIA)
WIA OO0 IOaThl TMOCHeOHEeW KOHCYJbTAIlMW ITallMeHTa
B HMMII. PaccuurbsiBanu Oe3peLiUAMBHYIO BbIXKHUBae-
MocTh (progression free survival, PFS) kak nepmon ¢ Mmo-
MEHTAa TIOCIeAHEH omepaluy 10 MOMEHTa HACTYILICHMS
HOBOTO pelanBa 3a00JIeBaHNs.

PE3YJIbTATHI
1. KiimangecKmii aHAIM3 NAMMEHTOB B MCCJIEXyeMbIX
rpynmax
Menunana Bo3pacta B rpymie JI2K cocraBmna 43 rona,
B rpymire KoHTpoist — 53 (p <0,05) (puc. 1).
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Puc. 1. Paznuqus so3pacma (MeduaHel) nayuenmos uccnedyemsix 2pynn (p <0,05):
1 — 2pynna «donzoxcumeneli» ([)K) ¢ obweli soixcusaemocmeio ((overall survival,
0S >3 nem; 2 - 2pynna koHmpons (0S <2 nem)

Fig. 1. The differences in age (median) of patients in the examined groups (p <0.05):
1 - group of “long-term survivals” (LTS) with overall survival (0S >3 years); 2 - control
group (0S <2 years)

1 2
-
20-
<
<8
-
<=
oS
gz
“—
Zc 0 .
53
= §
=
5..
-
Da/ Yes Het / No

Hanuume XK / Presence of LTS

Puc. 2. llayuersmel ¢ peHoMeHoM «donzoxcumenscmea» () docmosepHo dawie
uMesu dnumesnbHsle Kypcel xumMuomepanuu (XT) memo3zonomudom nocne 1-i onepa-
yuu (p <0,05): 1 - epynna [I); 2 — 2pynna koHmpons

Fig. 2. Patients with the phenomenon of “longevity” (LTS) were significantly more likely
to have long courses of chemotherapy (ChT) with temozolomide after the 1 operation
(p <0.05): 1 - LTS group; 2 - control group

OnHomoseBoe MopaxeHue BbIsiBIeHO y 15 (88 %) na-
reHToB U3 rpymibl JI2K v HeCKOJIBKO peke BCTpevaaoch
B Tpymre KoHTpoist — y 15 (62,5 %) nanmenTos, p >0,05.

Bce manmenTsl rpynnel 12K moay4yuinym KOMITIEKCHOE
nedyeHue mocie 1-it onepauu (JIT B pexxume kinaccude-
CKOTO0 (bpaKIIMOHNPOBAHUS) M TEPAITUIO TEMO30JIOMHIOM.
Anamus JIT: Menuana cymmapHoii ouaroBoii g1o3s1 (CO/I)
mocie 1-it orepammu myist rpyrmsl JI2K cocraBuia 58 (35—
66) Ip, mst rpynmbl KOHTpoJst — 58,3 (45 — 50) Ip, otiu-
Yust HeOCTOBEPHBI. YK CI0 KypCOB TEMO30JIOMU 1A TIOCTIe
1-i1 onepanuu: B rpymie 1K — 9 (6—22), B rpyrine KOHT-
poust — 6 (3—10), p <0,05 (puc. 2).

[ToBTOpHBIE pE3eKUNU MPU PeLUIUBE 3a00J€BaAHUS
BbITIOSTHEHHI 8 (47 %) matmenTam rpynmbl J12K, B rpymnme
KoHTposist HU pasy (p <0,05) (puc. 3).

[MosTopnyto JIT npu HacTyrieHUM peluanBa B pas-
JIMYHBIX pexumax (Knaccuieckoe (ppakiimoHUpOBaHUE,

MoBTopHbIe onepaumm / Repeated operations:

3 W [a/ Yes M Her/No

2 10-

g

Ly

5 0,75 -

5

&

< 050- 100 %

=53

g

£ 025-

g

3

=

2 0-

=D[ o A
Da/ Yes Het / No

Hanuuue [IXK / Presence of LTS

uc. 3. BausiHue noemopHbix onepayuli Ha akm «donzoxcumenscmea» (X)
npu enuobnacmomax (p <0,05): 1 — epynna [K; 2 — epynna koHmpons

Fig. 3. The effect of repeated operations on the fact of “longevity” (LTS) in glioblastomas
(p <0.05): 1 - LTS group; 2 - control group
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Puc. 4. BnusHue nosmopHoli nydeeoli mepanuu (2-5 JIT) npu peyuduge 2nuobna-
cmoMmbl Ha heHoMeH «donzoxcumenscmeax (IX) (p <0,05): 1 - epynna [X; 2 -
2pynna KOHMPoAs

Fig. 4. The effect of repeated radiotherapy (2" RT) in case of recurrent glioblastoma
on the phenomenon of “longevity” (LTS) (p <0.05): 1 — LTS group; 2 - control group

runoGpakIIMOHUPOBAHNE U PAAMOXUPYPTHST) TIOJYIWIIN
9 (53 %) naumenToB u3 rpynmnsl J2K, B rpynmne KoHT-
posist — Hu oauH, p <0,05 (puc. 4).

IMoBTOpHBIE Kypchl XT Npu HACTYIUIEHUN pELIUAMBA
nosryannu 11 (73,3 %) natmenToB rpynms J12K, B rpymme
KoHTposst — HUKTO (p <0,05). Yncto TOBTOPHBIX KYPCOB
XT mpu HacTyruileHun peruauBa coctaBuio 17 (9—23),
MPY 3TOM B OCHOBHOM MCITOJIb30BaHBI CXeMbl Ha OCHOBE
O6eBarm3ymaba (puc. 5).

He BoisiBnensr otnunuus (Bo Beex ciydasix p >0,05)
MPpU CPAaBHUTEJBHOM aHaju3e NAHHBIX OGEUX TIPYIII
10 CJIeIYIOIIM (haKTOpaM:

1) mour;
2) KOMMYECTBO TTOPAKEHHBIX qoJieit mosra (1 vs 2 u 60o-

Jee);
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Puc. 5. BausHue kypcoe nosmopHoii xumuomepanuu (2-s XT) Ha ocHose begayu-
3ymaba npu peyuduge 2nuobnacmomsl Ha heHoMeH «donzoxcumenscmaa» ()
(p <0,05): 1 - 2pynna [IXK; 2 - 2pynna koHmpons

Fig. 5. The effect of repeat chemotherapy courses (2" ChT) based on bevacizumab in
case of glioblastoma recurrence on the phenomenon of “longevity” (LTS) (p <0.05):
1= LTS group; 2 - control group

3) wHBa3us TIIYOMHHBIX CTPYKTYP;

4) BoBneueHue M33;

5) cTopoHa ITOpaXKeHMUS;

6) nopaxeHue JOOHOM 10,

7) COJ mipu JIT mocie 1-it onepanum;
8) naymmame myraunu IDH .

B Ta6:1. 3 ipeacraBieH aHAINU3 KIMHAYECKUX (PaKTO-
POB, BIMSIONINX HA pa3BUTHE (DEHOMEHA «TOJITOXUTEIIb-
CTBa» B MCCJICAYEMBIX IPYyIIIIax.

Takum obpazom, mauuneHThl J2K ¢ rmmobiactomamMu
TOJIOBHOTO ITOCTOBEPHO 4YaIlle MMeIU 0ojiee MOJIOMOM

Russian Journal of Neurosurgery

BO3pACT, a TaKKe TEHICHIIUIO MTOPaxkeHUsI OMHOM MO
(p = 0,085). Baxkable 0COOCHHOCTH KOMIUIEKCHOTO JIeUue-
Hus B rpymme J2K: cratnctuaecku 6oiree BHICOKAs 4aCTO-
Ta MOBTOPHBIX PE3eKIMI MPU HACTYIUICHUU PELIMINBOB
(47 %) v noropHbIX ceaHcoB JIT B pa3nMUHbBIX peKUMax
(52 %); noctoBepHO GoJiee arpeccuBHast U juintenbHast XT
(c mpeobIagaHreM TeMOo30JI0MUIA B 1-11 TMHUY JIeIeHUS
u OeBaM3yMaba Ipy HACTYIUICHUH PEIINBa).

2. BomomMeTpuuecKuii aHAIU3 100TEPANMOHHBIX
MPT-aaHHbIX NALKUEHTOB ¢ (heHOMeHOM
«JI0JITOIKUTENILCTBA»

Y manmeHToB 00emX rpyIIl HEKOHTpAaCcTUpyeMast 4acThb
OITyXOJIU TIpeo0iIamaia Hal KOHTpacTupyeMoii (Tadi. 4).
Cpennuit 0o6bem omyxonu B rpymrte J2K: mo nanasim MPT
B T1-pexxume ¢ KoHTpacTrpoBaHueM coctaBi 34 (0—61) cm3;
B pexxume T2-FLAIR — 105 (8—213) cm?. 3HaYuMBIX OT-
JIMYUIA B 00beMaXx OITyXOJIM MEXKITy TPYIIIaMU He BBISIBIICHO
(p >0,05).

MHTeHCMBHOCTH KOHTPACTUPOBAHUS OITYXOJIN U3ME-
PSUTA B YCJIIOBHBIX € TMHUIIAX (YCII. €11.), KOTOpHIe TToIyde-
HBI OTHOIIICHNEM 3HAaYeHNI MHTEHCUBHOCTH KOHTPACTH -
POBaHUS MCCICAYeMON YacTH ONMyXOJIW WM MHTAKTHOM
CTOPOHBI, IPUHSITOM 3a eIMHUILY. B cpeagHeM MHTEHCUB-
HOCTb KOHTPACTHPOBAHUS OIYXOJIH IO 00EUM TpyIIam
He oTmyanack (p >0,05). Takke ¢akT HATUINS KPOBO-
W3TASTHUS B OITYXOJIb HE BIIMSIT HA 9aCTOTY Pa3BUTHS (e-
HOMEHa «I0JITOXUTENbCTBa» (p >0,05). YKa3aHHbIE BbILIE
HENPOPEHTTEHOJIOTUUYECKNE OCOOCHHOCTU OTPaKeHBI
B TaOI. 4.

Kpome Toro, pacCumMThIBaIOCh caMO€ HM3KOE 3Ha-
yeHue n3mepsemoro Kosdpunnenrta mudhysum (MKJ)
Yy 4 malMeHTOB, IOJyYeHHBIC TaHHBIC BapbHUPOBAINCH

Tabnuua 3. AHann3 KIMHUYECKNX ¢)aKTOPOB B UCCNeQyeEMbIX rpynnax nauneHToB C IM06ACTOMaMM rONI0BHOMO MO3ra

Table 3. Analysis of clinical factors in examined groups of patients with glioblastomas

XapakTepucTHKa Ipymma KoHTpOJIS
IToka3arenn noKasareJs (1%23 éIlHZ,IéB) (24 nanuenTa) ?
KeHckuii
7 (41,2) 10 (41,7)
Ton, n (%) Female Wi
Gender, n (%) M o ’
YKCKOM
Male 10 (58,8) 14 (58,3)
Bospact, mean (SD)
N i) 43,00 (12,85) 52,92 (10,92) 0,011
>1 2 (11,8) 9 (37,5)
Yucio nopaxkeHHbIX AoJeii mo3ra, n (%) 0.085
Number of affected brain lobes, n (%) ’
1 15 (88,2) 15 (62,5)
fe 8 (47.1) 0(0.0)
IToBTOpHBIE pe3eKuuu npu penyuause, n (%) es
S <0,001
Repeated resections in case of recurrence, n (%) Her
No 9 (52,9) 23 (100,0)

17
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OKoH4aHKe Tabn. 3
End of table 3

Parameter Characteristic § Control group
of parameter LA (L ) (24 patient)
fa 17 (100,0) 9 (90,0)
JIT mocne 1-it onepatmu, # (%) es 0.370
RT after 1* operation, n (%) Her >
o 0 (0,0) 1(10,0)
XT nocuie 1-ii onepanuu (YMCJI0 KypcoB),
MenuaHa [KBapTuim| Temozomomun
ChT after 1% operation (number of courses), median Temozolomide 9,00 (6,00, 12,00] 6,00 [6,00, 6,00] 0,031
[quartiles]
da 9.(52,9) 0(0,0)
JIT nosropto, 1 (%) Yes ’ ’ 0,009
Repeated RT, n (%) Her 8 (47.1) 23(100.0) >
NO 9 9
Ha 11(73,3) 0(0,0)
XT nostopHo, n (%) es ’ , <0,001
Repeated ChT, n (%) Her 426.7) 24 (100.,0) ’
NO 9 bl
Myrauust IDHI, n (%) IDHI— 7 (87,5) 8 (100,0) 1,000
Mutation IDH1, n (%) IDHI+ 1(12,5) 0 (0,0) ’
o 1.9 4(16,7)
WHBa3us nyGUHHBIX CTPYKTYD, 1 (%) ©s 0382
Invasion of deep structures, # (%) Her ?
No 16 (94,1) 20 (83,3)
Ja 9(52,9) 14 (58,3)
®33, n (%) s ’ ’ 0,760
FSA, n (%) Her >
No 8 (47,1) 10 (41,7)
O6e
Both 0(0,0) 1(4,2)
CropoHna nopaxenus, n (%) CrneBa
Side of lesion, n (%) Left 6(35,3) 13(34,2) 0,271
CmpaBa
Right 11 (64,7) 10 (41,7)
521 10 (58,8) 8 (33,3)
Iopaxenue 106HOi nomu, 1 (%) es 0.125
Frontal lobe lesion, n (%) Her ?
No 7 (41,2) 16 (66,7)
®axr peuviausa, n (%) Ha
Recurrence, n (%) Yes 16 (100,0) 5 (100,0) -
®axkr cmeptH, 1 (%) Her
Death, (%) No 5(100,0) 24 (100,0) —

ITlpumenanue. Mean — cpednee 3nauenue; n — 4uCA0 NAUUEHMOB, D — YPOBEeHb camucmuueckoil 3nauumocmu; SD — cmandapmuoe omkaoHeHue
(om anen. standard deviation); JI2K — «doneoncumenu»; JIT — ayueeas mepanus; @33 — ¢hynkyuonanvro snavumsie 30uot; XT — xumuomepanusi;
(—) — Hem OaHHbIX (PeMPOCNEKMUBHO HeAb3s 00CMOBEPHO YCIMAHOBUMb YUCAO BbIObIBUUX U3-N00 HAOAIO0CHUS NAUUEHMO8 8 2pynhe KOHMPOsL,

a makce cyob0y 0CManbHbIX 8 QaAbHelueM — YMepaU OHU UAU UMEAU PeUUOUsYL).

Note. Mean — average value; n — number of patients; p — level of statistical significance; SD — standard deviation; LTS — “long-term survival”’;
RT — radiation therapy; FSA — functionally significant areas; ChT — chemotherapy, (—) no data (retrospectively, it is impossible to reliably
determine the number of patients in the control group who dropped out of observation, as well as the fate of the rest in the future — whether they died
or had recurrences).

___________________________________________________________________________________________________________________|
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Tabnuua 4. CpaBHV]TEJ’IbHaFI XapaKTepUCTUKa OCHOBHbIX HeVIpUpEHTI’eHOﬂOI’MHECKMX ocobeHHocTen npn MM1obnacToMax roloBHOr0 Mo3ra MaLyeHToB 13 rpynn KOHTPONA U nauneH-

TOB-«[JONTOXUTENEN»

Table 4. The comparative characteristics of the main neuroradiological features in glioblastomas in patients of control group and LTS group

®DakTop

CpenHuit 00bEM YaCTH OITyXOJIU, CM>:

Mean volume of tumor part, cm?:
KOHTpPAaCTUPYeMOM
contrast-enhancing
HEKOHTPACTUPYEeMOIi
non-contrast-enhancing

CoOTHOLIEHNE KOHTPACTUPYEMOI1 1 HEKOHTPACTUPYEeMOI
YyacTeil OIyXoau, cM?

Ratio of contrast and non-contrast-enhancing parts

of the tumor, cm?

WHBTEeHCMBHOCTH KOHTpacTUpOBaHUA, YCJI. C,Z[.*
Contrast intensity, conventional units*

Hannure KpoBOUSIUSHUS B OTIYXOJIH, n/n (%)
Presence of hemorrhage in the tumor, n/n_ (%)

total

JlokasnibHOE MporpeccupoBaHue 3a001eBaHUS 0€3 TUCTAHTHbIX
0Yaros, 1
Local progression of the disease without distant foci, »

PanukanbHOCTB yoajaeHUs OITyXOJIU, A
Radicality of tumor resection, »

JIK (17 nanueHTOB) Kontpoan (24 nanuenTa) p
34 (0—61) 38 (1-105) >0,05
105 (8—213) 99 (6—188) >0,05
1:3 1:2,6 >0,05
L,5 1,46 >0,05
11/17 (64 %) 10/24 (56 %) >0,05
17 24 >0,05

17 (ToTasibHas U cyOTO-
TaJbHAas PE3EKIINS) — -
(total and subtotal resection)

Ilpumenanue. n — vucao nayuenmos c onpedeaeHHsIM nokazamenem; n,, — 00Ujee HUCA0 NAYUEHMOS; P — YPOGeHb CMAMUCIUHECKOU SHA4UMOCTIU;
(—) — 00sem pesexyuu He OUeHUBANU, NOCKOAbKY KOHMPOAbHAS 2DYNNA NAYUEHMO8 OblAa HAOPAHA PemPOCNEKMUBHO U, RO OGHHBIM UCMOpULl 60ne3HU,
nocaeonepayuonnyio KT 6binoaHsaiu moavko 045 UCKAIOYEHUS NOCAONEPAUUOHHbIX 2eMOPPaUMecKUX 0CA0JCHeHUll. B cesa3u ¢ smum oyeHka obsema

pesekyuil 2auobaacmom 05 Hac 0KA3anach 3ampyoHUmensHa.

*Yenognole edtlllllltbl noay4eHbl OmHouleHuem 3HAYeHUll UHMEHCUBHOCMU KOHmpacmupoeaHus IICCIC’()}’GMO[I yacmu onyxoau u UHMAKMHOU CMOpOHbL,

NPUHAMOUL 3 OUHULY.
Note. n — number of patients with a certain parameter; n

total

— total number of patients; p — level of statistical significance; (—) volume of resection was not

assessed, since the control group of patients was recruited retrospectively and, according to the case records, postoperative CT was performed only
to exclude postoperative hemorrhagic complications. In this regard, the assessment of the volume of glioblastoma resections was difficult to perform.
*Conventional units are obtained by the ratio of the values of the contrast intensity of the studied part of the tumor and the intact side, taken as one.

ot 304 1o 605, cpenHee 3HaueHue cocraBmio 475 £ 127,29.
Ha ommmuus B rpymimax He BIUSUTA TaKhe (DaKTOPBI, KaK
00BEM OITyXOJIA, COOTHOIIEHNE KOHTPACTUPYEMO 1 He-
KOHTPACTUPYEMOIA YacTeii TIIMo6IaCTOMbI, THTEHCUBHOCTD
HAKOILIEHUsI KOHTPACTHOTO TIperapara, HaJImdue KPOBO-
MBIUSTHASL B OITyXOJTb. Y BCEX MALIMEHTOB OTMEYAIOCh TIpe-
MMYIIECTBEHHO JIOKAIEHOE TIPOTPECCUPOBAHIE 3a00/IEBa-
HMs 63 UCTAHTHBIX OYaroB.

3. Anaym3 myranun IDH1 B rpynnax

[IpoBenmm ucciaenoBaHWe Ha HATWIME MyTaUU (M-
MYHOTMCTOXMMUYECKUM METOAOM) y 15 mauueHToB 00enx
rpyrmn: 8 — u3 rpynisl 2K, 7 — u3 KoHTponbHO#. MyTa-
g IDH 1 ve BeisBieHa: y 7 u3 8 mauneHToB rpynibl 12K,
y Bcex 7 — 13 Tpyniiel KoHTpois. Ha ocHoBaHuM aHaim3a
MAHHBIX 15 MAIMeHTOB 00SUX TPYIIIT MOKHO CAEJIaTh IIPe-
TOJIOXKUTEILHOE 3aKITI0UeHNe, 9TO Haymaure mytauvu IDH |
He BIMSET Ha pa3BUTHE (PeHOMEHA «IOJTOXUTEILCTBAY.

KIIMHWYECKWNIA NPUMEP
Hayuenm X., 50 ner, enepevie ommemun oHemeHue
8 naavyax neeoii pyku 6 okmsope-nosaope 2013 e., deaxcovl

ObL1U MoHUYecKUe cydopocu 6 Ae6oil pyKe, makKdice ommeua-
AUCH INU300bl 0e30pUeHMAYUU, KPAMKOBDEMEHHble Peyesble
napywenus. lannvie MPT (17.03.2014) eon06H020 mo3ea
€ KOHMPACMHbIM YCUNeHUeM CBUOeMeNbCMBYIOmM 0 HYMPU-
MO0320800i ONYX0AU NPABOLL N0OHO-MEMEHHOI 001acmu ¢ Kuc-
mo3HbIM KomnoHenmom (puc. 6). Ilpoonepuposan 08.04.2014
6 OIAY «HUH neipoxupypeuu um. akad. H. H. Bypdenko»
1o noeody eauobaacmomol 100HO-MeMeHHOU 0baacmu npaso-
20 NOAYIAPUS 20108HO20 MO32d.

Ilo dannvim 6uoncuu Ne 11615—19/14 (08.04.2014),
Mopghonoeuueckas KapmuHa u UMMYHOGDEHOMUN COOMBemcm-
eyrom eauobnacmome 6e3 visaéaeHHoll mymavuu eena IDH1
RI132H. Io knaccugurxayuu BO3, WHO grade 1V; memuaupo-
sanue npomomopHoil oonacmu eena MGM'T ne o6HapyiceHo.

Ha momenm onepayuu cocmosinue y0oeiemeopumensHoe,
UK 80 b6annos. Heeponoeuueckas cuMnmomamuka: CHuice-
HUue 2n1yb0KUX 81008 YYBCMEUMEAbHOCIU 8 1e60U KUCmU,
npeuMyuecmeeHHo 8 60AbUIOM U YKA3AMEAbHOM NAAbUaAX,
Cy00podCHbIe NOOEPUBAHUS MbIULY N€8OL PYKUL; INU300bL 20~
JN0B0KPYIHCEHUSL CO CNACMUMHOCIbIO 8 N1eB0il pyKe; epyOble
Hapyuienusi KOOpOUHAYUU 8 1e8biX KOHeMHOCMAX (U3-3a Ha-
PpyuleHus: 2AyO0KUX U008 4YBCMBUMENbHOCUL).
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B @I'BY «Poccuiickuil Hay4Hblil YeHMp peHmeeHopa-
duonoeuu» Munzopasa Poccuu ¢ 26.05.2014 no 26.06.2014
nauyuenmy nposeder Kypc Komouruposaunoii XJAT na 06-
Aacms 10%ca YOaneHHoll onyxoau (pasoeas ouazo8as 003a
(POI) 2 Ip, cpedusis COI 62 Ip), daree — 20 kypcoe XT
memosonomudom. CocmosiHue nayuenma ocmasanocb cma-
OUNBbHBIM, COXPAHAACSA YMEPEHHO BbIPAJNCEHHbLI eemunapes
cnesa, npeumyujecmeento 6 pyke. Ilpu ouepednom konmpone
(27.11.2017) no cpaguenutro ¢ npedvidywum (26.07.2017)
8bl518/1€H NOKANbHbLLL NPOOOANCEHHBLI POCI ONYXO0AU C PACHPO-
cmpaHeHuem KHU3y om 0CMAmo4yHo20 00pa3oeanusi, noo-
meepocoennbwtit (04.12.17) danHbiMU NO3UMPOHHO-2MUCCUOHHOU
momoepaghuu, cogmeujeHHol ¢ KOMNbIOMEPHOI momozpagu-
eit (II19T-KT) ¢ "C-memuonurom: unoexc HAaKONAEHUs amu-
Hokucaomol npu 11T 6 Hogom ouaee — 2,35 (puc. 7). bespe-
yuougHolil nepuod cocmaesun 44 mec. Coxpausnoco obujee
ydoeaemeopumenvroe cocmostue (UK §0 6ann08).

Puc. 6. Joonepayuorrsie (17.03.2014) MP-momo2pammel (aKcuaseHsle cpessl, KOH-
mpacmHoe ycusierHue) nayueHma X. ¢ 8HympuM032080(i onyxosiblo npagoli 106Ho-
meMeHHol 06/1aCMU € KUCMO3HbIM KOMNOHEHMOM: a — pexcuM T1 ¢ kohmpacmupo-
8aHueM; 6 — pexcum T2-FLAIR

Fig. 6. Preoperative (17.03.2014) MRI tomograms (axial scans, contrast enhancement)
of patient H. with an intracerebral tumor of the right frontoparietal region with a cystic
component: a — T1 mode with contrast; 6 — T2 FLAIR mode

26.072017

27112017

Ilposeden (18—20.12.17) 2-it Kypc — cmepeomakcute-
cKoll paduomepanuu Ha annapame «Kubeprooc» (puc. 8):
K ouaey (obsem 28,5 cm?) 6 memennoii obnacmu npasoeo no-
aymwapus 201081020 mozea (GTV + 5 mm, no dannoim 1197T-
KT ¢ "C-memuonunom) nodeéedena cpeouss 003a D, = 301p,
3a 5 ppakyuii, npu 3MoM MAKCUMAAbHAS 003a 04 MUUEHU
D, =27 Ip. Cocmosnue 6 npoyecce o0ayuenus yooenemeo-
pumenvHoe. Hesponocuueckuii cmamyc 6ez ompuyamensvroil
dunamuku. Ilocae kaxcdoeo ceanca 86odunu 4 me dekcame-
masoHna 8/m.

IIposedeno ewse 12 kypcoe XT memoszonomudom, y nayu-
enma X. eviaenena mpomoouumonenus (0o 104 x 1P ed/mxn),
nepeHec 0nosACwHIarUULL eepnec.

Ilpu konmpoavnoit MPT (14.11.2018) no cpagHeruio
¢ npedbldywumy 8bis81eHa OMpUyamenbHas OUHAMUKA: no-
sa61eHUe MEAKUX 04A208 KOHMPACMUPOBAHUsL KHU3Y U Medu -
anvHo om umeroujezcocs paree ouaea. Hesponoeuueckuii cma-
myc 6e3 BbipaNCeHHOU O0MpPUUaAmenvbHoi OUHAMUKU.
bespeyudusnutit nepuod — 10,8 mec. Pekomendosana cmena
aunuu XT na 6eeayuzyma6 (400 me 8/6 kaneavHo) + upuro-
mekan (200 me 8/6 kaneavro 1 pas é 2 ned), npu ycaosuu
Y0061emeopuUmenbHblX NoOKasamenell Kpogu.

Ilposeden (c 26.11.2018 no 17.12.2018) 3-ii kypc — cme-
peomakcuueckoil 3D-kongopmHoil paduomepanuu: Ha ouae
8 BUCOUHO-MEMEHHOU obaacmu npagoeo NOAYUAPUs 20106~
H020 M032a ¢ Kpaesvim 3axeamom 3 mm (06sem PTV = 93 cm’).
Iloodsedeno 15 gpaxyuii ¢ POI 3 Ip 0o COLI 45 Ip na auneii-
Hom yckopumene anekmponog True Beam, o6nyuenue npogo-
dunu ¢ mpex CmopoH — ¢ mpex camoCmosamenbHbiX apoK KOH-
@opmHOl OuHamuueckol pomayuu ¢ UCHOAb30BAHUEM
mexHon02ULll 008eMHOU MOOYAUPOBAHHOL NO UHIMEHCUBHOCIU
apk-mepanuu (Volumetric Modulated Arc Therapy, VMAT)
(puc. 9).

IIposedeno 12 esedenuii besayuzymaba 6 KomouHayuu
€ UpuHOmeKaHom u 6 6gedenuli besayuzymada 6 MOHOmMepanuu.
Ommeuen nokanvHolit npodoaxcerrotii pocm (MPT om 03.10.2019)
no cpasrenuto ¢ npedvidyuseii MPT. bespeuuduenoiii nepuod

04.12.2017

Puc. 7. Cepus koHmponeHsix MP-momozpamm nayueHma X. ¢ 8Hympumo32080li onyxosibio npagol 106Ho-memeHHoU 061acmu ¢ KUCMO3HbIM KoMNoHeHmoM: a, 6 — MPT, T1
PEHUM C KOHMPACMUPOBAHUEM, GKCUAsbHYIL cpe3; 8 — [13T 20/108H020 MO32a ¢ MEMUOHUHOM, GKCUA/TbHYIL cpe3. Ommeyaemcs I0KasbHbIU npodomxceHHbId pocm enuobna-

CMOMbI € pacnpocmpaHeHueM KHU3y om ocmamo4Ho20 06p03030HU}7

Fig. 7. A series of control MRI scans of patient H. with an intracerebral tumor of the right frontoparietal region with a cystic component: a, 6 — MRI, T1 mode with contrast, axial
scan; 8 — PET of the brain with methionine, axial scan. Local continued growth of glioblastoma with spread downwards from the residual formation is noted



OpuruHanbHas pabota | Original report

HENPOXUPYPI'UISI

Russian Journal of Neurosurgery

Puc. 8. Inemenmei (a, 6) nnaHuposanus 2-20 kypca (12.2017) cmepeomakcuyeckod paduomepanuu Ha annapame «KubepHoic» o4aza 8 memeHHol obacmu npasozo no-

Jlywapus 20/108H020 M0320 8 C853U C peuu@ueo;w 3a6on1eaHus y nayueHma X

Fig. 8. Elements (a, 6) of the 2 course planning (12.2017) of stereotactic radiotherapy using the CyberKnife device for the lesion in the parietal region of the right hemisphere

in case of disease recurrence in patient H.

Puc. 9. Inemenmei (a, 6) nnanuposaxus 3-20 kypca cmepeomakcudeckoli 30-KoH-
¢opmHoli paduomepanuu (12.2018) o4aza 8 8ucodHo-meMeHHol obacmu npasozo
nosywapus 20/108H020 M032a 8 C8513U C peyudusoM 3abosiesarus y nayueHma X.

Fig. 9. Elements (a, 6) of planning the 3" course of stereotactic 3D conformal
radiotherapy (12.2018) of a lesion in the right temporo-parietal region because
of disease recurrence in patient H.

cocmasun 10,2 mec. Pexomendayuu xumuomepanesma: be-
sauuzyma6b (400 me 8/6 kaneavno) + upunomexan (200 me
8/6 Kaneavno 1 pas e 2 ned).

IIpu konmpoawroit I[1DT/KT 2onoenoeo moszea ¢ ''C-me-
MUOHUHOM 8 N00HO-MeMeHHOI 001acmu NPagoeo NoAYUAapUs.,
nepuseHmMpuKyAapHO paculuperHbiM 3a0HUM omdeaam mena
npasoeo 60K08020 Jceaydouka onpedensiemcs amemadonu-
YecKUll y4acmox NOCHAY4e8biX U NOCHONEPAYUOHHbIX U3Me-
Henuil. Bokpye yuacmka evisignena 3ona eunepukcayuu
paduoghapmayesmuueckoeo npenapama ¢ MaKCumMaibHbIM
undexcom nakonsenus UMH do 2,01, memaboauueckum
obsemom 23 cm’. Ilpunsamo pewenue o nposedenuu 4-20 Kyp-
ca XT.

IIpogeden (16—22.10.2019) 4-ii kypc cmepeomakcuue-
ckoil kongopmroil JIT Ha auneiinom yckopumene 31eKMpPOHO8
True Beam 6 coomeéemcmaeuu ¢ nAGHOM: K MUUEHU 8 BUCOUHOI
dose npagozo noayulapusi 20108H020 M032a C YUemom OAHHbIX
IIPT-KT ¢ "C-memuonumnom (06sem PTV=20,4 cm?) nodse-

dena cpednss 0oza oas muwenu D, 32,5 Ip (3a 5 ghpaxyuit)
¢ 4 apok no mexuonoeuu VMAT. Haepyska Ha Kpumuueckue
cmpyKkmypul 8 npedenax mosepanmuocmu. Obayuenue nayu-
enm X. neperec y0ogiemeopumensHo, be3 HapacmManus He-
8D0N02UMECKOU CUMRMOMAMUKY U AY4e80i MOKCUHHOCIU
(puc. 10).

B danvnetimem npodoaxcena XT no cxeme: besauyuzy-
mab + upunomexan. Ilo kpumepusm RANO, cmabuauzayus
bone3nu npodaunace no mapm 2020 e., moeda xce Hauaics
npodoaxcennsiit pocm. Hesponoeuueckuii cmamyc 6e3 vipa-
JceHHOU ompuyamenvHoll dunamuxu. be3peyuduenotii nepu-
0d — 5 mec.

C anpens 2020 e. nayuenm noayuan X1 no dpyeoii cxe-
me: besayuzymab + mrocmogpopan. Koumpoavnas MPT
(30.05.2020) svissuna npoepeccuto 6 100HO-meMeHHOI 001a-
cmU U MO30AUCMOM meae: ygeaudeHue pamepos paHee Gol-
saeasemblx ouaeos. Tlpu smom cmpykmypul 6 obaacmu cmeo-
aa moszea be3 npoepeccuposanus. Cnedyrwouwas MPT
(03.08.2020) nokaszana npodoasiceHHblil pocm.

Ilo cpasnenuu ¢ npedvioywumu dannoimu II3T/KT
20/108H020 M032a CACOVIOWUI KOHMPOAb NOKA3AA MeHOeH-
Yurw K HApacmanur memaboauveckol aKmueHoCmu
HC-MmemuoHuHa onyxonegoil MKaHu no KOHmMYypy nocie-
ONepayuoHHOIl KUCMbL nPABOLl 100HO-MeMeHHOl 0baacmu:
HH, 2,29,V 48,09cm’(24.03.2020) u UH, , 2,44, V 48,6 cm’
(10.08.2020). B ceéa3u ¢ omcymcmeuem Hugoaymaba pe-
weHno HasHavyums u eeedensl (17.08.2020) kapbonsamun
(300 me) + 6esauuzymab (400 me). IHlayuenm X. npodon-
acan Habawdamosca cnycms 76 mec nocae HOCMAHOBKU
duaenosa.

IIpedcmasnentoe kaunuveckoe HabaOeHue NOKA3bI8a-
em 3HaYUMocms KAUHUKO-Oemoepaguueckux akmopos:
OMHOCUMENbHO M0A000i éo3pacm (50 nem), noayuapras
AOKAAU3AYUSL ORYXO0AU, OMCYmcmeue OUCMAaHMHbIX 04A208
3ab01e8aHusi, nposederue OAUMENbHbIX NOGMOPHBIX KYPCO8
XT u JIT npu peyuduse.
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Puc. 10. 3nemenmei (a, 6, 8) nnaHuposarus 4-2o0 kypca (10.2019) cmepeomakcuyeckol koHgopmHol nydesoli mepanuu Ha TrueBeam (nuHeliHoM ycKopumese 371eKmMPoHO8)
Ha 04az 8 8uco4Hol 0o/le NPas020 NO/YWApPUS 20/108H020 MO320 8 C8513U C peyudugoM 3abosesarus nayueHma X.

Fig. 10. Elements (a, 6, 8) of planning the 4" course (10.2019) of stereotactic conformal radiation therapy on TrueBeam (linear electron accelerator) to a lesion in the right

temporal lobe because of disease recurrence in patient H.

OBCYXIEHME

3a moceHue TOIBI B XUPYPIUY TJIMOM BEICOKOM CTe-
MIeHU 37T0KA4eCTBEHHOCTH U IIPEXKIE BCETO IIINO0JIaCTOM
OTMEYaeTCs YIIy4dIlieHHe NCX0I0B TP KOMOMHNPOBAHHOM
neuennu. Tak, meguana OS coctasmuna: B 2001—2003 rr. —
7,4 mec; B2010—2012 . — 10,6 mec; B 2015 . — 24,1 mec
IPY TTIOBTOPHBIX pe3eKLusx u 10 20,4 Mec B caydae OIHOTO
OITepaTUBHOTO BMEIIATEILCTBA C TTOCICTYIOIINM KOMOM-
HUPOBaHHBIM JieueHUeM. YacToTra 2-JIeTHeil BBLKBAeMO-
CTM TIpM TmobaacTomax cocraBmia: B 2001—-2003 rr. —
8,2 %,82012—-2012rr. — 18,3 % [8].

B ncrounuke [9] mpencrasieHa mpuMepHask KapTHHA
IWHAMUKU MearaHbl OS mist 00JBHBIX C TIIM00IaCTOMOM
B CJIyJasiX pa3HBIX PEKMMOB XUMUOTEPATINH:

* ¢ TeMo3oioMuIoM — ot 12,6 mec [10] m 12,5 mec [11];

* 0e3 TemMo30JiloMHIA, HO U 0e3 OeBaum3ymada: mo
17,6 mec [12];

* B cepuu OOJIBHBIX C PEIIMINBOM TIIMO0IACTOMEBL: TEMO-
30JIoMU, + 6eBal3ymMab pu peumamBax — a0 21,5 mec
[13] (Tabm. 5).

Takmm ob6pa3oM, B MOCIIEAHEE NEeCITUICTHE OTMEda-
eTcsl TeHACHIMS K yBeJWMdeHUI0 MeanaHbl OS OOJIBHBIX
¢ TIMoOjlacTOMaMM, a B TOCJIEIHHE HECKOJBKO JIET,
10 TAHHBIM Pa3INYHBIX aBTOPOB, YBEIMICHHUE TTPOITOIKI-
TEJIbHOCTH KU3HU HEJIb3ST He CBSI3aTh C MCIOJb30BaHNEM
OeBar3ymada (BeposITHO, BO 2-U TWHUM JiedeHUs ) [9].
Boiee Moonoit Bo3pacT, XupypruieckKoe BMEIIaTeIbCTBO
110 YMEHBIIEHUIO 00beMa orryxou, dedeHue XJIT u metu-
JIMpoBaHue TpoMoTopa reHa MGM T cBsi3aHBI ¢ 6oJiee JTi-
TEJbHOM BBKMBAEMOCTBIO MALIMEHTOB € IMO0IaCTOMaMu
TOJIOBHOTO Mo3Ta [ 14].

Kaxk B myonukauuu [15], B Halieit paboTe TakKe BbI-
SIBJICHO 3HAYNMOE BIIMSTHHAE Ha (DAKT «IOJITOXUTETHCTBA»
TaKMX KIMHUYECKUX (PAKTOPOB, KaK BO3PACT, IJINTEIIb-
HocTh XT Temo3o10oMuaoM mocie 1-it onepauuu 1 6eBa-
IM3yMaboM TIOCJIe HACTYIUICHUS peIIanBa.

OmHako, Ha HaIll B3IJISIA, BaxKHA W POJIb IIOBTOPHBIX
pe3eKIuii U MOBTOPHBIX KypcoB JIT mpu HacTyruieHUH
peLMaVBA; OHU BHOCSIT CBO BKJIAI B Pa3BUTHUE «IOJITOXKM-
TEJILCTBa» IPU TmobacToMax. Tak, eme B 2012 . 60JbIIIyI0
POJTb TIOBTOPHBIX PE3eKINI B YAYUIIICHUN TOKa3aTesIei
BBDKMBAEMOCTH IMAITMEHTOB C TJIMO0IaCTOMAMU OTMETIIIN
A.M. Stark u coasr. [16] Ha 60IBILIOM KIIMHUYECKOM Mare-
puaie (492 maunenTa ¢ mMobIacToMaMu). BaxkHyio poitb
y mauneHToB ¢ peHomeHoM JIK nrpaer moropHas JIT [17],
YTO COIIACYETCS C HAIIMMU TaHHBIMMU.

ITo npanubeiM S. Mukherjee u coasT. [18], BEISIBIIEHO
3HauYMMoe BiaussHUe Ha OS y maliMeHTOoB ¢ TTHob1acToMa-
MU TaKMX (AaKTOpPOB: IOBTOPHAsl PE3eKILMs OIyXOJIU
(B rpymme maHHBIX IMamueHTOB OS yBenmuumBaeTCs
Ha 4 Mec); MOJIOIOI BO3pacT; BRICOKWI OaJlI IO IIIKasIe
KapHoBckoro; 6oee mo3gHUe CpOKU PELIMANBOB; O0BEM
pe3eKLK KOHTpaCcTUpyeMoii yacTu omyxoju 6oiee 80 %;
MOJIOXUTEbHAs 3KcTpeccuss MGMT [17].

B 1o ke Bpemsl, 1o JaHHBIM [5], paiuKaabHOCTb OIle-
palmy 3HAYMMO He BJIMsIa Ha BEDKMBAEMOCTh MAIlEHTOB
Ha BpeMeHHOM ITpoMeXyTKe Oostee 3 ieT. Ha monrocpouHyto
BBDKMBAEMOCTDb BIIMSUIM MOJIOIOM BO3pacT MAIMEeHTOB
U ToJoXuTeabHbIl oTBeT Ha XT TeMo3onomuaom. He
OKazajJy CTaTUCTUYECCKU IOCTOBepHOro BiaustHUS (2017
u 2019 1) [5] Ha BRDKMBAEeMOCTh OoJiee 3 JIeT CIeayIOIINe
KIMHUYECKIE TIPU3HAKHY: TI0J1 OOJIBHBIX; (PYHKIIMOHATBHBIN
cratyc mo mkajae KapHOBCKOTo; JOKaIu3alns OITyXOJIH;
00beM TTOPAKEHMS WIIM YMCIIO TTOPAKEHHBIX TOJICH; YMCIIO
OIIePAaTUBHBIX BMEIIATEIBCTB M O0BEM ITUTOPESAYKIIMU.
CorracHO HaIllMM JaHHBIM, TTALIMEHTHI C TIOPaKEHUEM O~
HOM JOJI TOJIOBHOTO MO3Ta 0¢3 MHBA3UH IJTYOMHHBIX CTPYK-
Typ Mo3ra (OOKOBBIE XKeJTyIOYKH, Oa3aTbHbIC TAHIJIMHI, MO-
30JINCTOE TEJIO) HECKOJIBKO Yallle BCTPEUAINCh B TPYIIIIE
J2K 110 cpaBHEHMIO ¢ TPYNIIOH KOHTPOJIS.

B Hacrtoseit pabore npu aHanuze MPT-paHHBIX
B IpyMIIax IIM00JIACTOM He BBISIBIIN 3HAUMMBbIX OTJIMIHIA
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Tabnuua 5. YeenuueHne MeavaHbl 00LLEHA BEIKMBAEMOCTM MaLMEHTOB C MO61aCTOMaMM rofIOBHOMO Mo3ra 3a nepuof ¢ 1999 no 2020 1. B CBA3M C M3MEHEHWEM PEXMMOB XUMMO-

Tepanuu

Table 5. Increase in median overall survival of patients with glioblastomas from 1999 to 2020 due to changes in chemotherapy regimens

Bubanorpaduyeckmii HCTOYHUK Ton Pexum aibl0BaHTHOTO JIeYeHHs T0CIE ONepau Menuana OS, mec
JT
[10] 1999 o 12,6
[11] 2009 Jg 12,5
XJIT (Temo3onomun)
[12] 2014 ChRT (temozolomide) 17’6
[13] 2020 XJIT (Temo3omomun + GeBaruzymao) 215

ChRT (temozolomide + bevacizumab)

Ilpumenanue. OS — oowas svincusaemocms (overall survival); JIT — ayueeas mepanus; XJIT — xumuonyueeas mepanus.
Note. OS — overall survival; RT — radiation therapy;, ChRT — chemoradiation therapy.

B 00bEME OITYXOJIM B LIEJIOM M €€ KOHTPACTUPYEMOM 1 He-
KOHTpacTUpyeMoii yacTeid. Takske BBIIBUJIN, YTO Ha JUTH-
TEJIbHYIO BBIKMBAEMOCTD IIPHY INIMOOIaCTOMAX HE BIMSIIN
¢axT KpOBOUIIMSHUSA B OITyX0JIb, MTHTEHCUBHOCTb HAKOII-
JICHUSI KOHTPACTHOTO BEIIECTBA U JIOKAIN3AIMs OITyXOJIN
OTHOCHUTEJIbHO JIOOHOM J0JIN.

OnvH 13 BaXXHEUINX mapaMeTpoB, OIIPEISISIONINX
npopokurenbHocTh OS n PFS nipu rmmo6macTomax, —
paguKaabHOCTh omneparuu [19]. Cpennt HOBBIX METOIUK
XUPYPTUICCKOTO JICUCHUSI, KOTOPBIC TTO3BOJIVIIN YBEIIM-
YUTHh PaIUKaIbHOCTh ONEPATUBHBIX BMEIIATEIBCTB IIPU
Io6IacTOMAaX, BBIIEINM METa0OIMUECKYI0 HAaBUTAIIHIO,
MMpUMeHEHNEe MHTPaoIIepallioHHOTO Y3U -cKaHUpOoBaHMS,
MPT. Tak, B Xupypruu IrjiuoM BbICOKOI CTEIIeHU 3JI0Kauye-
CTBEHHOCTH IIPH MCIIOJIF30BAHUM 5-aMUHOJICBYTMHOBOM
kucioThl (5-AJIK) gacToTa TOTAIbHBIX pPe3eKIINI YBEIH-
yuiack ¢ 36 1o 74,5 % [20]. Cneayer OTMETUTD, YTO, I10
MaHHBIM JIUTEpaTypHl, 3a mocieauue 10 JeT orMedyaeTcs
POCT umciia 6oJiee paguKaJIbHBIX OIIepalIMii TIPY TIMOMaX
TOJIOBHOTO MO3Ta. Tak, yacToTa paarKaJIbHBIX OITepaInid
IIPH PEe3eKIINSIX TIIMOM HU3KOU CTETICHU 3JT0OKaueCTBEHHO-
CTU 3Ha4yuMMoO yBeanuuiach ¢ 21,5 % (2006 r.) go 60,8 %
(2017 1) [21].

B HacrosmieM MccliemoBaHWUM y BCEX MAIlMEHTOB
B rpymire JI2K BeImoTHEHA TOTaJIbHAS U CYOTOTAIbHAS pPe-
3eKIMsI KOHTpacTUpyeMoii yacTu orryxoin. K coxanenmio,
He OBbLIIO JaHHBIX paHHEl TocjeonepaluoHHor MPT
B TPYIIIE KOHTPOJIS, YTOOBI BEITTOJTHUTH CPAaBHUTEIHHBIN
aHaAJIN3 BIUSHUS paguKaJIbHOCTU Pe3eKIINY Ha BBIKHBAC-
MocThb B Hameil rpynme K. OgHako, Ha HaIll B3IJISI,
PaIKaJIbHOCTD PE3eKIINH INIMOOIACTOMBI TAKXKe BHOCUT
CBOW BKJIAJ, B «JOJITOXKUTETHCTBOY.

bonblioit mpobieMoii 1151 HEHPOXUPYProB OCTAETCS
WHQWIBTPATUBHEINA POCT TrobimacToM. PssmoM aBTOpOB
ITOKa3aHO, YTO CTEIICHh MHBA3MH TJINO0IACTOM, T10 TAHHBIM
IMOCMEPTHBIX UCCJienoBaHuiA, BapuabeabHa: 20—27 % ory-
XOJIel MMeIoT MHGUIBTPALIMIO MeHee 1 M OT Kpast OCHOB-
Horo y371a; 20 % — 6onee 3 cMm; 8 % — BbIpaXXeHHYIO IHC-

CeEMUHALINIO 3a Mpenebl omnyxonu [22—24]. OgHuM
13 BaXXHEHITNX (DAKTOPOB, TUMUTUPYIOIIIX HEUPOXUPYP-
ra B Pe3eKIUHU OITyXOJU (IIOMUMO €€ JIOKAIM3aIliN ), CIIy-
KHUT BBIPAXXEHHOCTh MHMWIBTPALIMU, KOTOpasi 00ycIaB-
JINBaeT pe3eKTabebHOCTh omyxonn. EcrecTBeHHO, 4TO
OOJIBIIYIO PATMKAIBHOCTD ONEpaIllni MOXHO OXWIATh
MIPpY TIOJyIIAPHBIX, XOPOIIO OTTPAHUYEHHBIX TJIMOMAaXx
0e3 MHBa3UU TYOMHHBIX CTPYKTYp 1 P33 Mosra. BinusHue
WHQUIBTPATUBHBIX CBOMCTB TJIMOM, a TAKXKE COOTHOIIIE-
HUSI KOHTPACTUPYEeMOIT M HEKOHTPACTHUPYEMOIl yacTei
TJTMAJTBHBIX OMYXOJICH Ha XUPYPTAIECKYIO TAKTUKY — BaX-
HBIC aCITeKTHI 1T U3YICHMS B OyIyIIEeM.

B HacTosIeM mcciaenoBaHUY HE BBISIBUINA OTIMIHS
MeXy ImaneHTamu 1Byx rpymin (12K 1 KoHTpoJIsT) B mpe-
00J1aTaHNY HEKOHTPACTUPYEMOM 9aCTH OIMyXOJIX Hall KOH-
TPacTUPYEeMOU, a TAKXKe B MHTEHCUBHOCTH KOHTPACTHUPO-
BaHUS (CM. Tabi. 4). B 30He HEKOHTpaCTUPYyEeMOI YacTh
IJIM00JIaCTOMBI HanboJIee JacTO MPOMCXOMUT PEIIUINB
3a00JIeBaHUsI, CIeAOBATEIbHO, JaHHAS YaCTh OITyXOJHU
(TIpm HATMYMH BO3MOXKHOCTH ) TOJDKHA TAKIKe TTOIBEPraTh-
¢l KOMOMHUPOBAHHOMY JieueHMIo [25].

CremyeT yYUTHIBATh IIPYA 3TOM, YTO HEKOHTPACTHPYE-
Masl 9acTh TJIMOOJIACTOMBI MCKIIOUYUTEIBHO CJIOXHA
IJIST HEMpOXUpYypra BCISACTBHUE CIOKHOCTH MHTpaoIIepa-
LIMOHHOTO OIpee/ieHusI [PaHULL OITyXoju [26].

OXX1IaeMOTo OTINYHS B 00beMe HEKOHTPACTUPYEMOI
YacTU OITYXOJM B CpaBHUBAEMBIX TpyINax IMallMeHTOB
¢ TIMO0JIaCTOMAaMU B HACTOSIIIIEM MCCIIEOBAaHUU HE BBI-
SIBIIA. B TO ke BpeMs XyIIuii TporHo3 oTHOCuTeIbHO OS
y MAllMeHTOB ¢ TNMobJacToMaMy (KakK M3HA4YaJabHO, TaK
1 Ha (doHe JeueHMs OeBalm3ymMaboM) oTMmedeH [27]
ripu noBbllieHU MP-curnana B T1- u T2-FLAIR B omy-
XOJIV ¥ TIpUJIeKaIeid 30He MOo3ra.

B paccMaTpuBaeMoii ceprr IMALIMEHTOB C TIMO0IaCTO-
MaMU ¢ (DeHOMEHOM <«IOJITOXKUTEILCTBA» OTMEYaIaCh HI3KAST
4acTOTa MHBa3UMU IYOMHHBIX CTPYKTYp Mo3ra (6 %), 4ro
KpaifHe BaxKHO JJISI HEMpOXMpYpra P OIIePaTUBHOM BME-
maTeIbcTBe. BoBIeUeHNE MO30IMCTOTO Tejla M 6a3aIbHBIX

23
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TaHTJIMEB IIPU TNIMOOIACTOME TIPUBOAUT K CHIKCHUIO T10-
Kazareseil BenkuBaemocti: OS <6 mec [28]. BoBieuenue
B POCT OITyXOJI OOKOBBIX XEJIYT0YKOB TAKXE OTHOCUTCS
K TUIOXUM TIPOTHOCTUIECKUM (pakTOpam [29].

[To maHHBIM MUPOBON JUTEPATYPHI, JOKATU3AIINS
oryxonu Boym3u P33 Binuster Ha OS TIpu MIMobIacToOMax.
Ha ocHoBanum uccienosadusa 322 mannMeHTOB ObUIM CO-
3MaHBI CIIeIUAIbHBIC TIPOrHOCTUYECKHE IITKAIbl Sawaya
(I, II, IIT) u Friedlein (A 1 B), KoTOpbIe YUNTHIBAIOT OJIV-
30¢Th onyxoyii K M33. ITpu oMoy 3THX IIKaJI [TOKa3aHbI
JIIOCTOBEpHO Oojiee HM3KME cpoku OS mpu JTOKaIM3auiu
rmo6iactoM B @33 v Bom3n Hux [30]. B Hacrogieit
paboTe He BBISIBUJIN BIMSTHNE (paKTa JIOKAIM3AIUN OITyX0-
ym BOom3n P33 Ha mporHo3 3abojieBaHUsI. DTO MOXET
OBITH CBSI3aHO C PaBHBIM pacIipeie/icHUEM B IIPOLIEHTHOM
COOTHOIIIEHUH OITyXOJiei, pacrnosoXeHHbIX B P33 mim
BOJIM3M HUX, B CPABHUBAECMbIX I'PYTITIAX.

Pazmmunii B mccemyeMbIX TPYIIIaxX 110 YaCTOTE BhISIB-
JIEHUS TIOJIOXKUTENIbHOM MyTaumu /D H I TakKe He BBISIBU-
JIN, BO3MOXHO, 3TO CBSI3aHO ¢ HEOOIBIITM YMCJIOM ITallv-
eHToB (15 JelloBeK), a TaKXKe C MCITIOJIb3YeMBIM paHee
MeTOHIOM [5] UMMYHOTHCTOXUMHUYECKOTO MCCIICIOBAHMS
JnaHHoi mytauuu. Hanbonee nH(GopMaTUBHBIMU MOJIEKY-
JIIPHBIMM MapKepaMu TIpA N3y4YeHUH (peHOMEHa «I0JITO-
KHUTEJIbCTBa» TIPX TIIMO0IACTOMAaX CIyXKaT MyTalluy TeHa
IDH1/2 v meTunupoBaHue mpoMoropa reHa MGMT, xo-
TOPBIC CBSA3aHBI C JIYYIINM OTBETOM Ha CTAaHAAPTHYIO KJIH-
HU4ecKylo momonis [31]. B nmuteparype Takke obdcyxXma-
eTcsl posib CHIKeHUs sKcnpeccuy reHoB CHIZL 1, FBLN4,
EMP3, IGFBP2, IGFBP3, LGALS3, MAOB, PDPN,
SERPINGI n TIMPI. V13-3a HEOOJIBILIOTO YMCIIa TTALM-
eHToB, uMewiux geHomeH 2K ¢ rmmobiaacromamu,
CpaBHUTEIIBHBIC MCCIICAOBAHNS TCHETUICCKUX Pa3ININiA
¢ TIaIlMeHTaM1, UMEIOIIMMH CTaHmZapTHBEIe cpoku OS, —
cioxHas 3amada. YToObl yIIydIIUTh BeeHNE MAllEHTOB
1 KIMHUYECKNE Pe3yJIBTaThl, HECOOXOMNM TIIATeIbHBIN
«OMUYECKUI» WA MYJTBTUMOTATBHBIN TOIXO IJIsI BBISIB-
JICHUS Pa3InYUiA MEXIY KPaTKOCPOYHOW U JOJITOCPOYHOM
BBDKMBAEMOCTBIO ITAIIMEHTOB C INIMOOJIaCTOMAMM TOJIOB-
Horo Mo3ra [31].
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Background. Glioblastoma is the most common primary malignant brain tumor with an extremely unfavorable prognosis. The frequency of the
“longevity” phenomenon (>3 years of overall survival — 0S) in this disease is 5—10 %. The reasons for the more favorable prognosis in these
patients are still unclear.

Aim. To compare the clinical and MRI data as well as features of complex treatment of patients with supratentorial glioblastomas among the
control group (0S <2 years) and study group (with the phenomenon of “longevity”, 0S >3 years).

Material and methods. This study included 41 patients with hemispheric glioblastomas: 17 with the “longevity” phenomenon (study group —
long-term survival (LTS), prospective set); 24 patients in the control group (retrospective set). Taking into account the average age of patients,
the following MR features were examined: tumor localization relative to the frontal lobe; invasion of deep brain structures; the ratio of contrast-
enhancing and non-contrast-enhancing parts of the glioma; tumor contrast intensity; localization of recurrent tumor (local/distant) in case
of disease progression. Comparative analysis of complex treatment took into account the following parameters: the number of chemotherapy
(ChT) courses and radiation regimens after the 1% operation and after disease recurrence; the fact and number of repeated tumor resections
after recurrence; the presence of IDH] mutation.

Results. The localization of the lesion relative to the frontal lobe, the number of affected lobes of the brain and the invasion of deep structures
did not differ significantly in the examined groups. Patients of study group (LTS, prospective set) were significantly younger than the patients
of the control group (p <0.05). The tendency towards a single-lobe lesion was noted in the LTS group (p = 0.085). The average volume of the
contrast-enhancing part of the tumor (according to MRI data in the T1 mode) in patients of LTS group was 34 cm?, and the non-contrast-enhancing
part (in the T2-FLAIR mode) was 105 cm?, the ratio was 1: 3 (p >0.05). The tumor contrast intensity was 1.5 in average compared to the intact
cerebral hemisphere. Among patients of LTS group, 8 patients (47 %) were re-operated due to disease recurrence, while in the control group
there were no repeated operations (p <0.05). The results of the analysis of radiation therapy after the 1% operation were the follows: for LTS
patients the median total radiation dose (TRD) was 58 (35-66) Gy, with no significant differences between the groups (p >0.05); the number
of temozolomide courses in the LTS group were 9 (6-22), while in the control group it was 6 (3—10), p <0.05. The repeated radiotherapy (RT) in
different regimens was applied in the LTS group in 52 % of patients, in the control group — 0 (p <0.05). The repeated ChT (17 (9-23) courses,
mainly with bevacizumab) was applied in the LTS group in 65 % of patients, in the control group — 0 (p <0.05). The /DHT mutation was studied
only in 15 patients: positive — in 1 (LTS group); negative — in 14 patients (7 from the control group).

Conclusion. The following significant differences were revealed: patients with supratentorial glioblastomas were younger in the LTS group. The
important features of the complex treatment of patients in LTS group included statistically higher frequency of repeated resections in case
of recurrence (47 %) and repeated sessions of radiotherapy (RT) in various modes (52 %); significantly more aggressive and prolonged ChT (with
the predominance of temozolomide in the 1% line of treatment and bevacizumab in case of recurrence). There were no significant differences
between two examined groups in tumor localization, intensity of its contrasting, the ratio of contrasted and non-contrast parts of the tumar,
invasion of deep structures of the brain, involvement of functionally significant areas (FSA).
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BACKGROUND

Brain glioblastomas remain a challenging problem for
neurosurgeons and related specialists. Despite the fact that
from 2010 to 2018 there was a doubling of the median
overall survival (OS) for glioblastomas [1], the 3-year
survival rate (or “longevity”) for this disease remains low
(Table 1).

According to the CBTRUS (Central Brain Tumor
Registry of the United States) data [2], which includes
21,910 observations, the OS rate for glioblastomas is the
following: 3-year — no more than 7.54 %; 5-year — less than
5 % of cases. Our previously published study [3]
demonstrated predictors for favorable prognosis on patients
with the “longevity” phenomenon with a verified diagnosis
of “glioblastoma”: young age, supratentorial location of the
tumor, high Karnofsky index (KI) before surgery, surgical
removal of the tumor.

The standard treatment procedures for patients with
primary CNS tumors currently include surgery,
radiotherapy (RT), and antitumor drug therapy. For
patients with glioblastoma, the choice regimen for
postoperative treatment is chemoradiation therapy (ChRT)
with temozolomide: daily administration (75 mg/m?)
throughout the course of radiation therapy (RT) (30
fractions of 2 Gy), followed by 6—12 courses of
temozolomide according to the 5/23 scheme [4].

While analyzing the data from 11 patients with
glioblastomas and different long-term OS, the following
positive prognostic factors were identified [5]:

* young age;

« individual approach to treatment;

* intensive chemotherapy (ChT) tactics — from 6 to 15
cycles of temozolomide in the 1st line and 2™ line ChT

(in contrast to standard treatment protocols, limited

in duration of therapy).

It is interesting to note, that patients with the
“longevity” phenomenon in glioblastomas did not have the
IDH I mutation [5]. Unfortunately, the researchers did not
conduct a comparative analysis of MRI data of patients with
glioblastomas in groups.

According to the world literature data, the role of
repeated tumor resections in case of disease recurrence
remains controversial [6]. A number of authors propose
special scales for determining the prognosis of the disease
in case of glioblastoma recurrence that take into account
the tumor volume, the involvement of functionally
significant areas (FSA) and the patient’s preoperative
condition according to the Karnofsky scale [7].

The search for common patterns of clinical,
neuroimaging, and molecular genetic features in patients
with glioblastomas and the “longevity” phenomenon is of
great interest of nowadays.

The aim is to compare clinical and MRI data and
features of complex treatment of patients with supratentorial
glioblastomas — from the control group (OS <2 years) and
with the phenomenon of “longevity” (OS >3 years, study
group, LTS).

MATERIAL AND METHODS

Characteristics of examined patients

This study included 41 patients with hemispheric
glioblastomas. Some of them were operated and observed
at the N.N. Burdenko National Medical Research Center
of Neurosurgery (hereinafter — Burdenko Neurosurgical
Institute) (Table 2).

The study group of “long-term survivals” (LTS) included
17 patients with glioblastomas and the phenomenon
of “longevity” (OS >3 years).

The control group included 24 patients with a median
OS <2 years.

The supratentorial tumors: LTS group —in 9 (52.9 %)
patients; control group — in 14 (58.3 %) patients.

The microsurgical tumor removal was performed in all
41 patients. Among LTS group, 8 patients were re-operated
on due to disease recurrence (see Table 2), 2 patients were
operated on three times. In approximately 50 % of cases in
both groups, tumors were located near or directly in the
FSA (speech motor cortex, pyramidal tract, arcuate
fasciculus).

The surgical interventions were performed using
neurophysiological monitoring of motor zones (motor
cortex and pyramidal tract) and speech zones in
consciousness (speech cortex and arcuate tract) in all
patients with tumors in the FSA.

All patients underwent MRI evaluation in T1, T2,
T2-FLAIR, DWI, T1+C modes. The analysis assessed the
tumor localization, its volume (contrasted part — in T1
mode with contrast, non-contrasted — in T2 FLAIR) before
surgery, recurrence localization, intensity of contrast agent
accumulation, invasion of deep brain structures.

The analysis of the complex treatment of patients after
the 1% operation (number of ChT sessions, RT regimens)
and at the onset of recurrence (repeated operations, number
of ChT sessions, RT regimens) was performed. The separate
analysis of the /DH I mutation was conducted in 15 patients
from both groups using the antibody method.
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Table 1. World literature data on survival (0S/PFS) of patients with brain glioblastomas in 2010 and 2018

Year Parameter
(O]
2010
PES
(0N
2018
PES

Median, month Range (months), 95 % CI
10.0 8.8—11.2
9.0 7.5-10.5
23.0 17.5-28.5
20.0 16.9-23.1

Note. OS — overall survival; PFS — progression free survival. Growth dynamics (p <0.05) was noted in 635 patients.

During the survival analysis, the fact of death and its
date were known for 24 patients in the control group and
for 5 in the LTS group. The dates of recurrence were
available for analysis in 16 patients of LTS group and in 5 of
control group. OS was defined as the period from the first
operation to the date of death (if any) or to the date of the
patient’s last consultation at the Burdenko Neurosurgical
Institute. Progression-free survival (PFS) was calculated as
the period from the last operation to the time of a new
recurrence of the disease.

RESULTS

1. Clinical analysis of patients in the examined groups

The median age in the LTS group was 43 years, in the
control group — 53, p <0.05 (Fig. 1).

The one-lobe lesions were detected in 15 (88 %)
patients of LTS group and were somewhat less common in
the control group — 15 (62.5 %) patients, p >0.05.

All patients of LTS group received complex treatment
after the 1 operation (RT in the classical fractionation
mode) and temozolomide therapy. RT analysis revealed the
following: the median total focal dose (TFD) after the
It operation in LTS group was 58 (35—66) Gy, in control
group — 58.3 (45—50) Gy, the differences were insignificant.
The number of temozolomide courses after the 1% operation
was the following: LTS group — 9 (6—22), control group —
6 (3—10), p <0.05 (Fig. 2).

The repeated tumor resections in case of disease
recurrence were performed in 8 (47 %) patients of LTS
group, and there were no cases in control group, p <0.05
(Fig. 3).

Repeated RT upon recurrence in various modes
(classical fractionation, hypofractionation and
radiosurgery) was received by 9 (53 %) patients of LTS
group, and none in the control group, p <0.05 (Fig. 4).

The repeated courses of ChT upon disease recurrence
were received by 11 (73.3 %) patients in LTS group, and none
in the control group (p <0.05). The number of repeated
courses of ChT upon disease recurrence was 17 (9—23), with
bevacizumab-based regimens mainly used (Fig. 5).

No differences were found (in all cases p >0.05) during
comparative analysis of the data in both groups for the
following factors:

1) gender;

60 -

Age, years

Yes No
Presence of LTS

Fig. 1. The differences in age (median) of patients in the examined groups (p <0.05):
1 - group of “long-term survivals” (LTS) with overall survival (0S >3 years); 2 — control
group (0S <2 years)

15+

Number of 1% ChT courses, n

Yes No
Presence of LTS

Fig. 2. Patients with the phenomenon of “longevity” (LTS) were significantly more likely
to have long courses of chemotherapy (ChT) with temozolomide after the 1 operation
(p <0.05): 1 - LTS group; 2 - control group

2) the number of affected brain lobes (1 vs 2 or more);
3) invasion of deep structures;

4) involvement of the FSA,;

5) side of the lesion;

6) frontal lobe lesion;

7) TRD during RT after the 1% operation;

8) the presence of /DH I mutation.



Original report

HENPOXUPYPI'UISI

Repeated operations:

M Yes W No
1.00 -
=
g 075-
c
o
@©
o
S 050- 100 %
c
S
S
S 0.25-
o
0-
Yes No

Presence of LTS

Fig. 3. The effect of repeated operations on the fact of “longevity” (LTS) in glioblastomas
(p <0.05): 1 - LTS group; 2 — control group

2" RT:
M Yes M No
1.00 - 2
=
4 0.75 -
8
=
o
g 0.50 - 100 %
5
s
o
0.25 -
0 -
Yes No

Presence of LTS

Fig. 4. The effect of repeated radiotherapy (2" RT) in case of recurrent glioblastoma
on the phenomenon of “longevity” (LTS) (p <0.05): 1 — LTS group; 2 — control group

Table 2. Clinical data of the studied patients with glioblastomas
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27 ChT:

M Yes M No

0.50 -

Proportion of patients, %

0.25 -

Yes No
Presence of LTS

Fig. 5. The effect of repeat chemotherapy courses (2 ChT) based on bevacizumab in
case of glioblastoma recurrence on the phenomenon of “longevity” (LTS) (p < 0.05):
1= LTS group; 2 — control group

Table 3 presents the analysis of the clinical factors
influencing the development of the “longevity” phenomenon
in the examined groups.

Thus, LTS patients with glioblastomas were significantly
younger, and also tended to have a lesion of one lobe
(p = 0.085). Important features of the complex treatment
in the LTS group were the following: statistically higher
frequency of repeated resections in case of recurrence (47 %)
and repeated RT sessions in various regimens (52 %);
significantly more aggressive and prolonged ChT (with
a predominance of temozolomide in the 1% line of treatment
and bevacizumab in case of recurrence).

2. Volumetric analysis of preoperative MRI data
of patients with the phenomenon of “longevity”
In patients of both groups, the non-contrast-enhancing
part of the tumor prevailed over the contrast-enhancing part

Parameter LTS group (17 patients) Control group (24 patients)

OS (from 1* operation), years >3 <2
Age (median), years 43 53
Gender, n:

male 10 14

female 7 10
Tumor localization, n (%): Supratentorial

FSA 9(52.9 %) 14 (58.3 %)

one lobe of the brain 15 (88 %) 15 (62.5 %)
Surgical treatment (tumor removal), n 20, i uein 11 — gyl iessetion, 24

MRI volumetric analysis, n

17 (before and after operation)

8 — repeated operation, 2 — three operations

24 (before operation)

Note. FSA — functionally significant areas; LTS — long-term survival (OS >3 years); MRI — magnetic resonance imaging; n — number of patients;

OS — overall survival.
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Table 3. Analysis of clinical factors in examined groups of patients with glioblastomas

Parameter Characteristic of parameter
Female
Gender, n (%)
Male
Age, mean (SD)
Number of affected brain >1
lobes, n (%) 1
Repeated resections in case Yes
of recurrence, n (%) No
Yes
RT after 1% operation, n (%)
No
ChT after 1* operation
(number of courses), median Temozolomide
[quartiles]
Yes
Repeated RT, n (%)
No
Yes
Repeated ChT, n (%)
No
IDHI—
Mutation IDHI, n (%)
IDH I+
Invasion of deep structures, Yes
n (%) No
Yes
FSA, n (%)
No
Both
Side of lesion, #n (%) Left
Right
Yes
Frontal lobe lesion, n (%)
No
Recurrence, n (%) Yes
Death, n (%) No

LTS group (17 patient) Control group (24 patient) p
7 (41.2 10 (41.7
S L) 1.000
10 (58.8) 14 (58.3)
43.00 (12.85) 52.92 (10.92) 0.011
2(11.8 9 (37.5
G ), 0.085
15 (88.2) 15 (62.5)
8 (47.1 0 (0.0
“7.1) ©.0) <0.001
9 (52.9) 23 (100.0)
17 (100.0 9 (90.0
¢ ) S 0.370
0(0.0) 1 (10.0)
9.00 [6.00. 12.00] 6.00 [6.00. 6.00] 0.031
9(52.9 0 (0.0
o) ) 0.009
8(47.1) 23 (100.0)
11(73.3 0 (0.0
(73:3) ©.0) <0.001
4 (26.7) 24 (100.0)
7 (87.5 8(100.0
() ( ) 1.000
1(12.5) 0 (0.0)
1(5.9 4(16.7
e ) 0.382
16 (94.1) 20 (83.3)
9(52.9 14 (58.3
o) ) 0.760
8 (47.1) 10 (41.7)
0 (0.0) 1(4.2)
6 (35.3) 13 (54.2) 0.271
11 (64.7) 10 (41.7)
10 (58.8) 8 (33.3)
0.125
7 (41.2) 16 (66.7)
16 (100.0) 5(100.0) —
5(100.0) 24 (100.0) —

Note. Mean — average value; n — number of patients; p — level of statistical significance; SD — standard deviation; LTS — “long-term survival”;
RT — radiation therapy, FSA — functionally significant areas; ChT — chemotherapy; (—) no data (retrospectively, it is impossible to reliably determine
the number of patients in the control group who dropped out of observation, as well as the fate of the rest in the future — whether they died

or had recurrences)

(Table 4). The average tumor volume in the LTS group
according to MRI data in T1 mode with contrast was 34
(0—61) cm?; in T2/FLAIR mode — 105 (8—213) cm?. No
significant differences in tumor volumes were found
between the examined groups (p >0.05).

The intensity of tumor contrast was measured in
conventional units (CU), which were obtained by the ratio
of the contrast intensity values of the examined part of the
tumor and the intact side, taken as one. On average, the

intensity of tumor contrast did not differ in both groups
(p >0.05). Also, the presence of hemorrhage in the tumor
did not affect the frequency of the “longevity” phenomenon
(p >0.05). The above mentioned neuroradiological features
are presented in Table 4.

In addition, the lowest value of the measured diffusion
coefficient (MDC) was calculated in 4 patients, the
obtained data ranged from 304 to 605, the average value was
475 £ 127.29. The differences in the groups were not
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Table 4. The comparative characteristics of the main neuroradiological features in glioblastomas in patients of control group and LTS group

Factor

Mean volume of tumor part, cm?
contrast-enhancing
non-contrast-enhancing

Ratio of contrast and non-contrast-enhancing parts
of the tumor, cm?

Contrast intensity, conventional units*
(%)

Local progression of the disease without distant foci, 7

Presence of hemorrhage in the tumor, n/n,_
Radicality of tumor resection, n

Note. n — number of patients with a certain parameter; n

total

LTS group (17 patients) Control group (24 patients) D
34 (0—61) 38 (1-105) >0.05
105 (8—213) 99 (6—188) >0.05
1:3 1:2.6 >0.05
1.5 1.46 >0.05
11/17 (64 %) 10/24 (56 %) >0.05
17 24 >0.05
17 (total and subtotal _ _
resection)

— total number of patients; p — level of statistical significance; (—) volume of resection

was not assessed, since the control group of patients was recruited retrospectively and, according to the case records, postoperative CT was performed
only to exclude postoperative hemorrhagic complications. In this regard, the assessment of the volume

of glioblastoma resections was difficult to perform.

*Conventional units are obtained by the ratio of the values of the contrast intensity of the studied part of the tumor and the intact side, taken as one.

affected by such factors as tumor volume, the ratio of
contrast-enhancing and non-contrast-enhancing parts of
glioblastoma, the intensity of contrast agent accumulation,
and the presence of hemorrhage into the tumor. All patients
showed predominantly local disease progression without
distant foci.

3. IDH1 mutation analysis in groups

The examination was conducted to determine the
presence of mutation (immunohistochemical method) in
15 patients of both groups: 8 from the LTS group, 7 from
control group. IDHI mutation was not detected in 7 of 8
patients of the LTS group and in all 7 patients from control
group. Based on the analysis of data from 15 patients of
both groups, it can be tentatively concluded that the
presence of /DH 1 mutation does not affect the development
of the “longevity” phenomenon.

CLINICAL CASE

Patient H., 50 years old, first noticed numbness in the
fingers of his left hand in October- November 2013, also he had
twice tonic seizures in his left hand, as well as episodes of
disorientation and short-term speech disorders. MRI data
(17.03.2014) of the brain with contrast enhancement indicated
an intracerebral tumor of the right frontal-parietal region with
a cystic component (Fig. 6). Patient underwent surgery on
08.04.2014 at the Burdenko Neurosurgical Institute for
glioblastoma of the right frontal-parietal region.

According to biopsy No. 11615—19/14 (08.04.2014), the
morphological picture and immunophenotype corresponded to
glioblastoma without identified mutation of the IDH1 R132H
gene. According to the WHO classification, WHO grade 1V;
methylation of the promoter region of the MGMT gene was not
detected.

Fig. 6. Preoperative (17.03.2014) MRI tomograms (axial scans, contrast enhancement)
of patient H. with an intracerebral tumor of the right frontoparietal region with a cystic
component: a — T1 mode with contrast; b — T2 FLAIR mode

At the time of the operation, the condition was satisfactory,
KI 80 points. Neurological symptoms were the following:
decreased deep types of sensitivity in the left hand, mainly in
the thumb and index finger; convulsive twitching of the muscles
of the left hand; episodes of dizziness with spasticity in the left
hand; severe coordination disorders in the left limbs (due to
impaired deep types of sensitivity).

The patient underwent a course of combined ChRT to the
area of the removed tumor bed (single focal dose (SFD) 2 Gy,
average TRD 62 Gy), then 20 courses of chemotherapy with
temozolomide at the Russian Scientific Center of
Roentgenoradiology from 26.05.2014 to 26.06.2014. The
patient’s condition remained stable, moderate hemiparesis on
the left persisted, mainly in the arm.

During the next follow-up visit (27.11.2017) the local
continued tumor growth with spread downwards from the
residual formation was revealed compared to the previous MRI
(26.07.2017). These findings were confirmed by positron
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Fig. 7. A series of control MRI scans of patient H. with an intracerebral tumor of the right frontoparietal region with a cystic component: a, b — MRI, T1 mode with contrast, axial
scan; ¢ — PET of the brain with methionine, axial scan. Local continued growth of glioblastoma with spread downwards from the residual formation is noted

Fig. 8. Elements (a, b) of the 2 course planning (12.2017) of stereotactic RT using the CyberKnife device for the lesion in the parietal region of the right hemisphere in case

of disease recurrence in patient H.

emission tomography combined with computed tomography
(PET-ChT) with ""C-methionine (04.12.17): the amino acid
accumulation index in PET in the new lesion was 2.35 (Fig. 7).
The recurrence-free period was 44 months. The general
satisfactory condition was maintained (KI 80 points).

The 2" course of stereotactic RT was performed (18—
20.12.17) using the CyberKnife apparatus (Fig. 8): an
average dose of D, = 30 Gy was delivered to the lesion
(volume 28.5 c¢cm’) in the parietal region of the right
hemisphere (GTV + 5 mm, according to PET-ChT with
"C-methionine) in 5 fractions, with the maximum dose for
the target D, = 27 Gy. The condition during radiation was
satisfactory. Neurological status was without negative
dynamics. After each session, 4 mg of dexamethasone was
administered intramuscularly.

Another 12 courses of ChT with temozolomide were
administered; patient H. was diagnosed with
thrombocytopenia (up to 104 x 10° U/ul) and suffered from
herpes zoster.

Control MRI (14.11.2018) revealed negative dynamics
compared to the previous ones: the appearance of small foci of
contrasting downwards and medially from the previously

existing lesion. Neurological status without pronounced
negative dynamics. Recurrence-free period is 10.8 months. It
was recommended to change the ChT line to bevacizumab
(400 mg intravenously drip) + irinotecan (200 mg
intravenously drip once every 2 weeks), provided that blood
counts are satisfactory.

The 37 course of stereotactic 3D conformal RT was
performed (26.11.2018 to 17.12.2018) to the lesion in the
temporoparietal region of the right hemisphere with a marginal
capture of 3 mm (PTV volume = 93 cm?). The 15 fractions
were delivered with a single boost dose (SBD) of 3Gy to a TRD
of 45 Gy on the TrueBeam linear electron accelerator,
radiation was performed from three sides — from three
independent arcs of conformal dynamic rotation using
volumetric intensity-modulated arc therapy (Volumetric
Modulated Arc Therapy, VMAT) technologies (Fig. 9).

The 12 injections of bevacizumab in combination with
irinotecan and 6 injections of bevacizumab in monotherapy
were performed. The local continued growth was noted (MRI
dated 03.10.2019) compared to the previous MRI. The
recurrence-free period was 10.2 months. The chemotherapist’s
recommendations were the following: bevacizumab (400 mg
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Fig. 9. Elements (a, b) of planning the 3" course of stereotactic 3D conformal
radiotherapy (12.2018) of a lesion in the right temporo-parietal region because
of disease recurrence in patient H.

intravenously drip) + irinotecan (200 mg intravenously drip
once every 2 weeks).

The control PET/ChT of the brain with ''C-methionine
in the right frontal-parietal region, an ametabolite area of
post-radiation and postoperative changes is determined
periventricularly to the dilated posterior parts of the body of
the right lateral ventricle. Around this area, a zone of
hyperfixation of the radiopharmaceutical drug with a
maximum accumulation index (uptake ratio) UR, _up to 2.01,
metabolic volume of 23 cm? is detected. A decision was made
to conduct the 4" course of ChT.

The 4" course of stereotactic conformal RT was performed
(16—22.10.2019) on the TrueBeam linear electron accelerator
in accordance with the plan: an average dose for the target
D, . of 32.5 Gy (in 5 fractions) from 4 arches using VMAT
technology was delivered to the target in the right temporal
lobe, taking into account the PET-ChT data with
HC-methionine (PTV volume = 20.4 cm?). The load on critical
structures is within the tolerance limits. Patient H. tolerated
the radiation satisfactorily, without an increase in neurological
symptoms and radiation toxicity (Fig. 10).

Subsequently, ChT was continued according to the
scheme: bevacizumab + irinotecan. According to RANO

criteria, disease stabilization lasted until March 2020, at
which time continued growth began. Neurological status
without significant negative dynamics. Recurrence-free period
was 5 months.

Since April 2020, the patient received ChT according to
the different scheme: bevacizumab + mustoforan. Control MRI
(05.30.2020) revealed progression in the frontoparietal region
and corpus callosum: an increase in the size of previously
detected foci. At the same time, structures in the brainstem
region did not progress. The next MRI (08.03.2020) showed
continued growth.

Compared to the previous brain PET/ChT data, the next
control showed a tendency towards an increase in the
metabolic activity of ''C-methionine of the tumor tissue along
the contour of the postoperative cyst in the right frontal-
parietal region: UR 2.29, V 48.09 cm’ (03.24.2020) and
UR 244, V 48.6 cm’ (08.10.2020). Due to the lack of
nivolumab, it was decided to prescribe and administer
(08.17.2020) carboplatin (300 mg) + bevacizumab (400 mg).
Patient H. continued to be observed 76 months after the
diagnosis.

The presented clinical case demonstrates the importance
of clinical and demographic factors: relatively young age (50
years), hemispheric localization of the tumor, absence of
distant foci of the disease, long-term repeated courses of ChT
and RT in case of disease recurrence.

DISCUSSION

In the recent years, there has been an improvement in
outcomes with combined treatment in the surgery of high-
grade gliomas and, above all, glioblastomas. Thus, the
median OS was the following: in 2001—-2003 — 7.4 months;
in 2010—2012 — 10.6 months; in 2015—24.1 months with
repeated resections and up to 20.4 months in the case of one
surgical intervention followed by combined treatment. The
2-year survival rate for glioblastomas was: in 2001—-2003 —
8.2 %,in 2012—2012 — 18.3 % [8].

Fig. 10. Elements (a, b, c) of planning the 4" course (10.2019) of stereotactic conformal radiation therapy on TrueBeam (linear electron accelerator) to a lesion in the right
temporal lobe because of disease recurrence in patient H.
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Table 5. Increase in median overall survival of patients with glioblastomas from 1999 to 2020 due to changes in chemotherapy regimens

The literature source Year Adjuvant treatment regimen after surgery Median OS, months
[10] 1999 RT 12.6
[11] 2009 RT 12.5
[12] 2014 ChRT (temozolomide) 17.6
[13] 2020 ChRT (temozolomide + bevacizumab) 21.5

Note. OS — overall survival; RT — radiation therapy;, ChRT — chemoradiation therapy.

The literature source [9] presents an approximate
picture of the dynamics of the median OS for patients with
glioblastoma in cases of different chemotherapy regimens:

« with temozolomide — from 12.6 months [10] and

12.5 months [11];

» without temozolomide, but also without bevacizumab:

up to 17.6 months [12];

* in a series of patients with recurrent glioblastoma:
temozolomide + bevacizumab in case of recurrence —

up to 21.5 months [13] (Table 5).

Thus, in the last decade, there has been a tendency
towards an increase in the median OS for patients with
glioblastomas, and in the last few years, according to various
authors, an increase in life expectancy cannot help being
associated with the use of bevacizumab (probably in the 2™
line of treatment) [9]. Younger age, surgical intervention to
reduce the tumor volume, ChRT treatment and methylation
of the MGM T gene promoter are associated with the longer
survival of patients with glioblastomas [14].

Our trial also revealed a significant impact on the fact
of “longevity” of such clinical factors as age, duration of
ChT with temozolomide after the 1% operation and
bevacizumab after the recurrence onset [15].

However, in our opinion, the role of repeated resections
and repeated RT courses in case of disease recurrence is
also important. They contribute to the development of
“longevity” in glioblastomas. Thus, a major role of repeated
resections in improving the survival rates of patients with
glioblastomas is noted by A.M. Stark et al. [16] on a large
clinical material (492 patients with glioblastomas).
Repeated RT plays an important role in patients with the
LTS phenomenon [17], which is consistent with our data.

According to S. Mukherjee et al. (2020) [18], a
significant effect of the following factors on OS in patients
with glioblastomas was revealed: repeated tumor resection
(in this group of patients, OS increases by 4 months); young
age; high Karnofsky score; later recurrence dates; resection
volume of the contrasted part of the tumor more than 80 %;
positive expression of MGMT [17].

At the same time, according to [5], the radicality of the
operation did not significantly affect on the survival of
patients over a period of more than 3 years. Long-term
survival was affected by the young age of patients and
a positive response to ChT with temozolomide. The

following clinical signs did not have a statistically significant
effect (2017 and 2019) [5] on survival for more than 3 years:
patient gender, Karnofsky performance status; tumor
localization; lesion volume or number of affected lobes;
number of surgeries and volume of cytoreduction.
According to our data, patients with one-lobe lesion
without invasion of deep brain structures (lateral ventricles,
basal ganglia, corpus callosum) were somewhat more
common in the LTS group compared to the control group.

In the present study, when analyzing MRI data in
examined groups, no significant differences were found in
the overall tumor volume and its contrast-enhancing and
non-contrast-enhancing parts. It was also found that long-
term survival in glioblastomas was not affected by the fact
of hemorrhage into the tumor, the intensity of contrast
agent accumulation, and the localization of the tumor
relative to the frontal lobe.

One of the most important parameters determining the
duration of OS and PFS in glioblastomas is radicality of the
surgery [19]. New surgical treatment techniques that have
allowed to increase the radicality of surgical interventions
for glioblastomas include metabolic navigation, the use of
intraoperative ultrasound scanning, and MRI. Thus, the
surgery of high-grade gliomas, the frequency of total
resections increased from 36 % to 74.5 % when using
5-aminolevulinic acid (5-ALA) [20]. It should be noted
that, according to the literature, over past 10 years, there
has been increase in the number of more radical operations
for brain gliomas. Thus, the frequency of radical operations
for resections of low-grade gliomas has significantly
increased from 21.5 % (2006) to 60.8 % (2017) [21].

In the present study, all patients in the LTS group
underwent total and subtotal resection of the contrast-
enhancing part of the tumor. Unfortunately, there were no
early postoperative MRI data in the control group to
perform a comparative analysis of the effect of resection
radicality on survival in our LTS group. However, in our
opinion, the radicality of glioblastoma resection also
contributes to “longevity”.

Infiltrative growth of glioblastomas remains a major
problem for neurosurgeons. A number of authors have
shown that the degree of glioblastoma invasion, according
to postmortem studies, is variable: 20—27 % of tumors have
infiltration less than 1 cm from the edge of the primary
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tumor; 20 % — more than 3 cm; 8 % — pronounced
dissemination beyond the tumor [22—24].

One of the most important factors limiting a
neurosurgeon in tumor resection (in addition to its
localization) is the severity of infiltration, which determines
the resectability of the tumor. Naturally, the greater
radicality of the operation can be expected in the case of
hemispheric, well-demarcated gliomas without invasion of
deep structures and FSA of the brain. The influence of the
infiltrative properties of gliomas, as well as the ratio of the
contrasted and non-contrast parts of glial tumors on
surgical tactics are important aspects for future study.

In the present study, no differences were found between
the patients of the two groups (LTS and control) in the
predominance of the non-contrast-enhancing part of the
tumor over the contrast-enhancing part, as well as in the
intensity of contrast (see Table 4). The non-contrast-
enhancing part of the glioblastoma is where the disease most
often relapses, therefore, this part of the tumor (if possible)
should also be subjected to combined treatment [25].

It should be taken into account that the non-contrast-
enhancing part of the glioblastoma is extremely difficult for
a neurosurgeon due to the difficulty of intraoperative
determining the tumor borders [26].

The expected difference in the volume of the non-
contrast-enhancing part of the tumor in the compared
groups of patients with glioblastomas was not found in the
present study. At the same time, a worse prognosis regarding
OS in patients with glioblastomas (both initially and during
treatment with bevacizumab) was noted [27] with an
increase in the MR signal in the T1 and T2 FLAIR mode
in the tumor and the adjacent brain area.

In the considered series of patients with glioblastomas
with the phenomenon of “longevity”, a low frequency of
invasion of deep brain structures was noted (6 %), which
is extremely important for a neurosurgeon during surgical
intervention. The involvement of the corpus callosum and
basal ganglia in glioblastoma leads to a decrease in survival
rates: OS <6 months [28]. The involvement of the lateral
ventricles in tumor growth is also a poor prognostic factor
[29].

According to the world literature, tumor localization
near the FSA affects OS in glioblastomas. Based on the
study of 322 patients, special prognostic scales Sawaya
(I, II, IIT) and Friedlein (A and B) were created, which take
into account the proximity of the tumor to the FSA. Using
these scales, significantly lower OS periods were shown
when glioblastomas were localized in or near the FSA [30].
In the present study, the effect of tumor localization near
the FSA on the prognosis of the disease was not revealed.
This may be due to the equal distribution in percentage of
tumors located in or near the FSA in the compared groups.

There were also no differences in the frequency of
detection of positive /DH 1 mutation in the study groups,
possibly due to the small number of patients in this study

Russian Journal of Neurosurgery

(15 people), as well as the previously used method [5] of
immunohistochemical study of this mutation. The most
informative molecular markers in the study of the
phenomenon of “longevity” in glioblastomas are mutations
of the IDH1/2 gene and methylation of the MGMT gene
promoter, which are associated with a better response to
standard clinical care [31].

The role of decreased expression of the CHI3LI,
FBLN4, EMP3, IGFBP2, IGFBP3, LGALS3, MAOB, PDPN,
SERPINGI and TIMPI genes is also discussed in the
literature. Due to the small number of patients with
glioblastomas and with the LTS phenomenon, comparative
studies of genetic differences with patients with standard OS
periods are difficult to conduct. To improve patient
management and clinical outcomes, a thorough “omics” or
multimodal approach is needed to identify the differences
between short-term and long-term survival of patients with
glioblastomas [31].

CONCLUSION

In the presented series of patients, “long-term survival”
patients with glioblastomas were significantly younger, had
a tendency for one-lobe localization of the tumor, and no
invasion into deep brain structures (corpus callosum, basal
ganglia, thalamus). Long-term survival was not significantly
affected by the total tumor volume, the presence of
hemorrhages in tumor, the intensity of contrast, the ratio of
the volumes of the contrast and non-contrast parts of the
glioblastoma, the side of the lesion, and the proximity of
functionally significant areas.

About 50 % of patients with the “longevity”
phenomenon, in contrast to patients with low survival, were
re-operated upon recurrence of the disease. All patients in
the “long-term survival” group received significantly longer
courses of chemotherapy both after the 1% operation and
during recurrence of the disease. The high frequency of
repeated radiation therapy for tumor recurrences in patients
with the “longevity” phenomenon seems important.
Patients in both study groups did not differ in the frequency
of IDH I mutation detection.

LIMITATIONS OF THE CURRENT STUDY

A comparative analysis of the effect of glioblastoma
resection radicality on the “longevity” phenomenon was
not performed, since there were not enough early
postoperative MRI scans in the retrospective control group.

IDH] mutation was detected in only 15 of all 41
patients in the series; immunohistochemistry (R132H) was
used in all cases.

A more detailed genetic study of patients with
glioblastomas and the “longevity” phenomenon requires
the use of next-generation sequencing to analyze IDH1/2,
ATRX, TERT, p53, EGFR, PDGFRA, MGMT, and H3F3,
which was performed in single cases (4 patients) in this
study.
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OueHKa p1cKa pa3pbiBa LiepebpanbHbiX
apTePUOBEHO3HbIX MaNbpopMaLIMi

KoHTaKTbI: A.B. Casenno'? K.H. babuues', A.B. Ceprees?, 1. B. Ceuctos', C.A. JlaHauk', P.C. MapTbiHoB',
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AktyanbHocTb. KpoBomanmsHue 13 LepebpanbHoi apTepuoBeHo3HoM ManbdopMaumm (LABM) — rposHoe nposierieHne 3aboneBaHus, KOTopoe
XapaKTepM3yeTcs BbICOKMM PUCKOM CMEPTU 1 MHBANMAM3aLMW. VIHAVBMaYanbHas OLEHKA PUCKa KpoBOM3NMaHMA 13 LABM no3sonmna bkl 13bpatb
Hamboree afleKBaTHYI0 TAaKTUKY NEYEHNS C YYETOM MPEeLNonaraeMoro prcKa U Bo3pacTa NaLymeHTa Npy reMopparuiyeckon MaHubecTaumm.

Llenb pabotbl — pa3pabotatb MeTod, MHAMBIIYaNbHOMO MPOrHO3MPOBaHKA pPUCKa paspbiBa LABM B nepumop ecTeCTBEHHOMO TeueHWs 3aboneBaHms.
Martepuan u MeToabl. [poBefeH PETPOCMEKTUBHLIN aHaNN3 feMorpadunyeckmnx XapaKTepUCTUK, KIIMHUYECKMX NPOSBAEHWI, [aHHBIX MHCTPY-
MeHTanbHbIX MeToA0B 1ccnefoBanuin 104 naumenTos ¢ LABM, npoxoamsLumx nederwe ¢ 2011 no 2023 r.

PesynbTathl. M3 104 naupenTos 40 (38,5 %) nepeHecnu KpoBoM3nMsHME, KoTopoe bbio NepebIiM nposisneHneM LABM y 35 (33,7 %) 6onbHBiIX.
MefmaHa Bo3pacTa naumeHTa Ha MOMEHT KpoBom3nuaHus 13 LABM coctasuna 55 (95 % 1M 49-61) net. PaspaboTaH HOBbI MeTOA NPOrHO3u-
POBaHMs PUCKOB pa3pbiBa LABM Ha ocHoBe 4 GaKTopoB, KOTOpbIe BbINW BbILENEHbI B Pe3ysbTaTe PerpecCUOHHOM aHanM3a 1 aHaam3a pUCKoB
pa3pbiBa (Mofenu Kokca 1 Berbynna), a Takke U3 KIIMHUYECKMX coobpareHmit. PaspabotaHHas wkana [AMCO yuutsiBaeT: feduumt rmyboko-
ro oTToKa (p = 0,022), MakcumanbHbI pasmep yana (p = 0,012), ctopoHy pacnonoxenns UABM (p = 0,014), otcytcTue dumctynsl (p = 0,072).
MaLMeHTOB MOXHO pa3aennTb Ha 3 KaTeropum, UCXoAs M3 CyMMbl BanioB, NosydeHHbIX NpK OLLEHKe 4 xapakTepucTuk LABM no wkane AMCO.
Mpennaraemas cucteMa oueHkM LABM: +3 6anna — neBas CTOpOHa rofoBHOM0 Mo3ra; —1 6ann — MaKcManbHbIv pa3Mep y3na LABM Ha kax-
abiv 1 c™; +4 6anna — neduumt ryboKoro 0TToKa; +2 6anna — atcytcTne Guctynbl. K rpynne H13Koro pucka (rpynna A) 0THOCMAM NaLLMEHTOB
CO creaytoLLM HabopoM nokasatenei: —2 n MeHee 6annos ana UABM; 43 % BbIOOPKM; MeaMaHa Bo3pacTa nalMeHTa Ha MOMEHT pa3pblBa
UABM 64 [60, 72] ropa. K rpynne yMepeHHoro pucka (B): ot —1 no +1 6anna ons uABM; 39,4 % BbibopKy; MeamaHa Bo3pacTa nalyMeHTa Ha Mo-
MeHT pa3pbiBa 50 [44, 59] neT. K rpynne Bbicokoro pucka (C): +2 v bonee bannos ans LABM; 173 % Bbibopky; MeauaHa Bo3pacTa NaumeHTa
Ha MoMeHT pa3pbiaa 38 [30, 48] net. Puck kposomanuaHus n3 ULABM ans naumeHtos 13 rpynnsl A coctasun B 20 net 0; 8 30 - 8; 8 40 - 12;
B 50 17,8 60 — 17 %. B Tex e Bo3pacTHbIX KaTeropusix nokasarenv ans rpynnsi B—0, 8, 19, 41 1 80 %, ans rpynnsl C — 11, 29, 60, 79 1 ok. 100 %.
3akntoyenue. [peanaraemblil MeTO[, OLIEHKM pyCKa KpoBom3nuaHus n3 LABM no3sonseT paHxMpoBaTb NaLMEHTOB MO MPYNNaM C HU3KMM,
YMEpPEHHbIM U/ BBICOKMM PUCKOM BHYTPUYEPEMHOrO KPOBOU3MMAHWS, MPEANOOHMTL BO3PACT NalMeHTa Ha MOMeHT pa3pbiea LABM v BbibpaTh
TaKTUKY NeYeHus], aieKBaTHYIO N0 arpeCcCUBHOCTM W BPEMEHM A0 3AMMUHaLMK LABM.

KnioueBble cnosa: apTepuoBeHo3Has Manbhopmaums (ABM) ronoBHOro Mo3ra, BHYTPUYEPENHOe KPOBOW3NWSAHME, PUCK KPOBOU3INAHMS,
NPEeAMKTOp KPOBOM3MSAHUS, BO3PaCT pa3pblBa, OTTOK M0 [yBOKMM BeHaM Mo3ra, hu1cTyna B LiepebanbHoM apTepuoBeHO3HOM ManbdopMaLmy,
OMTMMM3MPOBaHHas TaKTVKa NleveHus, pa3mep LepebpansHoit ABM

[nsa untmposanus: Caenno A.B., babuues K.H., Ceprees A.B. n fp. OLeHKa pucka paspbiBa LiepebpanbHblx apTeproBeHO3HbIX MarbhopMaLmid.
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Background. Hemorrhage from cerebral arteriovenous malformation (cAVM) is a formidable manifestation of the disease, which is characterized
by a high risk of death and disability. Individual assessment of the hemorrhage risk from cAVM would allow choosing the most adequate
treatment tactics taking into account the expected rupture risk and the patient’s age at hemorrhagic manifestation.

Aim. To develop a method for individual prediction of the cAVM risk rupture during the natural course of the disease.

Material and methods. A retrospective analysis of demographic characteristics, clinical manifestations, and instrumental research data was
performed in 104 patients with cAVYM who underwent treatment from 2011 to 2023.

Results. Hemorrhage occurred in 40 (38.5 %) of 104 patients, while in 35 (33.7 %) patients it was the first manifestation of cAVM. The median
age of patients at time of cAVM rupture was 55 (95 % Cl 49-61) years. A new method for predicting the risks of cAVM rupture was developed
based on 4 factors that were identified as a result of regression analysis and rupture risk analysis (Cox and Weibull models), as well as clinical
considerations. The developed DSSF scale takes into account the following parameters: deep outflow deficit (p = 0.022), maximal node size
(p=0.012), side of cAVM location (p = 0.014), absence of fistula (p = 0.072). Patients can be divided into 3 categories based on the sum of points
obtained while assessing 4 characteristics of cAVM using the DSSF scale. The proposed cAVM assessment system was the following: +3 points —
left side of the brain; =1 point — maximum size of the cAVM node per each 1 cm; +4 points — deep outflow deficiency; +2 points — absence
of fistula. The low-risk group (group A) included patients with the following set of parameters: —2 points or less for cAVM; 43 % of the sample;
median patients’ age at the time of cAVM rupture — 64 [60, 72] years. The moderate risk group (B) included the following parameters: from —1 to
+1 points for cAVM; 39.4 % of the sample; median patients’ age at the time of cAVM rupture — 50 [44, 59] years. The high risk group (C) included
the following parameters: +2 or more points for cAVM; 17.3 % of the sample; median patients’ age at the time of cAVM rupture — 38 [30, 48]
years. The risk of hemorrhage from cAVM for patients in group A was 0 at 20; 8 at 30; 12 at 40; 17 at 50; 17 % at 60 years old. In the same age
categories, these data for group B were 0, 8, 19, 41 and 80 %, for group C — 11, 29, 60, 79 % and about 100 %.

Conclusion. The proposed method for assessing the hemorrhage risk for cAVM allows ranking patients into groups with low, moderate or high
risk of intracranial bleeding, suggesting the patients’ age at time of cAVM rupture and choosing the adequate treatment tactics in terms of surgical
aggression and time to cAVM elimination.

Keywords: cerebral arteriovenous malformation (cAVM), intracranial hemorrhage, hemorrhage risk, hemorrhage predictor, cAVYM rupture risk,
deep cerebral vein drainage, fistula, optimized treatment strategy, size of cerebral AVM, patient’s age

For citation: Savello A.V, Babichev K.N., Sergeev A.V. et al. Rupture risk assessment for cerebral arteriovenous malformations. Neyrokhirurgiya =
Russian Journal of Neurosurgery 2025;27(2):27-42. (In Russ., In Engl.).
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BBEIEHME

Pannme myoamkarmm (1988 1.) CBUIETETBCTBYIOT O TSI-
JKeJIbIX MCX0JaX KPOBOUBIMSHUS U3 LIepeOpasbHOM apTe-
puoBeHO3HO# Manbpopmanun (TABM): B cepuu u3
162 maumreHTOB KpOBOU3IMSAHME TTpon3ounio y 18,5 %
(cpenmHsISI IINTEJIBHOCTD HabOMogeHus 8,2 roma), JeTallb-
HOCTH ITOCJIe paspbiBa gocturaia 29 %, pucK 3HAYMMOM
WHBAJINAN3ALNY cpeau BeKuBIINX — 23 % [1]. I1pn ana-
JIV3€ UCXOMOB KpOoBOM3MUIHUS 13 TABM B coBpeMeHHBIX
yeaoBusix (2020 1) omacHOCTh KPOBOMBIIMSIHUS OCTACTCS
JIOCTATOYHO BBICOKOM: JIETATbHOCTD ITOCJIE pa3phiBa —
21 %,y 26 % pa3BuBaeTCsI yMEPEHHBII WU TSKEIbI He-
BPOJIOTMYECKUIA Ae(PULINT, TP 3TOM BBITIOJIHEHHAS paHee
SMO0IM3alLMs WU MPOBeAeHHOE JeYeHe Ha YCTaHOBKE
raMMa-HOX He BIMSUIM Ha KJIIMHU4ecKuit ucxon [2]. Oue-
BUIHO, YTO MCXOJBI KpOBOU3IUAHUS 13 TABM ocratorcsd
HeOJaronpusATHBIMU Ha ITpoTskeHnu 6osee 30 j1eT HecMo-
Tps Ha 3HAUYMTENLHBINI TTporpecc ux jedenust. Heodxoan-
MO OTMETUTH, YTO KpoBouznusiHue u3 HABM B xone MHO-
TOATAITHOTO MYJBTUMOJATBHOTO JeUYeHUs UMEET Ty XKe
CTPYKTYPY MCXOJIOB.

[IpuMedaTe1bHO, YTO TIEPBOE M IOBTOPHOE KPOBOM3-
nusiHus 13 HABM oanHakoBo HEOJIAroNpUsTHO BAUSIIOT
Ha (QYHKIIMOHAIBHEIN CTaTyC. Y MOCTYIUBIINX C KPOBO-
U3IUSTHUEM — TIepBUYHBIM mposiBaieHueM HABM, mons
naiueHToB ¢ mRs' 0—2 Gajia cHUXKanach K MOMEHTY Bbl-
mcku ¢ 100 go 67 %, T.e. y 33 % GOJIbHBIX pa3sBUBAJICH
WHBaJIMAN3UPYIONINI HeBpoIormaeckuit aecunint. [Toce
BTOPOTO KPOBOMBIIMSTHUM TOJIS TTAaleHToB ¢ mRs 0—2 6aj-
JIa TIPM BBIMTMCKE CHIKAIAch ¢ 97 1o 66 %, T.e. HBAINIM -
3UPYIOLLINI HEBPOJIOTrMUeCKUi Aeuuut paspuicsa y 31 %.
B rpymme nanmeHToOB ¢ HereMopparnaeckoii MaHudecra-
nueii TABM, nepeHecinx BIIOCIEACTBMU BHYTpUUYEPETI-
HOe KpPOBOM3JIMSHHE, HOJIA MalreHToB ¢ mRs 0—2 6amna
cHmxanach ¢ 100 % npu MocTyIieHUM B CTalOHaAp
110 56 % 1pu BBIIUCKE, T. €. MHBAIMAU3UPYIOLINIA HEBPO-
Jjorndyeckuii neuunt passwics y 44 % [3]. OrcyrcrBue
BJIVISTHUS paHee MepeHeCEHHOTO KPOBOMAIMSTHIS 3 TABM
Ha KJIMHUYIECKUM MCXOM TTOCICTYIOIINX KPOBOMBIUSTHUI
MMOATBEPXKIAIOT U APYTHE aBTOPHI [2].

Takum ob6pazom, kpoBousnusiHue n3 HABM — coObI-
THE, KaTacTpOoDUIECKH BIUSIONIee HAa (GYHKIIMOHATBHBIN

'mRS (ot anr1. modified Rankin Scale) — MomuduLMpoBaHHas 1IKaja PaHKMHA, olleHUBaoIast (B 6ajutax) CTereHb MHBATMAN3AINT U HE3aBUCH -

MOCTbD IMalfM€HTa, a TAaK>KE MCXOIbI pCa6I/IJ'II/ITaL[I/II/I.
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CTaTyc MmalyeHTa, BHe 3aBUCMMOCTH OT THIIa MaHUdecTa-
1 tABM u (pakTa yxxe nepeHeceHHbIX KPOBOU3IUSIHUIA.

CremyeT OTMETUTDH ONWH U3 BBIBOIOB (M €0 MOCIIE-
CTBHST) OKOHYATEILHOTO aHAIM3a MHOTOIIEHTPOBOTO paH-
nomusupoBaHHoro ucciaegoBanuss ARUBA, onyb6anko-
BaHHOoro B 2020 T., YTO KOHCEpBAaTUBHOE JIcUeHUE
MauueHTOB ¢ HepazopBaBUMuUcs HTABM mnoka3zaio cBoe
MIPEeMMYIIECTBO Mepen JTI0OBIMI BUIAMH BMEIIATCILCTB
IO TaKUM ITOKa3aTe/sIM, KaK CMEPTh I CUMITTOMHBIN
nHCynsT [4]. HecMOTpst Ha TO, YTO B MOC/IEAYIOLINE TOIBI
pe3yAbTaThl 3TOTO UCCIEA0BaHUS ObLIM MHOTOKPATHO IO~
CTaBJIEHbI MO/l COMHEHME, TaHHAas MyOIrMKallus, BEpOsITHO,
MMeJIa HeTaTUBHBIE TTOCICICTBYS — IIPUBEIIa K POCTY JOJIN
MalMEHTOB, MOCTYIABIIMX B CTALIMOHAPHI YK€ C KPOBOM3-
ymstHreM 13 TABM (Bummnmo, Ha (hoHE Cy>KeHUs IoKa3a-
HHUI K BMEIIATeILCTBAM) [5—7].

OueBUIHO, MIPOTPECC B XUPYPTHUICCKOM JICUCHUU
HABM U 10CTHXEHUST aHECTE3UOJIOTUU U PEAHMMATOJI0-
YUY TTO3BOJISIIOT SIMMHUHAPOBaTh TABM ¢ mpuemMiieMbIM
PUCKOM 0 HACTYIUICHMSI BHYTPUUEPEITHOTO KPOBOM3IIHSI-
HMSI, ¥ 3TO HEOOXOMMMO PacCMaTpUBATh KaK €Ille OIMH ap-
TYMEHT IS BBIOOpa aKTUBHOM JICUeOHOM TAKTUKHU Y T~
eHToB ¢ TABM. OnmHako ¢ y4eTOM HESICHOCTU IPOTHO3a
TeyeHus HABM y KOHKpeTHOro naupeHTa BEIOOp ONTUMATb-
HOT'O COYETaHMST METOIOB JICUCHHST OITMPACTCS B HACTOSIIIICE
BpeMsI OoJbIliec Ha MOPGOIOTUYECKHIE XapaKTepUCTUKU
U KJIMHWYeCKUe MposiBiieHrs TABM, yeM Ha MHIMBHUIyaTb-
HOE ITPOTHO3UPOBAHNE PUCKA KPOBOMBIIMSTHUA.

Takoe moroxXxeHue eI 1 He0OXOIMMOCTh BEIOOpA HaU-
6oiree 3(h(HEeKTUBHOTO M OBICTPOTO CIIOCO0a JICYCHMSI T1a-
LIMEHTOB (MJIX TIOC/IeA0BATEIbHOTO COUECTaHMS CIIOCO00B,
TUOPUIHOTO BMEIIATEIbCTBA), OUYSBUIHO MMEIOIINX BbI-
COKUI1 PUCK BHYTPUUICPEITTHOTO KPOBOM3IUSIHIS, 3aCTaB-
JISTIIOT 3aIyMaThCsT 00 OTIepaTUBHOI 1 YETKOM OIIEHKE CO-
CTOSIHMSI MALIMEHTOB 1 pucKa pa3pbiBa TABM. [TomoOHast
1 MHAWBUIYAIN3NPOBaHHAS OIIEHKA pHCKa KPOBOU3JIHSI-
Hus 13 TABM no3BonuT n3dupaTts Hauboaee aneKBaTHYIO
TaKTUKY JIEYCHUSI C YUYETOM IIPEAIlojIaraeMoOro pHcKa
M BO3pacTa reMopparndeckoit MaHu(eCTallnm.

Llenp IpoBeIeHHOTO MCCIIEAOBAHMS COCTOSIA B pa3-
paboTKe MeToda MHAMBHUAYAJIbHOTO IPOrHO3UPOBAHUS
pricka pa3pbiBa HIABM B repron ecTeCTBEHHOTO TCUCHMS
3a00JIeBaHUSI.

MATEPWAJT U METOZbI

IMpoBenym peTpOCTIEKTUBHEIN aHAIM3 JeMorpadude-
CKHUX XapaKTepUCTUK, KIIMHIYECKUX ITPOSIBJICHU, TAHHBIX
WHCTPYMEHTAJIBHBIX METOIOB McclienoBanuii 104 maeH-
ToB 3a meprof 2011—2023 IT. ¢ AMarHo30M «IlIepedpanbHasT
apTeproOBeHO3Has Majb(opManms». B kagecTBe mieprona
€CTeCTBEHHOTO TEUCHUSI PaCCMAaTPUBAJIM ITPOMEKYTOK Bpe-
MEHU OT POXICHMS IO JIFOOOro (MUKpPOXUPYPIHUECKOTO,
9HAOBACKYJISIPHOTO WM PaalOXUPYpPruyeckoro) BMella-
TeabcTBa Ha TABM. T1alimeHTOB, B 3aBUCMMOCTU OT HAJIU-
YYsI YCTAHOBJICHHOTO (paKTa BHYTPHUEPEITHOTO KPOBOM3-
JustHus U3 TABM, pa3nenviny Ha IBe TPYIIbI: TIepeHeCIINX
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KPOBOM3JIMSHIE B XOJIe €CTECTBEHHOTO 3Tara TeYeHUsI 3a-
o6oneBanus (K+) 1 He mepeHocuBInmx ero (K—).

CoOpanm 1 MpoaHaIU3UPOBAIN TeMoTrpaduIecKue,
KIIMHUYEeCKNE, aHATOMIISCKIE 1 TeMOTUMHAMUYECKUE Xa-
pakrepuctuku 104 marmenToB (30 XXeHIIWH U 74 My>XKIWH).
CpemHnii BO3pacT Ha MOMEHT YCTAaHOBJICHHS THArHo3a
TABM (MaHudecTalny Uiy BEISIBIICHUS TTIPU aCUMITTOM-
HOM TeueHun) coctaBui 36,2 + 13,9 rona.

IMonpoGHBIE TaHHBIE O BOLICAIINX B MCCIEIOBAHUE
ManreHTax (C y4eToM IepeHeCeHHOTO KPOBOU3IUSIHIS)
U xapaktepuctuka HABM npuseneHs! B Taby. 1 u mpo-
aHAJIM3NPOBAHBI HITXE.

Kak BuaHO 13 TabJ. 1, B rpyIine nepeHeciimx KpoBo-
n3musinue (K+) ormedaercs 6oabliast yactota (65 %) jo-
Kanuzauuu tABM B 1eBoM nosyiapuu 00JIbIIOrO MO3Ta.
YV nmauueHToB ¢ reMopparun4yecKmMm TUIom TedeHust tABM
3a00JIeBaHNe OBLIO JMATHOCTUPOBAHO ITO3KE, UEM B IPYII-
e 6e3 reMopparndeckux mposisieHuti (40,1 vs 33,7 roma),
Ha MOMECHT IICPBHMYHOTO OCMOTpa B YUpPEKICHUU
(YyHKIIMOHATBHOE COCTOSIHHE Y TIEPEHECIINX KPOBOM3IIH-
stane n3 TABM (K+) 0p110 moctoBepHO Xyke (mRS 1,3 vs
0,9 6ajura). B cirygasix 6e3 reMopparndecKux MposiBJICHUI
JTOMWHUPOBAJIN TTAIIMEHTHI C TOPITUIHBIM TUITOM TeUCHUS
(93,8 %), cpeau nepBbIX KIIMHUYECKUX ITPOSIBIEHUI — CY-
JIOpOoXHBIH ipucty (48,4 %) v ronoBHast 60716 (34,4 %).
[MpuMeuaTeTbHO, YTO TIEPE Pa3BUTHEM KPOBOMBIMSTHUS
nABM manudectrpoBana (1 ObIa TMAarHOCTUPOBAHA)
CYIIOPOXXHBIM TIPUCTYTIOM B 7,5 % cityyaeB, TOJIOBHOIM 60-
Jbl0 — B 5 %. CnenoBaTe/IbHO, TEOPETUYECKHU ObLIa BO3-
MOXHOCTDb IIPEIOTBPATUTh KPOBOUZIUSHHUE B CIydassx
BbisiBIeHUsI TABM, a Takxke 3JIMMUHMPOBATh Majab(pop-
Mallid B JOoreMopparudeckom mepuome. Jlokamm3aims
ABM B 06enx rpymiax 3Ha4uMo He oTiindanack: B 50 %
CJIyJaeB OHU pacIojiarajrich BHe QYHKIIMOHAIBHO 3HAYM -
MbIX 30H. [1pn Tokam3anmy B (pyHKIIMOHATILHO 3HAYNMOM
30He TABM pacnonaraiack HeCKOJIBKO Yallle B MOTOPHOI
WJIM CEHCOPHOM KOpe y IMaIlMeHTOB 0e3 KPOBOMU3IUSHMUS
(K—), a B 3puTenbHOI 1 peyeBOi KOpe — Yy MaIMeHTOB
¢ kpopom3mmsiHueM (K+), omHako 6e3 cTaTuCTUIeCKH 3Ha-
yuMbIX pasnuuuit (p = 0,624). CynopoXHBIA CUHIPOM
u TojioBHast 60716 (53,1 1 40,6 % COOTBETCTBEHHO) IOCTO-
BEpPHO Yallle HaOJNOAINCh B CTPYKTYPE KIMHUICCKUX
TIPOSIBJICHUIT B TpyIIIie MareHToB ¢ HABM, He mepeHo-
CHBIIINX KPOBOMBIMSIHUE.

CraTucTuyeckas o0padoTKa naHHbIX. BrimonHeHa
cpencTBamu s13b6IKa R (Bepcust 4.4.3) B cpeme RStudio (Bep-
cus 2023.06.0+421 (2022) by Posit Software, PBC) ¢ uc-
TOJTb30BaHMEM METOIOB OIMCATEILHOM CTATUCTUKN, KPH-
TepueB Xu-KBampaT u Puirepa, aHaIM3a BBLKIBAEMOCTH
C IpMMEHEHNEM MOJTyITapaMeTPUIeCKOM MOJIEIH IIPOITOP-
IMOHAILHBIX pUCKOB (perpeccust Kokca) n mapamerpude-
ckoit momenu (Beitdyia).

PE3YJTIbTATHI
JIJ1s1 BBISIBJIIEHUST 3HAYMMBIX (DAKTOPOB, BIUSIOIINAX Ha
PUCK KPOBOM3JIUSHUS, TTPOBENEH aHATN3 KaueCTBEHHBIX
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Tabnuua 1. KnuHuko-femorpaduyeckie xapakTepucT K MaLmeHToB ¢ LiepedpasibHO apTeproBeHO3HoM MasbhopMaumeit

Table 1. Clinical and demographic characteristics of patients with cerebral arteriovenous malformation

XapakTepucTHKA 3HavyeHne* K—(n=64) K+ (n=40) Bcero P
x 20 (31,2) 102500 30(28.8)
gé)l?dcr 0,644
M 44 (68,8) 307500 74(71,2)
JleBoe
Jlokanuzanusi TABM (mosyiapue 60bI10ro Left 26 (40,6) 26 (65,0) 52(50,0)
MO3ra) 0,027
Localization of cAVM (cerebral hemisphere) IMpasoe 38 (59,4) 14 (35,0) 52 (50,0)
Right ’ J J
JleBiia
Left-handed 232 - 2(2,0)
JloMUHAHTHOE TOJTyllIapre [IpaBuia
Dominant cerebral hemisphere Right-handed 60 (96,8) 39 (97.,5) 99 OT.1) 0,242

AMOUIEKCTP
Ambidexter 1(2,5) 1(1,0)

Bo3spact Ha MOMEHT MaHu(ecTalluU WA

obHapyxeHus HIABM, net

Patients’ age at the time of cAVM manifestation Mean (SD) 33,7(12.,9) 40,1 (14,8) 36,2 (13,9) 0,022
or detection, years old

e ManGD) 0905 1305 100D 0001
Amowit46n - 469

%‘; TeneRmt TOPT‘})?If‘i‘;BIﬁ 60 (93,8) - 60 (57,7)  <0,001
Temoppar ﬁ;egff““ - 40 (100,00 40 (38,5)
AR 46D = 409
rongf;f;?fﬂ" 22 (34,4) 2(5,0) 24 (23,1)

{[‘epBoe‘ npog’meHHe O‘{arOBLHVI np(’pruHT 7(10,9) . 7(6,7) <0,001

nitial manifestation Focal neurological deficit

Conpommi DU 3 aga) 305 MED
Kpg‘;ﬂf)ﬂﬁ’g“e — 35(87,5) 35(33,7)

ABM BHe 3HaUMMOI

30HBI
cAVM is out of functionally 32(50,0) 20 (50,0) 52(50,0)

significant area

DyHKIIMOHAIbHAS 30HA JIoKau3auuu HABM MotopHas uiu
(3HAYMMOCTb) CEHCOpHas Kopa 18 (28,1) 8 (20,0) 26 (25,0) 0.624
Localization of cAVM in functionally significant Motor or sensor cortex ’
area

3purenbHast Kopa

Visual cortex 11 (17,2) 9 (22,5) 20 (19,2)
PeueBas kopa

Cortical speech areas 23D 3(7.5) 3 (4,8)
CynopoXXHBIN CUHAPOM
Setzuie disorders + 34 (53,1) 7 (17,5) 41 (39,4) 0,001
TonoBHast 60J1b
Headache + 26 (40,6) 1(2,5) 27 (26,0) <0,001
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XapakTepucTnka

OuaroBblii AePULIUT i
Focal neurological deficit

3Hauenne*
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OKoH4aHWe Tabn. 1
End of table 1
K- (n=64) K+ (n=40) Bcero P
8 (12,5) 1(2,5) 9(8,7) 0,160

Ilpumenanue. Ipynnol nayuenmog é xooe ecmecmeenHo2o meuenus sabonesanus: (K—) — 6e3 kposousausnus; (K+) — nepernecuue kposousnusnue.
mRS — oyeHka uHeaNUOHOCMU, HE3ABUCUMOCIU U UCX0008 peabuiumauuu o MoOUGUUUPosarHoi wkate Pankuna; p — kpumepuu: Xu-xeadpam —
051 Kameeopuaavivix nepementvix, uuiepa — 0ns HenpepwvigHbix nepementvix. yABM — yepeopanvhas apmepuosenosnas marvgopmayus; (—) — om-
cymemeue nayuermos ¢ MaKoi XapaKmepucmukot é epynne; (+) — Haauuue nPU3HaKa.

*3HaueHus XapaKmepucmuk.: HenpepoleHvlX YUcA08blx — cpednee (U cmanoapmHoe) omkaoneHue Mean (SD); kayecmeenHbix Xapakmepucmuk — abco-

AIOMHOE U OMHOCUMEeNbHOe UCA0 nayuermog 6 epynne n (%).

Note. The groups of patients in the natural course of the disease: (H—) — without hemorrhage, (H+) — with hemorrhage. mRS — assessment of disability,
independence, and rehabilitation outcomes according to the modified Rankin scale; p — criteria: Chi-square — for categorical variables, Fisher — for
continuous variables. cAVM — cerebral arteriovenous malformation; (—) absence of patients with such a characteristic in the group; (+) — presence.
*The values of characteristics: continuous numerical — mean (and standard) deviation Mean (SD); qualitative characteristics — absolute and relative

number of patients in the group n (%).

1 KOJIMYECTBEHHBIX XapakTepucTuk HUABM. PesynbraThl
YHUBapUaHTOM 1 MyJIETUBAPUAHTON PETPECCHil ¢ BKITIOUE-
HUEeM HambOoJjiee 3HAUMMBIX (PaKTOPOB (C TOUKU 3PCHMUS
maTodusnogorun TABM u cratmcTHYeCKOTO aHAIM3a)
IIpUBEACHEI B Ta0I. 2.

[1pu yHMBapMaHTHOM PETPeCCHMOHHOM aHAJIN3€e CPeIr
xapakTeprucTuK TABM (cM. Tab1. 2) BEISIBJICHBI HAanboJIee
3HAYMMBIC TIPU3HAKY, BIMSIOIINE HA PUCK KPOBOU3JIHSI-
HUA u3 TABM:

* MaKCHUMaJibHbIe pa3mep U 00beM HABM;

* CTOpOHA IMOPaKEHUS;

* TUII CTPOeHUS (Hammume QUCTYIBI B CTPYKType
uABM);

* YNCJIO TIMTAIONINX BETBEIA;

* YNCJIO UCXOMSIINX BEH.

C y4eTOM CTaTUCTUYECKON 3HAYMMOCTH M KIMHUYE-
CKHX COOOpaXeHWI BKIIFOUEHO BCETO 4 XapaKTepUCTUKU
B OKOHYATEJbHBIM BapWaHT IIpemiaraeMoil MOIeIn
JAMCO:

* JeuImT rIrydoKOro OTTOKA;

* MakCUMaJbHbIN pazmep UABM;
* CTOPOHA ITOPAXKCHUS;

* OTCYTCTBUE/Hanune (pUCTYIIHL.

Mogens mpuMeHNMa IJIST OIMCAaHMs prcKa TeMoppa-
rYecKux rnposineHunii HABM Ha mpoTsoKeHUM BCEro Bpe-
MeHu HaomoneHus (p = 0,82). MckimoueHne 3 Momenu
TaKMX TT0Ka3aTesiei, Kak ynciio Bxoasainux B 1ABM BetBeii
¥ YUCJIO UCXOMSIINX BeH, HE TOBJIMSJIO HA €€ TOYHOCTD
(ANOVA p = 0,63), B TO ke BpeMsI HEOOXOAUMO OTMETHUTD
HaJIMIME CTATUCTMYECKH JOCTOBEPHOTO CJIOXHOTO B3aM-
MOIEHCTBYSI ABYX YKa3aHHBIX (DAKTOPOB B paMKaX IOJTHOM
momenn (p = 0,041), 9To MOXeT B IEPCIEKTUBE CTaTh
MIPEIMETOM OTIETLHOTO NCCIICIOBAHMS.

1. Jedumur riry0ookoro orToka. OTCyTCTBUE MeduImnTa
TITyOOKOTO OTTOKA CHIKAJIO PUCK TeMOPPAarnIecKoro Impo-
saBiaeHus1 TABM (Mozaenb mponopLMOHaTIbHBIX PUCKOB
Kokca HR = 0,25, p = 0,022). Bausgaue ¢dakTopa ObLIO
paBHOMEpPHBIM Ha TIpOTskeHWU BpeMeHu (p = 0,73).

OtcyrctBue B TABM neduiinra ri1y00oKoro oTToKa yBeJid-
YUBAJIO BpeMs J0 paspbiBa Ha 36,2 % (95 % AU 3,9—
78,6 %), puck paspbeiBa ObLT HIDKe Ha 71,1 % (95 % AU
11,7-90,6 %) c KoppeKLKei M0 CTOPOHE MOPaXKEHMUS,
MaKCUMaJIbHOMY pa3Mepy 1 HaTu4dreM (pUCTYIIHL.

2. MakcumalibHblii pa3mep. YBeluueHUe pa3mepa
HABM npuBoauiio K CHIKEHUIO pUcKa reMOpparuyecKux
MIPOSIBJICHMIT (MOIEITb IIPOITOPIIMOHAILHEIX prickKoB Kokca
HR = 0,67, p = 0,012). BnusHue daxkTopa ObLIO paBHO-
MEpHBIM Ha TIpoTsikeHnu BpeMmeHHu (p = 0,40). YBemmae-
HUEe MakKcuMasbHOro pasmepa HABM Ha kaxnplit 1 cm
yBeIMUMBAIIO BpeMsI 10 paspeiBa Ha 7,1 % (95 % AU 0,4—
15,2 %), puck paspbiBa ObUT HIKe Ha 24,2 % (95 % AU
0—43,2 %) c KoppeKLueii 10 CTOPOHE MOpPaXKeHUs, HAJIU -
Y110 AeumTa rryooKoro OTToKa v (hUCTYIIHL.

3. Cropona nopaxkenus. B paMkax Hamreit Mmomesm pac-
nonioxeHue TABM B ripaBoM Motyiapuy 00JIbIIOT0 MO3-
ra CHIDKAJIO PUCK TeMOPParnyecKoro MmposiBjieHus (Mo-
JleJib TIporopioHanbHBIX puckoB Kokca HR = 0,41,
p = 0,014). Bausaue cdakTtopa OBLIIO paBHOMEPHBIM
Ha TmpoTskeHuM BpemeHu (p = 0,34). PacmonoxeHue
HABM B mpaBoM MoJyliapyuy yBeJIMYMBAIO BPeMs 0 pa3-
puiBa Ha 22,1 % (95 % AU 2,7—45,2 %), puck pa3pbiBa
obuT HIKe Ha 55,2 % (95 % AU 11,1-77,4 %) ¢ Koppek-
el T0 MAaKCUMAaJTbHOMY pa3sMepy, HUTMIHUIO nTeUuImTa
IyOOKOTrO OTTOKA U (DUCTYJIbI.

4. Orcyrcrue /nammune puctynst. Hammaue puctynbt
CHMXAJI0 PUCK reMopparmueckoro rnpossiaeHust TABM
(Momenb TIporopuroHaabHBIX pruckoB Kokca HR = 0,52,
p = 0,072). Bausaue akTopa OBLIO paBHOMEPHBIM Ha
npotsckeHun BpeMeH” (p = 0,79). Hanwume ductyisl
B cTpykKType UABM yBennuuBaao BpeMsi A0 pa3pbiBa
Ha 18,8 % (95 % AU 0,0—41,2 %), puck pa3pbiBa ObUI
Hxe Ha 50,0 % (95 % AU 11,7—89,9 %) ¢ koppekuuei
IO CTOPOHE ITOpakeHMsI, MAKCUMAJIBHOMY pa3Mepy U Ha-
JIMYMIO TepUITNTA TIIYOOKOTO OTTOKA.

Ha ocHOBaHMM HaHHBIX, TIOJIYICHHBIX B PE3YJIbTATE
pPEerpecCMOHHOrO aHajn3a W aHaju3a PUCKOB pa3pbiBa
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Tabnuua 2. BivsiHve xapaKTepucTUK LiepebparnbHoi apTeproBeHo3HOM MarnbGopMaLmM Ha pUCK ee paspbiBa

Table 2. The influence of cerebral arteriovenous malformation characteristics on the risk of its rupture

XapakTepucTHKA 3Hauyenne*
O0beM, cm?
Volume, cm? 17,7(20,8)
MaKCIiIM?JILH‘LH/I pasmMep, cM 3,5(1,4)
aximal S1ze, cCm
CropoHa:
Side:
cleBa 52 (50,0)
left
crpaBa 52 (50,0)
right
Tun crpoenust HABM:
Type of cAVM:
paleMO3HBIN 32 (30,8)
racemose
CMEILIAHHBIA 57 (54,8)
mixed
ductynesHbrit 15 (14,4)
fistulous
ducryna
Fistula 72(69.2)
KoMmaktHoCTb y3na HABM***;
Type of cAVM node***:
b Gy3HbII 20 (19,2)
diffuse
KOMITaKTHBIM 84 (80,8)
compact
WHurpanunanbHas aneBpu3Ma(bl)
Intranidal aneurysm(s) 14 (13,6)
AHeBpusma(bl), He cBsi3aHHasI(bIe)
C TIOTOKOM 8 (7,8)
Non-flow-related aneurysm(s)
ITorokoBasi(bie) aHeBpU3Ma (bI)****: 10 (9,6)
Flow-related aneurysm(s) ****:
MPOKCUMAaJTbHasI(bIe) 4 (3,8)
proximal
TUCTaTbHasI(ble) 6(5,8)
distal
KommnoneHnT HnABM:
Component of cAVM:
CyJIbKapHBIi 7 (6,7)
sulcal
TYMpajbHBIN 97 (93,3)
gyral
CYOKOPTUKAIbHBINA 44 (42,3)
subcortical
napaBeHTPUKYJISIPHBIN 12 (11,5)
paraventricular
Ywucno cocynos:
Number of vessels:
MUTAIOLIMX apTEPUIA 2,1(0,9)
feeding arteries
adhepeHTHBIX COCYIOB 3,6 (1,9)
afferents
— TIOBEPXHOCTHBIX 1,8 (0,9)
— superficial
— L[IIyOOKMX 0,2 (0,5)
— deep

OrtHomenne pUCKOB (Mo/ieib MPOnopPIuoHAILHBIX pucKoB (Kokca))

YHUBAPHAHTHAS MOJEJh

0,97 (0,94-0,99, p = 0,013)

0,63 (0,47—0,84, p = 0,002)

PedepeHcHoe 3HaueHME**
Reference value**

0,51 (0,26—0,98, p = 0,045)

Pedepencroe 3HaueHme™**
Reference value**

0,39(0,19-0,79, p = 0,009)
0,50 (0,19—1,30, p = 0,154)

0,41 (0,21-0,80, p = 0,009)

PedepeHcHoe 3HaueHHE**
Reference value**

1,19 (0,52—2,74, p = 0,675)

1,32 (0,57—3,04, p = 0,512)

0,64 (0,24—1,69, p = 0,369)

1,12 (0,40-3,19, p = 0,825)
0,81 (0,11-6,02, p = 0,840)
1,29 (0,39—4,25, p = 0,678)

0,65 (0,16—2,73, p=0,561)
0,70 (0,25—1,98, p = 0,499)
0,80 (0,41—1,55, p = 0,502)
0,75 (0,26—2,13, p = 0,584)

0,80 (0,53—1,23, p = 0,315)
0,75 (0,58—0,96, p = 0,025)
0,79 (0,53—1,17, p = 0,236)
1,25 (0,57—2,75, p = 0,583)

HEnoJIHAS MYJIbTHBAPHAHTAST
mozes (IMCO)

0,67 (0,48—0,91, p =0,012)

0,41 (0,20-0,83, p = 0,014)

0,52 (0,25—1,06, p = 0,072)
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OKoH4aHwe Tabn. 2
End of table 2

OTHoOmeHnne pucKoB (MoIeJb MPONOPIHOHATBHBIX pUCKOB (Kokca))

XapakTepucTHKA 3HaveHue*
YHHBapHAHTHAS MoJeJb He“mﬁ[:;e];zﬂ(gﬁé%l;‘mu

Tun BeHO3HOTO OTTOKA HTABM:
Type of cAVM venous drainage:

IyOOKMA 4 (3,8) PedepercHoe 3HaueHune™* —

deep Reference value**

IyOOKUIi + MOBEPXHOCTHBIM 23 (22,1) 0,34 (0,04—2,99, p = 0,328) —

deep + superficial

MOBEPXHOCTHBIN 77 (74,0) 0,57 (0,07—4,30, p = 0,582) —

superficial
Yucno BeH, nucxopaimux us tABM _
Number of veins from cAVM 1,7(0,7) 0,66 (0,42—1,03, p = 0,069) a
BeHo3HbIe 5KTa3un _
Venous ectasia 0,3 (0,6) 0,78 (0,45—1,37, p = 0,389) =
JlpeHnpyoIIre BeHbI, JOCTUTAIOIINE
cuHyca (KpYITHOM BEHbI) 1,7 (0,7) 0,71 (0,46—1,11, p =0,138) —
Drainage veins, reaching the sinus (large vein)
Lo DEqInITE T Serors TIoi 93(89,4) 0,51 (0,18-1,49,p=0,220) 0,25 (0,08—0,81, p = 0,020)

Without deep outflow deficit

Ilpumenanue. JIMCO — naszeanue wikanvt (aKporum), yuumolearoujeil uemoipe pakmopa: degpuyum 21y060Kk0e0 OMmmoKa, MaKkCUMaibHblil pamep y3ada,
cmopoHy pacnonoxcenus ABM, omcymcmeue/nanuuue gucmynst (Hazearnue mooeau 8blOPaHO MaKice U3-3a CO8NAOCHUS C HA38AHUEM «OUMEMUACYAb-
hokcud» — pacmeopumens, npumersemozo 6 smboauzamax oas sevenus ABM); yABM — yepebpanvras apmepuoseHo3Has Marbghopmayus;

(—) — He paccuumoléanucs, max Kak npeoiazaemas modeasv JIMCO yuumvieaem moavko 4 xapakmepucmuku.

*3Hauenus XapaKmepucmuk.: HenpepoleHvlX YUcA08blx — cpednee (U cmanoapmroe) omkaonerue Mean (SD); kayecmeenHbix Xapakmepucmuk — abco-
ANIOMHOE U OMHOCUMEeNbHOe UCA0 nayuermog 6 epynne n (%).

** PeghepeHcHbIM NPUHAMO 3HAYEHUE, OMHOCUMENbHO KOMOPO20 PACCHUMBIBAN0C, OMHOUEHUE PUCKO8 8 OpYeUuX ePYNNAX.

*** Komnakmuote yABM ne codepicam eewyecmea mosea mexcody cocyoamu yna marsgopmauu, 8 ougpgysnoix yABM yzen mansghopmayuu codepycum
geujecmeo mosea.

*#*%* [IpoKcumanvhvle pacnoaazaiomess Ha MaeuCmpanbHoix cocyoax 00 ypogus ux ougypkayuu, OUcmanviole pacnoaazaiomest Ha OUCMAanbHbIX
ceeMeHmax agpgepeHmmubix cocydos.

Note. DSSF is the name of the scale (acronym) that takes into account the following four factors: deep outflow deficit, maximal node size, side of cAVM
location, absence/presence of fistula (the name of the model in the Russian language was also chosen due to the coincidence with the name “dimethyl
sulfoxide” — a solvent used in embolizates for the treatment of AVM); cAVM — cerebral arteriovenous malformation; (—) not calculated, since the
proposed DSSF model takes into account only 4 characteristics.

*The values of characteristics: continuous numerical — mean (and standard) deviation Mean (SD); qualitative characteristics — absolute and relative
number of patients in the group n (%).

**The reference value was taken as the value relative to which the risk ratio in other groups was calculated.

*#% Compact cAVMSs do not contain brain matter between the vessels of the malformation node, while in diffuse cAVMs the malformation node contains
brain matter.

**%%The proximal cAVMs are located on the main vessels before the level of their bifurcation, the distal ones are located on the distal segments of the
afferent vessels.

(momenn Koxkca u BeitOyiuia), Hamu pa3paboTaHa IIKajia
IIJIST OIICHKM PHCKA TeMOPPArnIeCKOTO COOBITHS Y TTaIu -
€HTOB c 1iepedpanpHOit TABM (tabm. 3). Illkana JMCO
VUUTBIBACT:

1) aecdbumt rirydbokoro orroka (p = 0,022);

2) MakCcHMaJIbHBIN pa3mep y3ma (p = 0,012);

3) cropony pacnonoxenus TABM (p = 0,014);

4) orcyrcrBue ¢uctynsl (p = 0,072).

ITo cymMme 0aioB, MOJydeHHBIX TIPU OILIEHKE 3TUX
yeTblpex XapakTepucTuk HABM, a Takke ¢ yueToM BEIOOD-
ku (%) 1 Bo3pacTa nalMeHTa Ha MOMEHT pa3phblBa, Haly-
€HTOB MOXHO PacIIpeJe/INTh Ha 3 TPYIIILL: A — ¢ HUBKUM

puckoMm pa3pbeiBa HABM; B — ¢ ymepeHHbIM prickoM; C —
C BBICOKMM PUCKOM (Ta0i1. 4).

B oOuieit BeIOOpKe MeauaHa Bo3pacTa IMallMeHTa
Ha MOMEHT pa3pbiBa UABM cocraBuna 55 (95 % AU
49—61) ner.

Kaxk BugHO 13 Ta6i1. 4, HanboJIee MHOTOUHNCIEHHYIO
TPYIITy B Halllel BEIOOPKE COCTABJISTIOT ITAITMEHTEHI C IIepe-
OpanbHbiMU HABM Huskoro prucka — rpymna A (43,3 %).
MenraHa Bo3pacTa ITaliieHTa Ha MOMEHT pa3phiBa B 3TOi
IpyIIe cocTaBuja 64 roaa, a MEXKBAPTUIbHBIA MHTEPBa
(60—72 roga) HaXoAMTCS B IIpeesiax MOXWIOro Bo3pacTa
(60—74 rona, no pexomenaauusm BO3).
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Tabnuua 3. bannbHast oLieHKa pricKa paspbiBa LepebparibHol apTepyroBeHO3HOM MarnbdopMaLiy no wkane [IMCO

Table 3. DSSF scoring system for risk assessment of cerebral arteriovenous malformation rupture

Factors of DSSF scale

JeduuuT rirydokoro oTToka
Deep outflow deficit

MaxkcuManbHbIl pa3mep TABM, cm
Maximal size of cAVM node, cm

Cropona pacnionoxeHus TABM
Side of cAVM location

OrtcyTcTBHE DUCTYIIBI
Absence of fistula

Ilpumeuanue. Cm. npum. k maba. 2.
Note. See note to Table 2.

Characteristic

Contribution into the assessment
of cCAVM risk rupture, points

Hanuuwue rny6oxkoro adbdepeHTHOro cocyna npu
OTCYTCTBUU IJTyOOKOU IPEHUPYIOILIEH BEHBL +4
Presence of deep afferent and absence of deep drainage vein

3a Kaxnplii 1 cM Hauucnseres —1 6awt -
—1 point for each 1 cm

B neBom mosyimapuu 60J1b1110r0 MO3Ta +3
Left cerebral hemisphere

PanieMo3HbIit TvI cTpoeHust HABM, 6e3 nipsimoit
ducTyabr +2
Racemose type of cAVM, absence of a direct fistula

Tabnuua 4. XapaKTepuCTvKv pucKa paspbiBa LiepebpasnbHoit apTeproBeHo3HoM MarnbdopMaLmm (rpagaumy no wkane AMCO)
Table 4. Characteristics of the risk of cerebral arteriovenous malformation rupture (DSSF scale grades)

Racemose
type of cAVM,

Total
score

I b

Patients’ age at the time of CAVM
rupture

absence Number B koropre, Me BeposThbrit Rupture risk
of a direct of patients, [Q1, Q3] (;1et) (mporHo3 mo mKa- 01; cAVM
fistula n (%) qe IMCO)
Pedepencroe PedepeHcHoe PedepeHcHOE
A -2 45 3HayeHue™ 3HayeHue™ 3HayeHue™ 64 [60, 72] Tloxunoit Huzkwuit
u meHee (43,3 %) Reference Reference Reference 2 Elderly Low
value* value* value*
orT —1 41 CpenHuit YMmepeHHbI
B o+l (39,4 %) 3,21 1,35, 7,64 0,008 50 [44, 59] e, Moderate
18 Mononoit Bricokuii
C 6omee +1 (17,3 %) 10,4 3,98,27,2 <0,001 3830, 48] Young High

Ilpumeuanue. HR — ouyenka no mooeau nponopyuoHanbHuix puckos (peepeccusi Koxca). Cm. npum. k maon. 2.

*OmHowenus puckos 015 epynnsl A npunamel pegpeperchbimu, a 3Hauenus é epynnax B u C paccuumeviganuce omuocumensno makoswix no epynne A.
Note. HR is an estimation from the proportional hazards model (Cox regression). See note to Table 2.

*The risk ratios for group A were taken as reference, and the values in groups B and C were calculated relative to those for group A.

Bropast o uncieHHocTH TpyIna (C yMEpeHHbIM pH-
cKoM paspbeiBa HABM) — rpymma B (39,4 %). Menuana
BO3pacTa MalyeHTa Ha MOMEHT pa3pbiBa B 9TOU TpyIIIe
coctaBuia 50 JeT, MeXXKBapTWIbHBIN WHTepBan (44—
59 meT) HaxomUTCS B IpemeiaXx CPpemHero Bo3pacra (45—
59 net, mo pekomennauusim BO3). Puck paspsiBa 1ABM
JUTSL TPYTIBL B cTaTMcTHYecKu MOCTOBEPHO TMPEBBIIIACT
TaKoBoI 1m0 Tpyme A (B 3,21 pa3a).

Bbicokuit pyck pa3pbiBa, B COOTBETCTBUU C pa3pabo-
TaHHOI 1IKajoi, umencsa y 17,3 % nauuenTos rpyiisl C.
MenuvaHa Bo3pacTta MmaiyeHTa Ha MOMEHT pa3pbiBa B 3TOM

rpymme coctaBuia 38 JeT, MeXXKBapTUIbHBI WHTEPBAI
(30—48 neT) oTHOCUTCS TTPEUMYIIECTBEHHO KO BTOPOM
TOJIOBMHE MOJIOHOTO Bo3pacTta (18—44 jeT, 1mo pekoMeH-
marussM BO3). Puck paspeiBa tABM mirst rpyrmsr C cra-
TUCTUYECKU TOCTOBEPHO TMPEBBIIIAET TAKOBOI MO TPyTi-
e A (8 10,4 paza).

JlaHHBIE O KyMYJISITUBHOM Y4acTOTE KPOBOU3IUSHUN
13 HABM pa3nuyHbIX rpajauuii 1 Bo3pacTe MaiueHTa
Ha MOMEHT WX TOSIBJIEHUS TIpuBeneHbl Ha puc. 1. Tak,
KYMYJISITUBHAS 4aCTOTA ¥ PUCK KpoBOU3MUsIHMS 13 TABM
IOCTOBEPHO pa3nvaivch Mexay rpynnamu. Hampumep,
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(53]
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60

Yucno naumeHToB B rpynne pucka (KyMynsTUBHOE YKCIO NaLMEHTOB ¢ KpoBousnusHueM) / Patients at risk (cumulative number of patients with hemorrhage)

A 43(0) 3103 18 (4) 10(5) 9(5)
B 3900 3003 19 (6) 6(10) 2(14)
C 16(2) 12(5) 6(10) 2(12) 0(14)
KymynstuHas yacTota kposousnmanuii (95 % W) / Cumulative incidence of hemorrhages (95 % Cl)
0% (NA, NA) 8%(2,19) 12% (4, 26) 17% (6, 33) 17 % (6, 33)
B 0% (NA,NA) 8% (2, 20) 19% (7, 35) 4% (19,61) 80 % (35, 99)
o 1% (2,30) 29 % (10, 51) 60% (31,8) 79 % (37,94) 100 % (0, 100)

Puc. 1. [lpozHo3 kyMynsmueHozo pucka pa3psisa uepebpansHoii apmepuoseHo3Hol Manbpopmayuu Ans pasHsx kKamezopuli nayueHmos: A — ¢ HU3KUM puckoM; B — c yme-
penHbiM; C - ¢ abicokuM. ankbie 104 nayueHmos 3a nepuod 2011-2023 2z. oueHusanuce no pazpabomarroil wkane AMCO (cM. npum. k mabn. 2). [paguyeckul uHmepgelic
cpedel RStudio 2023.06.0+421 (Posit Software, PBC, 2022) ompaxcaem pe3ynbmamel aHanu3a 0aHHbIX (93bik R 4.4.3, nakem tidycmprsk 1.1.0). NA (om anen. not available) -
noKazamesib He MoXcem bbimb paccyuman

Fig. 1. The prediction of the cumulative risk of cerebral arteriovenous malformation rupture for different categories of patients: A — with low risk; B — with moderate risk; C — with

high risk. Data of 104 patients during the period 2011-2023 were assessed using the developed DSSF scale (see note to Table 2). The graphical interface of the RStudio environment
(version 2023.06.0+421 (2022), Posit Software, PBC) reflects the results of data analysis (R language, version 4.4.3, tidycmprsk package 1.1.0). NA (not available) - the indicator

cannot be calculated

1o goctikeHus 40 net B rpyre A TABM mnporHoctuye-
CKU pa3opByTcs B cpeaHeM y 12 % manuenTtos (95 % AU
4-26 %), B rpyrmme B —y 19 % (95 AU % 7-35 %),
aprpynne C—y 60 % (95 % AN 31-80 %), uro paccMa-
TPMBAETCSI HAMM KaK IMOKa3aHue K aKTUBHOM XUpypruye-
CKOI1 TAaKTHKE JIeYeHUsI MaLueHToB rpyImbl C, K moadopy
METO0B (WIM COYETAaHMSI METOAOB), KOTOPbIE MIPUBEAYT
K OBICTpOI ¥ TTOTHOM snuMuHaIMY TABM 10 ee pa3puiBa.

OBCYXIEHME

CBeleHUS O TUINE KIMHUYECKONH MaHUbecTalnu
HABM u3 nutepaTyphl 1 Halllell cepyuy HAOMIOAeHUI TPy -
BeIeHBI B Ta0i. 5. Kak BUAHO M3 3TMX MaHHBIX, OT 1/3
1o 1/2 Bcex TABM BriepBbI€ TIPOSIBIISIIOTCS BHYTpHUYEPETT-
HBIM KPOBOMBIIMSIHUEM, a CPEIHUI BO3pacT MaHUdecTa-
WU (11T BCEX TUTIOB KITMHUYIECKOTO TEUCHMST) HAXOMUTCS
B ipeneiax 34—38 Jer.

OT™MeTHM, 9TO B Hallleit cepry HabmroneHuiA (CM. TaoI. 5),
10 CPaBHEHMIO C aHaIOTMYHBIMU cepusamu 2004—2006 rr.
[3, 8], moJg MalMeHTOB ¢ TeMopparndeckoii MaHudecTa-
uueit TABM 6bu1a Heckonbko Huxe (33,7 %), a ¢ cyno-
POXHBIM TIPUCTYIIOM M TOJIOBHOI 00JipI0, BhIIIE (32,7
1 23,1 % cOOTBETCTBEHHO). DTU OTJIMYHUS, BEPOSITHO, 00-
YCIIOBJICHBI 00JIee BBICOKOM JTOCTYITHOCTHIO METOIOB JM-
arHoCTUKH (B TiepByIo ouepenb — MPT romoBHOro Mo3ra)

B HaIleii cepuu HabmoneHmi (2024 1.), 4To IPUBEJIO K AH-
arHoctuke HABM B moremopparndecKuii IIeproj B XoIe
o0cIeqoBaHNs, HAa3HAYCHHOTO IT0 MUHUMAJIBHBIM TTIOKa-
3aHMSAM (HaIpUMeED IT0 IIOBOY 3Kaj100 Ha TOJIOBHYIO OOJIb)
WJIU 1O APYTOMY TTOBOAY.

ITo pesymbpraTaM aHaiau3a gaHHBIX 790 mMaMeHTOB
(Kaiser Permanente Northern California Health Mainte-
nance Organization), eTMHCTBEHHBIM CTAaTUCTUYECKHU 3Ha-
YUMBIM TTPEIUKTOPOM KpOBOM3NIUSIHUS 13 HABM 0Obl10
paHee MepeHeCeHHOe KPOBOM3IUSIHIE, TIPUYEM PUCK T10-
BTOPHOIO KPOBOM3IUSIHUS focTuran 7 % B 1-ii ron v CHU-
xajucs 10 3 % B rog B nocieayiowmuii nepuon [3]. Ot-
Me4YajJoCh TaKKe MOBBIIICHUE PUCKAa KPOBOU3IUSTHHUS
C BO3pacTOM, XOTSI BIMSHHE 3TOTO (haKTopa HaXOIMIIOCh
Ha TpaHMIle CTATUCTUIECKOM 3HAUMMOCTH [3]. XOTS moJst
NalueHTOB ¢ KpoBousnusHueM u3 HABM Obiia Bbille
B IpyIIIIe «HeOebIx» matmeHToB (38 % vs 25 %), moce-
IYIOIIUI CTpaTU(PUIIMPOBAHHBIN aHAJIN3 HE BBISIBIII pa3-
JIMYWIA B pUCKE Pa3BUTHSI KPOBOM3IUSTHUS TSI PA3TMIHBIX
STHUYECKUX rpyr [3].

B cepum HabmoaeHMT 13 TpoceKTUBHOM 6a3b1 Co-
lumbia AVM database [8] o6palnieHO BHUMaHUEe Ha 0c000
HeOJIaroIpUsSITHRIE COYeTaHUSI (PaKTOPOB KPOBOMBIIASTHUS
u3 TABM: HanpumMmep, B TpyIiIie NallUEHTOB C ITyOOKOH
noxkanu3anuen TABM, HCKIIOUYUTEIBHO TIyOOKUM
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Tabnuua 5. KnnHuyeckas MaHudecTaums LiepebpanbHoi apTepuoBeHo3Ho MasbdhopMaliym

Table 5. Clinical manifestation of cerebral arteriovenous malformation

Manudecramus tABM
Kaiser Permanente
Northern California Health

Columbia AVM

JIanHBIE U3 HCTOYHHKA

Mertaanaams
(n=3923) [8], 2012

Haima cepust Ha0m0-
nenmii (n = 104), 2024

Maintenance Organization dataligs]e %():6662)
(n=1790) [3], 2004 )
Bo3spact manudecranumn
(cpenHee 3HaUEHUE, JIET) 38 34 33,7 36.2

Patients’ age at the time
of CAVM manifestation
(mean, years old)

(95 % CI 33,7—39,3)

KpoBousnusnue, % 47
. (04

Hemorrhage, %

CynopoxXHBII

mpuctyi, % 24

Seizure disorders, %

TonosHast 6016, % 14
Headache, %

Ouarosblit gehuuut, %
Focal neurological deficit, %

Ipoune, % 15

Others, %

AcUMITOMHOE

teueHue, %

Asymptomatic disease

course, %

Ilpumenanue. (—) — dannvie omcymemaeyiom. Cm. npum. K maoa. 2.
Note. (—) there are no available data. See note to Table 2.

BEHO3HBIM OTTOKOM C TeMOpparndeckoil MaHndecTamein
€XETOMHBIN PUCK TOBTOPHOTO KPOBOM3ITUSIHUS COCTABIII
34,3 %, a npu OTCYTCTBMU BCEX TPeX YKa3aHHbBIX ITPU3HA-
koB — Bcero 0,9 % B rox [8]. OcobenHocTh Columbia AVM
database — mOCTaTOYHO OOJBINOE KOJIMIECTBO TITYOOKMX
1 uHppaTteHTOpUaIbHbIX TABM: 9 1 12 % cooTBeTCTBEH-
Ho. B Hatiem xe ucciegosanny tABM aHaormyHbIX Xa-
PaKTEepUCTUK BCTPEYaInCh B APYIOM COOTHOLIeHUU — 11,5
nl9 %.

Cpennmnit Bo3pacT MaHU(ECTAIINN, TIO TaHHBIM KpPYyTI-
HOTO MeTaaHaIm3a, CoCTaBmiI 33,7 roma, a cpeIy IOBbIIIIa-
IOINX PUCK (haKTOPOB OKA3AIKCH ITPEAIICCTBYIOIEE KPO-
BOMBIIMSHUE, TIIyOOKasl JIOKAJTN3AIAs, NUCKITIOUNUTEIBHO
[TyOOKWIA BEHO3HBIN OTTOK, CBSI3aHHBIC aHEBPU3MHI [9].
Cpenu IalrMeHTOB ¢ HereMopparndeckoit MaHnudecTaIm-
eit HABM KpoBou3vsiHUE MTO30Hee Pa3BUiIoch B 8 % ciy-
yaeB (B Hameil cepur — B 12,5 % ciydaeB), MeauaHa
JIo pa3pbiBa coctaBuia 3,7 rona [3].

DakTOpHl PHCKAa TeMOPPArndeCcKOro MPOSBICHUS
HABM 110 1aHHBIM TUTEPaATYphl U B HAILIE CEPUU ITPUBE-
JIeHBI B Ta0J1. 6, psia Kiaccudukanuii it popmMantn3oBaH-
HOl MHIWBHUAYyaJIbHON OIEHKU PHMCKa KPOBOM3IUSHUS
n3 tABM — B Ta0i. 7.

Pacuernsiii MeTon D. Kondziolka u coasr. [10], ocHo-
BaHHBII HA €XEroHOM PUCKEe KPOBOU3IUSIHUSA 13 HABM,

(95 % C132,9-35,2) (95 % CI31,1-36,2)

(95 % CI 33,5-38,9)

45 52 33,7
29 27 32,7
13 — 23,1
7 % = 6,7 %
6
— 3,8

HE YIMTBIBACT TeTEPOTeHHOCTH STOM MTATOJIOTMH W MCKITIO-
YaeT MHANBUIYATU3UPOBAHHBIA IIPOTHO3, OTBeYAsT JIUIIb
Ha BOIIPOC O J0JIe MAIIMeHTOB C TeMOPPATrNIECKIM IIPOSIB-
JieHueM HABM B o0611ieii BBIOOpKE OOJIbHBIX C TEUEHUEM
BPEMECHH.

Metoa U. Mansmann u coaBT. [11] uHIuBUAyanbHOMI
OLICHKU pMCKa reMopparmndeckoit Mmanudecrannm tABM
OCHOBaH Ha y4eTe 10 pa3mnyHbBIX (DAKTOPOB U MX B3aUM-
HOTO BIMSTHUS, OMHAKO IIPOIIECC pacyeTa JOCTaTOYHO TPY-
TOEMKUH.

Meron F. Nataf u coasr. [12] 1o olieHKe pricKa KpOBO-
u3nusHuss u3 UABM ocHOBaH NpeuMyIIECTBEHHO
Ha OLIEHKE XapaKTEePUCTUK BEHO3HOTO OTTOKA U ITOACYETE
0aJJIOB C BBIICJICHHEM TPYIITEI OYeHb BBICOKOTO PHCKa
(>1 6ama). OmHako B ocTaBIIeiics rpymire (ot —1 10 +1 6an-
J1a) HaOJIromaaach OOJIbINas OIMOKA B OIICHKE pUCKa KPO-
BOM3JIMSIHUS, T. €. JaHHAs METOAMKA He MO3BOJIsIa Ole-
HUTb peaibHbIN pUCK KpoBoM3ausHUS 13 TABM. Ha Haiu
B3MIs, y ipemioxkeHHoro F Nataf u coaBT. MeToma HU3-
Kasl MpakKTHIecKasi IICHHOCTh, ITOCKOJIbKY TTAallMeHTHI, He
OTHECEHHBIE K TPYIIIE 09eHb BHICOKOTO PHCKa IT0 TaHHOU
IIIKaJie, BCe paBHO MOTYT MMETh peaIbHbBIN (1 JaKe BBICO-
KWi1) pUCK KPOBOM3IIMSHUS, a TAKasi HEMOOIIEHKA OIacHa.
HMHTepecHast 0COOCHHOCTh METOZIa COCTOUT B MCITOJIB30-
BaHUM PACUYSTHOTO ITapaMeTpa, KOTOPHIA BHIpaXKaeTcs
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Tabnuua 6. DakTopsl prcka KPOBOM3NMAHIS 13 LigpebpabHo apTeproBEHO3HOM MarbhopMaLm

Table 6. The risk factors for cerebral arteriovenous malformation hemorrhage

WUccnenosanue

1997

E Nataf u coaBT.
F Nataf et al.
(n=160)*

2004

A.X. Halim u coaBr.
A.X. Halim et al.
(n=176)*

2006

C. Stapf u coaBT.
C. Stapfet al.
(n=622)*

2012

B.A. Gross u coaBr.
B.A. Gross et al.
(n=3923)**

2017

F Padilla-Vazquez
" COAaBT.

E Padilla-Vazquez
et al.

(n=639)*

2000

U. Mansmann

" COAaBT.

U. Mansmann et al.

(n=662)*

2024

B.G. de Liyis

" COaBT.

B.G. de Liyis et al.

(n = 4240)**,
TIOBTOPHBIE
KPOBOUBJIUSTHUS
repeated hemorrhages

Russian Journal of Neurosurgery

DakTopbl

YBEJIMYMBAIONINE PUCK PAa3PbIBA

W ckimounTenbHO TIyOOKMA BEHO3HBIN OTTOK;
BEHO3HbBIN CTE€HO3,

BEHOBHBIN PedIIIOKC B CHHYC WM TIIyOOKYIO BEHY;
BOBJICYHEHUE HETUITUYHBIX HyTCfI BEHO3HOTI'O OTTOKa
Only deep venous drainage;

venous stenosis;

venous reflux into sinus or into deep vein;

involvement of nontypical venous drainage routes

ITeMopparunyeckasi MaHUpeCTaLIKS
Hemorrhagic manifestation

Bo3spacr;

MPEAUIECTBYIOLIEE KPOBOUBIIUSIHUE;
nIyOoOKasl JIoKaau3alus;

HMCKJIOYUTETBHO ITyOOKUI BEHO3HBIN OTTOK
Age;

previous hemorrhage;

deep localization;

only deep venous drainage

IIpeniecTByolee KPOBOUIUSIHUE;
F)'Iy60KaH JIOKaJIM3a1usd,

HUCKJTIOYUTEBHO NTyOOKUI BEHO3HBIN OTTOK;
CBA3aHHbBIC aHCBPU3MBbI

Previous hemorrhage;

deep localization;

only deep venous drainage;

flow-related aneurysms

CpenHsisi CKOPOCTh KPOBOTOKA B OCHOBHOM
ahhepeHTHOM COCyIe;

THUII BEHO3HOI'O OTTOKA,

pa3mep HABM <3 cm

Average flow velocity in the main afferent;

type of venous drainage;

size of CAVM <3 cm

[nyGokuii BEHO3HBII OTTOK;

IyOOKasl JIOKaau3alus;
KOPTUKOKAaJUIe3Hasl TOKAIU3allusl;
PacIioJIOKEHUE B BaﬂHefI qeperﬂ-loﬁ SAMKE
Deep venous drainage;

deep localization;

corticocallosal localization;

posterior cranial fossa localization

IIpenimecTByolee KPOBOMBIUSIHUE;
TIyOOKUIA BEHO3HBIN OTTOK;
CBSI3aHHbIE aHEBPU3MBI

Previous hemorrhage;

Deep venous drainage;

flow-related aneurysms

CHMZKAIOLINE PUCK PAa3pbiBa nHau hepenTHbIe

Ilon;
ITHUYECKAS IIPUHAL -
JIEKHOCTB;
pa3mep HABM;
HUCKITIOYUTEIIBHO
- IyOOKM T BEHO3HBIM
OTTOK
Gender;
ethnic affiliation;
size of cavm;
only deep venous drainage

Iomn;
pa3mep HABM;
WHTPAHUIAIbHAS
aHEBpM3Ma UM aHEB-
pu3Ma nuTaIen

— aprepuu
Gender;
size of cavm,;
intranidal aneurysm
or aneurysm on feeding
artery

Ilon;

pazmep TABM <3 cwm;
CTapIIuii BO3pacT
Gender;

size of CAVM <3 cm;
elder age

ApTepuanbHblii CTEHO3;
BE€HO3HaA 3KTa3usl,
apTeprOBEHO3HAs (DUCTYIIA;
IIpOKCUMaJIbHasg aHEBpU3Ma
Arterial stenosis;

venous ectasia;

arteriovenous fistula;

proximal aneurysm

O6beM ABM: yem Gosblie
00BbEeM, TEM MEHBIIIE PUCK.
Ipananus mo mkaie
Spetzler—Martin: yeM BBhIIIIE,
TEM MEHBILLIE PUCK

Volume of cAVM: the more the
volume — the less the rupture risk.
The higher score according

to Spetzler—Martin — the less
the rupture risk
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YBEJIMYMBAIOLIME PHCK PAa3pbiBa

2024

(n=104), Haiia

cepusi HabJro1e-
HU*

2024 (n=104), our
observation series*

PacrionoxeHue B JIeBOM TOIYIIApUM;
JIeUIIT TTyOOKOTrO OTTOKA

Left cerebral hemisphere;

Deep outflow deficit

Ilpumeuanue. (—) — ne o6Hapyxuceno. Cm. npum. kK maba. 5.
*Myavmueapuanmmblii peepecCUOHHbLI AHAAU3.

** MemaaHanu3z Hepano0oMu3UPOBAHHbIX UCCACO08AHUI.
Note. (—) not found. See note to Table 5.

*Multivariate regression analysis.

** Meta-analysis of non-randomized studies.

OKoHYaHKe Tabn. 6
End of table 6

Factors

CHIZKAIOLIME PUCK Pa3pbiBa unauddepenTHbIE

Ilomn;
JIOKAJTM3AIIMsT OTHOCH-
TEJIBHO KOPBI/6eJIoro

MaxkcumanbHbIe pa3Mep
1 00beM HABM: uem oHU
0OJIBIIIe, TEM HIKE PUCK.

BEIIlECTBa/KeIyI04-
Hamaue GUCTYIIBI; K 01]:[, /xenyn
Yucno abdepeHTHBIX >
: MHTpaHUIaTbHbIE
COCYIIOB: YeM UX OOJIbIIIE, ST

TeM HIXE PUCK.
Yucao ucxoasimmx
u3 HABM BeH: yeM ux 60J1b-

HE CBA3aHHBIC
C ITIOTOKOM aHEBPU3-

MBI,
M}, ALV LS TIOTOKOBBIE AaHEBPU3-
Maximal size and volume 3
of CAVM: decreasing the rupture MBI,
. . BEHO3HBIE DKTAa3UU
risk while these parameters are .
Gender;

increasing;

Presence of fistula;

The more the number

of afferents — the lower the risk
of hemorrhage

The more the number

of drainage veins — the less the
rupture risk

localization in relation
to cortex/white
matter/ventricles;
intranidal aneurysms;
non-flow-related
aneurysms;
flow-related aneurysms;
venous ectasia

OTHOIIIEHWEM YKClia TUTaloIuX aprepuii TABM K yucity
JIpeHupytonmx ee BeH [12]. B xone aHanm3a coOOCTBEHHBIX
JMAHHBIX HAMU TakXe ObUIO OOHAPYKEHO BIMSIHUE YKClia
addepeHToB U 23hhepeHTOB HAa PUCK KPOBOUIIUSIHUS
n3 TABM, omHaKo NCKITIOUEHUE STHX ITApaMeTPOB He BIIH -
S1JI0O HAa TOYHOCTD Halleil Moaenu. boiee Toro, Hamu 00-
Hapy>XKeHO B3aMMOMIECUCTBUE MEXIY STUMU IBYMSI XapaK-
TepuctTukamMn HABM, KoTopoe MOTEHIIMAIbHO MOXKET

OBITH TIOJIOXKEHO B OCHOBY METO/A OTPENeIeHUs prcKa
KPOBOM3TUSIHUS, OMHAKO B pAMKaX 3TOU CTaTby MBI BO3-
NepKMUMCST OT OoJiee TIIyOOKOTO aHaln3a, OCTABUB €r0
15T TIOCITIEMYIOIINX ITyOTUKAIUIA.

Knaccudukamus F. Padilla-Vazquez n coasr. [13] npu-
MEHSIET KOMITJIEKCHBIU MTOAXO] C YI€TOM JaHHBIX YIIBTpa-
3BYKOBOI1 nomruieporpaduu (CpeqHsisi CKOPOCTh IMOTOKA
B OCHOBHOM a(pdepeHTe, moporooe 3HadeHme — 90 cm/c),

Ta6nuua 7. MeToabl OLEHKM M MPOTHO3MPOBAHKA PUCKA KPOBOU3NMAHIS NPY LiepebparibHoi apTepy1oBeHO3HOM ManbhopMaLimm

Table 7. The methods for assessing and predicting the risk of hemoarrhage in cerebral arteriovenous malformation

Factors

Source, year

Gradation

Name
number

of method

Validation

MICKITIOUMTENTEHO TITyOOKHil BEHO3HBIN OTTOK;

BEHO3HBII CTEHO3;

BEHO3HBII pedIIIOKC B CHHYC WU IyOOKYIO BEHY;
BOBJIEYCHIE HETUITMYHBIX IyTe€i BEHO3HOIO OTTOKA;

E Nataf u coasr., 1997
FE Natafet al., 1997 Only deep venous drainage;

venous stenosis;

venous reflux into sinus or into deep vein;

OTHoIlIeHKEe ynciia addepeHTOB K yuciy apdepeHToB 3

involvement of nontypical venous drainage routes

afferents/efferents ratio
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HUcTounuk, rox

U. Mansmann u COaBT.,
2000
U. Mansmann et al., 2000

DakTopsl

Pazmep HABM;
1yOOKUIA BEHO3HBII OTTOK;
KOPTUKAJIbHAS JIOKATA3AITHST;

Russian Journal of Neurosurgery

OKoHYaHwe Tabn. 7

KOPTUKOBCHTPUKYJIAPHAA JIOKAIU3ALIUA,

apTepuabHBIN CTEHO3;

ypaJIbHbI BEHO3HbI CTEHO3;

apTepuaibHas 9KTa3usl;
apTepuoBeHO3Has uUCTyna;
BBIPaKEHHOCTh aHTHOTEHEe3a;
KOPTHUKAaJIbHAsI JIOKATU3aLUs
Size of cCAVM;

deep venous drainage;

cortical localization;
corticoventricular localization;
arterial stenosis;

dural venous stenosis;

arterial ectasia;

arteriovenous fistula;

intensity of angiogenesis

E Padilla-Vazquez

U cOaBT., 2017

E Padilla-Vazquez et al.,
2017

BC€HO3HOI'O OTTOKa, pa3sMep

CpemHsis CKOpoCTb KPOBOTOKAa B OCHOBHOM acddepeHTe, TUIT

Average flow velocity in the main afferent, type of venous drainage, size

Paca (6enasi/He Genast), TIyOoKasi JOKaJIM3aIs, pa3Mep,

J. Feghali u coasr., 2019

J. Feghali et al., 2019 PEHTHBIW TUIT TIUTAHUA

HMCKITIOYNTETHHOTO ITyOOKMIA BEHO3HBIN OTTOK, MOHOa( (de-

Race (white/color (non-white), deep localization, size, only deep venous

drainage, mono-afferent type of blood supply

BoBneueHue keaymouKoBol CUCTEMBI, HAJTMYME BEHO3HOM

Y. Chen u coasr., 2023

Y. Chen et al., 2023 I‘JIy60KI/II/I BE€HO3HBIM OTTOK

deep venous drainage

AHEBPU3MBbI, my601<a;[ JIOKaJIM3alusa U UCKIIIOYUTEIBHO

Involvement of ventricles, venous aneurysm, deep localizationa and only

JdeduuuT rirydbokoro BEHO3HOTO OTTOKA;

MaKCUMaJIbHBIN pa3Mep y3ina HABM;
CTOpOHA pacroJjioxkeHust HABM;
OTCYTCTBME/HaJIMYMe (DUCTYJIbI

Deep outflow deficit;

maximal size of cCAVM;

side of the lesion;

absence/presence of fistula

A.B. CaBeJio u CoaBT.,
2024
A.V. Savello et al., 2024

Ilpumeunanue. (—) — nem; (+) — ecmo. Cm. npum. Kk maoa. 3.
Note. (—) no; (+) yes. See note to Table 3.

a Takke pasMepa TABM (mmoporosoe 3HaueHUE — 3 CM)
¥ THIIA BEHO3HOTO OTTOKa. [IpemmoxeHa opurmHaIbHAas
KiTaccuuKays: 3 TUIIa OTTOKA C TTIONTUIIAMHI — B 3aBUCH-
MOCTH OT HalpaBJICHUsI OTTOKA U BOBJICUCHMSI TTOBEPXHOCT-
HBIX ¥ TITyOOKMX BeH. ABTOpaMU BBIICICHO 4 Ipamalnu
HABM, paznuyaroniyecsi pucCKOM 1M BO3pacTOM MaliMeHTa
Ha MOMEHT pa3pbiBa. MHTEpPECHBIM IIPEACTABIISICTCS TOT
daxkT, uyto rpagauuss ABM mno Spetzler—Martin He BIUsSIET
Ha pUCK KPOBOM3IUSHUS, TI0 JAaHHBIM aBTOPOB [13].
Merton R,eD AVM Score (IporHo3upoBaHnue PUCKOB
pa3pbeiBa TABM) ocHoBaH Ha aHanmu3e 5 (pakTOpoB: paca
(benast/He 6enmas), TmyooKas Tokanm3ains TABM, pazmep

End of table 7
Ha-
Yucio
. Bamupa- 3BaHMe
Tpajauud s MeToaa
12 — —

4 - Padilla

+ R,eD

3 4 VALE
3 _ AMCO

DSSF

TABM, ucKI0unTeNBLHO TTyOOKUIT BEHO3HBIN OTTOK U MO-
HoaddepeHTHLBIN TUT [14]. DTOT MEeTOA OCHOBAH Ha JIOTH-
CTUYECKOM Perpeccry, B KOTOPOM paccMaTPUBAIOTCS IBa
TMOTECHIINABHBIX MCX0Ha — HAIMIKE U OTCYTCTBHE KPOBO-
W3IVSTHAST, ¥ HE TTIO3BOJISIET, B OTJIMYKE OT ITPeIIaracéMoro
HaMM METOJa, OLIEHUTh BO3PACT TeMOPParndecKoro mpo-
sBiaeHust TABM. Kpome Toro, Takue npu3Haku, KakK «Ii1y-
00oKasl JIOKaTU3aLUsI» N «UCKIIOYUTEIHBHO TIIyOOKUiT Be-
HO3HBIX OTTOK» B R,eD AVM Score, Ha Haw B3I,
YAaCTUYHO TyOJUPYIOT APYT ApyTa.

ITIkana VALE [15] (onpeneneHne prcKa KPOBOUBIIHSI-
HMS 13 Hepa3opBaBiuxcs TABM) orieHnBaeT 4 ipr3HaKa:
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BOBJICUCHHE KETYIOIKOBOM CUCTEMBI, HAJIMIKE BEHO3HOM
9KTa3MH, TIIyOOKYIO JTOKAIM3ANIO M HCKITIOUUTEIIBHO TITy-
0OKMif BeHO3HBIN OTTOK. B pe3ynbraTte moacdera Bce Ima-
LIMEHTHI, cornacHo Kiaccudukauyum VALE, MoryT ObITh
pasnesieHbl Ha 3 TPYIIIBI pUCcKa — HU3KWIA, CPETHUIA 1 BbI-
COKWIA, CO CpemHeil BeposTHOCTRIO 10-7IeTHero mepuoaa
6e3 kpoBouanusiHua 95,5, 92,8 u 75,8 % cooTBeTCTBEH-
Ho [15].

IIkana IMCO, npeniaraemas HaMu (OlLIEHKa pHCKa
KpoBomzusiHuS 13 TABM) ocHoBaHa Ha (hakTOpax, UMe-
IOIIMX PSIT OCOOCHHOCTEH.

Jeduunt rirydbokoro orroka 13 HTABM, nmom KOTopbIM
MBI TOHUMAaeM HaJIMIKe «TTTyOOKOTro» achdepeHTa Impu OT-
CYTCTBHMH INTyOOKOTO BEHO3HOTO OTTOKA, CIIYKWJI B HAIIICH
cepuM HaOMIOAeHUN (DaKTOPOM, JOCTOBEPHO YBEINIMBa-
IOLIMM PUCK reMopparmyeckoro rnposipineHus TABM. He-
00X0AMMO OTMETUTD, UYTO Bce HTABM, nMmeBmme nepuut
[JIyOOKOTO OTTOKA, MMEJIN TJIYOMHHO PacIiojIaraBIIACs
KOMITAPTMEHT.

Pa3mep y3ma 1ABM (1 ee 00beM) B psizie MCCIICTOBAHUIA
paHee ObUIM MACHTU(MUIIMPOBAHBI KaK XapaKTepUCTHKM,
BJIMSTIOLIME HA PUCK KpoBonamvstHus [ 13, 16], omHako B Apy-
WX KPYITHBIX CEPUSIX BIMSTHIE pa3Mepa Ha pUCK KPOBOM3IIH-
STHUSI YCTAHOBJICHO He ObUIO [3, 8, 9]. B Hameit pabote pas-
mep HUABM u puck KpoBOUBIUSHUS HUMEINW OOpaTHYIO
3aBUCHUMOCTB: MaTb(hOpMaIli MEHBIIIETO pa3Mepa MMeJTr
00J1ee BRICOKMIT PUCK TeMOPPArnIecKoro MposIBJICHUSI.

Tak, ctropoHa pacrnoyioxenust HABM B Haieit cepumn
HabJI0IeHU I HEOXUAAHHO OKa3aaach 3HAYMMBbIM MPEIUK-
TOPOM pHCKa pa3pbiBa. OTMETHM, YTO B U3YYCHHOM JINTE-
paType 3TOT IIpU3HAK BOOOIIE He BKIIIOUAJICS B IIEpeUYCHD
a"amusupyembix [11, 12, 14, 15] u moTomMy ero BIUSHUE
He OlleHNBaJI0Ch. Hemb3s MCKITIOUNTD, 9TO HAOI0OaeMBIiA
B Hallei cepuu OoJiee BBICOKMI puck pa3pbiBa TABM
B JICBOM ITOJIYIIIAPUH OOJIBIIIOTO MO3Tra O0YCIIOBJICH 0O0JIb-
el BEPOSITHOCTHIO KIIMHUYECKA MaHM(ECTHOTO KPOBO-
WU3IUSTHAS B TOMIHAHTHOM TOJIyIIApUU, YTO Y IPUBOIUT
K CBOEBPEMEHHOMY O0CJIEIOBAHUIO MALIMEHTa U OOHApY-
xeHuto HABM u kpoBouznusHust npu KT unu MPT.

Hanuuue ¢uctynsl B ctpykrype HABM paHee yxke
HISHTUDULMPOBAIOCH B KaueCcTBe (paKTOpa, BIUSIONIETO
Ha pUCK reMopparndeckoit manudecranuu [11]. B Haei
cepun TABM c¢ ¢ductynoit nmenu 0ojiee HU3KUM PUCK
pa3pbIBa, BEPOSITHO 3a CYET CHIKCHUSI CTATUIECKOTO TaB-
JICHUSI TeKYIIEe KPOBU B y3IIe MaJIb(popMallii.

OTMeTHM, 9TO IJIUTEIbHOE HAOIIONEeHNE 3a IMallieH-
Tamu ¢ TABM m1g u3yyeHus uaMeHeHuit ee MOphOJIOTUn
1 TeMOIMHAMMWKY B TeUCHUE XU3HU MIPEACTABISICTCS HaM
HeaTUYHBIM. ClleyeT YIUThIBaTh BBICOKHE PUCKU pa3phi-
Ba UABM u HeGnaronpusiTHbIe MMOCAEACTBUS 3TOI'O COObI-
T4 [2], a TaKKe TToKeJTaHU MalueHTa 00 aKTUBHOIM Jie-
4yeOHOI TaKTUKE.

HackonpKo cTaOMIBbHBI XapaKTepUCTUKH, TTOJIOXKEH-
HbIe B OCHOBY IIpeajiaraeMoit kinaccudukauuu JMCO?
Mozket n1u puckK KpoBousnussHus u3 HABM usMmeHuUThCS
yKe TI0cyIe 00CaemoBaHMs?

CropoHa pacrnojioxeHust LABM, oueBUIHO, HE MOXET
W3MEHUTBCS B X0JIe 3a001eBaHMsI. Takue XapaKTepruCTHKH,
KaK MaKCHUMaJIbHBIN pa3Mep 1 HaTudue (PUCTYIIbI, Teope-
THUYECKHN MOTYT U3MEHSITHCS B 3aBUCUMOCTH OT BBIpaXKeH-
HOCTH HEOAHTHOTeHEe3a W YBEJINYCHUSI MHTCHCUBHOCTHU
apTepMOBEHO3HOTO ITYHTHMPOBAHMS, OMHAKO CTaOMJIb-
HOCTB 3THX XapaKTePUCTUK, MOJICKYISIPHO-TeHETHUCCKIE
MEXaHN3MBbI IIPOrPECCUPOBAHYSI, POJTb TUITOKCHH, a I CaM
BpOXIEHHBIN xapakTep TABM BecbMa IMCKyTaOEIbHBL.
B nuteparype yBennueHue pasmepa utABM paccmaTpuBa-
eTcsl KaK PeIKoe COOBITHE, KOTOPOE MOXET MMETh MECTO
B Bo3pacte 1o 30 JeT ¢ HeM3BECTHOM YacTOTOM, a 00JIb-
IIMHCTBO OMMCAHHBIX CJIy4aeB «BOZHUKHOBEHMSI» HOBBIX
TABM (w1 3HAaYNTETPHOTO YBEIMYCHUS pa3Mepa 1 Xa-
pakTepa IpeHUPOBAHUsI) OTHOCSTCS K ITOAPOCTKOBOMY
Bo3pacty [17, 18]. BosHukHOBeHME neduIInTa rIyoOKOTO
OTTOKAa BO3MOXHO ITPHY TPOMOO03¢e TIIyOOKOM IpeHUPYIOIIEH
BEHBI Ha (hOHE ee IMIOBPEXKICHUSI ITIOTOKOM KPOBH, YTO CaAMO
10 cebe MOXKET ITPOSIBUTHCS KPOBOU3IUSHUEM.

TakuMm o6pa3oM, 3 u3 4 xapakrepuctuk TABM, 1mmomo-
KEHHBIE B OCHOBY IIpedjaracMoi KiacCH(PUKaIINU
AMCO, cTabWIBHBI Y B3pOCIBIX ITAIIMEHTOB, TSI KOTOPBIX
IIKaJia OIEHKHW PUCKA TeMOPParndecKoro IposiBICHUS
uABM u pa3pabarbiBaiach.

O0bekTrBHAg olieHKa HTABM 110 TpeM TpeiaraeMbiM
XapaKTepUCTUKAM (CTOPOHA, pa3Mep, HaTnane aeuimra
IIyOOKOTO OTTOKa) He BBI3BIBACT TPyOHOCTEH. BEIABiIC-
HHUe Xe PUCTYIbHOro KoMIToHeHTa HABM cyObeKTUBHO,
OIHAKO IMMPOKO IPMMEHSETCsS KaK B HaIle cepry Ha-
OJIFOIeHUI, TaK U B paboTax Ipyrux aBTopoB. OTMEeTHM
JIMIIIb, YTO BhISIBIEHUE (PUCTYIIBI B CTPYKTYpe y31a TABM
JIOCTOBEPHO BO3MOXXHO TOJIBKO I10 JAHHBIM CEJICKTUBHOM
nepeOdpaIbHONM aHTHOTPAhWH.

OOMYWEHNA N OTPAHUYEHWA B UCCITELOBAHUN

1. B HameM wucciaemoBaHUM MpeaIoiarajaoch, 4TO
TABM — BpoxkaeHHas maToJIOTUs, XOTS UMEIOTCSI OT-
IeabHBIC KIMHNYCCKIE HAOMIOOCHUS W CEPUU, CBU-
NETEJIbCTBYIOLIME O BO3MOXHOCTHU MosiBieHuss ABM
de novo [17, 18].

2. Bropoe BaxkHOe momyIeHe — HEM3MEHHOCTh CBOICTB
UABM, BKIIIOYEHHBIX B MOJEJb, Ha IPOTSKEHUU
B3pOCJIOTO TIepHOIA XKXKI3HU.

3. Monenp He IpeaHa3HavYeHa ISt OLICHKH PUCKOB KO-
BousnusgHug 3 ABM y nereit. C yuyeToMm Bo3pacTa
MalMeHTOB, TTOJIYYMBIINX JedeHe B BoeHHO-Meau-
mHcko# akanemun nM. C.M. Kuposa n HammoHanb-
HOM MEIWIIMHCKOM MCCIEIOBATEIbCKOM IIEHTpPE
uM. B.A. AnmazoBa, pa3paboTaHHasi HAMU MOJEIIb
MpOrHo3a KpopousnusiHus u3 HABM moxeT nmpume-
HSTBCS B IIpejiesiax Bo3pacTa 00HapyKeHMsI 3a00j1eBa-
HUs, T.€. B 15—65 er.

4. Pe3ynbraThl HCCIIEAOBAHMS OTpaHWYEHBI TPYIIION Ima-
IIMEHTOB, OOPATUBIINMXCS 3a JICYUCHUEM B CITCIIUAJI-
3UpPOBaHHOE yUpexaeHue. Bo3MoXHO, XxapaKTeprcTH-
KU TIAIIAEHTOB, TIOCTYITAIONINX B HEUPOXUPYPIUIECKIE
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OTHEJICHUS CTPaHBI 10 HEOTJIOXHBIM ITOKA3aHUSIM,
OTJIMYAIOTCS OT ITOJTYYEHHBIX HAMH, a TIPeIUIOKEHHAS
HaMU MOJEb TpeOyeT BepuduKkauy Ha 0oJiee IIMPOKOi
rpyrine naureHToB. [1o Toi >ke puYKrHe B aHaIU3 He BO-
1LIJIM MAlMEHTHI ¢ HeorepadeIbHBIMU PaCIIpOCTPaHEH-
HeIMU TABM, B yacTHOCTU ¢ Maib(POpMALIMSIMU IO~
KOPKOBBIX TAHIJIMEB 1 CTBOJIOBOM JIOKAJTM3ALIHH.

5. IlepeyeHb XapaKTEPUCTUK, TOCTYIHBIX IJIS OLICHKH
B KIIMHUYECKOU MPaKTUKE, OTPaHUYICH, ITTO3TOMY MBI
ONUPaIUCh JUIIb HA 3TU cBoicTBa UABM c yyeTom
peKoMeHIamuii Mo ux onucanuio [19]. BoamoxHo,
HEKOTOPBIE TeHETUIECKIE, OMOXMMUIECKIE, TeMOIM -
HaMHWYECKHE U IIPOUYe XapaKTepUCTUKI, HEIOCTYITHEIC
Ha CEeTONHSIIIIHUI IEeHb I PETUCTPAlMA B OOBIYHOM
KIMHUYECKON TPAKTHKE, TaKXKe MMEIOT 3HAaUYeHHE
TSI OIICHKY PYICKA Pa3BUTHSI KpOBOM3IHMSHIS 13 ABM.

3AKJTOYEHUE

[IpemraraeMelif METOI OIICHKY PYICKA KPOBOM3IMSTHUS
13 HABM 1103BoJ1sIeT OTHECTH MaleHTa K OMHOM U3 Tpex
rpynir: ¢ Hu3kuM (A), ymepeHHbIM (B) 1 BeicokuMm (C)
prCKOM. MeTo TTO3BOJISIET He TOJIBKO OIICHUTh PUCK pa3-
pBIBa, HO ¥ MPEAITIOIOKUTL HanboJIee BEPOSITHBII BO3PACT,
B KoTopoM HABM ¢ HanOoJibIIeil BEpOSITHOCTbIO IPUBE-
IIET K BHYTPUUIEPETTHOMY KPOBOUIIMSTHUIO C TIOTCHITNAITb-
HO MHBAJIMAN3UPYIOIINMU 1 XKM3HEOIACHBIMU MOCIICACT-
BUSIMU.

¥V naiueHToB ¢ BBLICOKMM pUCKOM pa3pbiBa ABM, oue-
BHUIHO, 1I€JIeCO00pa3HO TIPUIEPKMUBATHCSI aKTUBHOM TaK-
THUKM JICUCHHSI, HAIIPaBJICHHO Ha OBICTPYIO IMMUHAIIIIO
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Background. Hemorrhage from cerebral arteriovenous malformation (cAVM) is a formidable manifestation of the disease, which is characterized
by a high risk of death and disability. Individual assessment of the hemorrhage risk from cAVM would allow choosing the most adequate
treatment tactics taking into account the expected rupture risk and the patient's age at hemorrhagic manifestation.

Aim. to develop a method for individual prediction of the cAVM risk rupture during the natural course of the disease.

Material and methods. A retrospective analysis of demographic characteristics, clinical manifestations, and instrumental research data was
performed in 104 patients with cAVM who underwent treatment from 2011 to 2023.

Results. Hemorrhage occurred in 40 (38.5 %) of 104 patients, while in 35 (33.7 %) patients it was the first manifestation of cAVM. The median
age of patients at time of cAVM rupture was 55 (95 % Cl 49-61) years. A new method for predicting the risks of cAVM rupture was developed
based on 4 factors that were identified as a result of regression analysis and rupture risk analysis (Cox and Weibull models), as well as clinical
considerations. The developed DSSF scale takes into account the following parameters: deep outflow deficit (p = 0.022), maximal node size
(p=0.012), side of cAVM location (p = 0.014), absence of fistula (p = 0.072). Patients can be divided into 3 categories based on the sum of points
obtained while assessing 4 characteristics of cAVM using the DSSF scale. The proposed cAVM assessment system was the following: +3 points —
left side of the brain; — 1 point — maximum size of the cAVM node per each 1 cm; +4 points — deep outflow deficiency; +2 points — absence
of fistula. The low-risk group (group A) included patients with the following set of parameters: — 2 points or less for cAVM; 43 % of the sample;
median patients’ age at the time of cAVM rupture — 64 [60, 72] years. The moderate risk group (B) included the following parameters: from -1
to +1 points for cAVM; 39.4 % of the sample; median patients’ age at the time of cAVM rupture — 50 [44, 59] years. The high risk group (C) included
the following parameters: +2 or more points for cAVM; 17.3 % of the sample; median patients’ age at the time of cAVM rupture — 38 [30, 48]
years. The risk of hemorrhage from cAVM for patients in group A was 0 at 20; 8 at 30; 12 at 40; 17 at 50; 17 % at 60 years old. In the same age
categories, these data for group B were 0, 8, 19, 41 and 80 %, for group C — 11, 29, 60, 79 % and about 100 %.

Conclusion. The proposed method for assessing the hemorrhage risk for cAVM allows ranking patients into groups with low, moderate or high
risk of intracranial bleeding, suggesting the patients’ age at time of cAVM rupture and choosing the adequate treatment tactics in terms of surgical
aggression and time to cAVM elimination.

Keywords: cerebral arteriovenous malformation (cAVM), intracranial hemorrhage, hemorrhage risk, hemorrhage predictor, cAVM rupture risk,
deep cerebral vein drainage, fistula, optimized treatment strategy, size of cerebral AVM, patient’s age
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BACKGROUND

Early publications (1988) indicate severe outcomes
of hemorrhage from cerebral arteriovenous malformation
(cAVM). The hemorrhage occurred in 18.5 % of 162 patients
(mean follow-up duration 8.2 years), the mortality after
rupture reached 29 %, the risk of significant disability
among survivors was 23 % [1].

While analyzing the outcomes of hemorrhage from
cAVM in modern conditions (2020), the risk of hemorrhage

remains quite high. The mortality after cAVM rupture is
21 %, the moderate or severe neurological deficit is developed
in 26 % of patients, while previously performed embolization
or treatment with a gamma knife did not affect the clinical
outcome [2]. Obviously, the outcomes after hemorrhage from
cAVM remain unfavorable for more than 30 years, despite
significant progress in their treatment. It should be noted that
hemorrhage from cAVM during multi-stage multimodal
treatment has the same structure of outcomes.
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It is noteworthy that the first and repeated hemorrhages
from cAVM have an equally unfavorable effect on the
functional status. In those patients admitted with
hemorrhage as the primary cAVM manifestation, the
proportion of patients with mRs' 0—2 points decreased by
the time of discharge from 100 to 67 %, i. e., the disabling
neurological deficit developed in 33 % of patients. After the
second hemorrhage, the proportion of patients with mRs
0—2 points at discharge decreased from 97 to 66 %, i. €., the
disabling neurological deficit developed in 31 %.

In the group of patients with nonhemorrhagic cAVM
manifestation who subsequently suffered from intracranial
hemorrhage, the proportion of patients with mRs
0—2 points decreased from 100 % during admission to
hospital to 56 % at discharge, i. e. the disabling neurological
deficit developed in 44 % of patients [3]. The absence of an
effect of previously hemorrhage from cAVM on the clinical
outcome of the subsequent hemorrhages is also confirmed
by other authors [2].

Thus, the hemorrhage from cAVM is an event that has
a catastrophic effect on the functional status of the patient,
regardless of the type of cAVM manifestation and the fact
of previous hemorrhages.

It is worth noting the one of the findings (and its
influence) of the final analysis of the multicenter randomized
ARUBA trial published in 2020. The conservative treatment
of patients with unruptured cAVMs showed its advantage
over any type of intervention in terms of death or symptomatic
stroke [4]. Although the results of this study have been
repeatedly questioned in subsequent years, this publication
probably had negative consequences. The publication
of ARUBA trial results led to an increase in the proportion
of patients admitted to hospitals already with cAVM
hemorrhage (apparently against the decreasing of surgical
activity in patients with unruptured cAVM) [5—7].

Obviously, the progress in surgical treatment of cAVM
and achievements in anesthesiology as well as in intensive-
care medicine make it possible to eliminate cAVM with an
acceptable risk before intracranial hemorrhage. This should
be considered as another argument for choosing an active
treatment strategy in patients with cCAVM. However, given
the uncertainty of the prognosis of the cAVM course
in a particular patient, the choice of the optimal
combination of treatment methods is currently based more
on the morphological characteristics and clinical
manifestations of cAVM than on individual prediction
of the hemorrhage risk.

This state of affairs and the need to select the most
effective and rapid method of treatment (or a sequential
combination of methods, hybrid intervention) in patients,
who obviously have a high risk of intracranial hemorrhage,
make us think about a prompt and clear assessment of the

patient’s condition and the risk of cAVM rupture. This
individual assessment of the hemorrhage risk from the
cAVM will allow us to select the most adequate treatment
tactics taking into account the expected risk of cCAVM rupture
and patients’ age at time of hemorrhagic manifestation of the
disease.

The aim of the conducted study was to develop a method
for individual prediction of the rupture risk of cAVM during
the natural course of the disease.

MATERIAL AND METHODS

The retrospective analysis of demographic characteristics,
clinical manifestations, and instrumental examination data
was performed in 104 patients diagnosed with “cerebral
arteriovenous malformation” in the period from 2011
to 2023. The natural history period was defined as the time
interval from birth to any intervention (microsurgical,
endovascular, or radiosurgical) on cAVM. Depending on
the presence of an established fact of intracranial
hemorrhage from cAVM, patients were divided into two
groups — those who had hemorrhage during the natural
course of the disease (H+) and those who did not (H—).

The demographic, clinical, anatomical and hemodynamic
characteristics of 104 patients (30 women and 74 men) were
collected and analyzed. The mean patients’ age at the time
of cAVM diagnosis (manifestation or detection in asymptomatic
course) was 36.2  13.9 years old.

The detailed data of the patients included in the study
(in the fact of previous hemorrhage) and the cAVM
characteristics are presented in Table 1 and analyzed below.

There is a higher frequency (65 %) of cAVM in the left
cerebral hemisphere in the group of patients having
a hemorrhage (H+) as can be seen in Table 1. Among
patients with the hemorrhagic type of cAVM, the disease
was diagnosed later than in the group without hemorrhagic
manifestations (40.1 vs 33.7 years); at the time of the initial
examination at the hospital, the functional state of patients
who had a hemorrhage from cAVM (H+) was significantly
worse (mRS 1.3 vs 0.9 points).

In cases without hemorrhagic manifestations, patients
with a torpid type of course dominated (93.8 %), among the
first clinical manifestations were a seizure (48.4 %) and
headache (34.4 %). It is noteworthy that before the
development of hemorrhage, cAVM manifested (and was
diagnosed) with a seizure in 7.5 % of cases as well as with
headache — in 5 % of patients. Therefore, theoretically it
was possible to prevent hemorrhage in cases of cAVM
detection, as well as to eliminate malformations in the
prehemorrhagic period.

The localization of cAVM in both groups did not differ
significantly, in 50 % of cases they were located outside the
functionally significant areas. While localizing in the

'mRS (modified Rankin Scale) — the modified Rankin Scale that evaluates (in points) the degree of disability and dependence in the daily activities

of the patients, rehabilitation outcomes.
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Table 1. Clinical and demographic characteristics of patients with cerebral arteriovenous malformation

Characteristic Value*
F
Gender
M
Localization of cCAVM (cerebral Left
hemisphere) Right

Dominant cerebral hemisphere

Left-handed
Right-handed

Ambidexter
rranfostaton of detoction, years ld Mean (SD)
mRs at the time of initial examination Mean (SD)

Asymptomatic
Type of disease course Torpid
Hemorrhagic
Asymptomatic
Headache

Initial manifestation

Localization of cAVM in functionally
significant area

Focal neurological deficit

Seizure disorders
Hemorrhage

cAVM is out

of functionally significant

area

Motor or sensor cortex

Visual cortex

Cortical speech areas

Seizure disorders Presence
Headache Presence
Focal neurological deficit Presence
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H-— (n=64) H+ (n=40) Total D
20 (31.2 . )
(31.2) 10 (25.0) 30 (28.8) 0.644
44 (68.8) 30 (75.0) 74 (71.2)
26 (40.6 26 (65. .
(40.6) 6 (65.0) 52 (50.0) 0.027
38 (59.4) 14 (35.0) 52 (50.0)
2(3.2) - 2(2.0)
60 (96.8) 39 (97.5) 99 (97.1) 0.242
= 1(2.5) 1(1.0)
33.7 (12.9) 40.1 (14.8) 36.2 (13.9) 0.022
0.9 (0.5) 1.3(0.8) 1.0 (0.7) 0.001
4(6.2) - 4(3.8)
60 (93.8) — 60 (57.7) <0.001
= 40 (100.0) 40 (38.5)
4(6.2) - 4(3.8)
22 (34.4) 2(5.0) 24 (23.1)
7(10.9) = 7(6.7) <0.001
31 (48.4) 3(7.5) 34 (32.7)
- 35 (87.5) 35 (33.7)
32 (50.0) 20 (50.0) 52 (50.0)
18 (28.1) 8 (20.0) 26 (25.0) 0.624
11(17.2) 9 (22.5) 20 (19.2)
2(3.1) 3(7.5) 5(4.8)
34 (53.1) 7(17.5) 41 (39.4) 0.001
26 (40.6) 1(2.5) 27 (26.0) <0.001
8 (12.5) 1(2.5) 9(8.7) 0.160

Note. The groups of patients in the natural course of the disease: (H — ) — without hemorrhage, (H+) — with hemorrhage. mRS — assessment of disability,
independence, and rehabilitation outcomes according to the modified Rankin scale; p — criteria: Chi-square — for categorical variables, Fisher —

for continuous variables. cAVM — cerebral arteriovenous malformation; (—) — absence of patients with such a characteristic in the group.

*The values of characteristics: continuous numerical — mean (and standard) deviation Mean (SD); qualitative characteristics — absolute and relative

number of patients in the group n (%).

functionally significant area, cCAVM was found somewhat
more often in the motor or sensory cortex in patients
without hemorrhage (H—), but in the visual and speech
cortex in patients with hemorrhage (H+) without
statistically significant differences (p = 0.624). The seizure
disorders and headache (53.1 and 40.6 %, respectively)
were significantly more often observed in patients without
cAVM rupture.

Statistical data processing. It was performed by means
of the R language (version 4.4.3) in the RStudio environment
(version 2023.06.0+421 (2022) by Posit Software, PBC)

using descriptive statistics methods, Chi-square and Fisher
criteria, survival analysis using a semiparametric proportional
hazards model (Cox regression) and a parametric model
(Weibull).

RESULTS

The analysis of the qualitative and quantitative
characteristics of CAVM was performed to identify the
significant factors influencing the risk of hemorrhage. The
results of univariate and multivariate regressions with the
inclusion of the most significant factors (cAVM
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pathophysiology and statistical analysis) are presented
in Table 2.

The univariate regression analysis of cCAVM characteristics
revealed the most significant features influencing the risk
of hemorrhage from cAVM (see Table 2):

* maximal size and volume of cAVM;

* side of the lesion;

* type of structure (presence of a fistula in the structure
of CAVM);

» number of feeding branches (afferents);

» number of outgoing veins (efferents).

Taking into account the statistical significance and
clinical considerations, only 4 characteristics were included
in the final version of the proposed DSSF model:

1) deep outflow deficit;

2) maximal size of cAVM;

3) side of the lesion;

4) absence/presence of fistula.

The model is applicable for describing the risk
of hemorrhagic manifestations of cAVM throughout the
entire observation period (p = 0.82). The exclusion of such
parameters from the model as the number of branches
entering the cAVM and the number of outgoing veins did
not affect its accuracy (ANOVA p = 0.63), while it is
necessary to note the presence of a statistically significant
complex interaction of the two specified factors within the
full model (p = 0.041), which may in the future become the
subject of a separate study.

1. Deep outflow deficit. The absence of deep outflow
deficit reduced the risk of hemorrhagic manifestation
of cAVM (Cox proportional hazards model HR = 0.25,
p = 0.022). The effect of the factor was uniform over time
(p = 0.73). The absence of deep outflow deficit in cAVM
increased the time to rupture by 36.2 % (95 % CI 3.9—
78.6 %), the risk of rupture was lower by 71.1 % (95 % CI
11.7-90.6 %) with correction for the side of the lesion,
maximum size and the presence of a fistula.

2. Maximal size. The increase in the cAVM size led
to the decrease in the risk of hemorrhagic manifestations
(Cox proportional hazards model HR = 0.67, p = 0.012).
The effect of this factor was uniform over time (p = 0.40).
The increase per each 1 cm in the maximal cAVM size
increased the time to rupture by 7.1 % (95 % CI 0.4—
15.2 %), the risk of rupture was lower by 24.2 % (95 % CI
0—43.2 %) with adjustment for the side of the lesion, the
presence of deep outflow deficiency and fistula.

3. Side of the lesion. In our model, the location
of cAVM in the right cerebral hemisphere decreased the
risk of hemorrhagic manifestation (Cox proportional
hazards model HR = 0.41, p = 0.014). The effect of this
factor was uniform over time (p = 0.34). The location
of cAVM in the right cerebral hemisphere increased the
time to rupture by 22.1 % (95 % C12.7—45.2 %), the risk
of rupture was lower by 55.2 % (95 % CI 11.1-77.4 %)
with adjustment for maximal size, presence of deep
outflow deficit and fistula.

4. Absence/presence of fistula. The presence of fistula
reduced the risk of hemorrhagic manifestation of cAVM
(Cox proportional hazards model HR = 0.52, p = 0.072).
The effect of this factor was uniform over time (p = 0.79).
The presence of fistula in the cAVM structure increased the
time to rupture by 18.8 % (95 % CI1 0.0—41.2 %), the risk
of rupture was lower by 50.0 % (95 % CI 11.7—89.9 %) with
correction for the side of the lesion, maximal size and the
presence of deep outflow deficit.

Based on the data obtained from the regression analysis
and rupture risk analysis (Cox and Weibull models), we
developed a scale for assessing the risk of a hemorrhagic
event in patients with cerebral cAVM (Table 3). The DSSF
scale takes into account:

1) deep outflow deficit (p = 0.022);
2) maximal node size (p = 0.012);

3) side of cAVM location (p = 0.014);
4) absence of fistula (p = 0.072).

Based on the sum of the scores obtained while assessing
these four characteristics of CAVM, as well as taking into
account the sample ( %) and patients’ age at the time
of cCAVM rupture, patients can be divided into 3 groups:
A — with a low risk of cAVM rupture; B — with a moderate
risk; C — with a high risk (Table 4).

In the total sample, the median patients’ age at the time
of cAVM rupture was 55 (95 % CI149—61) years old. As can
be seen from Table 4, the largest group in our sample
consists of patients with low-risk cerebral cAVMs — group
A (43.3 %). The median patients’ age at the time of cAVM
rupture in this group was 64 years, and the interquartile range
(60—72 years) is within the elderly age range (60—74 years,
according to WHO recommendations).

The second largest group (with a moderate risk
of cAVM rupture) is group B (39.4 %). The median
patients’ age at the time of cAVM rupture in this group was
50 years old, the interquartile range (44—59 years) is
within the average age (45—59 years, according to WHO
recommendations). The risk of cAVM rupture for group B
statistically significantly exceeds this value for group A (by
3.21 times).

The high risk of cAVM rupture, according to the
developed scale, was present in 17.3 % of patients in group
C. The median patients’ age at the time of cCAVM rupture
in this group was 38 years old, the interquartile range (30—
48 years) refers mainly to the second half of young age
(18—44 years, according to WHO recommendations). The
risk of cCAVM rupture for group C statistically significantly
exceeds this value for group A (by 10.4 times).

The data of the cumulative incidence of hemorrhages
from cAVM of different grades and the patients’ age
of hemorrhage occurrence are shown in Fig. 1. Thus, the
cumulative incidence and risk of hemorrhage from cAVM
significantly differed between the groups. For example,
before reaching the age of 40 years old in patients of group
A, cAVM will prognostically rupture in an average of 12 %
of patients (95 % CI14—26 %), in group B—in 19 % (95 %
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Table 2. The influence of cerebral arteriovenous malformation characteristics on the risk of its rupture

Risk ratio (Cox proportional hazards model HR)

Characteristic Value*
univariate model incomplete multivariate model (DSSF)

Volume, cm? 17.7 (20.8) 0.97 (0.94—0.99, p = 0.013) —
Maximal size, cm 3.5(1.4) 0.63 (0.47—0.84, p = 0.002) 0.67 (0.48—0.91, p =0.012)
Side:

left 52 (50.0) Reference value** —

right 52 (50.0) 0.51 (0.26—0.98, p = 0.045) 0.41 (0.20—0.83, p = 0.014)
Type of cAVM:

racemose 32 (30.8) Reference value** —

mixed 57 (54.8) 0.39 (0.19—0.79, p = 0.009) =

fistulous 15 (14.4) 0.50 (0.19—1.30, p = 0.154) —
Fistula 72 (69.2) 0.41 (0.21-0.80, p = 0.009) 0.52 (0.25—1.06, p = 0.072)
T%?&&ZCAVM node***: 20 (19.2) Reference value** —

compact 84 (80.8) 1.19 (0.52—2.74, p = 0.675) —
Intranidal aneurysm(s) 14 (13.6) 1.32 (0.57—-3.04, p = 0.512) —
Non-flow-related aneurysm(s) 8(7.8) 0.64 (0.24—1.69, p = 0.369) =
Flow-related aneurysm(s)****: 10 (9.6) 1.12 (0.40-3.19, p = 0.825) -

proximal 4 (3.8) 0.81 (0.11-6.02, p = 0.840) —

distal 6 (5.8) 1.29 (0.39—4.25, p = 0.678) —
Component of cAVM:

sulcal 7(6.7) 0.65 (0.16—2.73, p = 0.561) —

gyral 97 (93.3) 0.70 (0.25—1.98, p = 0.499) —

subcortical 44 (42.3) 0.80 (0.41—1.55, p = 0.502) —

paraventricular 12 (11.5) 0.75 (0.26—2.13, p = 0.584) —
Number of vessels:

feeding arteries 2.1(0.9) 0.80 (0.53—1.23, p = 0.315) —

afferents 3.6 (1.9) 0.75 (0.58—0.96, p = 0.025) —

— superficial 1.8 (0.9) 0.79 (0.53—1.17, p = 0.236) —

— deep 0.2 (0.5) 1.25 (0.57—2.75, p = 0.583) —
Type of cAVM venous drainage: —

deep 4 (3.8) Reference value** —

deep + superficial 23 (22.1) 0.34 (0.04—2.99, p = 0.328) —

superficial 77 (74.0) 0.57 (0.07—4.30, p = 0.582)
Number of veins from cAVM 1.7 (0.7) 0.66 (0.42—1.03, p = 0.069) -
Venous ectasia 0.3 (0.6) 0.78 (0.45—1.37, p = 0.389) —
Drainage veins, reaching the _
sinus (large vein) 1.7 (0.7) 0.71 (0.46—1.11, p = 0.138) —
Without deep outflow deficit 93 (89.4) 0.51 (0.18—1.49, p = 0.220) 0.25 (0.08—0.81, p = 0.020)

Note. DSSF is the name of the scale (acronym) that takes into account the following four factors: deep outflow deficit, maximal node size, side of cAVM
location, absence/presence of fistula (the name of the model in the Russian language was also chosen due to the coincidence with the name “dimethyl
sulfoxide” — a solvent used in embolizates for the treatment of AVM); cAVM — cerebral arteriovenous malformation; (—) not calculated, since the
proposed DSSF model takes into account only 4 characteristics.

*The values of characteristics: continuous numerical — mean (and standard) deviation Mean (SD); qualitative characteristics — absolute and relative
number of patients in the group n (%).

**The reference value was taken as the value relative to which the risk ratio in other groups was calculated.

***Compact cAVMs do not contain brain matter between the vessels of the malformation node, while in diffuse cAVMs the malformation node contains
brain matter.

**%%*The proximal cAVMs are located on the main vessels before the level of their bifurcation, the distal ones are located on the distal segments of the
afferent vessels.
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Table 3. DSSF scoring system for risk assessment of cerebral arteriovenous malformation rupture

Contribution into the assessment

Factors of DSSF scale Characteristic of cCAVM risk rupture, points
Deep outflow deficit Presence of deep afferent \iﬂg absence of deep drainage +4
Maximal size of cAVM node, cm 1 point for each 1 cm —1
Side of cAVM location Left cerebral hemisphere 3
Absence of fistula Racemose type of cAVM, absence of a direct fistula +2

Note. See note to Table 2.

Table 4. Characteristics of the risk of cerebral arteriovenous malformation rupture (DSSF scale grades)

Patients’ age at the time

of cCAVM rupture
Catego Number Rupture
(@r ogu 1;y Total score of patients, HR 95 % CI P-value In cohort. Me Expected risk
A n (%) [O1, Q3] (according of cAVM
( ealzs old) to DSSF
y scale)
Reference  Reference  Reference
A —2 and less 45 (43,3 %) value® value* value* 64 [60, 72] Elderly Low
B from —1to +1 41(39,4 %) 3.21 1.35, 7.64 0.008 50 [44, 59] Average Moderate
C More than +1 18 (17,3 %) 10.4 3.98,27.2 <0.001 38 [30, 48] Young High

Note. HR is an estimation from the proportional hazards model (Cox regression). See note to Table 2.
*The risk ratios for group A were taken as reference, and the values in groups B and C were calculated relative to those for group A.

C17-35 %), and in group C —in 60 % (95 % CI 31-80 %).
These findings we consider as the indication for active
surgical treatment tactics for patients in group C as well as
for the selection of methods (or a combination of methods)
which will lead to the rapid and complete elimination
of cAVM before its rupture.

DISCUSSION

The information about the type of clinical manifestation
of cAVM from the literature and from our observation series
is presented in Table 5. As it can be seen from these data,
the first manifestation of 1/3 to 1/2 of all cAVMs is the
intracranial hemorrhage, and the average patients’ age at
the time of cCAVM manifestation (for all types of clinical
course) is within 34—38 years old.

It should be noted that in our series of observations (see
Table 5), the proportion of patients with hemorrhagic
manifestation of cAVM was slightly lower (33.7 %), and
with a seizure and headache was higher (32.7 and 23.1 %,
respectively) compared with similar series of 2004—2006 [3,
8]. These differences are probably due to the higher
availability of diagnostic methods (firstly MRI of the brain)
in our series of observations (2024), which led to the
diagnosis of cAVM in the pre-hemorrhagic period during
an examination prescribed for minimal indications (for
example, due to complaints of headache) or for another
reason.

According to the results of the data analysis in
790 patients (Kaiser Permanente Northern California
Health Maintenance Organization), the only statistically
significant predictor of hemorrhage from cAVM was a
previous hemorrhage, with the risk of recurrent hemorrhage
reaching 7 % in the first year and decreasing to 3 % per year
thereafter [3]. The increase of the hemorrhage risk with
increasing the patients’ age was also noted, although the
influence of this factor was at the border of statistical
significance [3].

Although the proportion of patients with cAVM
hemorrhage was higher in the colored (non-white) group
(38 vs 25 %), the subsequent stratified analysis revealed no
differences in the risk of hemorrhage between ethnic groups
[3].

In the series of observations from the prospective
Columbia AVM database [8], the attention was drawn
to particularly unfavorable combinations of factors for
hemorrhage from cAVM. For example, in a group
of patients with deep localization of cAVM and exclusively
deep venous outflow with hemorrhagic manifestation, the
annual risk of recurrent hemorrhage was 34.3 %, and in the
absence of all three of these signs — only 0.9 % per year [8].
The feature of the Columbia AVM database is a fairly large
number of deep and infratentorial cCAVMs — 9 and 12 %,
respectively. In our study, cCAVMs of similar characteristics
were found in a different ratio — 11.5and 1.9 %.
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B 0% (NA.NA) 8% (2.20) 19% (7.35) 41% (19.61) 80 % (35. 95)
C 11% (2.30) 29 %(10.51) 60% (31.8) 79% (37.94) 100 % (0. 100)

Fig. 1. The prediction of the cumulative risk of cerebral arteriovenous malformation rupture for different categories of patients: A — with low risk; B — with moderate risk; C — with
high risk. Data of 104 patients during the period 2011-2023 were assessed using the developed DSSF scale (see note to Table 2). The graphical interface of the RStudio environment
(version 2023.06.0+421 (2022), Posit Software, PBC) reflects the results of data analysis, version 4.4.3, tidycmprsk package 1.1.0). NA (not available) - the indicator cannot
be calculated

Table 5. Clinical manifestation of cerebral arteriovenous malformation

Source data
Clunca:)lfnclzl‘lllﬁstatlon N onll(lzi-snelél;ﬁ?glri?:lﬁz alth Columbia AVM Meta-analysis Our observation
b TR database (n=3923) [8], series (n = 104),
Maintenance Organization (n = 662) [8], 2006 2012 2024
(n=1790) [3], 2004 >
Patients’ age at the time
of cAVM manifestation - . e 36,2

(95% CI 33.7—39.3) (95% CI132.9-35.2) (95% CI 31.1-36.2) (95% CI 33.5—38.9)

(mean, years old)

Hemorrhage, % 47 45 52 33.7
Seizure disorders, % 24 29 27 32.7
Headache, % 14 13 — 23.1
Focal neurological deficit, % — 7 - 6.7
Others, % 15 — —

Asymptomatic disease _ 6 _ 33

course, %

Note. (—) there are no available data. See note to Table 2.

The average patients’ age at the time of cAVM The risk factors for hemorrhagic manifestation

manifestation, according to a large meta-analysis, was 33.7
years old, and risk-increasing factors included previous
hemorrhage, deep localization, exceptionally deep venous
outflow, and associated aneurysms [9]. Among patients with
nonhemorrhagic manifestation of cAVM, the hemorrhage
developed later in 8 % of cases (in our series, in 12.5 %
of cases) as well as the median to rupture was 3.7 years [3].

of cCAVM according to literature data and in our series are
presented in Table 6, a number of classifications for
formalized individual assessment of the risk of hemorrhage
from cAVM are presented in Table 7.

The calculation method of D. Kondziolka et al. [10],
based on the annual risk of hemorrhage from cAVM, does
not take into account the heterogeneity of this pathology

33
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and excludes an individualized prognosis, answering only
the question about the proportion of patients with
hemorrhagic manifestation of cAVM in the total sample
of patients over time.

The method of U. Mansmann et al. [11] for individual
assessment of the risk of hemorrhagic manifestation
of cCAVM is based on taking into account 10 different factors
and their mutual influence, but the calculation process is
quite labor-intensive.

The method of F. Nataf et al. [12] for assessing the risk
of hemorrhage from cAVM is based primarily on the

Table 6. The risk factors for cerebral arteriovenous malformation hemorrhage

assessment of venous outflow characteristics and scoring
with the allocation of a very high-risk group (>1 point).
However, in the remaining group (from —1 to +1 point),
a large error in assessing the risk of hemorrhage was
observed, i. e. this technique did not allow assessing the
real risk of hemorrhage from cAVM. In our opinion, the
method proposed by F. Nataf et al. has low practical
value, since patients who are not classified as very high
risk according to this scale may still have a real (and even
high) risk of hemorrhage, and such underestimation is
dangerous.

Factors
Study
Increasing the risk rupture Decreasing the risk rupture Indifferent
Only deep venous drainage;
1997 venous stenosis;
venous reflux into sinus
&E?gbf)it al. or into deep vein; - -
involvement of nontypical venous
drainage routes
Gender;
2004 ) S
A.X. Halim et al. Hemorrhagic manifestation — s afﬁllathn,
(n = 176)* size of cavm;
only deep venous drainage
2006 Age; Gender;
C. Stapfet al previous hemorrhage; _ size of cavm;
(n' z 612)2)* : deep localization,; intranidal aneurysm or
only deep venous drainage aneurysm on feeding artery
Previous hemorrhage;
2012 TSRO Gender;
B.A. Gross et al. deep locahzatlor}, . — Size of cAVM <3 cm;
(n = 3923)** only deep venous drainage; elder age
flow-related aneurysms g
2017 Average flow velocity in the
: main afferent;
2 ;aczgli_ggéc)lf ez type of venous drainage; - -
: size of cAVM <3 cm
2000 Deep venous drainage; Atrterial stenosis;
deep localization,; venous ectasia;
3’ 3463225;2 ann et al. corticocallosal localization; arteriovenous fistula; -
posterior cranial fossa localization proximal aneurysm
2024 &8 g Volume of cAVM: the more the
B. G. de Liyis at al. Previous hemorrhage; volume — the less tﬁe rupture risk;
= sk i . - > —
Egp e a‘ggO) ’ f?:\i}_) r\ggtoelés airglllrrl;sgﬁ{s The highg:r score according to Speyzler —
hemorrhages Martin — the less the rupture risk
: : Gender;
Maximal size and volume of cCAVM: B o ]
decreasing the rupture risk while these Locilcl)liitrltoer; }r\}v fﬁiﬁtlon
2024 ' parameters are increasing; mater /ventricles;
(n = 104), our Left cerebral hemisphere; Presence of fistula. Intranidal aneurysms;

observation series*

deep outflow deficit

Note. (—) not found. See note to Table 5.
*Multivariate regression analysis.
** Meta-analysis of non-randomized studies.

The more the number of afferents —
the lower the risk of hemorrhage.
The more the number of drainage

veins — the less the rupture risk

non-flow-related
aneurysms;
flow-related aneurysms;
‘Venous ectasia
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The interesting feature of the method is the use of
a calculation parameter that is expressed as the ratio of the
number of arteries feeding the cAVM to the number
of drainage veins [12]. While analyzing our own data, we
also found an effect of the number of afferents and efferents
on the risk of hemorrhage from cAVM, but excluding these
parameters did not affect the accuracy of our model.
Moreover, we found an interaction between these two
characteristics of cCAVM, which could potentially form the
basis of a method for determining the risk of hemorrhage,
but in this article, we will refrain from a more in-depth
analysis, leaving it for subsequent publications.

The classification by F. Padilla-Vazquez et al. [13] is
based on the comprehensive approach taking into account
Doppler ultrasound data (average flow velocity in the
main afferent, threshold value is 90 cm/s), as well as the size
of the cAVM (threshold value is 3 cm) and the type
of venous outflow. The original classification is proposed
3 types of outflow with subtypes which depends on the
direction of outflow and the involvement of superficial and
deep veins. The authors identified 4 gradations of cAVM,
differing in the risk and patients’ age at the time of cAVM
rupture. It is interesting that the Spetzler — Martin gradation
of cAVM does not affect the risk of hemorrhage, according
to the authors [13].

The R,eD AVM Score (prediction of risks of cAVM
rupture) method [14] is based on the analysis of 5 factors

such as the race (white/color (non-white)), deep
localization of cAVM, size of cAVM, exceptionally deep
venous outflow, and mono-afferent type. This method is
based on logistic regression, which considers two potential
outcomes — the presence and absence of hemorrhage, and
does not allow, unlike our method, to estimate the patients’
age at the time of hemorrhagic manifestation of cAVM.
In addition, such features as “deep localization” and
“exceptionally deep venous outflow” in the R2eD AVM
Score, in our opinion, partially duplicate each other.

The VALE scale (determination of the risk
of hemorrhage from unruptured cAVMs) [15] evaluates
4 features such as the involvement of the ventricular system,
presence of venous ectasia, deep localization and
exceptionally deep venous outflow. As a result of the
calculation, all patients, according to the VALE
classification, can be divided into 3 risk groups — low,
medium and high, with an average probability of a 10-year
hemorrhage-free period of 95.5, 92.8 and 75.8 %,
respectively [15].

The DSSF scale proposed by us (the assessment of the
risk of hemorrhage from cAVM) is based on the factors that
have a number of features.

Deficient of deep outflow from cAVM, by which we
mean the presence of a “deep” afferent in the absence
of deep venous outflow, served as a factor that reliably
increased the risk of hemorrhagic manifestation of cAVM

Table 7. The methods for assessing and predicting the risk of hemorrhage in cerebral arteriovenous malformation

Authors, year Factors

Only deep venous drainage;
Venous stenosis;
E Natafet al., 1997

Venous reflux into sinus or into deep vein; 3

Name
of method

Gradation

number Validation

Involvement of nontypical venous drainage routes

Afferents/efferents ratio

Size of cCAVM;

Deep venous drainage;
Cortical localization;
Corticoventricular localization;
Arterial stenosis;

Dural venous stenosis;

Arterial ectasia;

Arteriovenous fistula;

Intensity of angiogenesis

U. Mansmann et al.,
2000

E Padilla-Vazquez et al.,
2017 drainage, size

J. Feghali et al., 2019

Y. Chen et al., 2023

deep outflow deficit;
maximal size of CAVM;;
side of the lesion;
absence/presence of fistula

A.V. Savello et al., 2024

Note. See note to Table 3.

Average flow velocity in the main afferent, type of venous 4 No
Race (white/color (non-white), deep localization, size, only 5
deep venous drainage, mono-afferent type of blood supply 2

Involvement of ventricles, venous aneurysm, deep 3
localizationa and only deep venous drainage

12 No —

Padilla
Yes ReD

Yes VALE

DSSF
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in our observational series. It should be noted that all
cAVMs that had a deficit of deep outflow had a deeply
located compartment.

The size of the cAVM node (and its volume) have
previously been identified in a number of studies as
characteristics influencing the risk of hemorrhage [13, 16],
however, in other large series, the effect of size on the risk
of hemorrhage was not established [3, 8, 9]. In our study,
the size of the cAVM and the risk of hemorrhage had an
inverse relationship — the smaller malformations had a
higher risk of hemorrhagic manifestation.

Thus, the side of the cAVM location in our observation
series unexpectedly turned out to be a significant predictor
of the rupture risk. It should be noted that in the studied
literature this sign was not included in the list of analyzed
characteristics at all [11, 12, 14, 15] and therefore its
influence was not assessed. It cannot be ruled out that the
higher risk of cAVM rupture in the left cerebral hemisphere
observed in our series is due to a higher probability
of clinically manifest hemorrhage in the dominant
hemisphere, which leads to timely examination of the
patient and detection of cAVM and hemorrhage in CT or
MRI.

The presence of a fistula in the cAVM structure has
previously been identified as a factor influencing the risk
of hemorrhagic manifestation [11]. In our series, cCAVMs
with a fistula had a lower risk of rupture, probably due to a
decrease in the static pressure of the flowing blood in the
malformation node.

It should be noted that long-term observation
of patients with cAVM to study changes in its morphology
and hemodynamics during life seems unethical to us. It is
necessary to take into account the high risks of cCAVM
rupture and the adverse consequences of this event [2], as
well as the patient’s wishes for active treatment tactics.

The stability of the characteristics. How stable are the
characteristics underlying the proposed DSSF
classification? Can the risk of hemorrhage from cAVM
change after examination? The side of cAVM location
obviously cannot change during the course of the disease.
The such characteristics as maximal size and presence
of fistula can theoretically change depending on the severity
of neoangiogenesis and increase in the intensity
of arteriovenous shunting, however, the stability of these
characteristics, molecular genetic mechanisms
of progression, the role of hypoxia, and even the congenital
nature of cAVM itself are highly discussable. In the
literature, an increase in the size of a cAVM is considered
as a rare event that can occur before the age of 30 years old
with an unknown frequency, and the most of the described
cases of the “appearing” of new cAVMs (or a significant
increase in the size and nature of drainage) relate
to adolescence [17, 18]. The occurrence of a deep outflow
deficit is possible with thrombosis of a deep draining
vein against the background of its damage by the blood flow,
which in itself can manifest as a hemorrhage.

Thus, 3 of the 4 characteristics of cAVM, which form
the basis of the proposed DSSF classification, are stable
in adult patients, for whom the risk assessment scale for
hemorrhagic manifestation of cAVM was developed. An
objective assessment of cAVM by the three proposed
characteristics (side, size, presence of deep outflow
deficiency) does not cause difficulties. The detection of the
fistula component of cAVM is subjective, but it is widely
used both in our observation series and in the studies
of other authors. We will only note that the detection of a
fistula in the cAVM structure is reliably possible only
according to the data of digital subtraction cerebral
angiography.

Assumptions and limitations of the study

1. It was assumed in our study, that cerebral AVM is a
congenital pathology, although there are individual
clinical observations and series indicating the possibility
of the appearance of cAVM de novo [17, 18].

2. The second important assumption is the constancy
of the properties of the cAVM included in the model
throughout adult life.

3. This model is not intended to assess the risks
of hemorrhage from cAVM in children. Taking into
account the age of patients treated at the Medical
Military Academy and the Almazov National Medical
Research Center (Saint Petersburg, Russia), the model
we developed for predicting hemorrhage from cerebral
AVM can be used within the age of disease detection, i. €.,
15—65 years.

4. The results of the study are limited to a group of patients
who sought treatment at a specialized hospital. It is
possible that the characteristics of patients admitted
to neurosurgical departments of our country for
emergency indications differ from those obtained by us,
and the model we proposed requires verification on
a wider group of patients. For the same reason, the
patients with unoperable widespread cAVMs,
in particular with malformations of the basal ganglia
and brainstem localization, were not included in the
analysis.

5. The list of characteristics available for assessment
in clinical practice is limited, so we relied only on these
properties of cAVM, taking into account the
recommendations for their description [19]. It is
possible that some genetic, biochemical, hemodynamic
and other characteristics that are currently unavailable
for registration in routine clinical practice are also
important for assessing the risk of hemorrhage from
cAVM.

CONCLUSION

The proposed method for assessing the risk
of hemorrhage from cAVM allows us to classify a patient
into one of three groups: low (A), moderate (B), and high
(C) risk. The method allows us not only to assess the risk
of rupture, but also to assume the most probable patients’
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age at which cAVM is most likely to lead to intracranial
hemorrhage with potentially disabling and life-threatening
consequences.

In patients with a high risk of cAVM rupture, it is
obviously advisable to adhere to an active treatment strategy
aimed to the rapid elimination of cAVM at a young patient’s
age. The multistage and/or combined treatment, spread
over months and years, is acceptable for patients with a
moderate or low risk of rupture (taking into account the
patient’s age). At the same time, it is necessary to consider
the risks of cAVM modification during multistage treatment,
which contribute to an increased risk of hemorrhage.
Perhaps, in patients with a low risk of rupture, observation
is also acceptable, since, according to our data, even by the
age of 60, the proportion of patients with ruptured cAVMs
in group A was about 17 %.
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KneToyHas Tepanus NauMeHTOB C yLUMOOM
CMUHHOMO Mo3ra TaXesion ctenenu (pasa I/11a):
OLIeHKa 6e30MacHOCTM M NEPBUYHOM
3QPEeKTUBHOCTU Tepanuu

KoHTaKTbI: B.A. CmupHoB', M.A. XBocToBa', fl.B. MoposoBa'?, C.M. Pagaes’, C.E. 3yes', B.A. KapaHaase',
Bnagumunp Anekcangposud 3. A, bap6akapse’, C.W. Pabos?, M.A. 3saruHuesa?, C.A. Basanosuu?, A.10. KopaoHckuit', A.B. Liapes',
CMmpHoB A.3. Tanbinos"2, A.A. [puHb'2

vla_smirnov@mail.ru y y
- 'TBY3 «Hay4qHo-uccnedosamesnsckuli uHcmumym ckopol nomowu umM. H.B. Ckaughocosckoeo enapmamerma

3dpagooxpaHeHus 2. Mockgel»; Poccusi, 129090 Mockea, bonewas Cyxapesckasi ni., 3;
2QrbY «HayuoHanbHbIG MeduyuHcKull ucciedosamensckull UeHmp Kapouooeuu uM. akad. E./. Yazoea»
Mur3sdpasa Poccuu; Poccus, 121552 Mockaa, yn. Akademuka Ya3osa, 15a

Bsezenue. KpaltHe ocTpo cToWT NpobneMa naTtoreHeTUUECKOro NieYeHnst TpaBM criHHoro Mo3ra (TCM), ocobeHHo Ha oHe pacTyLuero u1cna
TCM B coBpeMeHHbIX yYCNoBUsX. B MUpOBOI nuTepaType LUMPOKO NPeACTaBAeHbl HayUHbIe M3bICKaHKA N0 pa3paboTke W NPUMEHEHWI0 pereHe-
PaTUBHbIX TEXHOMOMMI 1 KNETOUHOM Tepanuu, 3QdeKTUBHLIX Ans naumeHTos ¢ TCM. OnHo 13 Hanbonee NepcnekTUBHLIX HAaNpaBeHUIA — Npu-
MEeHEHMe CTBOMOBLIX KNETOK. OfMH 13 UCTOYHMKOB WX NOJYYeHUs — KNETKM NYnoBMHHO-NNaLeHTapHon Kposm Yenoseka (MMKY), kotopble
061aaaloT pALOM Cepbe3HbIX MPEMMYLLECTB, B TOM YMCHE BBICOKON 3QMEKTUBHOCTLIO B SIEYEHMM NALIMEHTOB C TPABMATUHECKMMU MOPaXeHM-
AMU LLEHTPaNbHOM HEPBHOW CUCTEMBI.

Llenb pabotbl — oLeHKa 6e30MacHOCTV M NEPBUYHOM 3DMEKTUBHOCTU CEPUMHBIX CUCTEMHBIX (BHYTPVBEHHBIX) BBEAEHWI ANOreHHbIX MOHOHYK-
neapHbix kneTok MMKY B3pocibiM naumeHTam ¢ yLimboM CrIMHHOM Mo3ra TSXEeNoM CTeneHy B 0CTPOM MepUosE U € rpybbiM HEBPONIOMVYECKWM
neduumtom.

Matepuan n Metogpl. B dasy | nccnenosanma SUBSCI I/ 11a Bkntodersl 10 naumeHToB (OMbITHAs WM KOHTPOSbHAA rpynMbl) € YLWMBOM CIMHHOIO
Mo3ra (LLerHoro/ rpyAHOro/ BepXHEMOSCHAYHOIO OTAEN0B) TAXENON CTeNeHN B OCTPOM Nepuoge U C rpybbiM HEBPOAOTMYECKUM LednLMTOM
(A/B no wkane ASIA). lpoBeaeHHoe NieyeHue: 4 CUCTEMHbIX (BHYTPMBEHHBIX) BBeAeHWs KneTok MMKY (annoreHHbIx 1 coBMecTMMBIx no ABO
1 pesyc-daKTopy) B TeueHue 3 CyT C MOMEHTA NoMyYeHWs TpaBMbI CMIMHHOM MO3ra, CTPOra Nacse NPoBefeHUs NePBUYHOTO XMPYPruyecKoro
BMeLLaTenscTea. 0bcepBaLyoHHbIR nepuog — 12 Mec nocne nonyyeHus TpaeMbl. OLgHKa 6e30MacHOCTU: PerucTpaLms BCeX HexenatenbHbIX
aBneHuin (HA) 3a nepuop HabntoaeHus, nx aansHeriuas knaccuduraums no Tsxkect (CTCAE v. 5.0) v noteHUmMansHoM CBA3M ¢ NPOBOAMMON
KneToyHow Tepanven. OueHKa NepeBuYHON 3PhEKTMBHOCTY: BbIsIBEHWE AMHAMUKKL HeBponoruyeckoro feduvumta (ASIA) — oueHKa cTeneHm
BOCCTAHOBIEHWS ABUIaTeNbHOM W YyBCTBUTENBHOM QYHKLMIA HUMHUX KOHEYHOCTEN B TeueHWe 1-ro roga.

Pesynbtathl 1 obcyxaenune. Y 10 naumeHToB cyMMapHo BbisiBfieHo 419 HA. Tonbko 2 13 HUX (KIMHUYECKM HE3HAuMMble) pacLieHeHb
KaK BEPOAITHO CBA3aHHble C MPOBEAEHMEM KNETOYHOM Tepanuu, ocTanbHble 417 He bbinv cBA3aHbI C Tepanuen. Y Bcex 0bcnefoBaHHbIX
MaLueHTOB OTCYTCTBOBAM NPU3HAKWM UMMYHI3aLMK K BBeAeHHbIM 0bpa3suam MMKY. AHanu3 gMHaMWKy HeBponoruyeckoro geduumTa
CBMLETENbCTBYET O JOCTOBEPHOM BOCCTAHOBMEHWWM ABUraTefbHbIX QYHKLMIA MaLMEHTOB NOCNe KIETOYHOM Tepanuu, B TOM YUCIe,
Mo CPaBHEHMIO C FPYNMoN KOHTPONA.

3akuouenue. CucteMHoe BBeaeHMe annoreHHbix Knetok MINKY, nogobpaHHbix 6e3 yueTa cuctembl HLA, Ha 0CHOBaHMM NosyYeHHbIX pe3ynbTa-
TOB MOXHO CYMTaTb He30MacHbIM M 3PHEKTUBHBIM METOIOM JleueHns KOHTY3MoHHOM TCM B ocTpoM nepuoge.

KntoyeBble cnoBa: TpaBMa criMHHOro Mo3ra (TCM), ylumb ciHHOTO Mo3ra, TpaBMaTUYecKie NopaxeHWst LEeHTPanbHOM HEepPBHOM CUCTEMBI,
HeBPOMOrMYecKMin AedUUMT, pereHepaT BHas Tepanus, KeTouHo-pereHepaTvBHas Tepanis (KPT), Tepanus CTBONOBLIMM KIETKaMM, MOHOHYK-
fleapHble KNETKM NyNoBKUHHOM KPOBYW YesioBeKa, NynoBKUHHO-MaLeHTapHas KpoBb YenoBexa, Wkana ASIA

[na untmposanms: CmmupHos B.A., XBocToBa M.A., Mopo3osa f1.B. n ap. KneTouHas Tepanus naumeHToB ¢ yLIMBOM CMIMHHOM MO3ra TAXKENOM
ctenenu (dasa I/11a): oueHka besonacHocTM 1 nepBUYHOM ahdeKTMBHOCTM Tepanuu. Hepoxupyprua 2025;27(2):43-69.
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Cell therapy for patients with severe spinal cord injury (phase I/1la): Assessment of safety
and primary efficacy of therapy
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Background. The problem of pathogenetic treatment of spinal cord injury (SCI) is extremely acute, especially against the background of the
growing number of SCI in modern conditions. The world literature widely presents the scientific research on the development and application
of regenerative technologies and cell therapy effective for patients with SCI. One of the most promising areas is the use of stem cells. The human
umbilical cord blood cells (HUCBCs) is one of the sources for obtaining stem cells having a number of serious advantages such as high efficiency
in the patients’ treatment with traumatic lesions of the central nervous system.

Aim. To evaluate the safety and primary efficacy of serial systemic (intravenous) administration of allogeneic mononuclear cells of the HUCBC
to adult patients with gross neurological deficit because of acute period of severe contusion SCI.

Material and methods. Phase | of the SUBSCI I/lla study included 10 patients (experimental and control groups) with severe SCI
(cervical/thoracic/ upper lumbar) in the acute period with gross neurological deficit (A/B on the ASIA scale). The conducted treatment included
4 systemic (intravenous) administrations of HUPBC (allogeneic and compatible by ABO and Rh factor) within 3 days from the moment of SCI,
strictly after the primary surgical intervention. Observation period lasted 12 months after trauma. Safety assessment included the registration
of all adverse events (AE) during the observation period with their further classification by severity (CTCAE v. 5.0) and potential connection with
the cell therapy. The primary efficacy assessment was the identification of the neurological deficit dynamics (ASIA) — assessment of the restoration
degree of motor and sensory functions of the lower extremities during the 1st year.

Results and discussion. A total of 419 AEs were detected in 10 patients, but only 2 of them (clinically insignificant) were assessed as probably
related to cell therapy, the remaining 417 were not related to therapy. All patients had no signs of immunization to the administered HUPBC
samples. The analysis of the neurological deficit dynamics indicates the reliable restoration of motor functions in patients after cell therapy,
compared with the control group.

Conclusion. Based on the results obtained, the systemic administration of allogeneic HUPBC, selected without taking into account the HLA
system, can be considered as a safe and effective method for treating contusion SCI in the acute period.

Keywords: spinal cord injury (SCI), contusion spinal cord injury, traumatic injury of central nervous system, neurological deficit, regenerative
therapy, cellular regenerative therapy (CRT), stem cell therapy, human cord blood mononuclear cells, human cord-placental blood, ASIA scale

For citation: Smimov V.A., Khvostova M.A., Morozaova Ya.V. et al. Cell therapy for patients with severe spinal cord injury (phase I/11a): Assessment
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BBELEHUE

TpaBma crrmaHOrO Mo3ra (TCM) — 3To TsEKenoe I1o-
paXkeHne IIeHTPaTbHO HEpBHOM CHUCTEMBI, IIPUBOISIIEE
K (hOpMHUPOBAHUIO TPYOOTO HEBPOJIOTHIECKOTO MeUIINTa,
3HAYNUTEJIBHOMY CHIDKEHHMIO KadeCcTBa KU3HU M CTOMKOM
WHBAIMAN3AIIUU. B aKTUBHBIX YCIIOBHUSIX COBPEMEHHOTO
MMpa HaOJIromaeTcsl HEYKJIOHHBIN POCT YKcia MalleHTOB
¢ TCM, ocobeHHO B HanboJIee pa3BUTHIX CTPaHAaX.

Exeronno B Poccum permctpupyeTcss B CpeaHEM
1o 70—90 B3pocabix nmocTpamasmmx ¢ TCM Ha 1 MJTH Ha-
cenenust. bomee 200 ThIC. MaIIMEeHTOB UMEIOT IBUTATEIIb-
HBIC HapyIIIeHNUS BCISACTBHUE epeHeceHHO paHee TCM,
3 HUX 0oJiee 35 ThIC. — TpyObIe ABUTATEIBHBIC HApyIIIe-
HUS: nmapa- M terparuiernio [1, 2]. ITokasarenn BcTpe-
yaemocTt TCM B Ipyrux pa3BUTHIX CTpaHaX HEOTHOPOI -
HBI, HO TaKXXKe OCTAIOTCSI BBICOKMMU: Ha 1 MJTH HACEJICHMS
nmo 27—83 cayyaeB B CIIIA n Kanane [3], mo 18—30 —

B cTpaHax EBpomneiickoro coio3a [4]. HanGonbiiee yncio
ciaydaeB TCM oTMedaeTcs Cpeay CaMbIX MOJIOIBIX U TPY-
npocrocooHbrx vt Tak, B Poccun 6osee 80 % mocrpagas-
mmx ¢ TCM monoxke 30 et [1, 2]. B CILIA HaGmogaeTcs
OMMoOIaTbHOE BO3PACTHOE paclipeie/ieHre: TIepBhIA MUK
MPUXOINTCS Ha MallMeHTOB 15—29 jet, BTopoii — cTapiie
65,5 rona [4, 5].

HoctymHble MeToanl JedyeHruss TCM BechbMa orpaHu-
YeHBI B CBOEil 3((HEKTUBHOCTU U JIMOO TIPEACTaBICHBI
CHMITTOMATUYECKO Tepareil, 100 SIBISIOTCS 9KCIICPH-
MEHTAJTbHBIMH. B TO e BpeMsT TaTOTeHETUIEeCKIE METOMIBI
Tepanuu, OMoOpeHHBIC pa3peIIUTSIFHBIMI OPTaHAMM Pa3-
JINYHBIX TOCYIAPCTB 1 HAIIpaBJICHHBIC Ha HEMPOIPOTEK-
LMI0 M (MIM) Helipopenapaluuio CIMHHOTO Mo3ra Jin6o
BIIMISTIONIVE Ha KITIOUEBBIE MEXaH3MBI ITaTOTeHEe3a TpaBMa-
THYECKOTO TTPoLiecca, OTCYTCTBYIOT [2, 6]. [IpumeHsiembie
B HacTosIee BpeMst MeTonsl JieueHus TCM BKITIOYAiOT
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XUPYPIUIeCKoe JIeueHue, (U3NoTepaInio, MeIMKaMeH-
TO3HOE JICUCHUE N PeTeHePATUBHBIC TEXHOJIOTHH /KIIETOY -
HYIO Tepanuio [6].

VuurteiBasg, yto TCM gBnsieTcs caeaCTBUEM TPaBMBI
ITO3BOHOYHMKA, 003aTeTbHBIM ITIEPBBIM 3TAIIOM JICUCHUS
Kaxgoro manueHTa ¢ TCM DoJKHO OBITh XUPYPIrUIeCcKOe
neyeHue [7, 8]. Tem He MeHee B OTHOIIEHWH MMEHHO
CIIMHHOTO MO3Ta XMPYypIruIecKass IeKOMIIPECCHS M CTa-
OMIM3alMSI CIIYKAT CKOpee MaNTMaTUBHBIMU, a HE TIaTO-
TeHeTUYCCKMMM METONaMU JICYCHMSI, M HaIlpaBJIeHHl Ha
BOCCTaHOBJICHHE CTPYKTYPHI TIO3BOHOYHOTO CTOJI0a, a He
cnuHHOTO Mo3ra [7, 9]. Xupyprudeckast JeKOMITPECCHS
" cTabmmm3anys GakKTUIeCKH JIUIIH 00eCTIeUnBaIOT YCII0-
BUS JUISI CAMOBOCCTAHOBJICHUSI CITMHHOTO Mo3ra [§8]. Bo
MHOTHX JOKJIMHUYICCKUX 1 KITMHUICCKUX NCCIICIOBAHUSIX
ITOKa3aHO, YTO PEe3YJAbTAaThl JICYCHUS IOCTPadaBIINX
¢ TCM uMeroT JydIme UCXOIbl TP IIPOBEACHUH OTIepa-
THUBHOTO BMEIIATEILCTBA B 00Jiee paHHUE CPOKHU OT MO-
MEHTa IoJIydeHUs] TpaBMbl [6—8]. OmHaKo cTerneHb per-
pecca HEBPOJIOTUYECKOTO AeUILIMTa M BOCCTAHOBJICHMS
GYyHKIIUI CIUHHOTO MO3Ta B 3HAYMTENIBHON CTENeHU
3aBUCHUT OT CTECIICHU ITOBPEXKICHUS HEPBHOM CHCTEMBI
M OCTaeTCsl HU3KOM JaxXke TIPY YCIIOBUH BBITIOJTHEHUS paH-
HEX U MNOJHOLEHHOU XMPYPrUYeCKOM IEKOMIIPECCUN
CIIMHHOTO MO3Ta W CTAaOMIM3AlIMU MOBPEXKICHHBIX CET-
MEHTOB MO3BOHOYHOTIO cTOI0a [5].

Mertombl JIedeHUsI, TaK1e KaK (pu3ndeckue (KOHTPO-
JIMpyeMasi TUTIOTepMHUSI, TUTIepOapruiIecKast OKCUTeHAIINS,
JeyeOHast GU3KYIbTYpa) [8] 1 MemUuKaMeHTO3HBIE (TIpH-
MEHSIOT TIFOKOKOPTUKOCTEPOUIBI, HECTEPOUTHBIC IIPOTH -
BOBOCHIAJIUTEILHBIC CPEICTBA, TAHTJIMO3UIBI, aHTHOKCH -
IaHTBI, aTOPBACTaTUH, OJIOKATOPHI KAJTBIIMEBRIX KAHAIIOB
u 1p.) [10], B ocHOBHOM HaITpaBJicHBl Ha BTOPUYIHEBIE (pak-
TOPHI MOBpexAecHNI. OmHAKO NX 3(D(HEKTUBHOCTD TaKXKe
OCTaeTCsT HU3KOM M He 00eCITeYnBacT JOCTATOUHBIN yPO-
BEHb BOCCTAHOBJIIEHUS (PYHKIWI criuHHOTO Mo3ra [10].
Boee Toro, MHOTHE TIpeniapaThl MOTYT OBITH IIPOTHUBOIIO-
Ka3aHBI MalleHTaM M aCCOIIMMPOBAHBI C CEPhe3HBIMU
mo0oUYHBIMHU 3¢ deKTaMu (C BBICOKOM dacToToit) [11].
Nmerommecst orpanndenus B jedeHUn TCM ITUKTYIOT
OCTpYI0 HEOOXOAMMOCTb B pa3pabOTKe ajibTepHATUBHBIX
3 GEeKTUBHBIX M 0€30ITaCHBIX, B Macaie MaTOTeHEeTHIe-
CKHX, METOJIOB JICUCHUSI B OCTPOM TIEPHUOIIE.

B nmocnennme necarmieTns aKkTMBHO pa3BUBaeTCs Ha-
IpaBJIeHNE TI0 pa3pabO0TKe HOBBIX PereHEePATUBHBIX TEX-
HoJsioruit 1 KjiaetoyHoil Tepanuu TCM. TlepcrieKTUBHEIE
pereHepaTUBHBIC TEXHOJIOTUH BKITIOYAIOT OJI0KATOPHI MM -
eJTMH-aCCOIMMPOBAHHBIX MHTMONTOPOB POCTAa AKCOHOB
(anTHTeNa, OMOKMpYyIomue Nogo A), pacTBopuMbrii NgR,
pexombuHaHTHble JIHK-BakuHbel, nHruoutopsl Rho,
a TakKe MPUMEHEHNE Pa3IUYHBIX HEMPOTPODUIECKIX
W HEUPOIIPOTEKTUBHEIX (PaKTOPOB (HEUPOTPODHISCKIIA
¢akTop TOI0BHOTO MO3Ta, (paKTOp pOCTa HEPBOB, HEHPO-
TpoduHbI 1 11p.) [12]. Bo MHOTHX TOKJIMHNYECKUX U PSIIe
KIMHAYECKUX MCCICIOBAHUN BCE YIIOMSHYTBIC METOBI
MOKa3aJIii CBOIO TeparneBTU4YeCKyIo apdekTnuBHOCTD [12],
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OIHAKO B 3HAYUTEJIbHOM CTeNEeHU orpaHMYeHHylo. Jlaxe
COYETaHME HECKOJIbKMX YKa3aHHBIX METOJ0B 00ecrneunBa-
€T OTHOCUTEJIbHO HEBBICOKYIO CTEI€Hb BOCCTAHOBJIEHUS
HeBpOJOrn4YecKnX GyHKIUH y mocTpagaBimx [13].

OnHo 13 HanOoJIee aKTUBHO pa3BUBAIOIINXCS U TIep-
CMIEKTUBHBIX HAMPaBJAEHUI — KJIETOYHAasl pereHepaTUBHast
Tepanus. Pa3aMuHbIM BUAAM CTBOJOBBIX KJIETOK CBOMCT-
BEHHO MHOXECTBO TepareBThuueckKux 3pdexTos [14]:
napakpuHHbBINA, pealnu3yeMblil Uepe3 CeKpeluto Tpo-
(brIecKMX 1 IPOTEeKTUBHBIX (PaKTOPOB;
aKTHUBALIMSI DHIOTEHHBIX CTBOJIOBBIX KJIETOK 1 KJIETOK-
TpeAIIeCTBeHHNKOB (HEMPOHAIBLHBIX CTBOJIOBBIX KJIe-
TOK 3TIIeHIUMHI B ciaydae TCM);

MpsIMOIl  HeMpopereHepaTUBHBIN /HepopeIrapaThB-
HBbIIA;

MPOTUBOBOCHAIUTENbHBII;

AHTUOTEHHBIN;

noTeHMalbHasA TUdhdEepeHIMPOBKA CTBOJOBbIX KJl€-
TOK B KJIETKM MMOBPEXAEHHBIX CTPYKTYP.
ITpakTHyeCcKu BCe BUIbI CTBOJOBBIX KJIETOK peain3y-
10T BbILIENEPEYNCICHHbIE MEXaHU3Mbl, OTHAKO CTETEHb
peaau3almu KaKa0oro u3 MEXaHu3MOB B TEPANIEBTUYECKOM
JIEMCTBUM OTJIMYAETCS Yy pa3HbIX BUAOB KiaeTokK [15].
Bo MHOTMX TOKJIMHUYECKUX U PsIie KITMHUYECKUX UCCTIEe-
JNIOBAaHUM OMMCBLIBAETCS TepareBTUUYECKUIN TMOTEHIIMAaN
BieueHN TCM cienyIoninx BUIOB CTBOJIOBBIX KIIETOK —
SMOPHOHANIbHBIX, UHAYLIMPOBAHHBIX TIIOPUITOTEHTHBIX,
HeMpOHAJbHBIX U ME3eHXMMAaJIbHBIX [15].

OnuH u3 HamboJiee MEPCHEKTUBHBIX MCTOYHUKOB
CTBOJIOBBIX KJIETOK JIJIs KJIETOUHOM Tepanvu — MyMOBUH-
HoO-IU1aleHTapHast KpoBb yenoBeka (ITITKY) [16]. Kitetku
TITTKY umMeroT psia MpeuMylilecTB (10 CpaBHEHUIO C UHBbI-
MM NCTOYHNKAMHM CTBOJIOBBIX KJICTOK):

* 10 CBOEW MPUPOJE BCE OHU MOCTHATAIbHbBIE, YTO MOJI-
HOCTbIO YCTPaHSIET KaKne-I100 3TUYECKME OTpaHuye-
Hus [17];

* TIPEACTAaBJISIIOT COOO JIETKOMOCTYHbIN KPUOKOHCEP-
BUPOBAHHBIA MaTepuas, MOAXOASIIUA IS AJIUTEb-
HOTO XpaHEHMsI B 3aMOPOXEHHOM BHUIE B YCIOBUSX
Kpuo0baHKa;

* JIETKO JOCTYMHBI MPAKTUYECKUM B HEOTpaHUUYEHHOM
Konuuectse [18];

* TIOATOTOBKA 00pa3lia K BBEACHUIO OBICTpasi (IO He-
CKOJIBKHX 9aCOB), He TPeOyeT IpeaBapuTeIbHOTO cOO0-
pa v KyJbTUBUPOBAHUS ayTOJOTMYHbBIX KJIETOK Maly-
€HTa;

* 3TO UMMYHOJIOTUYECKU HAaUBHbIE KJIETKH, TOCTYITHbIE
JUTSI TPUMEHEHNST Y UMMYHOKOMITETEHTHBIX MallueH-
TOB 0e3 ydeTa crucTeMbl coBMecTMocT HLA (oT aHTII.
Human Leukocyte Antigens — 4eoBeueCKHUe JICIKO-
LIUTApHBIC AaHTUTEHBI, OTBEYAIOIINE 34 PETYJISIIUIO
WMMYHHOTO OTBETa M TKAHEBYI0 COBMECTHUMOCTB),
YTO MO3BOJISIET TPOBOAUTh HEPOJICTBEHHOE JIEUEHUE
U UCTOJIb30BaTh aJIIOTEHHbBIE KIETKHU;

* BO3MOXHO BBEIECHUE PA3TMUYHBIMU MyTSIMU, BKIIOUAS
CHUCTeMHBI (BHYTPUBEHHBIN 1 BHYTpHUAPTEPUATBHBIN)

4o
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W JIOKIBHBIN (MHTPACIIMHAIBHBIA M MHTpPATEeKaJIb-

HBIi);

* peasn3yloT OOJBIITMHCTBO M3 TEPEYNCICHHBIX Tepa-
MMeBTUYCCKUX 3(PDEKTOB, 32 UCKITIOYCHUEM IIPSIMOM
nrdbepeHIIMPOBKY B HEPBHBIE KIICTKU.

Haubomee BeIpakeHBI CISAYIONINE MEXaHU3MBI BO3-
nevictBus kiueTok ITITKY: mapakpuHHBIN, peann3yeMblid
3a CYET CEKPEIUM MPOTEKTUBHBIX, TPODUIESCKUX U pe-
TreHEepaTUBHBIX (PaKTOPOB; UMMYHOMOIYIUPYIOIINiA, Ha-
IIpaBJIICHHBIN Ha IIpemoTBpalleHrne WHOWIBTpAun
MMOBPEXIEHHBIX 30H CIIMHHOIO MO3Tra HeUTpodhuiamMu
n Makpodaramu [16].

DG GeKTUBHOCTD M 6e30ITaCHOCTh MMPUMEHEHUS KITe-
tok I1TTKY noaTBepXneHbl BO MHOTMX JTOKJIMHUYECKUX
1 KIIMHUIECKUX UCCIIeAOBaHMSX. [JOKIIMHNYIEeCKIe MTaHHBIC
HaIIlei TPYIIIThI TAKKE ITOATBEPXKIAIOT, YTO B SKCITEPUMEH-
Tax Ha KuBOTHBIX Mozeasasx TCM kuetku [TITKY obGecrie-
YMBAIOT BOCCTAHOBJIEHHE (DYHKIIMI IMOBPEXKICHHOTO
CIIMHHOIO M03ra 10 63 % 10 CpaBHEHMIO C KOHTPOJIbHOM
rpymnroi [18, 19].

Texymiee KITMHNTIECKOE KOMITICKCHOE HCCIIeIOBaHNIE
«CucreMHOe TIpMEHEHME KJIETOK ITyITOBMHHO-ILIAICH-
TapHOU KPOBH YeJIOBeKa y MAIIMeHTOB C YIMMOOM CITHHHO-
IO MO3Ta TSKEJIO CTEeIeHW B OCTPOM mepuoie» (aHTII.
Systemic Umbilical Cord Blood Administration in Patients
with Acute Severe Contusion Spinal Cord Injury, SUBSCI)
pazmesIicHO Ha IBe YaCTH: TIepBasl IIPEACTaBIeHa B HACTO-
SIei myOaMKay, BTopast OyIeT omrcaHa B ITOCTIeHy-
OIIHX.

Llesp TIepBOIf YaCTH MCCIIEIOBAHMUSI COCTOSIA B OLICH-
Ke 0e30MacHOCTH U MEePBUIHOM 3(PDEKTUBHOCTH Cepuii-
HBIX CUCTEMHBIX (BHYTPUBEHHBIX) BBEICHUI aJIJTIOTeHHBIX
MoHOHYKJeapHbIX KieToK ITTTKY B3pocabiM malueHTam
¢ ymuboMm cnuHHOTO Mo3Ta (YCM) TsaXenoit creneHu
B OCTPOM IIEpUOIE M C TPYOBIM HEBPOJOTHIECKIM Iehr-
LIUTOM.

MATEPWAJT U METOZbI

Jlu3aiin 1 0030p HcceTI0BaHUS

HccnenmoBanne ObUIO MPOCIIEKTUBHBIM, OTHOIICHT-
POBBIM, OTKPBHITHIM M IIPOBOAMIIOCH Ha 0a3e HAyYHOTO
OTJIeIa HEOTJIOXKHON HEHPOXUPYPIUHY 1 HeiipopeaHnMa-
mu 'bY3 «HayyHo-nccienoBaTe IbCKMi MTHCTUTYT CKO-
poii momowu uM. H.B. Cknudocosckoro [lemapramenTa
3apaBooxpaHeHus1 T. MockBbl» (najsee — HWUU ckopoit
ITOMOIIITH).

OOpa3upl ajJJIOreHHBIX MOHOHYKJICAPHBIX KJIETOK
MITKY nonyuenst u3 'bY3 « ML dunactus» (r. Camapa,
Poccus) B pamkax HaygHoro rpanTta Ne2312-18/22 AHO
JI3M «MOCKOBCKUIT IEHTP MHHOBALIMOHHBIX TEXHOJIOTHIA
B 3IpaBOOXpPaHECHUM».

HccnenoBanme omoopeHO YYEHBIM COBETOM M DTH-
yeckuM KomuteroMm HWUMUM ckopoit momoiy u HaydYHbIM
pykoBoacTBoM Kprobanka 'BY3 «MII duHacTus», 3ape-
ructTpupoBaHo Ha mmoptanxe www.ClinicalTrials.gov (nmeH-
tudukaTop NCT04331405) [20].

B ucciaenosanue 6bUIM BKIIIOYeHBI 10 manueHTOB
¢ YCM TsKeIol CTeNeH! B OCTPOM TIepHOJie U ¢ Hanbosee
BBIPaXXEHHBIM HEBPOJIOTUYECKUM HeduiimtoM A/B 1o
KJ1accu(UKaIlNK, TIPeUIOKeHHO AMEPUKAHCKOI acco-
ualmeil TpaBMBI ITO3BOHOYHMKA (aHIII. American Spinal
Injury Association, ASIA), ¢ nnamazonom ot A o E (A —
HaunOoJIee BBIPAaKECHHBIN HEBPOJIOTHYSCKUI nedunut, E —
HopMa) [21]. ITepBUUHOE XMPYPTUIECKOE JICUCHHE TTPOBE-
IeHO BCEM IMallMeHTaM B TedyeHHe 3 CyT ¢ MOMEHTa
TIOJTy9eHUSI TPAaBMbI. YIaCTHUKU MCCIICIOBAHUS TTOTYIaIH
C MHTepBaJIoM B | Hen Mo 4 BHYTPUBEHHBIX BBEICHUS
0o0pa3uoB MoHOHYKJIeapHbIx KiieTok [TITKY (amioreHHbIX,
0aHKMPOBAHHBIX, HEPOJICTBEHHBIX, 0e3 yueta HLA-anTu-
TEHHOI CHCTEMBI), TTOTOOPaHHBIX IO TPYIIIe KPOBU U Pe-
3yc-akropy. B Kaxmom ciydae mepBoe BBEICHUE ITPOBO-
IVJTU HE TI03IHEe MEePBBIX 3 CYT ITOCIIE TTOTyIeHUS TPAaBMBI.
B niepuon Habopa rpyrimsl Mexkmy mmamrueHTaMu Ne 3 1 Ne 4
OBLI CIIeJIaH IIepePHIB B 3 MeC TSI TIPOBEACHNST MOHUTOPUH-
ra 6e3ormacHOCTH JaHHBIX (aHII. Data Safety Monitoring
Board, DSMB). Ilocne BEITIMCKU 00CepBaIlMOHHBIN TTIe-
puom cocTaBmiI 12 Mec, TTallMeHTaM HaCTOSITEIBHO PEKO-
MEHIOBaJIM TIPOXOXKIEHNE KYPCOB peadmnTanuu. B Teue-
HHUE BCEro 00CepBallMOHHOTO MEPHOIa BCE BHISIBICHHBIC
HexXenaTenbHbIe siBiaeHust (HS) 6bumn 3aperncTpupoBaHbI
W TIpOaHAJU3UPOBAHBI MCCIEAOBATEIHLCKON TPYNIION
n wieHamu DSMB.

Kpnrepun BKIoueHns 1 HCK0YeHus. B nicciienoBanme
BKJIIOUCHBI MYXXYMHBI M XEHIIWHBI B Bo3pacTe oT 18
1o 75 net, umetoniye YCM TsKenoil CTeleHU B OCTPOM
Tepuoe W TPyObIii HEBPOJIOTUICCKUM Te(PUITUT, MCKITIO-
guTeabHO A miau B mmo mkane ASIA.

CTpyKTYpY IOBPEXKIECHNS TTO3BOHOYHNKA 1 CITMHHOTO
MO3Ta OIICHMBAJIA C TIOMOIITBIO KOMITBIOTEPHOM TOMOTpachri
(KT) u MarauTHO-pe3oHaHCHOM ToMorpaduu (MPT).

B nccnenoBanme ObUTH BKITFOYEHBI TOJIBKO ITAITACHTEI
¢ monTBepXaeHHBIM YCM (110 maHHBIM HeHpOBU3yaIn3a-
nun). Kpome Toro, 00s13aTeTbHBIM YCIOBHUEM BKITIOUCHMST
OBLTO BBITIOJIHEHME 1-TO 3Talla IeKOMIIPECCUBHO-CTa0M-
JIN3UPYIOIIETO BMEIIATEIHCTBA 10 TIOBOLY TPAaBMBI ITO3BO-
HOYHHMKA B TEYCHUE MEPBBIX 3 CYT C MOMEHTA TTOJTYyICHMS
TPaBMBI.

Kputeprnn UCKTIOUeHNUS: TsDKeTIast cOYeTaHHAsI TpaBMa
(ISS >35); HapymeHne XW3HEHHO BaXXHBIX (QYyHKIIWI
(MCKyCcCTBeHHAST BEHTUJISIIINST JIETKHMX, BBIpAaXKeHHAST TUTIO-
TOHMS /TUTICPTEH3WBHAS MOAIEePKKa, HEKOHTPOIUpYyeMast
apTepHabHas TUIIEPTEH3MS, OCTPBIM MHMAPKT MUOKapaa
U JIp.); HEIOCTAaTOYHOCTh BHYTPEHHUX OPTaHOB; 3a00JIe-
BaHWSI UMMYHHOH CHUCTeMBI (ayTOMMMYHHBIE 3a00JIeBa-
HUSI, TIPOXOISIINEe MMMYHOCYIIPECCUBHYIO TEpaINIO);
BBISIBJICHHBIE aJUIEpTUYCCKIe peaKIIMd Ha KOMITOHCHTHI
o6pazuos [ITKY; remaTonornyeckue 3aboaeBaHus 1 nep-
CHCTHPYIOIIAs KOATyJIONaTHsI; OTSITOIIEHHBI OHKOJIOTH-
YeCKUI aHaMHe3, HAJTMIMEe OHKOJIOTMUYECKIX 3a00JIeBaHI A
WA HE ONIepUPOBaHHBIC JOOPOKAYECTBEHHEIE OITYyXOJIM.
[MompoOHBII CTUCOK KPUTEPHEB BKIIFOUCHUS ¥ UCKITIOUC-
HUS IpeAcTaBjieH B Ta0. 1.
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OLIEHKA BE30MACHOCTW KJTETOYHOW TEPANUM

HA 1-M 3TANE UCCNELOBAHNA

Ipyrmma DSMB 6bl1a oprann3oBaHa ¢ HENbI0 OLIEHKU
0e30ITaCHOCTH KJICTOYHOM TepaIliiy Ha TICPBOM 3Talle IIpo-
BeIleHNS MCCleNoBaHMsI. B ee cocTtaB BOIIUIM aBa HEHpPO-
XUpypra, HeBPOJIOT, pEaHNMATOJIOT M CITeITUAIMCT IT0 KJI -
HUYECKUM MCCIeI0BaHUSIM. MOHUTOPUHTY 0€30ITaCHOCTH
IIPOBOIWJIVCH KaXIble 2 MeC Ha MPOTSKEHUH BCETO 00cep-
BaIlMOHHOTO TIepHOa MAIleHTOB, BOIICAIINX B MCCIIEIO0-
BaHme. boyee meTaabHBIE MOHUTOPUHT OBUI TIPOBEICH
IO BKJTIOUCHMSI B ICCIemoBaHMe marernTa Ne 4. BHera-
HOBBIIT MOHUTOPMHT DSMB 0511 mpoBeieH TToce CMeEPTH
marerTa Ne 5 (B pe3ysbTaTe ITOATBEPKISHHON TPOMOO-
sMmboum JierouHoit aprepun (TDJIA) Ha hoHe haoTupy-
fo1Iero TpomM003a BeH HIDKHUX KOHeUHoCTei). Bee 3ape-
ructpupoBaHHbeie HS Oblnu npoaHanu3upoOBaHBI
¥ OOCYXXIEHBI YJICHAMHU TPYIIIH M KIAaCCU(UIINPOBAHEI
¢ ucnonb3zoBanueM Tporokoia CTCAE v. 5.0. 3axmoun-
TeJIbHbIN 0030p 1 aHamu3 HS Obl1K BEITIOJTHEHBI IO OKOH-
YaHUU 00CEPBALIMOHHOTO MEPUOoIa, CIycTs 12 Mec mocie
TCM y nocnenHero marrenTa (mamueHT No 10).

OT060p 1 MOATOTOBKA 00PA310B KJIETOK MYNIOBUHHO-ILIIA-
HeHTapHoii KpoBH YetoBeka. Oopasiipl Kietok [TTTKY mo-
JIy4eHBI M3 aKKPEINTOBAaHHOTO OAHKA ITYTIOBUHHOM KPOBHU
I'bY3 «MII JIunactus». O6pa3ibl OTOMpPAIN C YIETOM
TPYIITEL KPOBH U pe3yc-dakropa. JLomoTHATEIbHBIN (Ke-
JIaTeJIbHBIN, HO He 00S3aTeIbHBIN) KPUTEPUIA: BO3MOX-
HOCTB 0TOOpa 4 00pa31oB oT 1 JoHOopa I BBeaeHus 1 TTa-
IUEeHTY (11T HICKITIOYEeHUST TTOTEHITNAIBHBIX TIEPEKPECTHBIX
peakLuii Py CO3TaHNU XUMepHOU cMecu). it 3 matm-
€HTOB OBUTM OTOOpPAHBI 0OPA3IILI OT 2 JTOHOPOB.

Kpurtepun or6opa o6pasuon kiaetok ITTTKY:

1) TNCC >250 x 10°, rme TNCC (ot anru. total number
of nucleated cells) — o0I1ee YMCI0 SIAPOCOACPKAIIX
KJIETOK;

2) 3KU3HECITOCOOHOCTD KJIeTOK: 6osee 90 % (1o pe3yiib-
TaTaM TeCTa C TPUITAHOBEIM CUHUM);

3) cOBMECTUMOCTSH T10 TToKazaresissMm ABO n pesyc-dak-
TOpY;

4) OTCYTCTBHE JIFOOBIX TeMOTPAHCMHICCHUBHBIX MH(MDEKIINIA;

5) ob1mast CTepUIbHOCTb.

Ha nonryyenue Bcex 00pa3uoB 66110 JaHO UHOOPMU-
pOBaHHOE cOTJlache MaTepsIMH-IOHOpPaMU He MeHee
yeMm 3a 6 Mec 10 orbopa obOpasuoB. Bce oToOpaHHBIE
00pa3IIbl YCITeIITHO TIPOIIUIM KapaHTUHHEIN niepuo. 2Kins-
HECITOCOOHOCTH KJIETOK OLICHUBAIACH TBAXKIBI: BO BPEeMSI
00paboTKM 00pa3LoB U Mocje UX pa3MopaxkuBaHus. [Tpu-
eMJIEMOI1 cYnTaIach XM3HECIIOCOOHOCTh OoJiee 92 %.

AHaM3bl MAaTepUHCKOM KPOBH CACIaHHBI B CepTU(DM-
LIMPOBaHHOI HOoHOpcKoit nadopatopuu 'BY3 «MI1I JIu-
HACTHSI» Y BKJIIOYAJIM aHAJW3 Ha aHTUTENa K IIMTOMeE-
raoBupycy (LIMB) IgM, Bupycam renatura B (HBV),
renatuta C (HCV), Bupycy mpocroro reprieca (HSV) IgM,
Tokcormazme IgM, T-xkireTouHoMy TMM@OTPOITHOMY BUPY-
cy I m Il Tvma (IgG), Bupycy UMMyHOIe(DUIINTA YeT0BeKa
(BAY) I n II u moBepXHOCTHBIM aHTUTEHAM TrelnaTuTa B,
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cudwmwmca, IMB, BIIT I u 11, Toxoplasma gondii (335TOG)
n BI'C. Oto6panu ToJbKO 00pa3bl ¢ OTpUIIATETLHBIMU
pe3ysbraTaMy TSI BCEX BBIIICIIEPEYNCICHHBIX areHTOB.
Haee o0pa3ibl OBLIM 3aMOPOXKEHBI IO CTAaHIAPTHOMY
MIPOTOKOJIY ¥ XpaHWINCh B eMKOCTH JIbloapa Ha IpOTSKe-
HUU He MeHee 6 Mec 10 MOMeHTa BBeJeHusl. B nocienyio-
IIeM JTOHOPHI ITOBTOPHO 00CIICA0OBAIMCH Ha TIPEAMET BbI-
IIeTepeYnCIeHHBIX NH(PEeKIIMOHHBIX areHToB. [locie
OKOHYAaHMSA KapaHTHWHA OOpa3lbl OBUIM MOMYIICHBI
I KIMHW4YecKux ucnbitanuii. I1nazma kietoxk TTITKY
Takke OBLIa IMpOoBepeHa Ha HAaJIMINe TeMOTPAaHCMUCCHB-
HBIX MTHQEKIMH 1 O0IIYI0 CTePUIBHOCTD.

Ha mmrepBoM 3Tarne oTo0paHHBIE 00pa3IIhl ITepeMeIIaIn
M3 XXUIKOTO a30Ta B Iaphl a30Ta Ha 12—24 4, 3aTeM pa3Mo-
paxuBanu B Jekcrpane 30—40 (AO «bumoxumuk», Ca-
paHck, Poccus), 5 % pactBope 4eI0BeUYECKOro ChIBOPO-
touHoro ansoymuHa (AO HITO «Mwukporen», Mocksa,
Poccust) m crepunpbHOM (PU3MOJIOTMUYECKOM pPacTBOpPE
(000 «Comnopapm», Cankr-IleTepoypr, Poccust). Oxmax-
neHHbrit pactBop TTITKY pazbasnsim 1o oobema 45 MiI.
ITpoGupku LeHTprYrupoBaIn ¢ oxyaxaeHrueMm npu 600 g
B TeueHne 10 muH. CymepHaTaHT ymajisiiv, 3aTeM pecy-
crieHmupoBany B 10 M1 pacTBopa. 7151 MCCIte TOBaHMST K3~
HECITOCOOHOCTH KJTeToK oTonpanu 100 MK 0XJ1aKIeHHOTO
OTMBITOTO pacTBopa. Bce 006pasiibl ¢ KU3HECTTOCOOHOCTHIO
Ki1eToK MeHee 92 % yrunusupoBaiu. [1onydeHHbIA 00beM
KJIETOYHOTO KOHIIeHTpaTa goBer 10 100 MII Ipy IIOMOIITH
OyepHOro pacTBopa, IMepeHeCIn B CTEPIILHBIA TpaHC-
(y3MOHHBIN MakeT, B TeueHue 3 94 nocrasuiu B HUM cko-
poii nomoiuu. BBogunu nmauuentam kiaetku [TITKY B co-
OTBETCTBUHU CO CTAHMAPTHBIM IIPOTOKOJIOM TpaHCHY3Uur
BHYTPMBEHHO KaIleJIbHO.

XWUPYPTUYECKOE JIEHEHUE

CorracHO KpUTEPUSIM BKIIOUCHUS /UCKITIOUCHUS,
B MICCJICTOBAHUY YYaCTBOBAIM IMariieHTHI ¢ YCM TsoKemoi
CTEIIEHW B OCTPOM IIepHoe, IIOCTYIMBIIME B CTAIIIOHAD
He no3aHee 3 ¢yt ¢ MoMeHTa nosrydyeHuss TCM. Bcee nccie-
noBaHusl, BKiIovass KT u MPT, 6b111 BbIMOJIHEHBI B TeYe-
HHE 3 4 ¢ MOMEHTa TTocTyIuteHus. [lepBryHas meKOMIIpec-
CHs CIIMHHOTO MO3Ta M CTa0OMIM3amus IMOBPEKICHHBIX
CeTMEHTOB ITO3BOHOYHOTO CTOJI0Aa OBLIM BHITTOJTHEHBI
BO BCEX C/Iy4Yasx B TeueHUe 12—72 94 ¢ MOMEHTA TTOTyJeHMS
TPaBMBbI, C YIETOM OOIIETO COCTOSTHUS MAIIMEHTA 1 TSIKe-
ctu TpaBmbl. [lepBoe BBeneHue kiaetok INTTKY BeimonHs-
JIX TIOCJIE TIEPBOTO 3TaIla XMPYPTrUIeCcKOoro ieueHus. Bro-
poli 3Tall OIepaTUBHOIO BMeEIIATeIbCTBA ITPOBOIMIN
B 5 cIyJasix B TeueHHe 1—3 Mec Imociie TpaBMEI.

HEAPOBU3YANU3ALIMA

Bcem mammeHTaM TIpU MOCTYIICHUU IIPOBEIM KOM-
ieKcHoe oocnenoBanue, B ToM uncie KT u MPT nospex-
JIEHHOTO yJacTKa TT03BOHOYHMKA Y CITMHHOTO Mo3ra. B mc-
clieloBaHME BKJIIOUMIN OOJBHBIX C ITOATBEPXKICHHBIM
Ha MPT mmaraozom YCM (Ki1109eBOIT KpUTEPUL — HAJIH-
que oyara MUeJIONaTUX Ha YpOBHE TpaBMEI). B 2 ciydasx
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Tabnuua 1. Kputepum BKIIOYEHUS W UCKITiodeHws B uccnedoBakum SUBSCI I/ 1la*

Table 1. Inclusion and exclusion criteria for the SUBSCI I/1la study*

BKJIIOYECHUA

1. Bospacr 18—75 ner.

1. Both males and females,

18 to 75 years old.

2. Konrysnonnas TCM
Ha YpOBHE LIEHHO-
TO/TPYIHOTO/TIOSICHUY -
HOTI'O OTAeJjia ITIO3BOHOY-
HUKA.

2. Contusion SCI at cervical,
thoracic or upper lumbar
(cone level) levels.

3. Ocrpsrit nepron TCM
(B Te4eHHUE MEPBBIX 3 CYT
TOCJIC TPABMBI).

3. Acute period of SCI

(first 3 days after trauma).

4. Hamnuue YCM,
TIOATBEPXKIAEHHOTO

1o faHHbiM MPT

(T1- u T2-B3BemIEHHBIE
unzoopaxenusi, STIR).

4. Presence of contusion SCI
confirmed using MRI

(T1- and T2-weighted images,
STIR).

5. YpoBeHb HeBpoJIOTnYe-
CKOTO Ie(UIINTA TIPH 10~
CTyIUIEHUU — A

wiu B (ASIA).

5. ASIA A/B neurological
deficit.

6. BO3MOXXHOCTb BBITIOJ-
HEHUA HepBPI‘-IHOfI
XUPYPru4eCcKon
JECKOMITPECCUU U cTabu-
JIM3alu C MOCJIEAYIOIIUM
BBEACHUEM 1-i1 JO3bI
KOHIIEHTpATa KJIETOK
TITTKY B TeueHue mepBbIX
3 cyT moce TpaBMEI.

6. Possibility of primary
decompressive and stabilizing
surgery with the following
administration of 1st sample
of HUCBC:s during first

3 days after trauma.

7. YpoBeHb HEBPOJIOTUYE-
CKOTO neduruTa

B Te4eHUe 3 CyT I10CJIE
TCM Takoit xe,

KaK MCXOJHBIN.

7. The level of neurological
deficit during first 3 days
after SCI is the identical

to this parameter at the
moment of trauma.

Kpurepun

HUCK/IIOYECHUSA

1. [Tpu mocTyIJIeHUU COXpaHEeHHUE JIIOObIX IBMKEHUN B HUXKHUX KOHEeUHOCTSIX (LEMS >0) unu ypo-
BeHb HeBpoJiorndeckoro nedwummra C, D i E (ASIA).

1. Motor function preserved in lower limbs at admission (LEMS >0 points) or ASIA C, D or E deficit level.

2. [NonTBepkNeHHBIIT HEKOHTY3MOHHBIN Xapaktep TCM (o manasiM MPT).

2. The confirmed non-contusion character of SCI (according to MRI data).

3. Tsexenast couetTaHHas TpaBMa (mkana ISS >35).

3. Severe combined trauma (ISS >35 points).

4. HeBO3MOXHOCTB MPOBENEHUSI IEPBUIHOM XUPYPTHUECKON TEKOMITPECCHH CITMHHOTO MO3Ta

U CTaOMIM3allMK TO3BOHOYHMKA, a TaKXKe BBeAECHUS 1-1i 1036l KoHIeHTpaTa Kietok [TITKY

110 JIIOOBIM TIPUYMHAM B TedeHue TiepBbIX 3 cyT mocie TCM.

4. Inability to perform the primary decompression of spinal cord and stabilizing of vertebral column as well as
impossibility (for any reason) of 1st sample of HUCBCs infusion during first 3 days after SCI.

5. [locrosiHHOE cuctoanyeckoe AJl >185 MM pr. cT. wim auactoanyeckoe AJl >105 MM pT. CT.

WJIA HEOOXOMMOCTb arpeCCUBHOTO CHXKEHUS AJl ¢ MOMOIIBIO BHYTPUBEHHBIX aHTUTUTIEPTEH3UB-
HBIX ITIpE€napaTrosB.

5. Persistent systolic arterial pressure (AP) >185 mmHg or diastolic AP >105 mmHg or need of aggressive AP
lowering using systemic antihypertensive medication at the moment of patient inclusion.

6. OcTpblii HHGAPKT MUOKAp/A.

6. Acute myocardial infarction.

7. mkemms <3,5 nwim >21 MMOJIB /1.

7. Blood glucose level <3.5 Mmol/L or >21 Mmol/L.

8. OcTpsle 3a00JIeBaHUS UM 000CTpEeHNE XpOHNUeCKUX 3a6oneBanuii [IIHC (MHCYNIBT, HETpaBMaTH -
YyecKue CYGaanHOI/IZ[aIIbHBIe KPOBOUSIUAHUA, BHYTPUYCPETIHBIC TEMATOMbBI U JII00BIE Jpyrue
3a6oseBanust LIHC, Mo MHEHMIO MicciieqoBaTesis).

8. Acute or deterioration of chronic diseases of central nervous system (CNS) (e. g. stroke, non-traumatic
subarachnoid hemorrhages, intracranial hemorrhages and others CNS diseases at the discretion of investigator).
9. [unotonust — cucronuiyeckoe A/l <90 MM PT. CT. UM HEOOXOAMMOCTb BHYTPMBEHHOW NH(Y3UOH-
Hoil moanepxku AJl.

9. Hypotension — systolic AP <90 mmHg or need for intensive systemic inotropic therapy.

10. Heo6XoamMoCTh UCKYCCTBEHHOW BEHTWIISIIIUY JIETKUX TPY TIOCTYTUICHUY WU TIepeJT oreparueit
1-ro srana.

10. Objective need for artificial lung ventilation (ALV) at admission or prior to the surgery of 1st stage.

11. OCTpaH ImoYyeyHast HEA0CTaTOYHOCTh UJIN OGOCTpCHI/Ie XpOHH‘{ECKOﬁ TIOYEeYHOM HEAOCTAaTOYHO-
ctu (kpeatnHuH >250 MKMOJTb/J1, MOYeBWHA >25 MMOJIb/ ).

11. Acute kidney failure or deterioration of chronic kidney failure (creatinin level >250 mumol/L or carbamide
level >25 Mmol/L).

12. TleyeHOUHAs1 HEAOCTATOUHOCTD (OMIIUPYOMH OOIIMIA >25 MKMOJIb/JI, 60Jiee YeM 4-KpaTHOe
yBeImIeHne KoHIeHTpauu TpaHcamMunas (AJIT, ACT).

12. Liver failure (general bilirubin level >25 mumol/L, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels >4 times exceeding upper reference limit).

13. MHoe TsKesioe HapyllleHre XKM3HEHHO BaXXHBIX (DYHKITUIA.

13. Other significant disorders of vital functions.

14. Octpbie 3a001€BaHMS WM 000CTPEHUE XPOHUIECKUX 3a00JIeBaHUI BHYTPEHHUX OPraHOB,
MPEMSITCTBYIOLINUX BBEIEHUIO KOHIIeHTpaTa KieTok [TITKY.

14. Acute or deterioration of chronic diseases of internal organs preventing from HUCBCs samples infusion.

15. AyronmmyHHBIe 3a00JIeBaHNS (AKTUBHBIE WJIM aHAMHECTUIECKUE).

15. Autoimmune diseases (active or anamnestic).

16. AHaMHECTHUYECKIE YKa3aHud Ha aJZIEPTUYCCKUEC PEAaKIINN JII00OTO TUIIA HA JTI000¥ KOMITOHEHT
KoHI1eHTparta Kietok [TITKY.

16. History of allergic reactions of any type for any component of HUCBCs samples.

17. BepeMeHHOCTb WJIM aKTUBHASI JIAKTALIMSI.

17. Pregnancy or lactation.

18. KitmHnuecku 3HaynMoe XUPYPruyeCKoe BMEUIATECIbCTBO UM TAKEIasd TpaBMa B TCUCHUEC 3 Mmec
J0 ITOCTYIVICHUA B CTallMOHAap.

18. Significant surgeries or severe traumas within 3 months prior to patient inclusion in this study.

19. OcTpbiit THPEKIIMOHHBII MPOLIEeCC JIMO0 000CTPEHNE XPOHNIECKOTO MH(PEKITMOHHOTO Mpoliecca
(Ty6epkynes, cudpunuc, BUY, renatutel B u C).

19. Acute or chronic infection diseases (tuberculosis, lues, HIV, hepatitis B, hepatitis C).

20. TsoKenple reMaToJI0rMYeCKUe IM OHKOTeMaTOJIOrMYecKye 3a001eBaHM.

20. Moderate or severe hematological and/or oncohematological diseases.

21. JItoOble U3BECTHBIE 3JI0KAU€CTBEHHBIE OITyX0JIH (KaK HEONepMPOBaHHbIE, TaK 1 OTIEPUPOBAHHBIE)
WJIN JTIOObIE KIIMHUYECKUE MPU3HAKK 3JI0KAY€CTBEHHBIX OIyXOJIei, BBISIBIEHHBIE 10 MTOCTYIUICHUS.
21. Any known malignant tumors (both operated and not operated) or any clinical signs of malignant tumors
revealed before inclusion in the study.
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Kpurepun

BKJIIOYCHHUA HUCKIIOYEHUA

8. [Momyuenune 106po-
BOJILHOT'O MH(MOPMUPO-
BaHHOTO corjiacus,
IoAIIMCaHHOIO NMaleH-
TOM WJIA €T0 3aKOHHBIM
npeacTaBUTCIIEM

8. Informed consent signed
by the patient or his legal
representative

22. J1obpoKayeCTBEHHBIEC OITYXOJIM — HE ONMEPUPOBAHHBIC UJIN HE MOJTHOCTHIO YIaJICHHBIC

J10 MOMEHTA NOCTYIIJICHUS.

22. Any benign tumors (not operated or not totally removed) at the moment of patient inclusion in the study.
23. HeBposiornueckue v (WIM) MCUXUYECKUE PACCTPOIMCTBA, MPEMSATCTBYIOIIME TOHMMAHUIO JII000I
YacTu IMPOTOKOJIa UM NPEAOTBPaAlllatOIInue COﬁJ’IIO)IeHI/Ie IIPOTOKOJIA.

23. Neurological and/or psychiatric diseases preventing patient from complete understanding of study protocol
or fulfillment of the study protocol requirements.

24. HecrmiocoGHOCTB IarteHTa CO6J'HO,E[aTB IIPOTOKOJI KIMHUYECKOI'O UCCIIEA0BaHUA UM CIE€I0BATDh
TUTAHY UCCIIENOBAHMS, HEBO3MOXHOCTb KOHTPOJIbBHBIX BU3UTOB IOCJIE BBITTUCKU.

24. Other reasons preventing patient from complete understanding of study protocol or fulfillment of the study
protocol requirements.

25. BxiroueHue B 1100bIe JPpYIrue KIMHUYCCKUE UCCIIE€JO0OBaHUsA B TCHCHUE 6 Mec J10 IIPOBEACHUA
TEKYLIETO UCCIICA0OBaHUA.

25. Patient’s participation in any other clinical trials or studies within 6 months prior to inclusion in this study.
26. ITOCTOSIHHBII IPUEM KaKUX-TH00 MMMYHOIEIIPECCAHTOB.

26. Constant immunosuppressive therapy for any reason.

27. JIioOble aHAMHECTUYECKNE HexXelaTeIbHbIC peaKLMU Ha IMepeIMBaHe KPOBU

NI €€ KOMIIOHEHTOB.

27. History of any reaction for full blood or blood component transfusion.

28. [ToTpeObHOCTH B AUaIN3€e MPU MOCTYIIJICHUU.

28. Need for hemodialysis at the moment of admission.

29. AHaMHecTHYecKas TpaHCIUIaHTalusA KOCTHOIO MO3ra ujii BHYTPEHHUX OPraHoOB.

29. History of bone marrow or internal organs (both donor and relative) transplantation.

30. AHaMHECTUYECKOE WIN TEKYLIEC JICYHEHUE C UCITI0JIb30BAHUEM JIIOOBIX PETECHEPATUBHBIX
TEXHOJIOTU ((paKTOPBI POCTa, IMTOKMUHBI, CTBOJIOBBIC KJIETKH, TeHHASI TEPAITUS U T. I.).

30. Previous or current treatment using any regenerative technologies (grow factors, cytokines, cell therapy,
gene therapy etc.).

31. JIro6oe apyroe cOCTOSTHUE, IMPEMSATCTBYIOLIEE BKIIOUEHHIO MTAlleHTa, II0 MHEHUIO
HuccaeaoBaTeaein

31. Any other reasons preventing patient’s inclusion according to the investigator’s opinion

Ilpumenanue. ASIA — wkana Amepuxkauckoii accoyuayuu mpasmol N0360HOHHUKA ¢ duanazoHom om A 0o E (A — naubonee sviparcerHblii Hegpoaocuye-
ckuil decpuyum, E — nopma); ISS — unoexc maxcecmu couemarnnoti mpaeémol; LEMS — wikara MomopHoi Q)yHKYyUU HUNCHUX KOHeuHOCmel (MaKcumym
50 6an106 6 5 karouegoix epynnax muiuiy, HuxcHux koneurnocmeii); STIR — unsepcus-eoccmanosnenue cnunoeoeo sxo (pexcum MPT); AJl — apmepuans-
Hoe dasnenue; AJIT — aranunamunompancgepasa; ACT — acnapmamamunomparncgepasa; BUY — eupyc ummynodepuyuma uenosexa; MPT — mae-
HUmMHo-pe3onancHas momoepagus, ITIIKY — nynosunno-naayenmapHas kpogs uenosexa;, TCM — mpaema cnuntoeo mosea; YCM — yuub cnunnozo

mosea; L[THC — yenmpanvHas HepeHas cucmema.

Note. ASIA — American Spinal Injury Association scale with a range from A to E (A — the most severe neurological deficit, E — normal); ISS — index
of severity of combined injury; LEMS — lower extremity motor score (maximum 50 points in 5 key muscle groups of the lower limbs); STIR — Short Tau
Inversion Recovery (MRI mode); BP — blood pressure; ALT — alanine aminotransferase; AST — aspartate aminotransferase; HIV — human
immunodeficiency virus; MRI — magnetic resonance imaging, HUCBCs — human umbilical cord blood cells; SCI — spinal cord injury; CNS — central

nervous system.
*https://ctv.veeva.com/study/cord-blood-cells-in-patients-with-acute-sci

MIPEANPUHSIIN TIOMBITKY BBITTOTHEHUST M P-TpakTorpadum.
OmHako TpakTorpadudeckass KapTHHA 0Ka3ajach MaJio-
WH(OPMATUBHOM KaK IIPH ITOCTYIICHUH, TaK 1 TTOCTIE XM~
pypruyeckoro jedeHusi. B mepBoM ciiyyae 3To ObLIO 00-
YCIIOBJICHO OT€KOM CIIMHHOTO MO3Ta, TOTIa KaK IT0CIe
oIepalMy TPaKTOTpachMICCKU MIPOTOKOJ HapyIIaiCs
BCJIEZICTBHE OJIM30CTH METAJUIOKOHCTPYKIINI K 00JIacTh
WHTepeca, W KapTHHA MCcKaXajach M3-3a apTeaKToB.
B nanpHeiiiem 6610 peleHo UCKIounTb M P-TpakTorpa-
¢uro 13 nepeyHs o0cien0BaHU. YUaCTHUKAM UCCIIEeNO-
BaHUS TIOCJIC XUPYPTUUECKOTO BMEIIIATEILCTBA BHITIOIHSI-
mm KT ¢ uenpro omnpenesieHNsT KOPPEKTHOCTH YCTAaHOBKH
duKcupylomeit CHCTeMBbI 1 KOHTPOJIS TTIOJTHOIIEHHOCTH

nekomripeccuu, 3atreM KT mmoBropsiim yepes 3, 6 u 12 Mec
nociie TCM. KontponrHags MPT mpoBoaunacek yepes
6 u 12 mec nociae TCM.

BBEJIEHWE 05PA3LI0B KJIETOK NYMOBWHHON KPOBU

YEJTOBEKA

Oo6pasuw! kietok [MTITKY nocrasisim n3 KpuobaHka
npu Temrieparype +4°C B 3aKpHITOM OOKCe, TTOJTHOCTHIO
TOTOBBIMM i1 BBemeHUs. CpoK TOTHOCTH 00pa3IoB
TITTKY cocraBun 3 4 ¢ MoMeHTa pa3Mopo3ku. Mcmbl-
TyeMble He TIPUHUMAIN UMMYHOICIIPECCAHTHI I MU-
eoabJlaTMBHBIE MpeIapaThl B TEUYCHUE BCETO MepHoaa
WCCIeOBaHUS. YUYacTHUKAM HcciiemoBaHusa 3a 30 MuH
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IO BBEAEHMS KJIETOK IPOBOAMIN npemMenukannio 1 %
pactBopoMm xsoponupamuHa (0,5 mr/kr). Heobxomumbie
JIeKapCTBEHHBIE TIPETIapaThl, BKIII0Uas aHTUTUTIEPTEH3MB-
HbIe, TIPOTUBOAPUTMHUYECKUE, TTPOTUBOAJIEPTUYECKUE,
CTepOMIHBIE U JKapOITOHKAIOIIME, TP HEOOXOIUMOCTH
OBUIM TOCTYITHHI JJI MallMeHTOB. BBeneHne KJIeTOYHOTO
KOHIIEHTpATa IIPOBOIMIIN Yepe3 TeprudepruIecKuii BEHO3-
HBII KaTeTep o MOCTOSTHHBIM KOHTPOJIEM Bpada, CTPOTO
B COOTBETCTBUHU CO CTAHIAPTHBIMU TPEOOBAaHUSIMHU K TPAHC-
¢y31r KOMIIOHEHTOB KPOBU, BKJIIOYAs MHAMBUAYAJIbHbIE
1 OMOJIOrMYeCcKUe MPOObL: 10 5 MJI KOHLIEHTpATa KJIETOK
IITKY BBogman MemieHHo (1 M B TeueHue 1—1,5 MmuH)
KamesabHO C TTOCeAyoIIe S-MUHYTHOM T1ay30#i IJIs OLIEH-
KM TTIOTeHUIMAaIbHBIX peakuuii. [Tpy oTcyTcTBUM peakinit
OCTaBIIMIACSI 00BbeM BBOAMIM HENPEPBLIBHO KalleJIbHO.
MelKkn oT BBEeAEHHBIX 00pa3uoB xpaHuiau npu 4 °C
B TeyeHUe 72 4, 3aTeM YTUJIM3UPOBAJIU, €CIIN HE OBIIO
3apETUCTPUPOBAHO HUKAKMX peakumii. [IpoBommim Takske
JIOTIOJTHUTENBbHYIO BHYTPUBEHHYIO THIPATALMOHHYIO Te-
pamio — 400—800 MJT GM3MOIOrMYECKOro pacTBOpa.

3AIAYM 1-I YACTM UCCNENOBAHMA

[NepBuyHast 3agaya — olleHKa 0€30IIaCHOCTH CHCTEM-
Horo nnpuMeHeHus kietok ITITKY. JIasa atoro peructpu-
poBasin Bce HA B TeueHue 1-ro roma mociie moaydyeHus
TpaBMBI Y BCeX BKITIOUCHHBIX B MICCIICIOBAHNE MTAIIICHTOB.
Kpome Toro, npoBeiu oLeHKY MOTeHLMaIbHbIX CIy4aeB
IIPOSIBJICHHST CUMITTOMOB PEaKIINU «TPAHCILIAHTAT IIPOTUB
xo3suHa» (PTIIX) B TeyeHMe Bcero 00CEepBAIIMOHHOTO
mepuona (12 Mec mociie TpaBMbI). BropnuHas 3agaya —
OlLICHKAa TMHAMWKHU BBIPAKEHHOCTU HEBPOJIOTUYECKOTO
neduITa U ypOBHS BOCCTAHOBJICHUSI IBHTATEIbHOMN
(GYHKIIMM HIKHUX KOHEYHOCTEA.

1. Ouenka 6e3onacHoCTH

BezonacHOCTh MpUMEHEHHS KJIETOYHOTO IIperapara
OLICHMBAJIM BO BpeMs Kaxmoil mHpy3nu kietok ITITKY,
eXeTHEBHO Ha IIPOTSIKEHNH BCETO CPOKA CTAIIMOHAPHOTO
JIEeYeHUsI Y ITOCJIe BBIMMCKY Yepe3 3, 6 u 12 Mec ¢ MOMeHTa
nojay4yeHus TpaBMbl. Ha cTauroHnapHoM 3Tare jgedyeHust
COCTOSTHHME TIALIMEHTOB €XXeTHEBHO OLICHMUBAJT MCCIICIOBa-
TeJIb, a TIPU HEOOXOIUMOCTH IIPHUBJICKAINCH MHBIC CITeII-
amucTel. Ha cremyrommit meHp mocie KaXIoro BBEACHMS
IIPOBOAVUIIN KOMILIEKC aHAJIM30B KPOBU M MOUM (aHATM3EI
KPOBU — OOIIEKITMHUYCCKUIN, OMOXMMHUYECKHII M Koary-
JIorpaMMa, OOIIMiA aHAIM3 MOYHX). B neHp BBemeHUSI Kite-
TOYHOTO IIperapaTra KOHTPOJIMPOBAIN COCTOSTHUE TTAIlH-
€HTOB HEIIOCPEACTBEHHO IIepel BBeICHUEM, ITOCTOSTHHO
BO BpeMsI BBEICHUSI, KaXXIble 15 MUH B TeUeHUE TTOCTICIY-
fomux 2 4, Kaxasle 30 MUH B TeUeHUE TTOCTEAYIOINX 4 4
1 OJHOKPATHO B T€UEHME CIAEAYIOLINX 6 U C LE/IbIO BbISIB-
JIeHus TToTeHIranbHbIX HA 11 oneHKM (hyHKIIMOHAIBHOTO
COCTOSTHUSI.

Bce HA, 3apeructpupoBaHHbie B TeueHUe 12 Mec Ha-
OroeHNS, KiTacCU(PUILIMPOBAIN IIPU TIOMOIIIH O0IIei cr-
cTeMbl KputepreB HexemnatenbHbIX ssBireHuil (CTCAE v.5.0)

¥ 0000 B COOTBETCTBUU C TSLKECTHIO Y ITOTCHITNATb-
HoW cBsi3blo HA ¢ mpoBonuMoli KJIeTOUHOI Tepanueit.
B cootBercTBuM ¢ cuctemoit CTCAE mo TskecTu cocTo-
sHus Bce HA pasgenunu Ha 5 Kateropwmit (grade 1-5):
JIETKWE, YMEpEeHHBIE, TSoKEJIbIe, OTTACHBIC [T XKU3HM U JIe-
TajgbHbIe. [IpyToii mapaMeTp — NOTeHIIMAIbHAS CBSI3b MEX-
Iy KJISTOYHO Teparueit u BeIsiBJIeHHBIMU H A, mMeroras
YeTBIPE YPOBHSI, BKJIIOYAsl OIIPEICICHHO He CBSI3aHHBIC (A),
BO3MOXHO cBsizaHHBIe (B), BepositHO cBsizanHBIE (C)
W OMpeNesIeHHO CBS3aHHbIE C KJIETOYHOU Tepanueid (D).
OxkoHuaTenbHBIN aHanu3 HS mpoBenm nBa rcciaemoBaTestst
HE3aBUCHMO IPYT OT IpyTa.

JlonmonHUTeNbHAs OlleHKa 6€30MacHOCTY BKJoYaia
oIpefieIcHNEe YPOBHS MMMYHU3ALNHY MMAIlMEHTOB K BBE-
neHHBIM obOpasnaM kKiretok ITITKY (peakmuss Kymoca).
Takast orieHKa ObUIA BBITTOIHEHA TSI 5 TAITMEHTOB BO BPEMST
3aKJTIOYUTENIEHOTO BU3NTA (depe3 12 Mec Tocite MOTyIeHUS
TpaBMbI). KpoMe Toro, Ha mpoTsSoKEHUHT BCETO 00CcepBall-
oHHoro Tieprona (12 mMec) THiaTeaTbHO KOHTPOJIUPOBATN
BO3MOXHbIE KIIMHUYecKue nposieieHust PTIIX.

2. IlepBuynasi onenka 3¢ deKTHBHOCTH

B mepron cranmmoHapHOTO JIeYeHUS KaKIoMYy Tallv-
SHTY eXXeITHEBHO IIPOBOIIIIN 00IIee (hM3NKAIbHOE 1 He-
BpoJioTmdeckoe oociaenopanue. [1ocie BRITMCKM, BO Bpe-
MSI KOHTPOJIBHBIX BHU3UTOB COBMECTHOE OOCIIeIOBaHME
TIPOBOIWIIN ABa McciieqoBaTens. B 1-if wacTu mcciaenoBa-
HUS OCHOBHBIMU OLICHUBAEMbIMU TTapaMeTPaMU CITyKIJIN
IBUTaTeNIbHAS (DYHKIIMS HIDKHUX KOHEUHOCTEH 1 YPOBEHb
HeBposorndeckoro aepunura (ASIA), BKIOYarOIINiA
5 creneHeit BeIpakeHHOCTH (ASIA A — HamboJee TpyObIit
nedumut, ASIA E — oTcyTcTBHE HEBPOJIOTUIECKOTO JIe-
(uunra). MblllIeyHYIO CHTY OLIEHUBAIM B 5 KIIIOUEBBIX
TPYIIITaxX MBI BEPXHUX W HUKHUX KOHEUYHOCTEH II0
5-6ayutpHOI 1IKate (0 6ayUToB — IIerHst, 5 0ajUTIoB — HOpMa).
OneHMBaIM CYMMapHBINA pe3yabTaT M0 BEPXHUM (upper
extremities motor scale, UEMS), HI>KHIM KOHEYHOCTSIM
(lower extremities motor scale, LEMS — mkaja MOTOpHOi1
(byHKIIMM HIDKHUX KOHEYHOCTEH ¢ MakKcuMyMoM 50 Gair-
JIOB B 5 KJTFOUEBBIX TPYITITAX MBIIIII HIKHIX KOHEYHOCTEH),
a TakKe CyMMapHBII MmoKa3aTedb. B ¢BSI3M ¢ TeM, 4TO
OITBITHASI TPYIITIA MAIleHTOB ObUTa HEOMHOPOIHA 10 YPOB-
HSIM TpaBMHI (TpaBMa MICHHOTO OTAEIAa IT03BOHOYHMKA
¥ HEBPOJOTUYECKUMN Me(PUIUT B BEpXHUX KOHEUYHOCTSIX;
TpaBMa IPyIHOTO W BEPXHEIIOSICHUIHOTO OTIEJIOB IT03BO-
HOYHMKA 0e3 AeUIINTa B BEpXHUX KOHEYHOCTSIX U TIp.),
B TaJIbHEUIIIEM aHaAIN3e TIEPBUIHOMN 3P (PEKTUBHOCTH YIH-
TBIBaJIM TOJIBKO moka3aTeiab LEMS. ITepBuyHylo OLIeHKY
YPOBHSI HEBPOJIOTMIECKOTO Ie(HUIINTAa IIPOBOIIIIN BCEM
maleHTaM IpY TTOCTYIUICHUN B cTalmoHap. B ncciemo-
BaHWM YYaCTBOBAJIM TOJIBKO MAIIMEHTHI C YPOBHEM HEBPO-
Jormdeckoro aecurmrta A miam B mmo mkane ASIA (kimrode-
BOU IOKAa3aTeNb — OTCYTCTBUE ABUTATEIbHBIX (DYHKIMA
HIDKe YPOBHSI TpaBMBI). B maybHelIeM OleHKY JBUTATEITb-
HOM QYHKIMN ¥ TUHAMUKHM HEBPOJIOTMYECKOTO Ae(hUIINTA
TIPOBOIIIN €XXETHEBHO Ha 3Tarle CTAIlMOHAPHOTO JICUCHUS
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1N BO BPEMA KOHTPOJTbHBIX BH3UTOB ITIOCJI€ BBIITMCKH
13 CTallMoOHapa.

PE3YNbTATHI

XapakTepucTHKA Y9aCTHMKOB HCCJIEAOBAHUS

B 1-10 gacte mccnemoBanuss SUBSCI I/11a 6bu1un
BKJTITOUEHBI 10 B3pOCIIBIX MAIIMEHTOB, U3 HUX 9 MYXKUMH.
Cpeanuii Bo3pacT coctaBui 41,9 roga (25—66 jer), cpen-
Huil Bec — 86,4 (58—122) xr. Tpu nauueHTa BKIIOYEHBI
B uccinenoBanue ¢ saBapg 2015 r. mo centsops 2015 1.,
ocTanbHble — ¢ gHBaps 2016 1. mo dpespans 2017 1. ¥V Beex
MalMeHToB quarHoctupoBad YCM Ha meiitHoM (n = 4),
TpyTHOM (1 = 4) WJIN BEpXHEIIOSCHUIHOM (7 = 2) YPOBHSIX.
YpoBeHb HEBPOJOTHUECKOTO Me(PUIINTA COOTBETCTBOBAI
ASIA A (n = 6) unu ASIA B (n = 4). HcxonHblit ypoBeHb
LEMS Bo Bcex ciydasx oueHeH B 0 6autoB. CamM0006-
CIIy>KBaHME y BCEX MAIIIEHTOB He OBUTO HAPYIIIEHO J0 MO-
MeHTa nosaydeHns TCM. MMmenmich commyTcTByIOIMe 3a0051e-
BaHMS, YCYTYOJISIIOIINE TSDKECTh TEUCHUST TPABMAaTUIECKOTO
Tporiecca; aHKMJIO3UPYIOIINI CIOHIWIUT (7 = 1) U mereHe-
PaTUBHBIN CTEHO3 IIO3BOHOYHOTO KaHAJIa Ha IIIEITHOM YPOB-
He (n = 1). I[IpyunHbI TpaBMbIL: NAJEHUE C BBICOTHI (1 = 6),
CITIOpTUBHAS (7 = 2), IpX HBIpSTHUH (7 = 1) 1 MOTOLIUKIIET-
Hast TpaBMa (1 = 1). OCHOBHBIE XapaKTePUCTUKY BKITFOYCHHBIX
B MICCJIeIOBaHNE TTAITCHTOB IIPEICTABIICHBI B TA0J. 2, ICXOMI-
HbIe MTHIWBHIYAJIbHBIC XapaKTePUCTUKKN — B Ta01. 3.

XWUPYPTWUYECKOE JIEHEHUME

B nosnoBuHe ciygaes (7 = 5) 1-ii Tal XUPypruaeckoro
JIeYeHUSI ObLT €IMHCTBEHHBIM (TIepBUYHAS XUPYPruIecKast
JIEKOMIIPECCUs U CTAOMIU3aLUS TOBPEXIEHHBIX CETMEH -
TOB ITIO3BOHOYHOTO CTOJI0a), B APYTUX (7 = 5) TpebOBaIOCh
MIpOBeIieHNE 2-TO 3Tara XUPYPTUIeCKOro JICUeHHs, KOTO-
poe BBITIOJHSIIA B OTCPOYEHHOM IIepHoe: yepe3 1—3 Mec
C MOMEHTA MOJTy4YeHHS TPaBMBI.

HHTpaorepaiimoHHast KpOBOITOTEPSI Y ITPOIOJIKUTEITb-
HOCTB OIlepalivii OBLIM COTIOCTAaBUMBI B ITOATPYIINAX Ia-
meHToB ¢ TCM Kkak Ha mieitHoM ypoBHe (75 = 30 mur), Tak
U Ha rpyaHOM/BepxHenosicHuaHoM (920 % 240 mu1) ypoB-
HSIX ¥ HE BIVSUIM Ha TIOCJIeOTIepallMOHHBIN YPOBEHb HE-
BPOJIOTUYECKOTO MeUIINTA: Y MAlMEHTOB HAOIIOOAINCH
OIMHAKOBBIE UCXOMHBIC U ITOCICOIepallnOHHbBIC YPOBHU
no mkanaM LEMS 1 ASIA. Bcex 60JbHBIX OIIEpUPOBAIN
CpaBHUMBIE T10 OITBITY Helipoxupypru. Bee manmeHTHI Ha-
XOIWJIVCh B OTAEJICHUY peaHNMallM 1 MHTEHCUBHOM Te-
parmu B TeueHue 1—9 cyT mocie oneparun. [1epBoe BBe-
nexnue kaetok INITKY npoBoauau Ha clieayoluii mocie
XHUPYPTUYECKOTO BMEIIIATeIbCTBA ACHb.

IlepBbiii 3Tan xupyprudeckoro Jjedenud. [IposeneH
B TeueHMe 12—72 9 ¢ MOMEHTA ITOJTyICHMST TPAaBMbI, BCEM
IMaIieHTaM BBITTOTHEHBI:

* TIepeIHSS ISKOMIIpECCHS, BIIpaBIeHNE BhIBUXA (TIpU
HaJIMYKH ), KOPITIOPIKTOMMUS (TIPU HAJTMINHN ), TUCKIK-
TOMMS Y IEPEIHUIA MEXTEIOBOM IIEUHBINA CITIOHINIIO-
Ile3 TIACTMHOM ¥ BUHTaMU — B cirydassx TCM Ha mieii-
HOM YpOBHE;

Tabnuua 2. VcxopHble XapaKTepUCTUKM BKJIOYEHHBIX B MCCNe0BaHNe NaLlneHToB
W BBEEHHBIX a/INIOreHHbIX 06pa3LJ,OB KNEToK I'IyI'IOBVIHHO-I'IJ'IaLLeHTapHOl;I Kposu
YenoBeKa

Table 2. Baseline characteristics of patients included in the study as well as
characteristics of administrated allogeneic human umbilical cord blood cells samples

XapakTepucTnka 3nayenne
IMamueHTsI
ITon, n (%):
Gender, n (%):
MYXYUHBI 9 (90,0)
male
KEHIIMHBI 1(10,0)
female
Bospacr: cpenHee 3HaYeHNE (CpeTHMI 41.9
JIMara3oH), JeT Q 5—’6 6)
Mean age (average range), years old
Bec: cpenHee 3HaueHue (CpeaHUI AUAITa30H), KT 86,4
Mean weight (average range), kg (58—122)

‘Yposenb HeBpoIornueckoro aedunura no mkaue ASIA, n (%)

ASIA A 6 (60,0)
ASIA B 4 (40,0)
ASIA C 0
ASIAD 0
ASIA E 0

Xapakrepuctuku Kiaerok ITITKY, nnana3on nokasarenei

TNCC 3a 4 undysun, (x10°) 1,2
TNCC for 4 infusions, (x10°) (1,04—1,39)
TNCC 3a 1 mudysuio, (x106) (22592969_
TNCC for 1 infusion, (x10°) 378’1)
BBeneHHast KieTouHas 103a, (<107) Ki1/Kr 1,48
Administered cell dose, (x107) cell/kg (0,89—-2,14)
K13HecrmocoOHOCTh KJIETOK (TECT C TPUIIaHO- 96.9
BBIM CHHIM), % (93,2-99,1)
Cell viability level (trypan blue test), % ? ’
BBenenHbie xku3HecrocooHbie KiaeTku CD34+, 121
(x10°) xj1/KT (0,73’—1,76)

Administered viable CD34+ cells, (x10°) cell/kg

IIpumenanue. TNCC (om anen. total nucleated cell count) — obuee uucno

sadpocodeprcawux karemok. Cm. npum. K maoa. 1.
Note. TNCC — total number of nucleated cells. See note to Table 1.

* JIJAMUHOKTOMUSI, NEKOMIIPECCUS CITMHHOTO MO3Ta,
BIIpaBJIcHUE BbIBUXaA (TIpM HAJIWYWH), BUHTOBAS
VI KOMOMHMPOBaHHAsI KPIOYKOBO-BUHTOBAsS (PUKCca-
IS TTOBPEKIEHHOTO CETMEHTa ITO3BOHOYHOTO CTOJI-
6a — B ciydassx TCM Ha rpyIHOM M BEPXHETTOSICHUY-
HOM YpPOBHSIX.

Bropoii 3Tan xupyprudeckoro JjedeHusa. BreimoaHeH
BO BCeX ClIydasix B cpeHeM B TedeHue 3 mec nocie TCM
(B mmamazoHe ot 3 Hex m0 3 Mec). ISt BOCCTaHOBIICHUS

o1
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MOJTHOI OMOPOCTIOCOOGHOCTU TTO3BOHOYHMKA MOJIOBUHE
MalKeHToB (1 = 5) MOTpebOBAIOCH MPOBECTH:

* TOTIOJTHUTEJTBHYIO 3aTHIOI0 BUHTOBYIO (DUKCAIIMIO B CITy-
gassx TCM 1m1eifHOTO OT/esa MO3BOHOYHMKA (71 = 2);

* TEPEeIHIO TOPAKOCKOIMMYECKYIO,/ TOPAaKOTOMIYECKYIO
WJIU PETPOTIEPUTOHEATBHYIO TUCKIKTOMUIO / KOPIIOP-
SKTOMMIO U MEXTEJIOBOM CIIOHIMIIONE3 TEIECKOMYEC-
KUM TIPOTE30M TeJia TT03BOHKa B cirydyasix TCM rpyn-
HOTO U BEPXHETIOSICHUYHOTO OT/IEIOB [TO3BOHOYHUKA
(n=73).

B Ta6:. 4 npencraBieHbl MHAUBUAYAIbHBIEC TIapaMe-
TPBI XUPYPTUUECKOTO JICYSHUS TTAIIMEHTOB, BKIIOUEHHBIX
B MCClIeJoBaHUEe, U MOAPOOHast MHGOPMaIUsS O TUIaxX
Y YPOBHSIX TPaBMbI ITO3BOHOYHMKA U CITMHHOTO MO3Ta,
a TaKkKe psAl YTOYHSIOMIMX XapaKTepUCTUK 1-To U 2-To
3TATOB XUPYPrUIeCKOTO JICUCHUS.

BBEJIEHME KJIETOK NYMOBWHHO-MALEEHTAPHOK

KPOBW YEJTOBEKA

Bce o6pasunl kinetok IIITKY Ob1mu coBMeCTUMBI
1o rpymire kposu (cuctema ABO) u pesyc-dakrtopy (Rh).
OmvH U3 KpUTEpHEB NCKITIOUCHUS U3 UCCIICIOBaHUS — Ha-
JIM4re HapyIIeHWH CO CTOPOHBI MMMYHHOM CHCTEMBI
00JILHOTO, MO3TOMY COBMECTUMOCTh Mo cucreme HLA
HE HYXHO OBUIO YYMTHIBaTh. Bce MaliMeHTsl MOMyInIn
1o 4 kypca nHdy3uu kietok ITITKY ¢ TNCC = 1,48 x 107
((0,89-2,14) x 107), kpome oaHoro nauueHTa (Ne 5), ymep-
11ero Ha 16-e CyTKY ¢ MOMEHTA TPaBMbI B Pe3yJIbTaTe MO/ -
TBepxKaeHHOoTo 3mu3ona TOJIA. JlaHHBIN NMalUeHT ObLI
HUCKIIOUEH M3 HajbHelInero aHaan3a 3hGeKTUBHOCTA

HA/ AEs

KJIeTouHOM Teparmu. OmHAKO, YIUTHIBASI 2 TIPOBEACHHBIC
WHQY3UHU KJIETOYHOTO TIperapara, 00JIbHOM OBLT BKITIOUCH
B aHaim3 6e3omacHocTr. OOIIMe XapaKTepUCTUKA BBEICH-
HbIX 06pa3noB kinetok IITKY npencrasieHbl B TabI. 2,
a MHAWBUIYAJIbHBIC XapaKTepUCTUKN KaxIoro obpasia,
BBEICHHOTO MallMeHTaM, — B Ta0J1. 3. Bce manmeHTHI 110~
JIyYMJIA COTTOCTABMMOE OOIIIee YK CIIO KIIETOK, OTHOCUTEITh-
HO paBHOMEPHO pa3Ie/icHHBIX Ha 4 BBEICHUS — B CPEITHEM
1,2 x 10° (mmamna3oH (1,04—1,39) x 10°). Kaxmplit BBeNeHHBbII
obpaselr comepxKalr 00IIee YMCIO MOHOHYKJICAPHBIX KJIe-
TOK (252,6—378,1) x 10° (Meamana — 299.,9 x 10°). Cpennee
YHCIIO BBEICHHBIX XXKM3HecTtocooHbx CD34+ KkieTox co-
craBuio 1,21 x 10° (mmamaszon (0,73—1,76) x 10°). YposeHb
KM3HECITOCOOHOCTH KJIETOK KaK Ha 3Tare XpaHeHUs, Tak
M TIOCJIe pa3MOPO3KH BO BCEX MCIIOJIB30BAHHEBIX 00pa3Iiax
npessiman 92 %: B cpennem 96,9 (93,2—99,1) %.

OLIEHKA BE30MACHOCTW CUCTEMHOM KNETOYHON

TEPATNIN

ITo pe3ynbraraM aHajIM3a B TeUeHHE 00CEpBAIlIOHHO-
ro reproza (12 mec) 0b110 BoIsiBIIeHO 419 HA v 10 matm-
€HTOB; CpeJHee 3HaYeHME Ha Kaxaoro mauueHta — 34,6
(14—72) H4L.

Bce H{, 3aperucrpupoBaHHbie B TeueHne 12 Mec Ha-
omoaeHus, kinaccuduunponanu o kputepusm CTCAE
(v. 5.0), B cooTBeTCTBUM C TsKecThio HS, a Takke ¢ moTeH-
uanbHOM cBsi3bi0 HS ¢ mpoBoaMMOIi KIETOYHOM Tepanu-
eit (puc. 1 u 2, Tab. 5).

OTMeTHM OOpaTHYIO 3aBMCHMOCTb YKCIIA U CTEIICHU
HA, 1.e. Txensix HS Gb110 3aperucTpupoBaHO MEHBIIIE:

0 25
Konnuectso 3aperucTpupoBaHHbIx ciydaes HS, % / Number of registered AEs, %

50 75 100

Puc. 1. CeodHas uHgopmayus o 3apeaucmpuposarHbix HexcenamensHolx seneHusx (HA) y 10 nayuenmos. lpedcmasnersi 3agucuMocmu HA om cmeneru ux msxcecmu
U npogoduMoli mepanuu KaemKamu nynoguHHo-naayeHmapHoU Kposu Yenoseka. CmeneHu msxcecmu HA: 1 — neekue; 2 — cpedreli msycecmu; 3 — msycenvle; 4 — onacHele
ang Hu3HU; 5 — nemaneHsie. YposHu ces3u Mexcdy KaemoqHol mepanuel u 8bisienieHHsIMU HA: A — onpedeneHHo He c8si3aHHbIe ¢ KlemoyHol mepanuel; B — 803MoxHO

cesi3aHHole; C — 8eP0sIMHO CB5I3aHHbIe; D- onpeaeﬂeHHo CB8530HHbIE

Fig. 1. Summary of adverse events (AE) reported in 10 patients. The dependence of AE on their severity and the therapy with human umbilical cord blood cells is presented.
AE severity levels: 1 — mild; 2 — moderate; 3 — severe; 4 - life-threatening; 5 — fatal. Levels of association between cell therapy and identified AE: A — definitely not related to

cell therapy; B — possibly related; C — probably related; D - definitely related
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Tabnuua 4. VHavsvayanbHble XapaKTepUCTUKM BKITIOYEHHBIX B MCCNIEA0BAHME NALMEHTOB M XMPYprindeckoro niedenms (1-i 1 2- atanbl)

Table 4. Individual characteristics of patients included in the study as well as surgical treatment (stages 1 and 2)

ITamu- DTanbl ONepaTHBHOr0 BMEMIATEIbCTBA
Tun IICMT (knaccudukamus AO
eHt (Ne) (Spine) —
1 %
Jlamunakromust ThS, KoOMOMHUPOBaH-
1 Moperow Tho(ad) " PHIDEO-tpIotonas i )
Th6 fracture (A4) . .
ThS5 laminectomy, combined hook-screw
fixation of Th4—Th5—Th7—Th8
) BoiBux C7 (C), nepenom Thl (A3) ’HHCKSKT%;I;}FSIZ;I;%;’_CFF}?{{HHHOH% ®ukcanys kproukamu C6—Thl
C7 dislocation (C), Thl fracture (A3) . . Posterior screw fixation C6—Thl
Discectomy C7—Th1, C7—Thl fusion by plate
JlamuaskTomusa Th12, L1, BuHTOBas TopaxockomIeckasi THCKIKTOMM
3 Mepenoms Th12, L1 (A4) dukcawns Th10—Th11-L2—L3 e
Fractures of Th12, L1 (A4) Th12 laminectomy, L1, screw fixation 1O HeEx | 2
of Th10—Th11—L2—13 Thoracoscopic dlsc‘ectomy of T 1_1 1-Th12,
Th12—L1, L1-L2, interbody fusion by cage
- BripaBneHue BbIBHXa, TUCKIKTOMUS
JBycropoHHuii BeiBUX C4 (C), - 5 "
4 TpaBMaTuyecKas rppka C4—C5 e CHOHéTE(ggﬂ facTiHoOU _
Bilateral C4 dislocation (C), traumatic Reducti £ dis] ion. C4—CS5 discec
C4—C5 hernia eduction of dislocation, C4— iscectomy,
C4—CS5 fusion by plate
TMepenomossisix Ths (C), KoM6uHMpoBaHHAs! BUHTOBO-
niepenion Thé (A3) KPIOYKOBas (hUKcaIs
5 N . . Th4—Th5—Th7—Th8—Th9 =
ThS fracture — dislocation (C), Combined hook-screw fixati £ Thd—ThS
Th6 fracture (A3) ombined hook-screw fixation o — 1 hd—
Th7—Th8—Th9
Bupanerte BLDIN, JAMMHOKTOMI  Topaockomiiecias MHckoKTo
Jycroponnutii BeiBux Thll (C), Th10—Th11—Thl2—L1 Th11-Th12, MexTenoBoi CIOHAWIONE3
6 nepenom Thi2 (Al) Reduction of dislocation, laminectomy Th11-Thl2 kefimxem
Bilateral Th1l (C), Th12 fracture (Al) Th11—Th12. screw ﬁxqtio;q Th10—Th1i— Thoracoscopic discectomy of Th11—Th12,
0 ThlZ:Ll interbody fusion of Th11—Th12 by cage
1. Kopniopakromus C6, cioHanIone3
mwiactuHoit C5—C7.
HepeJIOMOBLIBI/éX(gZ)(C), Tiepe/ioM 1. Corpectomy C6, C5—C7 fusion by plate.
7 C5 fracture — dislocation (C), C6 2. PeBusn, HHCKBKTOM(P:I;I CI?h_lThl’ -
fracture (A4) SENIE B} T EISII A )=
2. Revision, discectomy C7—Thl, plate
replacement C5—Th1
TOpaKOCKOHI/I‘{eCKaH KOPITIOP3KTOMMUA
Jlamunskromus L1, L2, BUHTOBask L1, L2, MexTenoBoii CHOHAWIONE3
8 [Mepenomer L1, L2 (A4) ¢uxkcammsa Th11-Th12—L3—14 Th12—L3 nmpoTe3oM Tea MO3BOHKA
Fractures of L1, L2 (A4) Laminectomy of L1 and L2, screw fixation Thoracoscopic corporectomy of L1, L2,
Th11-Th12—L3—L4 interbody fusion of Th12—L3 by vertebral
body prosthesis
1. JlTamunskromus Th3, Th4,
KOMOMHUPOBaHHASI KPIOYKO-BUHTOBAS
Ilepenomer Th2, Th3, Th4, Thé dukcauyst Th1—Th2—Th4—Th5—Thé6.
9 (A2, Ad) 1. Laminectomy Th3, Th4, combined _
Fractures of Th2, Th3, Th4, Thé6 (A2, hook-screw fixation of Th1—Th2—Th4—
Ad) Th5—Th6.
2. PeBu3us u ipeHUpoOBaHUE PaHbI
2. Revision and wound drainage
Kopmopaskromust C5—C6, ciongunone3 Bunrosas ¢pukcanus C4—C5—C6—C7
10 BHBEI); g{i (CCS)’—IC)J?p bIB mwiactuHou C4—C7 3a 60KOBBIE MACCHI

Corpectomy C5—C6, C4—C7

CS5 dislocation (C), ruptured C5—C6 disc fusion by plate

Screw fixation of C4—C5—C6—C7 by lateral
masses

IIpumenanue. [ICMT — no36onouHo-cnunHoM03208as mpasma. (—) — 2-ii aman He nompebogancs. Cm. npum. kK maoa. 1, 2.
Note. SI — spinal injury. (—) stage 2 was not required. See notes to Tables 1, 2.
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qerkux — 187; cpemHeit crereHn Tsokectd — 151; Tsoke-
JIBIX — 57; OMacHBIX IS KU3HU — 17; KpUTHUeckux (Jie-
TaTbHBIX) — 7.

B nonasnsiomiem 6osbiinHeTBe ciydaeB HA oxa-
3anuch win ciaeactsueM TCM, unu comyTCTBYIOIIMMU
MaTOJIOTUSIMU, BBISIBIEHHBIMU Y TIAITMEHTOB TTOCJIE BHITIN-
cku. YacroTa BCTpeuyaeMOCTU 3apeructpupoBaHHbix HA
y 10 maureHToB: XKeTyT0YHO-KUIIeYHbIE PACCTPONCTBA —

PaccTpolicTBa KpoBeHOCHOI W NIUMbATUYECKOI ccTeM /
Blood and lymphatic systems disorder

CeppeyHo-cocyaucTble paccTpoiicta / Cardiovascular disorders
PaccTpolictBa cnyxoBoro aHanusatopa / Acoustic analyzer disorders
3HAOKpPUHHBIE paccTpoiicTea / Endocrine disorders

PacctpoiicTBa 3putensHoro aHanusatopa / Visual analyzer disorders

YenynouHo-KkuwweyHble pacctpoiictsa / Gastrointestinal disorders

06Lume paccTpolicTBa, OcNoXHeHUs B MecTe BBegeHus KIMKY /
General disorders, complications on site of HUCBCs injection

TenatobunuapHble pacctpoiictsa / Hepatobiliary disorders

WHdexunm v uBaswu / Infections and infestations

TpaBMbl, OTPaBEHNs U OC/IOKHEHMS OT NPpoLeAypbI BBeaAeHna / Trauma,
intoxication and complications connected with infusion procedure

HA/ AEs

N3MeHeHWst nabopatopHblx nokasateneii / Laboratory abnormalities

MeTabonmyecke HapyLUEHMS U HAPYLLEHWS MUTaHKs /
Metabolic and nutritional disorders

MblLLEYHO-CKENETHbIE U COBAMHUTENBHOTKAHHbIE HapyLLeHus /
Musculoskeletal and connective-tissue disorders

HoBoo6pa3oBaHus (106pOKaYecTBEHHbIE, 3N10KAYECTBEHHbIE
1 HeyTouHeHHble) / Neoplasms (benign, malignant and unspecified)

PacctpoiictBa HepeHoit cucteMsl / Nervous system disorders

Menxudeckue pacctpoitctsa / Psychiatric disorders

HapywweHuns hyHKUMN NOYeK 1 MOYEBBIBOASALLMX NyTeit /
Renal and urinary tract disorders

PaccTpoiicTBa penpogyKTUBHOI CUCTEMBI M MOMIOYHBIX XKene3 /
Disorders of reproductive system and mammary glands
HapyLueHus co CTOpOHLI OpraHoB AbIXaHWS, TPYAHOI KNETKN

v cpepoctenus / Respiratory, breast and mediastinal disorders
MaTonorus KoXv 1 NOAKOXHOM KneTyaTku /

Diseases of the skin and subcutaneous tissue

Xvpypriveckue v Apyrine MeSULIMHCKVE MaHUMynsLum /
Surgical and other medical interventions

CocyaucTble pacctpoictsa / Vascular disorders

87 (20,8 %); pacctpoiictBa HepBHOIM cucteMbl — 50 (11,9 %);
OTKJIOHEeHUsI JJabopaTopHbIX MokazaTeneit — 49 (11,7 %);
nHbekumy 1 nHBa3uu — 45 (10,7 %); ob1ive paccTpoiicT-
Ba— 31 (7,4 %); paccrpoiicta cucteMbl KpoBu — 30 (7,2 %);
MeTaboaMYeCKNe HAPYIIEHUST U HAPYIIEHUsT TUTAaHUS —
28 (6,7 %); cocynuctbie Hapymenust — 17 (4,1 %); Ha-
pyireHruss QyHKIUK MOYEK M MOYEBBIBOMSIIUX ITyTei —
15 (3,6 %). YactoTa BcTpeyaemocT MHbIX HS cocTaBuia

5 10 15 20 25

Konuyectso 3apeructpupoBaHHbix cnyyaes HA, % / Number of registered AEs, %

Puc. 2. Yacmoma HexcenameneHbix senexul (HA), 3apezucmpuposatteix y 10 nayueHmos, 8koHeHHsIX 8 uccnedosarue SUBSCI, 8 meueHue 12 mec HabmodeHus (knac-
cucpukayus CTCAE, v. 5.0). kl1TKY - knemku nynosuHHo-nnayeHmapHoii Kposu yesnosexa

Fig. 2. Frequency of adverse events (AEs) reported in 10 patients included in the SUBSCI study during 12 months of follow-up (CTCAE classification, v. 5.0). HUCBCs — human

umbilical cord blood cells
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Tabnuua 5. Cncok 3apervicTprpoBaHHbIX y naumeHTos (n = 10) Beex HexenatenbHbIx sBnennid (419), knaccuduumpoBaHbix o KputepusM CTCAE (v. 5.0) v paspeneHHbIx no Tsxe-
CT1 Ha 5 cTeneHew

Table 5. List of all adverse events (419) reported in patients (n = 10), classified according to CTCAE (v. 5.0) criteria and divided by severity into 5 degrees

Common number Number of patients
R i e 5 el I

Blood and lymphatic systems disorders

AHeMust
Anemia 7 3 3 4

CHHIPOM OUCCEMUHUPOBAHHOTO BHYTPHUCOCYIN-
CTOTO CBEPTHIBAHUS KPOBU - 1 — — — 1 1
Disseminated intravascular blood coagulation

Jpyrue: neiikonuros mexee 100 000/ mm? g 2 _ _ _ 10 10
Others: leucocytosis less than 100,000/mm?
LD 5 8 3 4 - 30 *

Total

Cardiovascular disorders

Acucronus _ _ _ _ 1 1 1
Asystole
ATpPHOBEHTPUKYJIApHas 6J10Kana 1-i crenenn 1 _ _ _ -~ 1 1
Auriculoventricular block 1 grade
PaccTpoiicTBa mpoBeneHUs _ 1 _ _ _ 1 1
Disorders of heart conduction
JnchyHKIUS MPaBOro XeJryaodKa _ _ _ _ 1 1 1
Right ventricular dysfunction
CuHycoBasi TaXuKapavist

. - . 2 1 — — — 3 3
Sinoventricular tachycardia
Bcero *
Total 3 2 — — 2 7

Acoustic analyzer disorders

CHIXeHHe cTyXa 1 1

Hearing loss - N N 2 2
Bocmanenwne cpenHero yxa _ b _ _ _ ) 1
Otitis media
BectubynsipHbie paccTpoiicTBa _ 1 _ _ _ 1 1
Vestibular disturbance
Bcero *
Total 1 4 B B B >

Endocrine disorders
Cunngpom KymHra 1 _ _ _ _ 1 1
Cushing syndrome
Bcero .
Total 1 - - - - 1

Visual analyzer disorders

Karapakra

Cataract - - 1 - - 1 1

InazHas 6016

E : 1 — — — — 1 1
ye pain

9/
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lMponomkeHue Tabn. 5
Continuation of table 5

Common number Number of patients

of AEs with AEs

Kepatut
Keratitis 2 - - - - 2 1
PetnHonatust _ 1 _ _ _ 1 1
Retinopathy
CHUXeHUe 3peHust _ 3 1 _ _ 4 4
Visual impairment
Bcero *
Total & e 2 - - )

KenynouHo-KuileyHbIe PACCTPOMCTBA
bosb B XuBoTe
Abdominal pain 2 - 1 - - 3 3
AHaJIbHOE KPOBOTEUEHUE _ 1 _ _ _ 1 1
Anal bleeding
Banytue xuBoTa
Abdominal distention 4 2 - - - 6 &
Komnut
Colitis - : N N N : .
3armop
Constipation 6 3 2 - - i 4
Muapes _ _
Diarrhea [ & - 12 .
CyxocTb BO pTY _ _ _
Dry mouth 1 1 2 z
S3Ba NBeHANIATUTIEPCTHOM KUIIIKKA _ 1 _ . _ 1 1
Duodenal ulcer
Hucnencus 4 _ _ _ _ 4 )
Dyspepsia
Henepxanue kana
Faecal incontinence 2 6 B - B . .
MeTteopusm
Gaseous distention 3 4 a a a 7 [
A3Ba xenynxka _ 1 _ _ _ 1 1
Stomach ulcer
Tactpur
Gastritis E - - - - e .
TactpoazodareanbHas pedaroKcHas 60Je3Hb 3 1 _ _ . 4 )
Gastroesophageal reflux discase
Tactpomapes b _ _ _ _ D) )
Gastroparesis
IemoppounaibHOE KpOBOTEUEHUE D) _ _ _ _ D) )
Hemorrhoidal bleeding
Iemoppoii _ 1 _ _ _ 1 1
Haemorrhoids
TomHoTa 1 _ _ . _ 1 1

Nausea
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MponomkeHue Tabn. 5
Continuation of table 5

Common number Number of patients

of AEs with AEs
ITankpeaTur _ 1 _ _ _ 1 1
Pancreatitis
TTapomonTo3
Paradontosis 2 - - - a 2 2
3y6Has 60J1b
Tooth ache 3 1 a a a 4 3
PBota
Vomiting 2 1 - - - 3 3
Bcero o
Total
General disorders, complications on site of injection

O3H00 _ _ _
Chills
Yeranocts 3 _ _ _ _ 3 3
Fatigue
pciss 8 1 - =] = 9 6

ever
Cumnromsr OPBU
ARI symptoms 2 3 1 a a 6 6
Bonb
Pain 4 4 1 = = 9 9

I pyroe: TpaH3UTOpHAasI TUIIepTepMUs MeHee 38 °C

OCJIe BBEICHNS KJIETOYHOTO KOHILIEHTpaTa 2 _ _ . _ ) 2
Other: transient hyperthermia less than 38 °C after

administration of cell concentrate

Bcero o
Total
Hepatobiliary disorders
XoneuucTur _ _ _ _
Cholecystitis
Bcero o
Total
Infections and infestations
ANNEeHINLINUT _ _ _ _
Appendicitis
Nudekuny MoueBOro my3bIpst _ 5 D) _ _ 7 5
Bladder infections
MNudexunu 6poHxoB _ ) 1 _ _ 3 3
Bronchial infections
Karetep-acconurpoBaHHble MH(DEKITUHU _ 1 _ _ _ 1 1
Catheter-associated infections
KOHBIOHKTUBUT
Coni i 1 — — — — 1 1
onjunctivitis
MMIaHT-acconMMpoBaHHbBIC MHMEKIIMNA _ _ _ 1 _ 1 1

Implant-associated infections
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Mudexunum nouex
Kidney infections

JlapuHruT
Laryngitis

udexumm nerkmx
Lung infections

CpenHuit OTUT
Otitis media

MHbeknm moaoBoro 4wieHa
Penile infections

®apuHruT
Pharyngitis

MHbekunm cIoHHBIX XXene3
Salivary gland infections

CuHycUT

Sinusitis

MHdexunm MIrkux TkaHemn
Soft tissue infections

YperpanabHble HHPEKIUHT
Urethral infections

MHpeKInn MOYeBBIBOISIIINX TyTeit

Urinary tract infections

Ipouee: THOMHOE BOCTIAJIEHNE, CBA3aHHOE

C UMILJIAaHTaTOM

Other: implant-associated suppurative inflammation

Bcero
Total

I/IHTpaor[epauHOHHoe KPOBOTECYEHUE

Intraoperative bleeding

Cepoma
Seroma

OCNOXHEHUS CO CTOPOHBI paHbI

Wound complications

Juacta3 KpaeB paHbl
Diastasis of wound edges

Bcero
Total

Tlosbimene AYTB
Increased APTT

IToBbienue AJIT
Increased ALT

ToBsimieHUe meTouHOM hocdaTasbl

Increased alkaline phosphatase

HENPOXUPYPI'US

YAWAR Russian Journal of Neurosurgery
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2

2

26

2

14

1

3

TpaBmbl, OTPaBJIEHUS U OCIOKHEHHS MAHUIY TSI

M3MeHeHus1 Ta00OPATOPHBIX JAHHBIX

Common number
of AEs

12

45

10

lMponomkeHue Tabn. 5
Continuation of table 5

Number of patients
with AEs
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MponomkeHue Tabn. 5
Continuation of table 5

Common number Number of patients

of AEs with AEs
TTosenmenue ACT
Increased AST . 1 - - - . 4
TloBbIlIeHre 0011IEro OUIMPYOrHA 1 _ _ . _ 1 1
Increased total bilirubin
[ToBbiieHue TpornoxnuHa (T) _ _ 1 _ _ 1 1
Increased troponin (T)
TloBsimenne KOK _ _ 1 . _ 1 1
Increased CPK
IToBbIlIeHWE KpeaTUHUHA
=k 2 1 — — - 3 3
Increased creatinine
CHuxeHue ¢hpudpuHoreHa 2 _ _ . _ 2 )
Decreased fibrinogen
TTosenmenre MHO
Increased INR & - ! - - J I
CHMXeHUE KOJIMYecTBa TPOMOOIIUTOB
1 1 1 — - 3 3
Decreased platelet count
[loBbIlIEHKE CEIBOPOTOYHOM aMUJIa3bl 1 _ _ . _ 1 1
Increased serum amylase
IloTeps Beca
Weight loss z . 6 B - e L
Jpyroe: noselilieHUe YpoBHS [-numepa _ 1 1 . _ b D)
Other: increased D-dimer
Bcero *
Total 27 11 11 — - 49
PaccrpoiicTBa MeTa00,11M3Ma U NUILEBbIE PACCTPOHCTBA
Annnos _ _
Acidosis 2 ! ! & 4
Herunpatanus _ _ _
Dehydration 1 2 S .
gmeprﬂHKanﬂ 4 _ 1 _ _ 5 5
yperglycemia
Tunepkanuemus 1 _ _ . _ 1 1
Hyperkalemia
Tunepmununemust
- ; 2 = = = — 2 2
Hyperlipidemia
glnepHamquHﬂ 9 _ _ . 1 3 3
ypernatremia
anoanb6yMH§eMm 5 b 1 _ _ 8 3
Hypoalbuminemia
TunokansryeMust
. 2 — — — - 2 2
Hypocalcemia
Bcero *
Total 19 4 3 — 2 28
MbllIeYHo-CKeJIeTHbIE H COeTHHUTETbHOTKAHHbIE HAPYIIEHUS
Mpi1eyHbIe CrIa3Mbl 4 1 1 _ _ 6 6

Muscle spasms
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lMponomkeHue Tabn. 5
Continuation of table 5

Common number Number of patients

of AEs with AEs

Muanrus
Myalgia
8CTeonop93 3 1 _ _ _ 4 4

Steoporosis
Bonb B koneuHOCTSX 3 2 D) _ _ 7 7
Pain in extremities
Ckomros 1 _ _ _ _ 1 1
Scoliosis
Bcero *
Total 12 6 5 - - 23

Neoplasms (benign, malignant and unspecified)

Jpyroe: Xupypru4ecku yaajleHHbIE MOTUIIbI
KUILIEYHUKA - 1 - — — 1 1
Other: surgically removed intestinal polyps

Bceeo %
Total - 1 - - a 1
Nervous system disorders
T1neueBas miekconaTus . 1 _ _ _ 1 1
Brachial plexopathy
HUcreuyenue LICXK 1 _ _ _ _ 1 1
CSF leakage
TonoBHas 601b
Head ache 3 1 - - - 4 4
Hespanrus
Neuralgia - 1 1 - - 2 2
[Tapecre3un
Paresthesia 1 2 - - - 3 3
IMpunanku -~ _ _ _ 1 1 1
Seizures
SCnaquHOCTb 4 3 1 _ _ 8 8
pasticity
KomMmpeccust cniHHOTO MO3ra _ _ _ 10 _ 10 10
Compression of spinal cord
CHUXEHNE CyXOXMIBHBIX PEPIIEKCOB 2 8 _ _ _ 10 10
Decrease of tendon reflexes
Jpyroe: HIKHAA naparuierus seaeacrsue TCM _ 10 _ _ _ 10 10
Other: lower paraplegia as a consequence of SCI
L0 nm 2 2 10 1 50 *
Total
Psychiatric disorders
TpeBoXXHOCT 1 _ _ _ _ 1 1
Anxiety
Hemnpeccus _ _ _
Depression 3 1 4 4
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MponomkeHue Tabn. 5
Continuation of table 5

Common number Number of patients
e e e s et I

Diidopust

Euphory - 1 - - - 1 1
Bcero

Total 4 1 1 - - 6 @

Renal and urinary tract disorders

[mroko3ypust 0 _ _ _ — 2 2
Glycosuria

Temarypust 1 1 _ _ — 2 2
Hematuria

IIpoTeunypust

Proteinuria . ; B B B > s
TToyeuyHble KaMHU _ 1 _ _ _ 1 1
Kidney stones

Henepxanue moun

Incontinence of urine 2 . B B B > .
Bcero *
Total 2 6 - B - 15
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172)

OpeKTUIbHAS TUCHYHKIIMST 4

Erectile dysfunction - = = — 4 4
HeperynsipHblit MEHCTPYaJIbHBIN IIUKIT _ | 3 B B . 1
Menstrual disorders

Bcero _ . . ~ _ s .

Total

Respiratory, breast and mediastinal disorders

JIpyroe: mocIeonepaoHHbIi THAPOTOPAKC . _ 1 _ _ 1 1
Other: postoperative hydrothorax

Bcero *
Total - - 1 - - 1

Diseases of the skin and subcutaneous tissue

Jlpyroe: moBEpXHOCTHBIE MPOJIEKHU B ATOAUYHON
¥ TIITOYHOU 00JIACTSIX - 1 1 — — 2 2
Other: superficial bed-sores in gluteal and calcaneal areas

Bcero
Total 1 1 - - 2 *

Surgical and other medical interventions

M pyroe: Murparus u/uiv OTTOpXKeHe UMIUIAHTa _ 1
Other: migration and/or implant rejection

Bcero *
Total 1 - - 1

Vascular disorders

Temaroma
1 1
Hematoma
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OKoHYaHKe Tabn. 5
End of table 5

Common number Number of patients

of AEs with AEs
[uneprensus 1 3 _ _ _ 4 4
Hypertension
Tunorensus 2 2 _ _ 1 5 5
Hypotension
TpoM603MO0INYECKUE OCTOXKHEHUS _ _ _ _ 1 1 1

tromboembolic complications

Jlpyroe: TpoM003 IIyOOKHMX BEH HUKHUX KOHEY-
HOCTel 3 1 1 — — 5 5
Other: deep vein thrombosis

Bcero

Total 6 7 2 — 2 17 *
BCEIO

TOTAL 187 151 57 17 7 419 *

Ilpumenanue. A4TB — axmuesuposannoe wacmuunoe mpombonsacmutosoe epemsi; KOK — kpeamungocgpoxunaza; MHO — mexncoynapoornoe nopmanu-
306anHoe omuowenue; H — nexcenamenvhoie seaenus; OPBH — ocmpas pecnupamopnas aupychas ungekyus,; L[CXK — yepebpocnunanvras
acudxocmo. Cmenenu maxncecmu HA: 1 — aeekue, 2 — ymepennvie, 3 — msicenvie, 4 — onacHoie 015 Hcuznu, 5 — aremanvhvie HA; (— ) — nem; (*) —
danHble COOMEemcmeyoueeo cmoadya Heav3s CyMMUpo8ams, nOCKoAbKy nexomopuie HA moeau 6oims 3apecucmpuposanst y 00H020 nayueHma
HecKoabKo pa3 6 mewenue 12 mec Habaodenus, a 3uavum, uucao nayuenmog ¢ HJ moscem 6vimo menvuie o6ueeo yucaa HA. Cm. npum. k maba. 1.

Note. APTT — activated partial thromboplastin time; CPK — creatine phosphokinase; INR — international normalized ratio; AE — adverse events;

ARVI — acute respiratory viral infection; CSF — cerebrospinal fluid. AE severity grades: 1 — mild, 2 — moderate, 3 — severe, 4 — life-threatening,

5 — fatal AE; ( — ) no; (*) data in the corresponding column cannot be summed up, since some AEs could be registered in one patient several times during
12 months of observation, which means that the number of patients with AEs could be less than the total number of AEs. See note to Table 1.

Tabnuua 6. MepBuyHas oLieHKa 3PHEKTUBHOCTY KIETOHHO Tepanum

Table 6. Initial evaluation of the cell therapy efeectiveness

Severity of neurological deficit (ASIA) Motor functions (LEMS), scores
Patient Difference in the severity
(No.) HCXONHO  4Yepe3 6 mec  uepe3 12 mec of neurological deficit between baseline HCXOJHO yepe3 12 mec
and in 12 months (ASIA), scores

1 A C C 2 0 14
2 B D E 3 0 50
3 A D D 3 0 39
4 B D E 3 0 50
5 A - = - v -
6 A B B 1 0 0
7 A C C 2 v 2
8 B D D 2 0 46
9 A C C 2 0 26
10 B D D 2 0 45
Cpennee 3HaueHHE 2.2 0 31
Mean value ’

,g;llfngrzasoﬂ 1-3 0-0 0-50

Ilpumenanue. Cm. npum. k maoa. 1.
Note. See notes to Table 1.
|



OpuruHanbHas pabota | Original report

HENPOXNPYPI'US

MeHee 3 %. duarpamma, oTpaxaloliiast pacrpeaenaeHue 3a-
peructpupoBaHHbIXx HA mo rpymmam, mpenacraBicHa
Ha puc. 2.

HexenarenbHble siBjeHus 4-ii cTeneHn TskecTH (onac-
Hble 11 XKu3Hu). BeisgeiaeHo 17 takux HS, B Tom umcie
4 ciyyast aHemuu (Tsexenoii crenenu, Hb <60 r/a), pas-
BUBIINXCS Y 3 TAIIMEHTOB ITOCJIE XUPYPIMIECKOTO BMEIIIa-
TenbeTBa Ny 1 — nocite mepeHeceHHo# TOJIA. OcranbHble
HS 4-it cremeHn BKIIOYAIW CIIydan MMILIAHT-aCCOIM-
MPOBAHHOTO BocaleHNS (1 = 2) 1 MHOUITUPOBAHMST MSIT-
KUX TKaHel B 00J1acTu orreparuu (# = 1), CBI3aHHBIE C TTO-
clieonepallMOHHOM JuKBopeeid. B oboux ciydasix Obuin
MIPOBeIcHbI PEBU3NOHHBIC OTIepaTUBHBIC BMEIIATEILCTBA
W Tepanus aHTHOMOTUKAMM IIMPOKOTO CTIIEKTPa IeHCTBUS
(1 mx komOMHaIMsIMK). HeBponornueckue ocioXHEHUS
4-ii crertern: 10 cirydaeB HIKHEH ITaparuieTun, KOTOPBIE,
04eBUIHO, ObLTH CBsI3aHBI ¢ TCM.

HexenarebHble ABJIeHHS 5-ii cTeneHH TsKecTH (Jie-
Tanbhble). Bce Takne HS O0pumn 3apeructpupoBaHs y 1 1a-
LIMEHTa, CKOHYABIIIETOCs Ha 16-e CyTKU IOcjie TpaBMbI
BcnencTBue MaccuBHOM TOJIA Ha doHe GIOTUPYIOLIETO
TpoM003a BeH HIDKHUX KOHeuHOocTei. [IprmumHa cMepTr
ObUTa TTOATBEPXKIEeHA TAaHHBIMM CYIcOHO-MEIUITMHCKON
9KCIepTU3bl. JIaHHbBIN MalMeHT He ObUT BKJIIOYEH B Jajb-
Helmuit aHanmu3 3¢p¢GeKTUBHOCTH KJIETOUHOM Teparnuu.
IloapoOHbI#t crucok BhIsIBIeHHBIX HS mpeacraBieH
B Ta0J. 3.

IToTeHnuanbHas CBS3b HexKeJaTeIbHbIX SABJIEHHI C MPOo-
BOJAMMOIi KJ1€TOYHO# Tepamueii. [To JTaHHBIM aHaIM3a BCEX
419 HA y 10 maumeHTOB B TeUeHHE 0O0CEPBAIIMOHHOTO
nepuona (12 Mec) orpenesieHHO CBI3aHHBIX U BEPOSITHO
CBSI3aHHBIX C KJIeTO9HOI Tepanueit HS He BeisiBieHO. /IBa
H oTHeceHbI K TpyIiIie «BO3MOXKHO CBSI3aHHBIX»: B 000UX
CITyJasix 3To OblIa KpaTKOBpeMEeHHasI cyoheOprIbHasI TH-
neprepMust (<38 °C) B TeueHHUe 3 4 ITOCTIC BBEICHMS KIIe-
tok IITTIKY. JIng KynupoBaHUs TUTIEPTEPMUN BBEIEHUE
MOTIOTHUTENBHBIX JIEKAPCTBEHHBIX CPEICTB MM WHBIC
BMeIIaTeIbcTBa He moTpeboBanuchk. OcranbHble 417 HA
OTHECEHBI K TPYIIIIe «OIPeneIecHHO He CBI3aHHBIX C TIPO-
BOAMMOI KJeTouyHol Tepanueit». IlogpodoHast nuHpop-
Mamus O CTPYKType B3aMMOCBSI3U BBISIBJIeHHBIX HSI
C MPOBOJAMMOM KJIETOYHOM Tepamuell mpeacTaBieHa
Ha puc. 1 u B Tabm. 5.

B xone ananuza noreHanbHbIX TIposiBaeHuit PTIIX
B TEUECHHE BCETro 00CepBaIllMOHHOTO TIeproaIa He OBLIO BbI-
SIBJICHO HY OTHOTO CJIy4yasi. YUUTHIBAIN OOIINE CUMITTOMBI
PTIIX, KoxXHbIe peakiyM, IPOSIBJIEHUSI CO CTOPOHBI Meve-
HOYHOI1 CCTEMBI M OPTaHOB MUIIeBapeHus. B koHIIe 00-
CepBaIIMOHHOTO TepHOoIa IS 5 MallMeHTOB ObLIa IIPOBE-
meHa HempsiMas peaknus KymOca ¢ BBeZeHHBIMH
00pa3amMy KJIETOK TSI MCKITIOUeHUST HaTm4ans 3 hekra
“UMMyHU3aLuu. Bo Bcex 5 ciyyasix pe3yabraT ObL1 OTpU-
LIaTeJbHBIM, 9TO ITOATBEPKIACT MMMYHOJIOTUIECKYIO Ha-
MBHOCTb MOHOHYKJIeapHbIX KJ1eToK ITITKY u oTcyrcTBue
Y BceX 00CIeIOBaHHBIX MAIIMEHTOB UMMYHHU3AIINH K BBE-
JIIEHHBIM 00pas3iiaMm.
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NEPBUYHAS OLEHKA 3O®EKTUBHOCTU KJTETOYHON

TEPANIUN

OneHUBaIM ABa B3aUMOCBSI3aHHBIX ITapaMeTpa: ypo-
BeHB HeBpoJIormaeckoro aedummnra (ASIA) n gBUTATETH-
HyI0 GYHKIMIO HIKHUX KoHeuHOocTel (LEMS). Ucxon-
HO BC€ BKIIFOUCHHBIC B UCCIICAOBaHNE TTAITUEHTH UMEIN
ypoBeHb nedunmta ASIA A wim B u 0 6ayutoB mo mkae
LEMS.

‘YpoBeHb HeBpOIOTHYECKOro Aedunura. AHaaIu3 MpoBO-
I Yy 9 ManeHToB, Tak Kak 1 marreHT ObLI UCKITIOUeH
3 aHanm3a 3pdekTuBHOCTU Tocie srm3ona TOJIA. Bee
0OJIBHBIC TTPOIEMOHCTPUPOBAIM XOPOIIHIT OTBET Ha KJIe-
TOYHYIO TEpaInio, 3a MCKIIOYCHNEM OTHOM MAllMEHTKU.
VY GosbiurHeTBa manueHToB (n =5 (56 %)) oTMeueHo no-
BhIIeHMe TTokaszaTenst ASIA Ha 2 6amna: ¢ ypoBHst ASIA A
10 C (n=3 (30 %)) nu6o ¢ yposHst ASIA B no D (n =2
(22 %)). Y nexoropsix matmeHToB (1 = 3 (30 %)) otMmeue-
HO yBelmdeHMe Tmokasaresiss ASIA Ha 3 6ama: ¢ ypoBHS
ASIA B 1o E (n =2 (22 %)) 1u6o ¢ ypoBHst ASIA A no D
(n=1 (1 %)). Y nauyeHTKH C MOJTHBIM CIIETTUBIINMCS
BeIBMXOM TT03BOHKA Th11 moka3arenb ASIA noctur ypoB-
Hs B (ucxomnasbiit ypoBeHb — ASIA A): y Hee 3ahuKcHpo-
BaHO YACTMYHOE BOCCTAHOBIICHNE TTTYOOKOI YyBCTBUTEIIb-
HocTH. OMHAKO BOCCTAHOBJICHUS IBUTATEIbHON (DYHKITNI
He npousonuio. [Tociae okoHYaHUST 00CEPBAIIMOHHOIO
nepurona (12 Mec) y maHHOM ITAIIMEHTKY BBISIBIICH IaJIb-
HEHUIINI perpecc HeBPOJIOTMUECKOTO Ne(PUIINTA 10 YPOBHS
ASIA C (uepes 2 rona 4 mecsiiia mociie TCM): mossBUImuCh
IBWKEHUSI B HIDKHMX KOHEYHOCTSIX C CHJION MBIIIIIL JO
1—2 6atoB, 4TO, OMHAKO, HE TOBJIMSIO HA BO3MOXKXHOCTD
BepTUKAJIN3AIIMA M CAMOCTOSITEJIBHOTO TICPEIBIIKCHUSI.
Tem He MeHee MBI HE YYUTBIBAJIA 3TOT PE3yJIbTaT B HAIIIEM
aHaJIN3e, MMOCKOJIBKY 3T CUMIITOMBI IIPOSBUINCH ITOCIIE
obcepBanmoHHOro nepuona. CpemHUI ypOBeHb perpecca
HeBpoJiorndeckoro aedumra mo mkane ASIA — 2,2 6an-
J1a (Imara3oH cocTaBuiI 1—3 0aia).

JInHaMHKa BOCCTAHOBJIEHHS IBHUTATeIbHON (yHKIMH
B KOHeyHoCTAX. Y 6 (67 %) maimeHTOB MoKa3areib 1o
mkaie LEMS uepe3 12 Mec nipeBbicun 25 6amioB. [Topor
B 25 6aJU1I0B KpUTUYECKM BaXKHbIN I TalimeHToB ¢ TCM:
5TO MUHUMAJIbHOE 3HAYECHUE AJIS1 CAMOCTOSITEJIbHOU BEp-
TUKAJT3aIIH.

V2 (22 %) nauKeHTOB OTMEYEHO ITOJIHOE BOCCTAHOB-
JleHne (PyHKUMIA CITMHHOTO Mo3ra: TToka3areiab LEMS no-
cturai 50 6ay1oB (HOpMa), a ypOBEHb HEBPOJIOTMYECKOTO
nedunmra perpeccuponai 10 ASIA E (orcyrerBue nedu-
uuTa). Y 2 Ipyrux NalMeHTOB BRISIBICHO YaCTHIHOE BOC-
CTaHOBJICHWE OBUTaTeJbHOU (pyHKIMU: 14 m 9 GamioB
o mkajge LEMS. ¥V | manuenTkn 3¢ dekra KIeTOTHOM
TepaIiy B OTHOIIIEHNH IBUTATEIbHON (DYyHKIIUM HE OBLIO:
K KOHITy 00cepBallMOHHOTO Tteprona (12 Mec mocite TpaB-
MbI) TTokasatesib LEMS cocraBun 0 6aiioB; yepe3 2 roga
4 mecsua — 6 6aioB. O6Iuid cpenHuii yposeHb LEMS
B KOHIIE cpoKa HaOmomneHnsI — 31 6ajut (auarma3oH COCTaBIIT
0—50 6amnoB). [TompobHOE omMcaHe HEBPOJIOTHTIECKOTO
cTaTyca M MCXOMIOB JieueHusI IIPeACTaBIeHO B Tabl. 6.
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HeBponornyecknue wmcxombl JIEUCHUS ITALIMEHTOB
¢ octpbiM YCM TsEKeJI0l CTeTIeH! TI0CIE TIPOBEICHMS Te-
panuu kiaetkamu [TTTKY 6b111 mpoaHatn3upoBaHbI ITyTeM
CpaBHEHMST HCXOIHBIX ITOKA3aTeJIei, a TAKKE TaHHBIX 9e-
pe3 6 u 12 mec rtociie TpaBmbl. [Tokazarens LEMS onenn-
BaJICs IO 5-0aJIbHON 1IKaje B 5 KIIIOYEBBIX I'Pymmax
MBI HIDKHUX KOHEYHOCTEH. Y BCeX MallMeHTOB TaHHBIN
Imoka3artejib cocTanisti () 0aaIoB Ha MCXOTHOM YPOBHE,
YTO COOTBETCTBOBAJIO ypoBHIO ASIA A mnu B. UcxonHble
3HAYCHUS OIICHUBAJIN IIPH ITOCTYIUICHUH TTALIMEHTOB U TIe-
pel IIepBUIHBIM OTIepaTUBHBIM BMeIIaTe IbcTBOM. [Toka-
3aTen yepe3 6 Mec OLeHUBaIU B TeAe(OHHOM OIPOCe
WIN BO BpeMs JMYHBIX IMMOCeIleHui, dyepe3 1 rom —
IIPY JIMIHOM TOCEIIeHUHN TTAIIMEHTOB 110 OKOHYAHUH CPO-
Ka HaOJIIOneHUS.

OBCYXIOEHME N 0B30P

[IpencraBieHHOE OTKPBHITOS PAHIOMU3MPOBAHHOE
KImHM4YecKoe nccirenoanue, gasa I (SUBSCI 1) craBmino
LIEJIBIO OLICHKY 0e30IMaCHOCTU U MepBUIHON 3 HEKTUB-
HOCTH KJICTOYHO Teparmu, IpoBeaecHHON 10 B3poCIbIM
mareaTaM ¢ YCM (Ha mIeitHOM /TpyTHOM /BepXHEIIOsIC-
HUYHOM YPOBHE) TSDKEJIOM CTEIICHU B OCTPOM ITEpHOIE
1 ¢ TpyOBIM HeBpostiormaecknm nedurmrom (ASIA A wm B).
IIpoBeneHo 4 BHYTPUBEHHBIX BBEICHUS aJJIOTCHHBIX OaH-
KMPOBaHHBIX KPMOKOHCEPBHPOBAHHBIX MOHOHYKIICAPHBIX
kietok ITTTKY, mogo6paHHBIX 11O FPYIIIie KPOBU U pe3yc-
dakTopy, Ho 6e3 yueta HLA (aHTUTeHHOIT COBMECTUMO-
ctr). CpenHsis 103a XXU3HECITOCOOHBIX MOHOHYKJICAPHBIX
knerok ITTTKY cocrasuna 1,48 x 107 knetok. ITepBoe BBe-
IIeHNe B Kypce TIPOBOAMIN He TTO3IHee 3 CYT IOCJIe MOJTy-
YeHUS MTaIlieHTOM TPaBMBI.

TouHoe 3HaueHME 3PGEKTUBHON TepareBTUUECKOM
1036 MOHOHYKIeapHbIX KieToK [TITKY ngns cucremHoi
KJIeTOYHOI Tepanuu KoHTy3moHHOU TCM B ocTpoM
Iepuoe IoKa 0cTaeTcsl He U3BeCTHBIM. B cirydae mpe-
CTaBJICHHOTO MCCJICIOBAHUS MO3bI OBLIM OIpEIe/ICHBI
SMIUPUIECKU, C YUETOM HMeIomeiics MH(popMannu
0 Oe3omacHOCTH W 3(P(PEeKTUBHOCTH B APYTUX 3ape-
TUCTPUPOBAHHBIX KIMHUYECKUX HMCCIeTOBaHUIX [22].
BaxHO OTMETHTB, YTO 00IIce YMCIIO SIAPOCOACPKAIIIX
KJIETOK, TIOJTy4eHHBIX YIaCTHUKAMM U pa3le/IcHHBIX Ha
4 nHDY3UH, OBUTO COITOCTABUMO C OMHOKPATHOM J0301,
BBOIMMOI1 MAIIMEHTAM B APYTUX KIIMHUICCKUX UCCIIETO0-
BaHMSAX, HAalpUMep B KIMHUYECKOM HCCJIeTOBaAaHUU
D.T. Laskowitz u coaBT. [22] omHOKpaTHas1 MHGY3US CO-
craBua (0,83—3,34) x 107 kieToK.

OcHoBHag 3amaJa 1-it ¢a3sl McclieTOBaHMS — OIICHKA
0€e30IMacHOCTU KJIETOYHOM Tepanuu. AHanu3 Bcex H,
BBISIBICHHBIX B T€UYCHHE OOCEPBAIIMOHHOIO IIeproja
(12 Mec), IPOIEMOHCTPUPOBAII, YTO CUCTEMHOE BBEICHIE
aJIJIOTeHHBIX 0aHKMPOBAHHBIX KPUOKOHCEPBUPOBAHHBIX
MoHoHYykJIeapHbix KiaeTok [IIIKY, momobpaHHBIX IO
rpymrie u pesyc-gaxkropy, Ho 6e3 yueta HLLA anTureHHoi
COBMECTUMOCTH, 0Ka3aJI0Ch O€30IaCHBIM U XOPOIIIO TTe-
PEHOCHJIOCHh BCEMHU BKIIIOYCHHBIMHU B MCCJIeTOBaHUE

naneHTamMu. [lomasistioniee OOJIBITMHCTBO 3apETUCTPH-
poBaHHBIX HS OTHOCHIIOCH K JIETKOM CTEIIeHU TSKECTHU
(187 (44,6 %)) n cpenneii TskectH (151 (36,0 %)). Tsokenmbix
HA (57 (13,7 %)) w omacHbix s xusuu (17 (4,1 %))
OBLIO 3HAYNUTEIFHO MEHBIIIE. Y 1 IMalmeHTa 3aperucTpr-
poBano 7 (1,7 %) HS 5-i ctenenm TsiKkecTH (M3-3a me-
peHeceHHOI (aTanbHO#t MaccuBHOU TOJIA) Ha doHe
GIOTUPYIOMUX TPOMOO30B BeH HMKHUX KOHETHOCTEH
(cM. Tabm. 5). laHHBIE TOCMEPTHOTO MCCIICIOBAHUSI IO -
TBEPAWIIN, YTO MPUIMHON cMepTu mociyxkuiaa TOJIA,
KOTOpas ¥ IpMBeJia K Pa3BUTUIO BCeX BHISIBICHHBIX H
5-ii crenenn. HexxenaTeapHBIC ABICHUS 3-11 U 4-1i cTeTIeHE i
BKJTIOYAJI MHOXKECTBECHHBIC OCJIOXKHEHUSI U COIYTCTBYIO-
IIYIO TIATOJIOTHIO, cBsI3aHHYI0 ¢ TCM (3KemyaoYHO-KUIIIeY-
HBIe M THOEKIIMOHHBIE OCIOKHEHMST, HApYIIICHUSI OOMEeHa
BEIIIECTB, MUAJITUH, MBIIIICYHO-TOHUIECKUI CHHIPOM U TIP. ),
XUPYPTUUECKUAM JIeUeHUEM (TsoKes1as aHeMUsI BCIICICTBHE
MHTpaoIepallMOHHON KPOBOIIOTEPH) M IUINTEBEHBIM Ha-
XOXIEeHUEM B TIOCTeNN (CHIDKEHHE Beca, TPOMOO3 BEH)
(cm. Tabm. 5). Xapakrep cBa3u HA ¢ mpoBoamnmMoit Kiretod-
HOM Tepamueil: MOYTH BCe 3apeTrncTpupoBaHHBIe H
(417 (99,5 %)) 6bLTM «OTpeieIeHHO He CBSI3aHbI C KIIeTOY-
Hoii Tepanueit». Toabko B 2 (0,5 %) ciiy4yasix BhISIBICHHbBIE
HSI nerkoii creneHu ObLIM «BO3MOXKHO, CBSI3aHEI C IIPOBO-
MO KJIETOYHOM Tepanueii». O0a COOBITHS TTPeaCTaBIs -
JI cO0O0M KPaTKOBPEMEHHYIO cyOo(eOpIIbHYIO TUTIEPTEP-
muio (MeHee 38 °C) B TeueHMe 2 4 TI0CJIE BBEAEHUS KIIETOK.
B 06oux cirydasix He moTpeboBaIOCh TPUMEHEHUS JIeKap-
CTBEHHBIX IIPEIIapaToOB, TAK KAaK TUIIEPTEPMHUS PETPECCH-
poBaJia caMOCTOSITeIbHO. OYEeBUIHO, YTO Y TTOCTPATABIINX
¢ TCM Hepenko HaOIOAIOTCS pa3IuYHble TH(PEKIINOH-
HBIE OCJIOXKHEHMSI, IPUBOISINNE K SMU30IaM TUIIepTEP-
mun. [1pr 3TOM y BceX NCITBITYeMBIX He OBLIIO BBISIBICHO
npusHakoB PTIIX. Ilo ucreyueHnn odGcepBaLIMOHHOTO
Teprona HaM TaksKe YIajaoCh MPOBECTH aHAIN3 Ha HAJTMIHE
MMMYHHBIX peaKIINii B OTHOIIICHUH BBEICHHBIX 00pa3IioB
KJIETOK V 5 MalMeHTOB (IpyTrue MalnueHThH Ha MOMEHT
aHaJM3a OBLIM HEIOCTYITHBI), BO BCEX CIIyJasiX Pe3yJIbTar
OBLT OTpUIIATEABHBIM. TakKMM 00pa3oM, ITOJIyYeHHEIE
IaHHBIE CBUACTEIILCTBYIOT O TOM, YTO aJUIOTEHHBIE KJIET-
ku [TITKY 6e30macHBI 1 XOPOIIIO MEPEHOCITCS MallueH-
Tamu ¢ TCM.

Borpoc o cpokax BocCTaHOBJICHUS MALIMEHTOB TTOCIIE
TCM unm o cpokax IpOBEIACHMST peTeHepaTUBHOM Tepa-
MUY IO CHX TTOP BBI3BIBAET CTIIOPHI B HAYYHOM COOOIIIECTBE
[23]. loka3aHa 3HAUMMOCTb paHHETO ITPOBEICHUS XUPYP-
TUIECKOM IEKOMIIPECCHH U CTAOMIN3aIINH TTO3BOHOYHUKA
y mamuenToB ¢ TCM [7, 8]. Tem He MeHee HO CUX TIOP
HE oIpeesIeHbl JoKa3aHHbIe ONTUMAIBHBIE CPOKHU TIPO-
BeICHUSI KJICTOYHOM Tepanin. Y OOJIBIITMHCTBA MAllIeHTOB
¢ TCM nabmozaiach HanbobIIas CTENEHb BOCCTAHOBIIE -
HMSI HEBPOJIOTMUECKMX (QYHKIUIA B TeueHHe 6 Mec Toce
TpaBMBbI, TIPX 3TOM caMasi BEICOKAsI CKOPOCTh BOCCTAHOB-
JIeHWs1 HaOJrogaaach B TedeHue TepBeIx 3 Mec [5]. Kak
paBWIO, (PYHKIIMOHAIBHOE YIYYIIIEHUE MOTJIO Pa3BH-
BaTbCs B TeUeHHUE 12 Mec, B HEKOTOPBIX CIIyJasiX — JOJIbIIIE.
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DTO MOCTYKUIIO TPUINHOMN OrpaHUYEeHUs 00CePBaIIMOH-
HOTO TIepHroaa OTHUM TOIOM. Y BCeX ITallMeHTOB, KPOMeE
OIIHOTO, HAOJTI0HAIaCh BEICOKASI CTEIIEHb BOCCTAHOBJICHMS
3a 12 Mec HaOMIOAEHUS, C HAMOOIbIIEH TMHAMUKON BOC-
CTaHOBJICHUS IBUTATEIbHBIX (DYHKIINI B TeUCHUE TTIEPBHIX
6 mec. bonee nonoBuHBI (5 13 9) BKIIIOYEHHBIX B UCCIIEN0-
BaHVE MAIIMEHTOB JOCTUTIM MAaKCUMAaJIBHOTO YPOBHS BOC-
CTAaHOBJIEHUsI B TeueHue 6 Mec mocie noaydeHuss TCM.
B octanbHbIx cityuasix (4 n3 9) 3TOT ieprof ObLT HECKOJTb-
KO moJtbIiie — 10 9 Mec. 3a mepuon 9—12 Mec OT MOMEHTa
mosryaeHnst TCM HHUKaKUX CYIIECTBEHHBIX M3MEHCHUIU
B HEBPOJIOTUYECKOM CTaTyce MAIMEeHTOB He 3a(pMKCH-
pOBaHO.

Kpowme Toro, mccienoBaHmue mpoaeMOHCTPUPOBAIO
BBICOKYIO TIEpBUYHYIO 3(D(DEKTUBHOCTH KJIETOUHOI Tepa-
. OTKPHITHI TW3aifH NCCIeI0BaHUS M Majloe YMCIIO
BKJTIOUCHHBIX MTAIIMEHTOB HE TTO3BOJISIIOT C BHICOKOM CTe-
IIEHBIO TOCTOBEPHOCTH CYIUTh O HAIMINU TepaIrieBTUIC-
ckoro adpekra. OmHaKO TEHAEHLIMS K (PYHKIIMOHAIBHOMY
BOCCTAaHOBJICHMIO OKa3aJlach Topas3no BEHIIIE, YeM OBLIO
ormcaHo paHee. OMMH M3 CaMBIX OOJIBIITNX METaaHAIN30B
KpYIHEHIIMX KOTOPTHBIX ucciienoBanuii B.A. Lee 1 coaBT.
prurouan 661 maumenTta ¢ TCM Ha rpygHOM ypoBHE 6e3
KJIETOYHOM Teparmu [5]. ABTOpBI ITokasaiu, 4to 'y 84,5 % ma-
MeHTOB ¢ aeurmuToM ASIA A ypoBeHb HEBPOJIOTUIECKO-
ro neuIInTa He U3MEHWICS B TedeHNe 12 Mec ¢ MOMeHTa
IOJIy4€HUSI TPAaBMBbI, U TOIbKO Y 7,7 % uccieayeMbIX 3a-
PETUCTPUPOBAHO BOCCTaHOBJeHNe (Ha 1 0aju1 10 ypOBHS
ASIA B) [5]. B To BpeMsI KaKk B HACTOSIIIEM UCCJICIOBAHUM
(SUBSCI 1) y 56 % y4acTHMKOB OTMEYEHO BOCCTAHOBJIE-
Hue Ha 2 6aya 1o mkane ASIA: y 3 mauueHTOB — OT A
1m0 C,y2 — ot B o D; y 30 % uccienyeMbIx BOCCTaHOB-
JeHne coctaBuio 3 6amra:y 1 —orAgo D,y2 —or B
1o E. Ilo nanusiM B.A. Lee u coaBrt., Tonbko 4,6 % marm-
eHtoB ¢ ASIA A mocturim ypoBHS D, m HA y OMHOTO He
IIPOM3OIIIIO TIOJIHOTO perpecca HeBPOJIOTUIECKOTO nedu-
mwmra (1o ypoBHst ASIA E), kpome Toro, Tonbko 2,9 % narm-
eHTOoB ¢ ASIA B nonmHocThio BoccraHoBrich 10 ASIA E [5].
MoXXHO clenarh 3aKII0YeHIE, YTO YPOBEHD BOCCTAHOBIIE-
HUSI TIOCJIe KIIETOYHOM Tepalliy B IIPEICTABICHHOM HCCIIe-
noBanuu SUBSCI I oka3ajics HaMHOTO BBIIIIE TI0 CpaBHE-
HUIO C TaHHBIMU JIUTepaTypbl. OCOOEHHO BaXKHO OTMETUTD
BO3MOXHOCTb MOJTHOTO (DYHKIIMOHAJILHOTO BOCCTAHOBJIC-
HUSA y TaureHToB ¢ ocTpoiit TCM 1 McxomHOM TTaparuierueii,
KOTOPBIE TTOTyYaJIM KJIIETOUHYIO TePaInio.

3HAYNTEILHO OTIMYAJIOCh U YIYUIIEHHEe MOTOPHOM
¢GYyHKIIMM HIXKHUX KOHeYHocTel (mo mkaine LEMS):
B nnpencraBiaeHHoM uccienoanuu SUBSCI I mocie mpo-
BeIeHHOI KJIETOYHOMI Teparnnu 3a(DMKCUPOBAHO YITydIIle-
Hue Ha 50 6aymoB y 2 mareHToB ¢ ASIA B 1 Ha 25 (1 60-
nee) 6autoB y 6 manneHToB ¢ ASIA A; B pabote B.A. Lee
U COAaBT. [5] ynyulieHue 6e3 mpoBeAecHUSI KIETOYHOM Te-
panuu coctaBuio 4,1 u 1,5 6aya cooTBETCTBEHHO.

B Hamueii pabote y omHOM MallMEHTKUA U3 OIBITHOM
TPYIIIBI B TEYSHUE OOCEPBALIMOHHOTO TIEPHOIa BOCCTAHOB-
JICHWE ABUTATEIbHON (PYHKIIMM HUKHUX KOHEUHOCTEH
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HE TIPOM30IILIO, OBUT OTMEUEH JIMIITh YACTUIHEIN perpecc
YYBCTBUTENBbHBIX HapymeHuit. Crycts 2 roma 4 mecsiia
OBLIIO BBISIBIICHO HEKOTOPOE YIYUIICHUE: BOCCTAHOBICHUE
ypoBHsT HeBpoJiornyeckoro nedunura 1o ASIA C u nBu-
rareJabHOI (PYHKIMN HIDKHUX KOHEYHOCTE — 1o 9 0ajuioB
LEMS. Heo6xonuMo OTMETHUTD, UTO Y JTaHHOI MallMEHTKA
ObLT TSDKEbI MexaHu3M TCM (HeymauHoe BEITTOTHEHUE
CaJIbTO Ha 0aTyTe), YTO MPUBEJIO K ITOJTHOMY ABYCTOPOH-
HeMY CLICTIMBIIIEMYCS BRIBUXY 1T03BOHKa Th11 1 TsoKemomy
Pa3MO3KEHUIO CITMHHOTO MO03Ta. YyBCTBUTEIBHOCTD CO-
BpeMeHHBIX armmaparoB MPT He Bcerma mo3BoiisieT nud-
(epeHIIIpPOBaATH YIIMO U TIEPEPHIB CIMHHOTO Mo3ra. Be-
POSITHO, He3((HEKTMBHOCTD KJIIETOUHOU TepaIliy Y JAHHOM
MAallMEeHTKN, 110 CPaBHEHUIO C IPYTUMHM YJaCTHHUKAMU
HCCIIeOBaHMS, OblIa BEI3BaHA IMEHHO OTCYTCTBHEM TUD-
(bepeHIIMPOBKH CTPYKTYPHI TTOBPEXKICHIS CITMTHHOTO MO3Ta,
CBSI3aHHOI ¢ OTpaHMYCHUEM BO3MOKHOCTEH MHCTPYMEH-
TaJIbHOW AMarHOCTUKHM.

TouHbIe MEXaHU3MBI TEPATIEBTUICCKOTO BO3MECHCTBIUS
kyerok INITKY npu cucteMHOM MPUMEHEHUH €l11ie TOJIbKO
MPEICTOUT ONPEAECTUTD, HO B ONIMCAHUU IKCIIEPUMEHTOB
Ha XXMBOTHBIX YK€ OBIIIO TIPEIOKEHO HECKOJIBKO BO3MOXK-
HBIX MEXaHU3MOB. B imTepaType mpencTaBiIeHbI 1Ba CITIOP-
HBIX MHEHUSI OTHOCHTEJIPHO MUTPAIIMU KJIETOK K MECTy
noBpexaeHus1. [lo MHEHIIO HEKOTOPHIX aBTOPOB, KJIETKHI
III1KY, BBemeHHbIE B CUCTEMHBIII KPOBOTOK, CIIOCOOHBI
MUTPHPOBATh B 00JIACTh OBPEXICHUS CITMHHOTO MO3Ta,
rae oHu 1 epeHMPYyIOTCS B HEPBHBIE KJIETKU U CITO-
COOCTBYIOT pereHepaly oBpeXkaeHHoM TKaHu [24]. Ipy-
TYie aBTOPBI ITOJIArafoT, YTO KJIETKHU HE CITOCOOHBI TTPONTH
yepes reMaTo-ClMHaIbHbINA 6apbep (I1axke MOBPEXAEHHbBIN
B pe3y/ibraTe TpaBMBI) U peau3yIOT CBOM TepareBTUYC-
CKUI1 MOTeHIINAJ ITyTeM aKTUBAIIUN HEUPOTPODHUUIECKHUX,
HEHPOIIPOTEKTOPHBIX M TTApaKPUHHBIX MeXaHN3MOB. Ce-
KpeThpyeMbie (DaKTOPBI CIIOCOOCTBYIOT IIACTUIHOCTH I10-
BPEXIECHHOTO CITMHHOTO MO3Ta, 3aIMIIAs ITOBPEXKICHHBIC
KJIETKU ¥ aKCOHBI, CITOCOOCTBYSI BBIKMBAHMIO KJIIETOK B 00-
JIACTH, OKPYKAFOIIEH 30HY MOBPEXXIeHUS (HATIOMIHAFOIITYIO
30HY HEHYMOPBI — MTOTEHIINAIBLHO XKU3HECIIOCOOHYIO 30HY
«UIIEMIIECKOM TTOyTeHI» TIPY UIIEMIYECKOM MHCYIIBTE),
CTUMYJIAPYSI CHHANITOT€HE3, HEOBACKY/ISIPU3AIIAIO U aKTH-
BaIlMIO SHIOTCHHBIX TKAHECTIEHIM(DMICCKUX KIICTOK-TIPEeI-
[IECTBEHHUKOB [16].

B mo6om ciaydae cpeny 1OCTYIHBIX B HACTOSILLIEE BpEMSI
KJIETOUYHBIX TeXHOJIOTHi1 mist JedeHnss TCM mpuMeHeHre
OOJIBIITMHCTBA TUIIOB KJIETOK (TaKMX KaK SMOPHOHAJIEHBIC
CTBOJIOBBIE KJIETKW, MHIYIIMPOBAHHBIC TLTIOPUTIOTEHTHBIC
CTBOJIOBBIE KJIETKH) OTpaHIMICHO JINOO0 110 3((PEeKTUBHOCTH,
160 no 6e3onacHoctu. bezonacHocts KiteTok ITITKY 6b1-
JIa ToKa3aHa BO MHOXKECTBE TOKIMHNIECKNX MCCIIeI0Ba-
HUI 1 psAfe KITMHIIECKNX UCCIICIOBAHUIM ITPH Pa3TNIHBIX
maTonorusix. boiee Toro, aOEeKTUBHOCTD CUCTEMHOM
kjeroyHoi Tepanuu kiaetkamu [ITTKY conocraBuma c te-
panmeit Me3eHXUMaJIbHBIMU CTBOJIOBBIMU KJIETKaMH [25],
omgHako kietku [TTTKY He TpeOyroT mprMeHeHMsI B ayTOJI0-
TMYHOM (hOpMaTe M, COOTBETCTBEHHO, IIPEIBAPUTEIHHOTO
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KynsTuBUpoBaHUs. [IprHMMAsI BO BHUMaHUE TOKa3aHHYIO
6e3omnacHocTh KiteTok TTITKY, nx apeKTMBHOCTL 1 MHO-
TOYHCIICHHBIE TIPEMYIIEeCTBA II0 CPAaBHEHUIO C APYTUMU
HMCTOYHNKAMU CTBOJIOBBIX KJIETOK, OYEBUIHO, YTO MCIIOTh-
30BaHME MX MOTEHIHAaNA B JIeUeHMH nauneHToB ¢ TCM
KpaitHe niepcrieKTuBHO. Pesynbratsr I (hasel nccienoBaHms
SUBSCI ¢cBUAETENBCTBYIOT O TOM, YTO CUCTEMHOE TTpUMe-
HeHue ajtoreHHbIX KiieTok I[TITKY — 6e3omacHslii, 1erko
BBITTIOJTHUMBII 1 3(h(eKTUBHBII METO JICUCHNS KOHTY3H-
onHoit TCM B octpoM nieproze. OrpaHUYeHUSI IIPOBEICH-
HOTO MCCICIOBAaHMST — MaJiasi BEIOOpKA MAIIMEHTOB U OT-
KPBITBIA OU3aiiH mcciaenoBanus. Halma HaygHast rpymma
IIPOIOJCKAET pabOTy U TUTAHMPYET IIPOBEICHIE CIICTYIOIIEI
da3znbl (I1a) paHAOMU3MPOBAHHOTO T1J1a11€00-KOHTPOJIUPY-
€MOT0 HCCIIeIOBAHMS 10 OLIeHKE 3G (MEKTUBHOCTH CUCTEM-
HOM KJIETOUYHOM Tepanuu y nauueHToB ¢ YCM TsKenoit
CTETIeHU B OCTPOM IIepUOJIE.
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Cell therapy for patients with severe spinal cord injury
(phase I/l1a): Assessment of safety
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Background. The problem of pathogenetic treatment of spinal cord injury (SCI) is extremely acute, especially against the background of the
growing number of SCl in modern conditions. The world literature widely presents the scientific research on the development and application
of regenerative technologies and cell therapy effective for patients with SCI. One of the most promising areas is the use of stem cells. The human
umbilical cord blood cells (HUCBCs) is one of the sources for obtaining stem cells having a number of serious advantages such as high efficiency
in the patients’ treatment with traumatic lesions of the central nervous system.

Aim. To evaluate the safety and primary efficacy of serial systemic (intravenous) administration of allogeneic mononuclear cells of the HUPBC
to adult patients with gross neurological deficit because of acute period of severe contusion SCI.

Material and methods. Phase | of the SUBSCI I/lla study included 10 patients (experimental and control groups) with severe SCI
(cervical/thoracic/upper lumbar) in the acute period with gross neurological deficit (A/B on the ASIA scale). The conducted treatment included
4 systemic (intravenous) administrations of HUCBCs (allogeneic and compatible by ABO and Rh factor) within 3 days from the moment of SCl,
strictly after the primary surgical intervention. Observation period lasted 12 months after trauma. Safety assessment included the registration
of all adverse events (AE) during the observation period with their further classification by severity (CTCAE v. 5.0) and potential connection with
the cell therapy. The primary efficacy assessment was the identification of the neurological deficit dynamics (ASIA) — assessment of the restoration
degree of motor and sensory functions of the lower extremities during the 1st year.

Results and discussion. A total of 419 AEs were detected in 10 patients, but only 2 of them (clinically insignificant) were assessed as probably
related to cell therapy, the remaining 417 were not related to therapy. All patients had no signs of immunization to the administered HUCBCs
samples. The analysis of the neurological deficit dynamics indicates the reliable restoration of motor functions in patients after cell therapy,
compared with the control group.

Conclusion. Based on the results obtained, the systemic administration of allogeneic HUPBC, selected without taking into account the HLA
system, can be considered as a safe and effective method for treating contusion SCI in the acute period.

Keywords: spinal cord injury (SCI), contusion spinal cord injury, traumatic injury of central nervous system, neurological deficit, regenerative
therapy, cellular regenerative therapy (CRT), stem cell therapy, human cord blood mononuclear cells, human cord-placental blood, ASIA scale

For citation: Smimav V.A., Khvostova M.A., Morozova Ya.V. et al. Cell therapy for patients with severe spinal cord injury (phase I/11a): Assessment
of safety and primary efficacy of therapy. Neyrokhirurgiya = Russian Journal of Neurosurgery 2025;27(2):43—69. (In Russ., In EngL.).

DOI: https://doi.org/10.63769/1683-3295-2025-27-2-43-69

BACKGROUND

Spinal cord injury (SCI) is a severe lesion of the central
nervous system, leading to the formation of a gross
neurological deficit with significant decrease in the quality
of life and persistent disability. In the active conditions
of the modern world, there is a steady increase in the

number of patients with SCI, especially in the most
developed countries.

Annually in Russia an average of 70—90 adults suffered
from SCI are registered per 1 million of the population.
More than 200,000 patients have movement disorders due
to a previous SCI, of which more than 35,000 have severe
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movement disorders (para- or tetraplegia) [1, 2]. The
incidence rates of SCI in other developed countries are
uneven, but also remain high that is up to 27—83 cases per
1 million of the population in the USA and Canada [3], up
to 18—30 in the countries of the European Union [4]. The
greatest number of SCI cases is observed among the
youngest and most able-bodied individuals. Thus, in Russia,
more than 80 % of patients with SCI are under 30 years
of age [1, 2]. In the USA, a bimodal age distribution is
observed with the first peak occurs among patients aged
15—29 and the second — over 65.5 years [4, 5].

The available treatment methods for SCI are very
limited in their effectiveness and are either symptomatic
therapy or experimental. At the same time, the pathogenetic
treatment methods approved by regulatory authorities
in various countries and aimed at neuroprotection and/or
neuroreparation of the spinal cord or affecting the key
mechanisms of pathogenesis of the traumatic process are
absent [2, 6]. The currently used treatment methods for SCI
include surgical treatment, physical therapy, drug therapy,
and regenerative technologies/cell therapy [6].

Given that SCI is a consequence of vertebral trauma,
the surgery should be the mandatory first stage of treatment
for every patient with SCI [7, 8]. However, in relation to the
spinal cord, the surgical decompression and stabilization
serve as palliative rather than pathogenetic treatment
methods and are aimed at restoring the structure of the
vertebral column, not the spinal cord [7, 9]. The surgical
decompression and stabilization actually only provide
conditions for self-healing of the spinal cord [8].

Many preclinical and clinical studies have shown that
treatment outcomes in patients with SCI are better when
surgery is performed earlier after the injury [6—8]. However,
the degree of regression of neurological deficit and
restoration of spinal cord function largely depends on the
degree of the nervous system damage and remains low even
if early and complete surgical decompression of the spinal
cord and stabilization of damaged vertebral segments are
performed [5].

The treatment methods such as physical (controlled
hypothermia, hyperbaric oxygenation, exercise therapy) [8]
and medication (glucocorticosteroids, nonsteroidal anti-
inflammatory drugs, gangliosides, antioxidants,
atorvastatin, calcium channel blockers, etc.) [10] are used,
mainly aimed at secondary factors of damage. However,
their effectiveness also remains low and does not provide
a sufficient level of spinal cord functions restoration [10].

Moreover, many drugs may be contraindicated for
patients or associated with serious side effects (with high
frequency) [11]. The existing limitations in the treatment
of SCI dictate an urgent need to develop the alternative
effective and safe, ideally pathogenetic, treatment methods
in the acute period.

In recent decades, the direction of developing the new
regenerative technologies and cell therapy for SCI has been
actively developing. The promising regenerative technologies

include blockers of myelin-associated axon growth
inhibitors (antibodies blocking Nogo A), soluble NgR,
recombinant DNA vaccines, Rho inhibitors, as well as the
use of various neurotrophic and neuroprotective factors
(brain-derived neurotrophic factor, nerve growth factor,
neurotrophins, etc.) [12].

In many preclinical and a number of clinical studies,
all of the above-mentioned methods have shown their
therapeutic effectiveness [12], although to a significant
extent limited. Even a combination of several of the above-
mentioned methods provides a relatively low degree
of restoration of neurological functions in injured [13].

One of the most actively developing and promising
areas is cellular regenerative therapy. The various types
of stem cells have many therapeutic effects [14]:

* paracrine, realized through the secretion of trophic and

protective factors;

activation of endogenous stem cells and progenitor cells
(ependymal neuronal stem cells in the case of SCI);

+ direct neuroregenerative /neuroreparative;

* anti-inflammatory;

* angiogenic;

potential differentiation of stem cells into cells
of damaged structures.

Almost all types of stem cells implement the above-
mentioned mechanisms, but the degree of implementation
of each mechanism in the therapeutic effect differs
in different types of cells [ 15]. Many preclinical and a number
of clinical studies describe the therapeutic potential
in the treatment of SCI of the following stem cells
types — embryonic, induced pluripotent, neuronal and
mesenchymal [15].

One of the most promising sources of stem cells for cell
therapy is human umbilical placental blood cells (HUPBC)
[16]. HUPBC have a number of advantages (compared
to other sources of stem cells):

* by their nature, they are all postnatal, which completely
eliminates any ethical restrictions [17];

* they are an easily accessible cryopreserved material
suitable for long-term storage in frozen form in cryobank
conditions;

* they are easily accessible in virtually unlimited
quantities [18];

» sample preparation for administration is fast (up to
several hours), does not require preliminary collection
and cultivation of the patient’s autologous cells;

* they are immunologically naive cells available for use
in immunocompetent patients without taking into
account the compatibility system HLA (Human
Leukocyte Antigens — human leukocyte antigens
responsible for the regulation of the immune response
and tissue compatibility), which allows for unrelated
treatment and the use of allogeneic cells;

+ their administration can be carried out in various ways,
including systemic (intravenous and intra-arterial) and
local (intraspinal and intrathecal);
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* they implement most of the listed therapeutic effects,
with the exception of direct differentiation into nerve
cells.

The most pronounced mechanisms of HUPBC action
are the following: paracrine, realized through the secretion
of protective, trophic and regenerative factors; immuno-
modulatory, aimed at preventing the infiltration of damaged
areas of the spinal cord by neutrophils and macrophages [16].

The efficacy and safety of HUPBC use have been con-
firmed in many preclinical and clinical studies. The pre-
clinical data from our group also confirm that in experi-
ments on animal models of SCI, HUCBCs provide the
restoration of the damaged spinal cord functions up to 63 %
compared to the control group [18, 19].

The ongoing clinical trial “Systemic Umbilical Cord
Blood Administration in Patients with Acute Severe Contu-
sion Spinal Cord Injury” (SUBSCI, phase I/11a) is divided
into two parts: the first one is presented in this publication,
the second will be described in subsequent ones.

The aim of the first part of this study was to evaluate the
safety and primary efficacy of serial systemic (intravenous)
administration of allogeneic mononuclear HUCBCs
in adult patients with gross neurological deficit because
of severe contusion SCI in the acute period.

MATERIAL AND METHODS

Study design and review

The study was prospective, single-center, open-label
and conducted at the Scientific Department of Emergency
Neurosurgery and Neurointensive Care Unit of the
Sklifosovsky Research Institute of Emergency Medicine
of the Moscow Health Department (hereinafter referred
to as the Sklifosovsky Institute).

The samples of allogeneic mononuclear HUCBCs were
obtained from Medical center “Dynasty” (Samara, Russia)
within the framework of a scientific grant (No. 2312-18/22)
of the “Moscow center innovative technologies in
healthcare”.

The study was approved by the Academic Council and
the Ethics Committee of the Sklifosovsky Institute and
Medical center “Dynasty”, and also was registered on the
www.ClinicalTrials.gov (identifier NCT04331405) [20].

The study included 10 patients with severe contusion
SCI in the acute period and with the most expressed neu-
rological deficit A/B according to the classification pro-
posed by the American Spinal Injury Association (ASIA),
with a range from A to E (A is the most severe neurological
deficit, E is normal) [21]. The primary surgical treatment
was performed in all patients within 3 days from the mo-
ment of injury. The study participants received 4 intrave-
nous injections (at intervals of 1 week) of mononuclear
HUCBC:s (allogeneic, banked, unrelated, without taking
into account the HLA antigen system), selected by blood
group and Rh factor.

In each case, the first administration was performed no
later than the first 3 days after the injury. During the
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recruitment period between patients Ne3 and Ne4,
a 3-month break was made for data safety monitoring (Da-
ta Safety Monitoring Board, DSMB). After discharge, the
observation period was 12 months, and patients were
strongly recommended to undergo rehabilitation courses.
During the entire observation period, all identified adverse
events (AEs) were registered and analyzed by the research
team and DSMB members.

Inclusion and exclusion criteria. This study included
men and women aged 18 to 75 years with severe acute con-
tusion SCI and gross neurological deficit, exclusively A or
B according to the ASIA scale. The structure of the spine
and SCI was assessed using computed tomography (CT)
and magnetic resonance imaging (MRI).

This study included only patients with confirmed SCI
(according to neuroimaging data). In addition, the manda-
tory condition for inclusion was the performance of the 1st
stage of decompressive and stabilizing surgery for spinal
injury within the first 3 days from the moment of injury.

The exclusion criteria were the following: severe con-
comitant injury (ISS >35); impairment of vital functions
(artificial ventilation, severe hypotension/hypertensive sup-
port, uncontrolled arterial hypertension, acute myocardial
infarction, etc.); failure of internal organs; immune system
diseases (autoimmune diseases undergoing immunosup-
pressive therapy); identified allergic reactions to compo-
nents of the HUCBCs samples; hematological diseases and
persistent coagulopathy; burdened oncological history,
presence of oncological diseases or unoperated benign tu-
mors. A detailed list of inclusion and exclusion criteria is
presented in Table 1.

SAFETY ASSESSMENT OF CELL THERAPY IN PHASE 1

OF THE STUDY

The DSMB was organized to assess the safety of cell
therapy in phase 1 of the study. It included two
neurosurgeons, a neurologist, an intensivist, and a clinical
research specialist. The safety monitoring was performed
every 2 months throughout the observation period
of patients included in the study. More detailed monitoring
was performed before the inclusion of patient Ne4 in the
study.

The unscheduled DSMB monitoring was performed
after the death of patient Ne 5 (as a result of confirmed
pulmonary embolism (PE) secondary to floating lower
extremity vein thrombosis). All reported AEs were analyzed
and discussed by the team members and graded using the
CTCAE v. 5.0 protocol. The final review and analysis of AEs
were performed at the end of the observational period,
12 months after SCI in the last patient (patient Ne 10).

Selection and preparation of human umbilical cord-
placental blood cell samples. The HUCBCs samples were
obtained from the accredited cord blood bank of State
Budgetary Healthcare Institution Medical Center
“Dynasty”. The samples were selected taking into account
the blood group and Rh factor. An additional (desirable, but

4o



TOM 27
Vol. 27

YAWAR Russian Journal of Neurosurgery

)

HENPOXNPYPI'US

Original report

not mandatory) criterion was the possibility of selecting
4 samples from 1 donor for administration to 1 patient (to
exclude potential cross-reactions when creating a chimeric
mixture). The samples from 2 donors were selected for
3 patients.

Criteria for selection of HUCBCs samples:

1) TNCC >250 x 10°, where TNCC is the total number
of nucleated cells;

2) cell viability: more than 90 % (according to the results
of the trypan blue test);

3) compatibility according to ABO and Rh factor;

4) absence of any blood-borne infections;

5) general sterility.

All samples were collected with informed consent from
donor mothers at least 6 months prior to sample collection.
All collected samples successfully passed the quarantine
period. The cells viability was assessed twice — during
sample processing and after thawing. A viability of more
than 92 % was considered acceptable.

The maternal blood tests were performed in the
certified donor laboratory of Medical center “Dynasty”,
and included tests for antibodies to cytomegalovirus (CMYV)
IgM, hepatitis B (HBV), hepatitis C (HCV), herpes simplex
virus (HSV) IgM, toxoplasma IgM, T-cell lymphotropic
virus types I and II (IgG), human immunodeficiency virus
(HIV) I and II and surface antigens of hepatitis B, syphilis,
HIV I and II, CMV, HSV I and 11, Toxoplasma gondii
(335TOG) and HCV.

Only samples with negative results for all the above-
mentioned agents were selected. Then the samples were
frozen according to the standard protocol and stored in
a Dewar container for at least 6 months before
administration. The donors were subsequently re-examined
for the above-mentioned infectious agents. After the end
of quarantine, the samples were approved for clinical trials.
The plasma of the HUCBCs was also tested for the presence
of blood-borne infections and general sterility.

During the first stage, the collected samples were
transferred from liquid nitrogen to nitrogen vapor for 12—24 h,
then defrosted in Dextran 30—40 (JSC Biokhimik, Saransk,
Russia), 5 % human serum albumin solution (JSC NPO
Mikrogen, Moscow, Russia), and sterile saline (LLC
Solopharm, St. Petersburg, Russia). The cooled HUCBCs
solution was diluted to a volume of 45 ml. The tubes were
centrifuged with cooling at 600 g for 10 min. The
supernatant was removed and then resuspended in 10 ml
of the solution.

To study the cell viability, 100 pl of cooled washed
solution were collected. All samples with cell viability
less than 92 % were disposed of. The resulting volume
of cell concentrate was brought to 100 ml using a buffer
solution, transferred to a sterile transfusion bag, and
delivered to the Sklifosovsky Institute within 3 hours.
The patients were administered HUCBCs in accordance
with the standard transfusion protocol intravenously by
drip.

SURGICAL TREATMENT

According to the inclusion/exclusion criteria, this study
included only patients with severe contusion SCI in the
acute period, admitted to the hospital no later than 3 days
after receiving SCI. All studies, including CT and MRI,
were performed within 3 hours after admission. The primary
decompression of the spinal cord and stabilization of the
damaged segments of the vertebral column were performed
in all cases within 12—72 hours after trauma, taking into
account the general condition of the patient and the severity
of the injury. The first injection of HUCBCs was performed
after the first stage of surgical treatment. The second stage
of surgical intervention was performed in 5 cases within
1—3 months after trauma.

NEUROIMAGING

All patients underwent a comprehensive examination
upon admission, including CT and MRI of the injured area
of the spine and spinal cord. The study included patients
with myelopathy diagnosis confirmed by MRI (the key
criterion is the presence of a myelopathy focus at the level
of injury). The attempt was made to perform MR
tractography in 2 cases. However, the tractographic picture
turned out to be uninformative both upon admission and
after surgical treatment.

In the first case, this was due to spinal cord edema,
whereas after surgery, the tractographic protocol was
disrupted due to the proximity of metal structures to the
area of interest, and the picture was distorted by artifacts.
Subsequently, it was decided to exclude MR tractography
from the list of examinations. The study participants
underwent CT after surgery to determine the correctness
of the fixation system installation and to control the
adequacy of decompression. Then CT was repeated in 3, 6,
and 12 months after SCI. The control MRI was performed
in 6 and 12 months after SCI.

ADMINISTRATION OF HUMAN UMBILICAL CORD BLOOD

CELL SAMPLES

The HUCBCs samples were delivered from the cryobank
at 4 °C in a closed box, completely ready for administration.
The shelf life of the HUCBCs samples was 3 hours from the
moment of defrosting. The participants did not take
immunosuppressants or myeloablative drugs during the
entire study period. The participants were premedicated
with a 1 % chloropyramine solution (0.5 mg/kg) 30 minutes
before cell administration. The necessary medications,
including antihypertensive, antiarrhythmic, antiallergic,
steroid and antipyretic drugs, were available to patients
if necessary.

The cell concentrate was administered through
a peripheral venous catheter under constant medical
supervision, strictly in accordance with standard requirements
for transfusion of blood components, including individual
and biological tests — 5 ml of HUCBCs concentrate was
administered slowly (1 ml over 1—1.5 min) by drip followed



Original report

HENPOXNPYPI'US

Russian Journal of Neurosurgery

Table 1. Inclusion and exclusion criteria for the SUBSCI I/1la study*

inclusion

1. Both males and females,

18 to 75 years old.

2. Contusion SCI at
cervical, thoracic or upper
lumbar (cone level) levels.
3. Acute period of SCI
(first 3 days after trauma).
4. Presence of contusion
SCI confirmed using MRI
(T1- and T2-weighted
images, STIR).

5. ASIA A/B neurological
deficit.

6. Possibility of primary
decompressive and
stabilizing surgery with the
following administration
of 1st sample of HUCBCs
during first 3 days after
trauma.

7. The level of
neurological deficit during
first 3 days after SCI is the
identical to this parameter
at the moment of trauma.
8. Informed consent
signed by the patient or his
legal representative

Criteria
exclusion

1. Motor function preserved in lower limbs at admission (LEMS >0 points) or ASIA C, D or E deficit
level.

2. The confirmed non-contusion character of SCI (according to MRI data).

3. Severe combined trauma (ISS >35 points).

4. Inability to perform the primary decompression of spinal cord and stabilizing of vertebral column
as well as impossibility (for any reason) of 1st sample of HUCBCs infusion during first 3 days

after SCI.

5. Persistent systolic arterial pressure (AP) >185 mmHg or diastolic AP >105 mmHg or need of
aggressive AP lowering using systemic antihypertensive medication at the moment of patient inclusion.
6. Acute myocardial infarction.

7. Blood glucose level <3.5 Mmol/L or >21 Mmol/L.

8. Acute or deterioration of chronic diseases of central nervous system (CNS) (e. g. stroke, non-
traumatic subarachnoid hemorrhages, intracranial hemorrhages and others CNS diseases at the
discretion of investigator).

9. Hypotension — systolic AP <90 mmHg or need for intensive systemic inotropic therapy.

10. Objective need for artificial lung ventilation (ALV) at admission or prior to the surgery of 1st stage.
11. Acute kidney failure or deterioration of chronic kidney failure (creatinin level >250 mumol/L or
carbamide level >25 Mmol/L).

12. Liver failure (general bilirubin level >25 mumol/L, alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) levels >4 times exceeding upper reference limit).

13. Other significant disorders of vital functions.

14. Acute or deterioration of chronic diseases of internal organs preventing from HUCBCs samples
infusion.

15. Autoimmune diseases (active or anamnestic).

16. History of allergic reactions of any type for any component of HUCBCs samples.

17. Pregnancy or lactation.

18. Significant surgeries or severe traumas within 3 months prior to patient inclusion in this study.

19. Acute or chronic infection diseases (tuberculosis, lues, HIV, hepatitis B, hepatitis C).

20. Moderate or severe hematological and/or oncohematological diseases.

21. Any known malignant tumors (both operated and not operated) or any clinical signs of malignant
tumors revealed before inclusion in the study.

22. Any benign tumors (not operated or not totally removed) at the moment of patient inclusion in the
study.

23. Neurological and/or psychiatric diseases preventing patient from complete understanding of study
protocol or fulfillment of the study protocol requirements.

24. Other reasons preventing patient from complete understanding of study protocol or fulfillment

of the study protocol requirements.

25. Patient’s participation in any other clinical trials or studies within 6 months prior to inclusion

in this study.

26. Constant immunosuppressive therapy for any reason.

27. History of any reaction for full blood or blood component transfusion.

28. Need for hemodialysis at the moment of admission.

29. History of bone marrow or internal organs (both donor and relative) transplantation.

30. Previous or current treatment using any regenerative technologies (grow factors, cytokines, cell
therapy, gene therapy etc.).

31. Any other reasons preventing patient’s inclusion according to the investigator’s opinion

Note. ASIA — American Spinal Injury Association scale with a range from A to E (A — the most severe neurological deficit, E — normal); ISS — index
of severity of combined injury; LEMS — lower extremity motor score (maximum 50 points in 5 key muscle groups of the lower limbs); STIR — Short Tau
Inversion Recovery (MRI mode); BP — blood pressure; ALT — alanine aminotransferase; AST — aspartate aminotransferase; HIV — human
immunodeficiency virus; MRI — magnetic resonance imaging, HUCBCs — human umbilical cord blood cells; SCI — spinal cord injury; CNS — central

nervous system.

*https.//ctv.veeva.com/study/cord-blood-cells-in-patients-with-acute-sci

OBJECTIVES OF PART 1 OF THE STUDY

by a 5-minute pause to assess potential reactions. If no
reactions occurred, the remaining volume was administered
continuously by drip. The bags from the administered
samples were stored at 4 °C for 72 h and then discarded if
no reactions were recorded. The additional intravenous
hydration therapy was also administered — 400—800 ml
of physiological solution.

The primary objective is to assess the safety of systemic
use of HUCBC:s. For this purpose, all AEs were recorded
during the first year after trauma in all patients included
in the study. In addition, the potential cases of graft-versus-
host disease (GVHD) symptoms were assessed during the
entire observation period (12 months after trauma). The
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Table 2. Baseline characteristics of patients included in the study as well as 1. Safety assessment
characteristics of administrated allogeneic human umbilical cord blood cells samples .
The safety of the cell preparation usage was assessed
Characteristics Value dai%y duripg each infgsion of HUCBCs throughout the
entire period of inpatient treatment, and after discharge
Patients in 3, 6, and 12 months from the moment of trauma. During
Gender, 1 (%): the inpatient stage of treatment, the condition of the
male 9 (90.0) patients was assessed daily by the researcher, and other
female 1(10.0) specialists were involved if necessary. The next day after
Mean age (average range), years old 41.9 (25—66) each administration, a set of blood and urine tests was
T $6.4 (58—122) performed (blood tests —.general cl.lmcal, biochemical, and
coagulogram, general urine analysis).

Severity of neurological deficit according to ASIA scale, n % On the day of the cell preparation administration, the
ASIA A 6 (60.0) patients” condition was monitored immediately before
ASIA B 4(40.0) admipistration, continuously during adminis.tration, every

15 minutes for the next 2 hours, every 30 minutes for the

ASIAC 0 next 4 hours, and once for the next 6 hours in order
ASIA D 0 to identify potential AEs and assess functional status.

AR . All AEs registered during 12 months of observation

were classified using the Common Criteria for Adverse

Characteristics of cells HUCBCs, values range Events (CTCAE v. 5.0) and summarized according to the

TNCC for 4 infusions, (x10%) 1.2 (1.04—1.39) severity and potential rel.ationship of AEs with the cell

o . therapy. In accordance with the CTCAE system, all AEs

TNCC for 1 infusion, (x10%) 299.9(252.6=378.1)  yere divided into 5 categories by severity (grade 1-5): mild,

Administered cell dose, (x107) cell/kg 1.48 (0.89—2.14) moderate, severe, life-threatening, and fatal. Another

o parameter was the potential relationship between cell

Cell viability level (trypan blue test), % 96.9 (93.2-99.1) therapy and the identified AEs, which had four levels,

’(Axdlr(r)‘g)“ésgﬁ;id viable CD34+ cells, 1.21 (0.73—1.76) including definitely unrelated (A), possibly related (B),

& probably related (C), and definitely related to cell therapy

Note. TNCC — total number of nucleated cells. See note to Table 1. (D). The final analysis of AEs was performed by two
investigators independently.

The additional safety assessment included
secondary objective is to assess the dynamics of the determination of patients’ immunization level to the
neurological deficit severity and the level of restoration injected HUCBCs samples (Coombs reaction). This
of motor function of the lower extremities. assessment was performed in 5 patients during the final visit

AEs

0 25 50 75 100
Number of registered AEs, %

Fig. 1. Summary of adverse events (AE) reported in 10 patients. The dependence of AE on their severity and the therapy with human umbilical cord blood cells is presented.
AE severity levels: 1 — mild; 2 — moderate; 3 — severe; 4 - life-threatening; 5 - fatal. Levels of association between cell therapy and identified AE: A — definitely not related to
cell therapy; B — possibly related; C — probably related; D - definitely related

48



Original report

HENPOXNPYPI'US

(12 months after injury). In addition, the possible clinical
manifestations of GVHD were carefully monitored
throughout the observation period (12 months).

2. Primary efficacy assessment

During the inpatient treatment, each patient underwent
a daily general physical and neurological examination. After
discharge, during follow-up visits, a joint examination was
performed by two researchers. In Part 1 of the study, the
main parameters assessed were the motor function of the
lower extremities and the level of neurological deficit
(ASIA), including 5 degrees of severity (ASIA A — the most
severe deficit, ASIA E — no neurological deficit).

The muscle strength was assessed in 5 key muscle
groups of the upper and lower extremities using a 5-point
scale (0 points — plegia, 5 points — normal). The total result
was assessed for the upper (upper extremities motor scale,
UEMS), lower extremities (lower extremities motor scale,
LEMS, with a maximum of 50 points in 5 key muscle
groups of the lower extremities), as well as the total
indicator. Due to the fact that the experimental group
of patients was heterogeneous in terms of injury levels
(cervical spine injury and neurological deficit in the upper
extremities; thoracic and upper lumbar spine injury without
deficit in the upper extremities, etc.), only the LEMS
indicator was taken into account in the further analysis
of primary efficacy.

The primary assessment of the neurological deficit level
was performed in all patients during admission to the
hospital. Only patients with a neurological deficit level of A
or B according to the ASIA scale (the key indicator is the
absence of motor functions below the level of injury)
participated in the study. Subsequently, the motor function
and the dynamics of neurological deficit were assessed daily
during inpatient treatment and during follow-up visits after
discharge from the hospital.

RESULTS

Characteristics of study participants

Part 1 of the SUBSCI I/Ila study included 10 adult
patients, among them 9 men. The mean age was 41.9 years
old (25—66 years old), mean weight was 86.4 kg (58—122).
Three patients were included in the study from January
2015 to September 2015, the rest of them from January
2016 to February 2017. All patients were diagnosed with
contusion SCI at the cervical (n = 4), thoracic (n = 4),
or upper lumbar (n = 2) levels. The severity
of neurological deficit corresponded to ASIA A (n = 6)
or ASIA B (n = 4). The baseline LEMS level was 0 points
in all cases. Self-care was not impaired in all patients
before receiving SCI.

There were concomitant diseases that aggravated the
severity of the traumatic process such as ankylosing
spondylitis (# = 1) and degenerative stenosis of the vertebral
canal at the cervical level (n = 1). The causes of injury were
the following: fall from a height (n = 6), sport trauma (n = 2),
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diving (n = 1) and motorcycle accident (n = 1). The
main characteristics of the patients included in this study
are presented in Table 2, the initial individual characteristics
are in Table 3.

SURGICAL TREATMENT

In half of the cases (n = 5), the 1% stage of surgical
treatment was the only one (primary surgical decompression
and stabilization of the damaged segments of the vertebral
column), whole in others (n = 5) the 2" stage of surgical
treatment was required, which was performed in a delayed
period (1—3 months after the injury).

The intraoperative blood loss and duration of operations
were comparable in the subgroups of patients with SCI at
both the cervical (75 £ 30 ml) and thoracic/upper lumbar
(920 £ 240 ml) levels and did not affect the postoperative
severity of neurological deficit. The patients had the similar
baseline and postoperative neurological deficit according
to the LEMS and ASIA scales. All patients were operated
by neurosurgeons with comparable experience. All patients
were in the intensive care unit for 1-9 days after surgery.
The first administration of HUCBCs was performed on the
day following the surgical intervention.

The first stage of surgical treatment. It was performed
within 12—72 hours from the moment of injury. All patients
underwent the following procedures:

+ anterior decompression, reduction of dislocation (if any),
corpectomy (if any), discectomy and anterior interbody
cervical fusion with a plate and screws — in cases of SCI
at the cervical level,

* laminectomy, spinal cord decompression, reduction
of dislocation (if any), screw or combined hook-screw
fixation of the damaged segment of the vertebral column —
in cases of SCI at the thoracic and upper lumbar levels.
The second stage of surgical treatment. In all cases it

was performed on average within 3 months after SCI
(ranging from 3 weeks to 3 months). to restore the full
support of the spine, it was required the following
procedures in half of the patients (n = 5):

+ additional posterior screw fixation in cases of contusion
SCI of the cervical spine (n = 2);

* anterior thoracoscopic/thoracotomy or retroperitoneal
discectomy/corpectomy and interbody fusion with
a telescopic vertebral body prosthesis in cases of contusion
SCI of the thoracic and upper lumbar spine (n = 3).
Table 4 presents the individual parameters of surgical

treatment of patients included in the study and detailed
information on the types and levels of vertebral and SCI, as
well as a number of clarifying characteristics of the 1% and
2nd stages of surgical treatment.

THE HUMAN UMBILICAL CORD BLOOD CELLS

ADMINISTRATION

All HUCBCs samples were compatible for blood group
(ABO system) and Rh factor (Rh). One of the exclusion
criteria in this study was the presence of immune system
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Table 4. Individual characteristics of patients included in the study as well as surgical treatment (stages 1 and 2)

Patient Type of SI (AO Spine
(No.) classification)
1 Thé fracture (A4)
) C7 dislocation (C), Thl fracture
(A3) by

3 Fractures of Th12, L1 (A4)

4 Bilateral C4 dislocation (C),

traumatic C4—CS5 hernia
5 ThS5 fracture — dislocation (C),

Thé fracture (A3)

6 Bilateral Th11 (C), Th12 fracture

(A1) Th11-Thl2

1. Corpectomy
7 C5 fracture — dislocation (C), C6 by
fracture (A4)

Th12 laminectomy, L1, screw fixation
of Th10—Th11-1L.2—L3

Reduction of dislocation, laminectomy

Th10—Th11-Th12-L1

Stages of surgical treatment

1 2

Th5 laminectomy, combined hook-screw
fixation of Th4—Th5—Th7—Th8

Discectomy C7—Th1, C7—Th1 fusion

plate Posterior screw fixation C6—Th1

Thoracoscopic discectomy of Th11—
Th12, Th12—L1, L1—-L2, interbody
fusion by cage

Reduction of dislocation, C4—C5
discectomy, C4—CS5 fusion by plate

Combined hook-screw fixation
of Th4—Th5—Th7—Th8—Th9

Thoracoscopic discectomy of Th11—
Th12, interbody fusion of Th11—Th12
by cage

, screw fixation

C6, C5—C7 fusion
plate.

2. Revision, discectomy C7—Th1,

plate replacement C5—Thl

Laminectomy of L1 and L2, screw
fixation Th11-Th12—L3—L4

Thoracoscopic corporectomy of L1, L2,
interbody fusion of Th12—L3 by
vertebral body prosthesis

1. Laminectomy Th3, Th4, Combined

8 Fractures of L1, L2 (A4)
9 Fractures of Th2, Th3, Th4, Th6
(A2, Ad)

hook-screw fixation of Th1—Th2—Th4—
Th5—The6.

2. Revision and wound drainage

C5 dislocation (C), ruptured C5—C6

10 disc

Note. SI — spinal injury. (—) stage 2 was not required. See notes to Tables 1, 2.

disorders in the patient, so HLA compatibility did not
need to be taken into account. All patients received
4 courses of HUCBCs infusions with TNCC = 1.48 x 107
((0.89—2.14) x 107), except for one patient (No. 5), who
died on the 16™ day after injury due to a confirmed episode
of PE. This patient was excluded from further analysis
of the effectiveness of cell therapy. However, given the
2 infusions of the cell preparation, the patient was
included in the safety analysis.

THE COMMON CHARACTERISTICS OF THE ADMINISTERED

HUCBCS SAMPLES ARE PRESENTED

In Table 2, and the individual characteristics of each
sample injected into patients are presented in Table 3. All
patients received a comparable total number of cells,
relatively evenly divided into the four injections with an
average of 1.2 x 10° (range (1.04—1.39) x 10°). Each injected
sample contained a total of (252.6—378.1) x 10° mononuclear
cells (median 299.9 x 10°). The average number of viable
CD34+ cells injected was 1.21 x 10° (range (0.73—1.76) x
10%). The cell viability level both during storage and after

Corpectomy C5—C6,
C4—C7 fusion by plate

Screw fixation of C4—C5—C6—C7
by lateral masses

thawing was more than 92 % in all samples used, with an
average of 96.9 (93.2—99.1) %.

SAFETY ASSESSMENT OF SYSTEMIC CELL THERAPY

Based on the analysis results, 419 AEs were identified
in 10 patients during the observation period (12 months);
the average value for each patient was 34.6 (14—72) AEs.

All AEs registered during 12 months of observation
were classified according to the CTCAE (v. 5.0) criteria,
in accordance with the severity of the AEs, as well as the
potential connection of the AEs with the cell therapy (Figs.
1 and 2, Table 5).

We note the inverse relationship between the number
and severity of AEs, i. e. fewer severe AEs were registered:
mild — 187; moderate — 151; severe — 57; life-threatening —
17; critical (fatal) — 7.

In the vast majority of cases, AEs were either
a consequence of SCI or concomitant pathologies identified
in patients after discharge. The incidence of registered AEs
in 10 patients was the following: gastrointestinal disorders —
87 (20.8 %); nervous system disorders — 50 (11.9 %);
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laboratory abnormalities — 49 (11.7 %); infections and
infestations — 45 (10.7 %); general disorders — 31 (7.4 %);
blood system disorders — 30 (7.2 %); metabolic and nutritional
disorders — 28 (6.7 %); vascular disorders — 17 (4.1 %); renal
and urinary tract disorders — 15 (3.6 %). The incidence
of other AEs was less than 3 %. The diagram reflecting the
distribution of registered AEs by groups is presented in Fig. 2.

Grade 4 adverse events (life-threatening). There were
identified 17 such AEs, including 4 cases of anemia (severe,
Hb <60 g/L), which developed in 3 patients after surgery

Blood and lymphatic systems disorder

Cardiovascular disorders

Acoustic analyzer disorders

Endocrine disorders

Visual analyzer disorders

Gastrointestinal disorders

General disorders, complications on site of HUCBCs injection

Hepatobiliary disorders

HA/ AEs

Infections and infestations

Trauma, intoxication and complications connected with infusion procedure
Laboratory abnormalities

Metabolic and nutritional disorders

Musculoskeletal and connective-tissue disorders
Neoplasms (benign, malignant and unspecified)
Nervous system disorders

Psychiatric disorders

Renal and urinary tract disorders

Disorders of reproductive system and mammary glands
Respiratory, breast and mediastinal disorders

Diseases of the skin and subcutaneous tissue

Surgical and other medical interventions

Vascular disorders

and in 1 after PE. The remaining grade 4 AEs included
cases of implant-associated inflammation (#» = 2) and soft
tissue infection at the surgical site (n = 1), related to
postoperative cerebrospinal fluid leakage. In both cases,
revision surgeries and therapy with broad-spectrum
antibiotics (and their combinations) were performed. The
grade 4 neurological complications consisted of 10 cases
of lower paraplegia, which were apparently related to SCI.

Grade 5 adverse events (fatal). All such AEs were
recorded in 1 patient, who died on the 16™ day after the

5 10 15 20 25
Number of registered AEs, %

Fig. 2. Frequency of adverse events (AEs) reported in 10 patients included in the SUBSCI study during 12 months of follow-up (CTCAE classification, v. 5.0). HUCBCs — human

umbilical cord blood cells
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Table 5. List of all adverse events (419) reported in patients (n = 10), classified according to CTCAE (v. 5.0) criteria and divided by severity into 5 degrees

CTCAE (v. 5.0)

Anemia

Disseminated intravascular blood coagulation

Others: leucocytosis less than 100.000/mm?

Total

Asystole

Auriculoventricular block 1 grade
Disorders of heart conduction
Right ventricular dysfunction

Sinoventricular tachycardia

Total

Hearing loss

Otitis media
Vestibular disturbance
Total

Endocrine disorders
Cushing syndrome

Total

Cataract

Eye pain

Keratitis
Retinopathy
Visual impairment

Total

Abdominal pain

Anal bleeding
Abdominal distention
Colitis

Constipation
Diarrhea

Dry mouth

Duodenal ulcer
Dyspepsia

Faecal incontinence

Grade
1 2 3 4

Blood and lymphatic systems disorders

7 5 3 4
— 1 _ —
8 2 — —
15 8 3 4
Cardiovascular disorders

1 — — —

— 1 — —
2 1 — -
3 2 - -

Acoustic analyzer disorders
1 1 - —

— 2 — —
— 1 — —
| 4 — -
1 — _ —
1 — — —

Visual analyzer disorders
— — 1 —
1 — _ —
2 — _ —
— 1 — —
— 3 1 —
3 4 2 -

Gastrointestinal disorders
2 — 1 —
— 1 — —
4 2 — -
— 1 — —
6 3 2 —
7 4 1 —
1 1 — -
— 1 — —
4 — _ —
2 6 — -

HENPOXNPYPI'US
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number of AEs
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Number of patients
with AEs
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Continuation of table 5

CTCAE (- 5 —_— |
Gaseous distention 3 4 - - — 7 7
Stomach ulcer 1 = = = 1 1
Gastritis 8 2 — — — 10 8
Gastroesophageal reflux disease 3 1 — — — 4 2
Gastroparesis 2 — — — — 2 2
Hemorrhoidal bleeding 2 — — — — 2 2
Haemorrhoids = 1 = = = 1 1
Nausea 1 — - — — 1 1
Pancreatitis — 1 — — — 1 1
Paradontosis 2 — — — — 2 2
Tooth ache 3 1 — — — 4 3
Vomiting 2 1 — — — 3 3
Total 52 31 4 — - 87 *
General disorders, complications on site of injection

Chills 1 1 — — — 2 2
Fatigue 3 — — — — 3 3
Fever 8 1 - — — 9 6
ARI symptoms 2 3 1 - - 6 6
Pain 4 4 1 — — 9 9
Other: transient hyperthermia less than 38 °C ) _ _ _ _ 2 2
after administration of cell concentrate

Total 20 9 2 — — 31 *

Hepatobiliary disorders
Cholecystitis — 1 — — — 1 1
Total — 1 — _ _ 1 *
Infections and infestations

Appendicitis - - 1 - - 1 1
Bladder infections — 5 2 — — 7 5
Bronchial infections — 2 1 — — 3 3
Catheter-associated infections = 1 = = = 1 1
Conjunctivitis 1 — — — — 1 1
Implant-associated infections — — — 1 — 1 1
Kidney infections — 2 1 — — 3 1
Laryngitis — 1 — — — 1 1
Lung infections — — 2 — — 2 2
Otitis media — 2 — — — 2 1
Penile infections 1 — — — — 1 1
Pharyngitis — 1 - — - 1 1
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CTCAE (v. 5.0) T T ammon

Salivary gland infections — 1 — — — 1
Sinusitis — — 1 — — 1
Soft tissue infections — — — 1 — 1
Urethral infections — 3 2 — — 5
Urinary tract infections — 8 4 — — 12
Other: implant-associated suppurative _ _ _ 1 _ 1
inflammation

Total 2 26 14 3 — 45

Trauma, intoxication and complications of manipulations
Intraoperative bleeding - — 1 — — 1
Seroma 1 — — — — 1
Wound complications 1 1 — — — 2
Diastasis of wound edges — 1 — — — 1
Total 2 2 1 - — 5
Laboratory abnormalities
Increased APTT 6 4 — — — 10
Increased ALT 4 1 = = = 5
Increased alkaline phosphatase 1 — — — — 1
Increased AST 3 1 — — — 4
Increased total bilirubin 1 — — — — 1
Increased troponin (T) — — 1 — — 1
Increased CPK — — 1 — — 1
Increased creatinine 2 1 — — — 3
Decreased fibrinogen 2 — - — — 2
Increased INR 4 — 1 — — 5
Decreased platelet count 1 1 1 — — 3
Increased serum amylase 1 — — — — 1
Weight loss 2 2 6 - — 10
Other: increased D-dimer — 1 1 — - 2
Total 27 11 11 — - 49
Metabolic and nutritional disorders

Acidosis 2 — 1 — 1 4
Dehydration 1 2 = = = 3
Hyperglycemia 4 — 1 — — 5
Hyperkalemia 1 = = = = 1
Hyperlipidemia 2 — — — — 2
Hypernatremia 2 — — — 1 3
Hypoalbuminemia 5 2 1 — — 8

Continuation of table 5

Number of patients
with AEs

1
1
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CTCAE (v. 5.0)

Hypocalcemia

Total

Muscle spasms
Myalgia
Osteoporosis

Pain in extremities
Scoliosis

Total

Original report

Other: surgically removed intestinal polyps —

Total

Brachial plexopathy
CSF leakage

Head ache
Neuralgia
Paresthesia

Seizures

Spasticity

Compression of spinal cord

Decrease of tendon reflexes

Other: lower paraplegia as a consequence of SCI -

Total

Anxiety
Depression
Euphory
Total

Glycosuria
Hematuria
Proteinuria

Kidney stones
Incontinence of urine

Total

Erectile dysfunction

Grade
1 2 3
2 _ _
19 4 3
Musculoskeletal and connective-tissue disorder
4 1 1
1 2 2
3 1 —
3 2 2
1 _ —
12 6 5
Neoplasms (benign, malignant and unspecified)
1 _
— 1 —
Nervous system disorders
— 1 _
1 _ —
3 1 —
— 1 1
1 2 —
4 3 1
2 8 —
10 —
11 26 2
Psychiatric disorders
1 — —
3 — 1
— 1 _
4 1 1

Renal and urinary tract disorders

2
1
4
2
9

4

5

2

Common
number of AEs

2
28

~N A e O

—_—

23

o = W NN

10
10
50

A = BN =

w NN

—_—

15

Disorders of reproductive system and mammary glands

4

Continuation of table 5

Number of patients
with AEs

2

*

~N A e N

o = W N B

10
10



Original report

HENPOXNPYPI'US

Russian Journal of Neurosurgery

End of table 5
CTCAE (v. 5.0) Grade Common Number of patients
T 1 2 3 4 5 number of AEs with AEs
Menstrual disorders - 1 — — — 1 1
Total = 1 4 - — 5 *
Respiratory, breast and mediastinal disorders
Other: postoperative hydrothorax — — 1 — — 1 1
Total — — 1 — — 1 *
Diseases of the skin and subcutaneous tissue

Other: superficial bed-sores in gluteal and _ 1 1 _ _ ) 2
calcaneal areas

Total — 1 1 — — 2 *

Surgical and other medical interventions
Other: migration and/or implant rejection — — 1 — — 1 1
Total — — 1 — — 1 *
Vascular disorders

Hematoma - 1 1 — — 2 2
Hypertension 1 3 — - — 4 4
Hypotension 2 2 — — 1 5 5
tromboembolic complications — — — — 1 1 1
Other: deep vein thrombosis 3 1 1 - — 5 5
Total 6 7 2 - 2 17 *
TOTAL 187 151 57 17 7 419 *

Note. APTT — activated partial thromboplastin time; CPK — creatine phosphokinase; INR — international normalized ratio;

AFE — adverse events; ARVI — acute respiratory viral infection; CSF — cerebrospinal fluid. AE severity grades: 1 — mild, 2 — moderate, 3 — severe,

4 — life-threatening, 5 — fatal AE. (—) no; (*) data in the corresponding column cannot be summed up, since some AEs could be registered in one patient
several times during 12 months of observation, which means that the number of patients with AEs could be less than the total number of AEs. See note

to Table 1.

injury due to massive PE against the background of floating
thrombosis of the lower extremities’ veins. The cause
of death was confirmed by forensic examination data. This
patient was not included in further analysis of the
effectiveness of cell therapy. A detailed list of the identified
AEs is presented in Table 5.

Potential association of adverse events with the cell therapy.
According to the analysis of all 419 AEs in 10 patients during
the observation period (12 months), no definitely related or
probably related AEs were identified. Two AEs were
classified as “possibly related” — in both cases, it was short-
term subfebrile hyperthermia (<38 °C) within 3 hours after
the administration of HUCBCs. No additional medications
or other interventions were required to stop the hyperthermia.
The remaining 417 AEs were classified as “definitely not
related to the cell therapy”. Detailed information on the
structure of the relationship between the identified AEs and
the cell therapy is presented in Fig. 1 and Table 5.

During the analysis of potential GVHD manifestations
during the entire observation period, no cases were
identified. General symptoms of GVHD, skin reactions,
manifestations from the liver and digestive organs were
taken into account. At the end of the observation period, an
indirect Coombs reaction was performed in 5 patients with
the injected cell samples to exclude the effect of immunization.
In all 5 cases, the result was negative, which confirms the
immunological naivety of the mononuclear HUCBCs and
the absence of immunization to the administered samples
in all examined patients.

PRIMARY ASSESSMENT OF CELL THERAPY EFFICACY

Two interrelated parameters were assessed — the severity
of neurological deficit (ASIA) and lower limb motor
function (LEMS). At baseline, all patients included in the
study had an ASIA deficit level of A or B and 0 points
according to the LEMS scale.

)
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Table 6. Initial evaluation of the cell therapy efeectiveness

Puten. Severity o neurlogcal defieit (ASI) Dl e o
baseline  in 6 months in 12 months (BRI, s baseline  in 12 months
1 A C C 2 0 14
2 B D E 3 0 50
3 A D D 3 0 39
4 B D E 3 0 50
5 A — — — 0 —
6 A B B 1 0 0
7 A C C 2 0 9
8 B D D 2 0 46
9 A C C 2 0 26
10 B D D 2 0 45
Mean value 2,2 0 31
Range 1-3 0-0 0-50

Note. See notes to Table 1

Severity of neurological deficit. The analysis was
performed in 9 patients, since 1 patient was excluded from
the efficacy analysis after an episode of PE. All patients
demonstrated a good response to cell therapy, except for
one patient. Most patients (n = 5 (56 %)) showed an
increase in ASIA by 2 points: from ASIAAto C (n =3
(30 %)) or from ASIABto D (n=2 (22 %)). Some patients
(n =3 (30 %) showed an increase in ASIA by 3 points: from
ASIABto E (n =2 (22 %)) or from ASIAAtoD (n =1
(11 %)). A patient with a complete linked dislocation of the
Th11 vertebra showed ASIA level B (baseline — ASIA A) —
she had partial recovery of deep sensitivity.

However, there was no recovery of motor function.
After the end of the observation period (12 months), this
patient showed further regression of neurological deficit
to the ASIA C (2 years 4 months after SCI). The movements
in the lower limbs with muscle strength up to 1—2 points
appeared, which, however, did not affect the ability
to verticalize and move independently. However, we did not
take this result into account in our analysis, since these
symptoms appeared after the observation period. The
average level of regression of neurological deficit on the
ASIA scale was 2.2 points (the range was 1—3 points).

Dynamics of motor function restoration in the limbs.
In 6 patients (67 %), the LEMS score exceeded 25 points
after 12 months. The threshold of 25 points is critical for
patients with SCI — this is the minimum value for
independent verticalization. In 2 patients (22 %), the
complete restoration of spinal cord functions was noted —
the LEMS score reached 50 points (normal), and the
severity of neurological deficit regressed to ASIA E (no
deficit). In 2 other patients, partial restoration of motor

function was revealed — 14 and 9 points according to the
LEMS scale.

In 1 patient, there was no effect of cell therapy on
motor function — by the end of the observation period
(12 months after injury), the LEMS score was 0 points; after
2 years 4 months — 6 points. The summarized average
LEMS level at the end of the observation period was
31 points (range 0—50 points). A detailed description of the
neurological status and treatment outcomes is presented
in Table 6.

Neurological outcomes of treatment of patients with
severe acute contusion SCI after therapy with HUCBCs
were analyzed by comparing baseline parameters, as well as
data in 6 and 12 months after injury.

The LEMS score was assessed on a 5-point scale
in 5 key lower limb muscle groups. All patients had
a baseline score of 0, corresponding to ASIA level A or B.
The baseline values were assessed at admission and before
primary surgery. The values were assessed by telephone or
personal visits in 6 months and by personal visits in 1 year
after completion of the follow-up period.

DISCUSSION AND LITERATURE REVIEW

The presented open-label, randomized, phase 1 clinical
trial (SUBSCI I) aimed to evaluate the safety and primary
efficacy of cell therapy administered to 10 adult patients
with severe acute contusion SCI (cervical/thoracic/upper
lumbar) and severe neurological deficit (ASIA A or B). Four
intravenous injections of allogeneic cryopreserved banked
mononuclear HUCBCs, matched by blood type and Rh
factor, but excluding HLA (antigen compatibility), were
administered. The average dose of viable mononuclear
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HUCBCs was 1.48 x 107 cells. The first injection in the course
was performed no later than 3 days after the injury.

The exact effective therapeutic dose of mononuclear
HUCBC:s for systemic cell therapy of acute contusion SCI
remains unknown. In the case of the presented study, the
doses were determined empirically, taking into account the
available safety and efficacy information in other registered
clinical trials [22]. It is important to note that the total
number of nucleated cells received by the participants and
divided into 4 infusions was comparable to the single dose
administered to patients in other clinical trials, for example,
in the clinical trial of D.T. Laskowitz et al. [22], the single
infusion included (0.83—3.34) x 107 cells.

The main objective of the first phase of the study was
to evaluate the safety of cell therapy. The analysis of all AEs
identified during the observation period (12 months)
demonstrated that systemic administration of allogeneic
cryopreserved banked mononuclear HUCBCs, matched by
group and Rh factor, but without taking into account HLA
antigen compatibility, was safe and well tolerated by all
patients included in the study. The vast majority of registered
AEs were mild (187 (44.6 %)) and moderate (151 (36.0 %)).

There were significantly fewer severe AEs (57 (13.7 %))
and life-threatening AEs (17 (4.1 %)). One patient had
7 (1.7 %) grade 5 AEs (due to fatal massive PE) against the
background of floating thromboses of the lower extremities’
veins (see Table 5). The postmortem examination data
confirmed that the cause of death was PE, which led to the
development of all identified grade 5 AEs.

Grade 3 and 4 adverse events included multiple
complications and concomitant pathology associated with
SCI (gastrointestinal and infectious complications,
metabolic disorders, myalgia and muscular-tonic syndrome,
etc.), surgical treatment (severe anemia due to intraoperative
blood loss) and prolonged bed rest (weight loss, venous
thrombosis) (see Table 5). The nature of the relationship
of AEs with the cell therapy — almost all registered AEs (417
(99.5 %) were definitely “not related to cell therapy”. Only
in 2 cases (0.5 %) were the mild AEs identified “possibly
related to cell therapy”. Both events were short-term
subfebrile hyperthermia (less than 38 °C) within 2 hours
after cells administration.

In both cases, no medication was required, as
hyperthermia regressed on its own. It is obvious that SCI
patients often have various infectious complications that
lead to episodes of hyperthermia. However, none of the
patients showed signs of GVHD. After the observation
period, we were also able to analyze the immune responses
to the injected cell samples in 5 patients (other patients were
unavailable at the time of analysis), and the results were
negative in all cases. Thus, the data obtained indicate that
allogeneic HUCBCs are safe and well tolerated by SCI
patients.

The timing of recovery of patients after SCI or the
timing of regenerative therapy is still controversial in the
scientific community [23]. The importance of early surgical
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decompression and stabilization of the spine in patients
with SCI has been proven [7, 8]. However, proven optimal
timing of cell therapy has not yet been determined. Most
patients with SCI showed the most degree of neurological
recovery within 6 months after injury, with the highest rate
of recovery observed within the first 3 months [5]. As a rule,
the functional improvement could develop within 12 months,
or longer in some cases.

This was the reason for limiting the observation period
to one year. All patients, except one, showed a high degree
of recovery during 12 months of observation, with the most
dynamics of motor function recovery during the first
6 months. More than half (5 of 9) of the patients included
in the study achieved the maximum level of recovery
within 6 months after receiving SCI. In the remaining cases
(4 of 9), this period was somewhat longer — up to 9 months.
No significant changes in the neurological status of patients
were detected during the period of 9—12 months from the
moment of receiving SCI.

In addition, the study demonstrated high primary
efficacy of cell therapy. The open design of the study and
the small number of patients included do not allow us
to judge with a high degree of reliability the presence
of a therapeutic effect. However, the tendency for functional
recovery was much higher than previously described. One
of the largest meta-analyses of the largest cohort studies by
V.A. Lee et al. included 661 patients with SCI at the
thoracic level without cell therapy [5].

The authors showed that in 84.5 % of patients with
ASIA A, the level of neurological deficit did not change
within 12 months from the moment of injury, and only 7.7 %
of the patients showed recovery (by 1 point to ASIA B) [5].
While in the present study (SUBSCI I), 56 % of the
participants showed recovery by 2 points according to the
ASIA scale (3 patients — from A to C, 2 — from B to D;
30 % of the patients showed recovery by 3 points: 1 — from
Ato D, 2 —from Bto E). According to V.A. Lee et al., only
4.6 % of patients with ASIA A reached level D, and none
of them showed complete regression of neurological deficit
(to ASIA E), in addition, only 2.9 % of patients with
ASIA B completely recovered to ASIA E [5].

It can be concluded that the recovery rate after cell
therapy in the presented SUBSCI I study was much higher
than the literature data. It is especially important to note
the possibility of full functional recovery in patients with
acute SCI and initial paraplegia who received cell therapy.

The improvement in the motor function of the lower
extremities (according to the LEMS scale) also differed
significantly — in the presented SUBSCI I study, after cell
therapy, an improvement on 50 points was recorded
in 2 patients with ASIA B and 25 (or more) points in
6 patients with ASIA A; in the paper of V.A. Lee et al. [5],
the improvement without cell therapy was 4.1 and 1.5 points,
respectively.

In our study, one female patient from the experimental
group did not show any recovery of the motor function
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of the lower extremities during the observation period; only
partial regression of sensory disorders was noted. After 2 years
and 4 months, some improvement was observed — the recovery
of the neurological deficit severity to ASIA C and motor
function of the lower extremities to 9 LEMS points.

It should be noted that this patient had a severe mechanism
of SCI (an unsuccessful somersault on a trampoline), which
led to a complete bilateral interlocking dislocation of the
Thl1 vertebra and severe crushing of the spinal cord. The
sensitivity of modern MRI does not always allow
differentiating a contusion and a rupture of the spinal cord.
Probably, the ineffectiveness of cell therapy in this patient,
compared to other participants in the study, was caused by
the lack of differentiation of the SCI structure because
of limitations of instrumental diagnostic possibilities.

The exact mechanisms of the therapeutic effect
of HUCBCs when administered systemically have yet to be
determined, but several possible mechanisms have already been
proposed in animal experiments. Two controversial opinions
regarding cell migration to the site of injury are presented in the
literature. According to some authors, HUCBCs introduced
into the systemic circulation are capable of migrating to the area
of SCI, where they differentiate into nerve cells and promote
regeneration of damaged tissue [24].

Other authors believe that the cells are unable to pass
through the blood-spinal cord barrier (even damaged as
a result of injury) and realize their therapeutic potential by
activating neurotrophic, neuroprotective, and paracrine
mechanisms. The secreted factors promote plasticity of the
injured spinal cord by protecting damaged cells and axons,
promoting cell survival in the area surrounding the injury
zone (resembling the penumbra zone, a potentially viable
area of the “ischemic penumbra” in ischemic stroke),
stimulating synaptogenesis, neovascularization, and activation
of endogenous tissue-specific progenitor cells [16].

In any case, among the currently available cell
technologies for the treatment of SCI, most cell types (such
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as embryonic stem cells, induced pluripotent stem cells) are
limited either in efficacy or safety. The safety of HUCBCs
has been proven in numerous preclinical studies and
a number of clinical trials in various pathologies. Moreover,
the efficacy of systemic cell therapy with HUCBCs is
comparable to that of mesenchymal stem cells [25], but
HUCBC:s do not require autologous use and, accordingly,
preliminary cultivation.

Given the proven safety of HUCBC:s, their efficacy, and
numerous advantages over other stem cell sources, it is clear
that their potential for use in the treatment of patients with
SCl is highly promising. The results of the phase I SUBSCI
study indicate that systemic administration of allogeneic
HUCBC:s is a safe, easily feasible, and effective treatment
for acute contusion SCI.

The limitations of the conducted study are a small
sample of patients and an open design of the study. Our
scientific group continues its work and plans to conduct the
next phase (Ila) of a randomized placebo-controlled study
to evaluate the effectiveness of systemic cell therapy
in patients with severe contusion SCI in the acute period.

CONCLUSION

The results of the phase I clinical trial SUBSCI
(Systemic Umbilical Cord Blood Administration in Patients
with Acute Severe Contusion Spinal Cord Injury) suggest
that repeated systemic administration of allogeneic
cryopreserved banked mononuclear human umbilical cord
blood cells, matched by blood group and Rh factor, but
without taking into account HLA antigen compatibility,
to adult patients with severe contusion spinal cord injury
in the acute period and severe neurological deficit (A or B
on the scale ASIA) is a safe and easily feasible treatment
method. Most patients included in the study showed
significant improvement in functional outcomes within
12 months after spinal cord injury, which also indicates the
primary effectiveness of the presented method.
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Mcnonb3oBaHue pesepsyapa OMMaiia B KOMMJIEKCHOM
NIEYEHUN NALIMEHTOB C METACTaTUYECKUM NOPaXKEHUEM
ro/I0BHOIO MO3ra: NoKasaHus, 3pdeKTUBHOCTb,
NepcrneKTUBbI

KoHTaKTb!: B.A. AnewwH, M.B. KoHonew, A.X. beksawes, [1.M. benos, [.P. Hacxnetawsunu, T.I. TacnapsH,
Bnagumup Anexcanaposud H.B. CeBsH, A.A. MutpodaHos, E.B. lNpo3sopeHko, P.A. CyduaHos, E.A. MockBuHa, B.b. KapaxaH
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BBepneHue. Xvpypriuyeckas TaKTvKa NedeHunst MaLMeHToB ¢ LepebpanbHbiMW MeTacTa3aMu C BbipaXeHHbIM KUCTO3HBIM KOMMOHEHTOM HEOAHO-
3Ha4Ha BBULY CNOXHOCTU PE3eKLMM TaKWX onyxonen ¢ cobniofeHreM NpUHLMMNOB abnacTnyHoCTL.

Llenb paboTbl — NpeacTaBUTb METOAMKY NEYEHUS NALMEHTOB C METACTaTMYeCKUM NOPaXXeHWEM FOfI0BHOTO MO3ra C BbIPAXEHHBIM KMCTO3HLIM
KOMMOHEHTOM, BK/TI4aI0LLYH0 MaNlOMHBA3WBHOE HEMPOXMPYPrMYECKOe BMeLLATENbCTBO: MMMIAHTALWMI0 XPOHUYECKON CYOKyTaHHOW [peHupyto-
LLIeN cMCTeMbl — pe3epByapa OMmaiia.

Matepuan u MeTtoabl. B HaumoHansHOM MeAULIMHCKOM UCCNeAoBaTebCKOM LieHTpe oHKonorum uM. H.H. bnoxmHa MuH3sgpasa Poccuu 3a ne-
puog ¢ 2007 no 2022 r. umnnaxTauwms pesepeyapa OMMaiia nposefeHa 100 nawumeHTam ¢ pa3nnyHbIMM GopMamy OMyX0aeBoro NopaxeHus
LLeHTPanbHOM HEPBHOM CUCTEMbI C BbIPAXKEHHBIM KMCTO3HBIM KOMMOHEHTOM.

PesynbTathl 1 06cyxaeHue. Mcnonb3oBaHye MeTOAMKI UMMIIAHTALMM XPOHUYECKOM CYBKYTaHHOM ApeHupYIoLLER ccTeMsl (pe3epByapa OMMaiia)
B KOMIM/IEKCHOM JIeYEHUM NALMEHTOB C METACTATUYECKMM NOPaXEHWEM rOfIOBHOMO MO3ra No3BOMI0 B HOMbLLMHCTBE Cily4aeB A0OUTLCS KOHT-
poris pa3MepoB KMCTO3HOM KOMMOHEHTa OMyX0MW C NOC/eAyoLLMM NPOBEeEHNEM JIOKabHOMO Iy4eBOro BO3AeMCTBUS. [1psiMoe Hermpoxvpyp-
FMYeCKoe BMELLIATENbCTBO B 0ObeME pe3eKLMM OMyXoau Npy HOBOODOPA30BaHUSX C BbIPAXKEHHBIM KMCTO3HBIM KOMMOHEHTOM — B OT/MYMeE
0T Mpe/i1araeMoi MeTOANKYM — 0BbIYHO He COOTBETCTBYET OHKOMOMMYECKOMY NPUHLMMY abnacTM4YHOCTV BBUAY GparMeHTaLmm NaToor1yecKom
TKaHW 1 NPUBOAMT K BbICTPOMY JIOKaNbHOMY peLManBY U AUCCEMUHALMN.

3aknyeHne. X1pypryecKoe NeyeHne NaLMeHToB C HeMPOOHKOMOMMYECKOM NaToNorMen BTOPUYHOTO XapaKTepa — HenpocTas npobnema,
CBA3aHHas C HeobXoaMMOCTbIO COYeTaTb afieKBaTHLIE HEMPOXMPYPTUYECKME U OHKONOMMYECKME MOAXOALI M TaKTUKKM NeveHns. CodeTaHune
(YHKLMOHAMNbHOM IOCTYNMHOCTU (HEMPOXMPYPIUYECKUIA aCMEKT) 1 abnacTYHOCTM (OHKONOMMYECKMIA aCNEeKT) He BCEra MOXET ObiTb A0CTUMHY-
T0 B a/leKBaTHOM 0bbeMme. [TpuMeHeHVe pesepByapa OMMaiia B KOMMIEKCHOM JIeHeHUM NaLMEHTOB C METACTaTUHECKM NOPaXKEHWEM rOfIOBHOMO
MO3ra C BbIPaEHHbIM K1CTO3HBIM KOMMOHEHTOM MOKa3aso CBOK 3QHEKTUBHOCTL M IO/HKHO UCNOMb30BaThbCA B PYTUHHOM NPaKTVKE HEMPOXK-
pypra, 3aH1MaloLLLerocst HeMpPOOHKOMOMHECKOM NaTonorven.

KntoueBble cnoBa: MeTacTa3 B rofloBHOM Mo3r, pe3epByap OMMaiia, HeMpooHKoormA

[nsa umtnpoBanus: AnewumH B.A., KoHorew, 1.B., beksawes A.X. v ap. cnonb3oBaHue pesepByapa OMMaiia B KOMMIEKCHOM NeYeHnM NaLmeH-
TOB C METACTaTMYECKMM MOPaXEHWEM FOI0BHOM0 Mo3ra: NoKasaHws, 3GMeKTMBHOCTb, NepcneKkTuBel. Hepoxupyprus 2025;27(2):70-5.
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Background. Surgical tactics in treatment of patients with brain metastases and significant cystic component are ambiguous due to the complexity
of resection of such tumors in compliance with the principles of thorough oncological treatment.

Aim. Presentation of a method for treatment of patients with metastatic lesions in the brain with a large cystic component using minimally
invasive neurosurgical intervention: implantation of a chronic subcutaneous drainage system — the Ommaya reservoir.

Materials and methods. At the National Medical Research Center of Oncology named after N.N. Blokhin of the Ministry of Health of the Russian
Federation, from 2007 to 2022, Ommaya reservoir implantation was performed in 100 patients with various forms of tumors of the central
nervous system and significant cystic component.

Results and discussion. The use of the technique of implantation of a constant subcutaneous drainage system — the Ommaya reservoir —
in complex treatment of patients with brain metastases in most cases allowed to control the size of the cystic component of the tumor with
subsequent local radiation exposure. Direct neurosurgical intervention in the form of tumor resection usually does not comply with the principle
of thorough oncological treatment of neoplasms with a significant cystic component due to fragmentation of pathological tissue that leads
to rapid local recurrence and dissemination.

Conclusion. Surgical treatment of patients with brain metastases is a difficult problem due to the need for a combination of adequate
neurosurgical and oncological approaches and tactics. Functional accessibility (neurosurgery) and thoroughness (oncology) cannot always be
achieved together to an adequate extent. The use of the Ommaya reservoir in complex treatment of patients with brain metastases with a large

cystic component has shown its effectiveness and should be used in the routine practice of a neurosurgeon.

Keywords: brain metastasis, Ommaya reservoir, neuro-oncology
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BBELEHUE

PesepByap OMMmaiia Ha3BaH B 4eCTh HelpoXupypra
A.X. OmmMaiist (Ayub Khan Ommaya, 1930—2008), koTto-
pblii ero u306pei. B Hauae 1960-x romnoB 310, Ka3a10Ch ObI,
IIPOCTOE YCTPOICTBO CYIIECTBEHHO 00€30IacyIo 1 00JIer-
YWJIO 3aa49y TOCTYIIa K TUKBOPHBIM IIPOCTpaHCTBaM. M 3-
HavyaJbHO pe3epByap MCIOJIb30BAJICS IS IIPOBEICHMUS
nHTpaTeKanpHOI xuMuorepamuu (UTXT) mipu menTome-
HUHTCAIbHBIX TOPAXKCHMSX, IS JIedeHUI KpaHnohapruH-
ruoM (MMITIaHTALMs OQHOTO I HECKOJIBKHUX pe3epBya-
POB B KHCTO3HBIN KOMIIOHEHT OITyXoJin). OmmcaHbI CIydan
MMIUTAaHTAIH pe3epByapa OMMaiia B KICTO3HYIO IIOJIOCTb,
KOrma B IIporecce KOMIUIEKCHOTO JICUCHMST TIIUAIBHBIX
OITyXOJIeH TIPOMCXOOMIIO (POpMUPOBAHNE HAIIPSIKCHHOMN
KHCTBI, BBI3BIBAIOIIEH HeBpojormdyeckuii aepummt. Ha-
CTYIUIEHUE 3pbl KoMITbloTepHOI ToMorpadum (KT), mo-
SIBJICHHE HOBBIX BO3MOXHOCTEH JIOKAJIbHOTO KOHTPOJIS
LepeOpabHBIX METACTa30B IIPH IOMOIIN JIYIeBbIX METO-
WK BO3IEUCTBUSI, YCIIEXU CUCTEMHOTO IIPOTHUBOOITYXOJIe-
BOTO JICYCHHUSI, — BCE 3TO BBI3BAJIO MOBLIIIICHNE MHTEpECa
K ImpobyieMaM HelipooHKoJoruu Ha pyoexke XX u XXI BB.
B nexa6pe 2006 . Y. Yamanaka u coaBt. (Yokohama Rosai
Hospital) mpeacTaBuiiy cepuro UCclieOBaHMIA 22 TTalueH-
TOB, KOTOPBIM TSI TIPOBEACHUSI CTEPEOTAKCHMIECKOM pa-
nuoxupyprun (CPX) mpeaBapuTeIbHO UMITIAHTHPOBAIN

B KMCTO3HBIII KOMIIOHEHT LiepeOpabHOT0 MeTacTas3a pe-
3epByap Ommaiia [1]. Orpanuuennst npoBeneHust CPX-
BO3[EHCTBYSI MHULMUPOBAIM ITIOUCK pellleHui, 1 3¢ dek-
THMBHBIM BBIXOIOM CTajla MMILIAHTaLMs pe3epByapa
C PETYJIIPHBIM APEHUPOBAHKEM, YTO IIPUBOIMIIO BITOC/IE/I -
CTBUU K YMEHBIIEHMUIO KMCTO3HOI0 KOMIIoHeHTa. He3aBu-
CHMO OT 3TOTr0 MCCJIEAOBAHMS HAIll AaBTOPCKUIA KOJIEKTUB
Brepsbie mpose’ (20.03.2007) uMILIaHTaLMIO pe3epByapa
OMMaiia B KUCTO3HbII KOMIIOHEHT METACTa3a IUIOCKOKIIE-
TOYHOTO paKa JIEFKOIo B TOJIOBHOI MO3T Ha 6a3e Poccuii-
CKOT0 OHKOJIOTMYECKOTO Hay4HOTO LIEHTpa.
Hcnonb3oBanue pesepByapa OMMaiist — XpOHUYECKOM
cyoKkyTaHHOU apeHmpytomeit cucremsl (XCkIC) — mo-
3BOJISIET JOOMBATHCSI PETPECCUM HEBPOJIOTMYECKOM CUMIT-
TOMATHUKM B CJIy4asix LiepeOpaibHbIX METACTA30B IIPEUMY-
LIECTBEHHO KMCTO3HOU (hopMbl. CTEHKM KUCTO3HOTO
KOMIIOHEHTAa OIyXOJIM YacTO MPOAYLMPYIOT XUAKOCTD,
TEM CaMbIM HUBEIUPY LI€JIECO00PA3HOCTh OMHOKPATHOIO
BBIBEICHUST COACPKMMOTO, TAKKE CYIIECTBYET BHICOKUIA
PUCK pacIpOCTPaHEHUS OMYXOJHU IO TPAKTY IIPU OJHO-
KpaTHoU nyHKuuK. ToTalbHOE yaajieHe BCeX CTEHOK KU~
CTO3HOTO0 KOMIIOHEHTa OIyXOJIM TEXHUYECKU He BCeraa
BBITMIOJIHUMO, BCJIEACTBHE YEro B ITOCACOIEPALIMOHHOM
MepUOoIe MOXET IMPOUCXOAUTH ObICTPOE HapacTaHue 00b-
e€Ma XHUIAKOCTHOTO KOMIIOHEHTa M IIPOAOJIKAIOLIASICS

'Anenna B.A. Heitpoxupyprudeckuii 3Tar B KOMIUIEKCHOM JIEYEHU U OOJBHBIX C 1IepeOpaTbHBIMU METACTa3aMK paKa Jierkoro. Jluc. ... KaHa. Men.
Hayk. M., 2017. 130 c. JoctymHo 1o ccbuike: https://istina.msu.ru/dissertations/391761942/
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HEeBpOJIOTMIeCcKasl CUMITTOMaThKa. I1poBeneHne HeoOxo-
JIMMOTO XMMHUOJIYIEBOTO JICUCHMS B TAKMX CIIydasiX OTKIIA-
neiBaeTcsa. MUmmmanrauusg XCk/IC maeT BO3MOXHOCTh
KOHTPOJISI KOJTMYECTBA KMUIKOCTHOTO KOMITOHEHTA B IIe-
pebpalbHOM MeTacTa3e, TeM CaMbIM YCTPaHsISI HEBPOJIO-
TUIECKYIO CUMITTOMATHUKY, VIy4Ias COCTOSHUE TTAalleHTa
" 1103BoJIsIA TIpoBoauTh XT u mydeByro Tepanumoo (JIT)
B KOM(POPTHBIX YCIOBUSIX.

C yuetoMm KoHCTpyKIMK XCkJIC HaM1 HEOTHOKPATHO
00cyXnanach BOSMOXHOCTb 1 II€JIeCO00Pa3HOCTh MCITONb-
30BaHUS 3TOM cucTeMbl il mpoBeaeHust UTXT u BBeae-
HUS JIEKAapCTBEHHOIO areHTa B KMCTO3HYIO ITOJIOCTH
IIpH LIepeOpaTbHBIX MEeTAacTa3aX COJMIHBIX OIYXOJIei, O~
HAKO 0 HACTOSIIETO0 BPeMEHU OTBET Ha 3TOT BOIIPOC
He HaigeH. I[1poBeneHune UTXT B ykazaHHBIX Cllydasix,
BO3MOXKHO, TTO3BOJIUT JOCTUYD OOJIBIIIETO JIOKAIBHOTO 3(P-
¢dekTa TIpy MEHBIIIE TOKCUIHOCTH, HO TIOKA 3TO TOJIBKO
MIPEIITOI0XCHHE.

MATEPUAN U METOAbI

3a nepuog 2007—2022 rT. Ha 6a3e HepOXUpypruyde-
ckoro otneneHua PI'bBY «HarmmoHaibHbBIN MEAUITMHCKUIA
uccaeaoBaTeabcKuii eHTp oHkonaoruu um. H.H. bio-
xuHa» Mun3apasa Poccuu (manee — HMUWUII orkonorunmn
nMm. H.H. brioxnHa) 1e4eHre 1o onmMchIBaeMO METOIUKE
nosyury 100 manueHToB, MMEIOIINX TMarHO3: MeTacTa3bl
paKa MOJIOYHOM XeJie3bl — 42; MeTacTa3bl HEMEITKOKIIe-
TOYHOTO paKa JIETKOTo — 28; TIIMOMBI — 9; MeTacTa3bl MeJ-
KOKJIETOYHOTO paKa JIETKOTO — 3; pa3IMYHbIe MeTaCTaTH-
YyecKHe ONyXOJM LEeHTpaJlbHON HEPBHOM CUCTEMBI
(T1pu pake SIMYHUKOB, IIEWKN MaTKH, MEJTAHOME M TIp.) —
18 yenoBexk (puc. 1).

Takum 06pa3oM, MOKHO OTMETUTD, YTO B HAIIIEM MC-
CJIEIOBAHUM JIbBUHAS JOJS MPUHAIIEXKUAT MalreHTaM
¢ MeTacTa3aMy paKa MOJIOYHOI kee3bl. BooO1ie 310 Han-
boJee yacTast MpUYMHA BTOPUYHOTO 1IepeOpaTbHOTO T10-
pakeHM Yy KEHIIWH, MeTacTa3 HepPeaKo UMeET KMCTO3HBII

I PM¥/BC

W HMPII/NSCLC
MPJ1/SCLC

M hvoma/Glioma

W [Lpyroe/Other

28

Puc. 1. Pacnpedesnexue nayuermog no sudam 3abosiesaHus 8 uccredogaHuu: PMM( —
pak moso4Hol xcenesol; HMPJT — HemenKoknemoyHell pak neekozo; MPJ1 — menko-
K/1eMOYHbIU paK s1e2Ko2o

Fig. 1. Distribution of patients by disease type in the study: BC — breast cancer;
NSCLC - non-small cell lung cancer; SCLC — small cell lung cancer

KOMITOHEHT pa3JIMYHOM CTEIIEHN BRIPAXKEHHOCTH, OITYXOJTb
IOCTATOYHO 3¢ (PEeKTUBHO KOHTPOIUPYETCS IIPU ITOMOIIN
XTulJIT [2].

B pabote ncronbp3oBanm, KpoMe pe3epByapa OMmaiisa
(XCkC), XxupypruueckKyro HaBUTALIMOHHYIO CHUCTEMY
BrainLAB Kolibri miim Medtronic StealthStation S8, a Tak-
XKe yaeTpa3BykoBoit ckaHep BK Medical. UccinenoBanue
1 KOHTpOJb IpoBoawin ¢ npumeHennem MPT u KT.

PE3YJIbTATHI

IpenmymectBa nmmianTanuu XCkIAC mo3BOISIOT
pacIIMpUTh ITOKAa3aHUS K MIPOBeAcHUIO eueHns. Eciau
paHee TaIMEeHT C OOIMPHBIM 00pa30BaHNEM C BBIPAKEH-
HBIM KMCTO3HBIM KOMIIOHEHTOM MOT OBITH HaIlpaBJICH
Ha TaJUIMaTUBHOE OTKPBITOE HEMPOXUPYPTUIECKOE JIeUe-
HUE (C COMHUTETBHBIM COOJIIOMCHNEM OHKOJIOTMIECKUX
TIPUHIIUIIOB a0JIaCTUYHOCTH M BEICOKMM PUCKOM JIHCCE-
MUWHALMU OIyXOJI1) 1100 Ha NMajuUIMaTUBHYIO KypcoByto JIT
(B 0OBeMe 00 TyJIeHHS BCETO MO3ra), TO TeTleph MAaJIOMHBA-
3MBHOE BMEIIIATEILCTBO PA3UTEILHO MEHSIET ITEPCIICKTUBEI
OOJIBHBIX (pHC. 2).

B nipeacraBiaeHHON KIMHUNYECKOW CUTYaIlNH Y ALl -
€HTa C IUTOCKOKJIETOYHBIM PaKOM JIETKOTO 1 e TMHUIHBIM
TopaxkeHNeM TOJI0OBHOTO MO3Ta Ha0Iomaiach JMHAMUKA
TIOCTEIIEHHOTO YMEHBIIIEHUST pa3Mepa LepeOpaaTbHOrO M0~
paXXeHMS TIPU PETYJISIPHBIX IPSHUPOBAHUSIX pe3epByapa
(cM. puc. 2, a—e). Ha boHe mpoBeneHNSI CUCTEMHOTO Jie-
KapCTBEHHOTO MPOTHUBOOITYXOJIEBOTO JICUCHMS JIyIeBOE
BO3/IEICTBIC HA METACTATHYECKOE MOPAKEHHNE TOJIOBHOTO
Mo3ra OBLJIO OTCpoYeHO. B mTore ymaaock mOCTUYb BO3-
MOXHOCTH TPOBEAECHUS JIOKAJIIbHOTO KOHTPOJSI C TOMO-
mpio CPX-Merona, uyto apdekTuBHEE 0OTYYEHUST BCETO
TOJIOBHOTO MO3Ta M COIIOCTAaBUMO IO PE3YIBTaTUBHOCTHU
C XMPYPrUIEeCKUM BMEIIATeIbCTBOM B 00ObEME yIaJICHMS
OITyXOJIU (CM. pHC. 2, e—e).

Wmmnanrauusg XCkIAC nMeeT HECKOIBKO MPEUMy-
IIECTB TIepe IMTPOCTHIM CTEPEOTAKCUICCKUM IPESHUPOBA-
HHEM KMCTO3HOTO KOMITOHEHTA OITYXOJIX. Psi IyOmKartmiz
JIOKa3BIBAET CYIIIECTBOBAHME OIYXOJIEBOI TUCCEeMUHAIIN
o MTUPT-KaHAIIy TIPH CTEPEOTaKCUIECKUX OMOIICHSIX
B CJTy4asiX METaCTaTUIECKOTO IMOPaXKeHUsI TOJIOBHOTO MO3-
ra [3]. HeobxoanMo yYUTBIBATH PUCK PACIIPOCTPAaHEHUS
OITYXOJICBBIX KJICTOK ITO INTU(T-KAaHAJTy He TOJIBKO B TKaHM,
HO ¥ B JINKBOP C BO3MOXKHBIM ITOpaxkeHIEeM 000j1049eK. Tak,
IUTSL psiia TIAIIMeHTOB C YCTaHOBJICHHBIM Pe3epBYapoOM Tpe-
0OBaJIOCH MHOTOKPAaTHOE APCHUPOBAHNE BBUIY ITOCTOSH-
HOI MPOAYKIIMU MATOJOTUYECKOU XKUIKOCTH CTEHKAMU
OIYXOJIEBOM KMCTBHI.

WmmnanTamus pe3epByapa OMMalia B KUCTO3HBIM
KOMITOHEHT OITyXOJIM TeXHUUYECKH IIPEICTABISIET COOOM
PYTUHHYIO TIpoLieaypy, OObIYHO HE TPEOYIOLIYIO UCIOJb-
30BaHMS BBICOKOTEXHOJIOTMUECKOTO 000pynoBaHus. B Ha-
MeYEeHHOM 00J1aCTU MPOBOIMTCS MOAYKPYIJIbIA KOXHBIA
paspes 1o 4 cM; B LIEHTPE TI0JIT KPECTOOOPa3HO BCKPHIBA-
€TCSI aTIOHEBPO3 HAIl IIPEITI0IaraeMbIM YIACTKOM HaJIOXKE-
HUS (Ppe3eBOTO OTBEPCTUS; IIPOBOMUTCS TpehUHAIINS
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Yyepera; TBepaast MO3roBasi 000109Ka BCKPBIBACTCST CKaJTb-
ImejaeM Ui IIPOBENEHUSI KaTeTepa M KOaryJaupyeTcs
IIPpY HEOOXOAMMOCTH; IIPOBOINTCSI MMILTIAHTAIINS KaTeTe-
pa B KUCTO3HYIO TTOJIOCTh, M3JIUIIHSIS €T0 9aCTh OTpe3acT-
cs ¥ pe3epByap GUKCUpyeTcs K Katerepy. K armoHeBpo3y
pe3epByap QUKCUPYETCs] HECKOJIBKUMM Y3JIOBBIMU IIIBAMH,
ITOCJIe YEeTO YIMMBAIOTCS MsITKIe TKaHu. [Tocie aToro mmpo-
BOIUTCS IIPOBEpKa PabOTOCTIOCOOHOCTH — ITyHKIIWS 1 BbI-
BelleHNE HEeOOJIBIIIOTO KOJIMYECTBA SKUIKOCTH.

B psame ciaygaeB — mpu HEOOBIINX pa3Mepax OIyXO-
JIEBO¥ KMCTBI WJIM PACTIONIOKEHNH €€ B (PYHKIIMOHAIBHO
3HAYMMBIX 30HaX TOJIOBHOTO MO3Ta — IUISI BEIOOpA TpacK-
TOPUHU UMIUTAHTAIIMM KaTeTepa MBI MCITOJIb30BaJId XUPYP-
TUYECKYIO0 HABUTALIMOHHYIO CHCTEMY, a TAK3Ke YIIBTPa3BY-
KOBOI CKaHep. BaxXHO OTMETUTh OTHY M3 OCOOCHHOCTEH
MIPOBEICHHON MMIUTAHTALIMU: HEOOXOMIUMO YETKO ITOHM-
Math TpeOyeMyIo TJTyOMHY YCTAHOBKHU 1 HE 3aBBIIIATD pa3-
Mep KaTeTepa, YTOOBI IIPU YMEHBIIEHNHN Pa3MepOB KUCTO3-
HOTO KOMITOHEHTA KaTeTep He CMEIaICS B OKpyXKalolee
MO3roBoe BemiecTBO. CIIOpPHBIM MOMEHTOM OCTAaCTCST M-
IUTAHTAIIAST pe3epByapa MpH MOPaKeHUH, JIOKATU30BaH-
HOM CYOTEHTOPHAILHO — BBUJIY CJIOKHOCTH BBIOOpA alleK-
BaTHOTO PACIIOJIOKEHMS pe3epByapa IO CIOEM MBIIIIII.

Russian Journal of Neurosurgery

PesepByap OMMaiia UCITOIB30BAIM B CITyJasiX eAMHIY -
HOTO ¥ MHOXECTBEHHBIX TopaxkeHuit. [1pn mymnsrudo-
KaJIbHOM ITOPaKeHUH OOBIYHO MPOBOIMIN NMITJIAHTALIIIO
B HAaMOOJIBIINI KIMHUYECKY 3HAUMMBIH y3el (puc. 3).

Bax#srit hakT: B HaIllei TpyIIe MAallMEHTOB B psiie
CJydaeB yJaJioCh MCIIOb30BaTh OMUCHIBAEMYIO TAKTUKY
HE TOJIBKO C JICYeOHOM, HO 1 ¢ TMAaTHOCTUIECKOI IIETIBIO.
[Ipy1 IMTOTOTrMYECKOM HMCCICHOBAaHMUM >BaKyHpPyeMOit
KMIKOCTH OINPENEIsIN CeUNPUIECKUE OIyXOJIEBbIE
KJICTKH, YTO TTO3BOJIFIIO IIPOBECTH TAKXKE M MMMYHOITUTO-
XUMHUIECKOE UCCIIeAOBaHNUE C ITIOCIESAYIONIM IIPABYIBHBIM
Ha3HaAYeHUEM CHCTEMHOM ITPOTUBOOITYXO0JIEBOT TepaIIiu.

Kaxknx-m100 ocioXHEeHMI B HAIlle CEpUU MCCIIEI0-
BaHWIT HE OTMEUEHO. ACIIMPAIINIO COMEPKUMOTO KHCTHI
MIPOBOMIMIINA B aCENTUYECKUX YCIIOBUSIX, TIPU 9TOM KOJIMIe-
CTBO BbIBOJMMOM XKUAKOCTU BapbUPOBAIOCH OT 3—6 (ua-
me) g0 12 mur 3a oguH pa3. st KOHTPOJISI KMCTO3HOTO
KOMITOHEHTA IepeOpaIbHOTO MEeTacTa3a B paHHUI ITOCIe-
OIePaIIMOHHBIN Mepuoa pyTuHHO IpoBoauan KT romos-
HOTO Mo3ra. [lajree craHmapTHOE TMHAMUYECKOe Ha0JTI0-
IIeHNe BKITIOYAJIO PEeTYJISIpHOE IIPOBeIeHNE KOHTPOJIBHBIX
MPT-uccnenoBanuii TOJOBHOTO MO3Ta ¢ KOHTPACTHBIM
ycunenneMm. OlleHMBaAIM TakKXe OMHAMHUKY perpecca

Puc. 2. [luHamuka pa3mepos KUCMO3HO20 KOMNOHEHMA edUHUYHOU ONYX0/U 20/108H020 M0320 NAUUEHMA C NJIOCKOK/IEMOYHbIM PAKOM J1e2K020 N0C/ie UMNAaHMAyuU pe-
3epsyapa u HeoOHOKPamHoli 38aKyauUU cO0EPHUMO20 onyxo/u (a—8) 00 NOSIB/IEHUS BO3MOXCHOCMU JIOKA/IbHO20 J1y4es020 JieveHus (2—e): a — MPT do onepayuu; 6 — MoMeHm
nosyqeHus co0epHUMOo20 KUCMO3H020 KOMNOHeHMa NPpu UMNIGHMAyuUU Kamemepa; 8 — kokmposneHas KT e 1-e cymku nocne onepayuu; 2 — MPT yepe3 1 Mec nocsie eme-
wamenscmea; 0 — MPT yepes 2 Mec nocsie eMewamesnscmea; e — KT 415 nIGHUPOBAHUS J1y4eo20 ledeHus:

Fig. 2. Dynamics of the size of the cystic component of a brain lesion (metastasis of squamous cell lung cancer) after implantation of Ommaya reservoir and repeated evacuation
of the tumor contents (a—8) until local radiation treatment became possible (2—e): a — MRI before surgery; 6 — the moment of receiving the contents of the cystic component
during catheter implantation; 8 — control CT on day 1 after surgery; 2 — MRI examination 1 month after implantation; d — MRI examination 2 months after implantation; e — CT

scan for radiation planning
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Puc. 3. [uHamuka pazmepos onyxonessix y3/108: a — Ha 1-e CymKu noc/le eMewiamesibcmeda; 6 — Ha 7-e CymKu; 8 — Ha 42-e cymku (KoHmponis noc/ie sy4egol mepanuu,
JIT). BepxHudi psd: y3nel nocne umnnasmayuu pesepsyapa OMMaiia 8 KUCMO3HbIl KOMNOHeHM 00H020 U3 Memacma3sose PaKa MosI0YHOU Jcesle3sl U HeOOHOKPAMHOU 38aKy-
ayuu codepxcumozo onyxonu. HuxcHuii psd: yanel 6e3 umnaaHmayuu noce nposedeHus nokaneHol JIT

Fig. 3. Dynamics of the size of tumor lesions: a — on day 1 after implantation; 6 — on day 7: & - on day 42 (control after radiation therapy, RT). Upper row: lesions after implantation
of Ommaya reservoir into the cystic component of one of the breast cancer metastases and repeated evacuation of the tumor contents. Lower row: lesions in the absence of

Ommaya reservoir implantation after local RT

HEBPOJIOIrMYECKOTO ,Z[C(I)I/I]_[I/ITEI, 0COOEHHO IIpH JIOKaJIn3a-
IOHHN IMOPaKC€HUA B (I)YHKL[I/IOHEU[LHO 3HAaYMMBbIX 30HaX.

OBCYXIEHME

Ha ceromHsimrHmii IeHb B OTOCICHUHN HEMPOOHKOJIO-
run HMUWIL onkonoruu um. H.H. bioxuHa nMrianranust
pe3epByapa OMMaiia B KUCTO3HBII KOMITOHEHT OITyXOJIH C 1Ie-
JIBIO CO3IaHMS TIIaLIapMa ISl JaTbHEHIIero Je4eHns cTaia
PYTMHHBIM HEHPOXUPYPTUUECKIM BMEIIATEIbCTBOM.

C y4eToM COBPEMEHHOTO MYJIBTUAUCHUILIMHAPHOTO
ITOIX0/1a K JICUCHUIO TTAIIMEHTOB C IIepeOpaIbHBIMU METa-
cTazaM1 UHTEPECHBIM SIBIISICTCS 00CYKIeHNE BO3MOXKXHO-
CTH, ILIEJIECOO0Pa3HOCTH 1 OE30IMaCHOCTU MMPUMEHEHMUS
pe3epByapa OMMaiia oI TOCTaBKU TepPaIleBTHICCKUX
areHTOB HEITOCPEACTBEHHO B OITYXOJIb — B MOJIOCTh KH-
CTO3HOTO KOMIIOHeHTa. He cTonT 3a0BIBaTh, 4TO M3HAYATIb-
HO pe3epByap UCIIOJIb30BAJICS VTSI BBEACHUS OJICOMUIIMHA
B KMCTO3HBI KOMITOHEHT KpaHMO(papUHTUOMEL. Takke
Ha CeTONHSIIHUN IeHb PYTMHHOM CTalia MMILIaHTAIIMS
pe3epByapa OMMaiia B xkeaynoukoByio cuctemy mist UtXT
JIEMKO30B Y IeTei, a TAaKKe Y B3pOCIBIX (pexke) [4].

Emre ogHrM BapraHTOM HMCITOJBb30BaHUS pe3epByapa
OmMMaiia MOXKET OBITh €T0 IPUMEHEHHE B SIACPHOM MeIN-
LIMHE JUTSI BHYTPUKUCTO3HOTO OOIYUICHUS PATON30TOIIOM
[5]. Omrcano mpoBefcHNE TAKOTO BaprMaHTa JIOKAJTBHOTO
KOHTPOJISI IIPpX KpaHNO(GapUTHOME Y B3POCIOTO MY>KINHEL.
Beoauicsa konnona uutpaTta uttpus-90 B mosze 300 Ip
Ha BHYTPEHHIOIO TTOBEPXHOCTh OITYXOJM, YTO BEI3BAJIO

OCJIOXKHEHHME — MOCTTePANIeBTUYECKYIO BOCHATUTEIbHYIO
peakunio. BapuaHTHI Je4yeHUsT KpaHMOGapUHTUOM TIpU
TTOMOIIM PaION30TOITOB U3yJaIuch ¢ 70-X TOOOB TIPOIII-
sioro Beka [6]. [TomoOHBIX McCaeTOBaHN IS TALMEHTOB
¢ HepedOpalbHBIMUA METacTa3aM1 pa3InyHbIX (opM paka
K HACTOSIIIEMY MOMEHTY HET, HO OHM MOIJIM ObI CTaTh €Il
OIOHOM 13 BO3MOXHOCTEN IMPUMEHEHMSI HAIIE METOOVK.

3AKJIOYEHUE

Ha ceromnstiramit neHp pesepByap OmMMaiia MOKHO
3 HEKTUBHO MCIOIb30BaTh B HEMPOOHKOJOTNUECKOM
MpaKkTUKE B pa3IMuYHOM KAYECTBE U C Pa3HbIMU LIEASIMU:

* KaK CpeliCTBO KyNMpOBaHUsI Ipy0oii HEBPOJIOTMYECKOMN
CUMNTOMATUKU, Pa3BUBILIEHCS M3-3a BBIPA)KEHHOTO
KMCTO3HOTO KOMITOHEHTA OMYXOJIH;

* KaK TEXHUYECKYI0O BO3MOXKHOCTb MOJIyYeHMST JaHHBIX
(B TOM uKcie B AMHAMUKE) ISl LIUTOJOTMYECKOTO
Y UMMYHOLIMUTOXUMUYECKOTO MCCIIeTOBAaHUI XXUAKO-
CTH, MPOAYLIUPYEMOM OIMYXOJIEBOU TKAHBIO;

* KaK JIOKQJIbHBIU CIIOCOO YMEHbIIEHUS OTYXOJIU C K-
CTO3HBIM KOMITOHEHTOM (6€3 00 1y4eHUs BCETO TOJI0B-
HOTO MO3ra), COIOCTaBUMBIN 10 3((HEKTUBHOCTH
C XUpYypruyeckuM BMEIIaTeIbCTBOM B 00beME MOJIHO-
TO yIaJIeHUS OITYyXOJIH.

B mepcrnektuBe mmpuMeHeHMe pe3epByapa Ommaiia
YBEJMYUT BO3MOXHOCTH JOCTABKM PA3JIUYHbBIX TepareB-
THYECKUX ar¢HTOB B OITYXO0JIb, 4 TAKXKe BapHaHTHI 3 heK-
TUBHOTIO JIOKAJIbHOTO KOHTPOJIS.
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TaKTMKa HeMHBaA3WBHOW OUArHOCTUKM U JIeYeHUs
naumeHToB ¢ KT-HeraTMBHLIMU JIMKBOPHLIMK
unCTyNaMmn 0CHOBaHMA Yepena

KoHTaKThI: U.M. Togkos" %3, [1.B. Powwna?, A.A. Tpunb"2, A.W. Kpiokos*, E.B. lapoB*

I'g'apbﬂ BuiToposHa '®IA0Y BO «Poccutickuti HayuoHaneHsil uccnedosamernsckuli MeduyuHekul yHusepcumem umeHu H. M. [Tupozosax»
OllinHa . Mun3zdpasa Poccuu; Poccusi, 117997 Mockea, yn. OcmposumsiHosa, 1

koneva.darya92@gmail.com

2I'BY3 «HayuHo-uccredosamessekuli uHcmumym ckopol nomouu um. H.B. Ckaughocosckozo [lenapmamenma
3dpasooxpaHeHus 2. Mocksei»; Poccus, 129090 Mocksa, bonewas Cyxapesckas n., 3;

3[bY3 «Mockosckuli MHozonpoghusieHbill KauHUYeckul ueHmp «KommyHapka» [enapmamMerma 30pagooxpaHeHust
2. Mocksei»; Poccusi, 108814 Mocksa, yn. CoceHckuti Cmat, 8, cmp. 3;

“‘I'bY3 «HayuHo-uccredosamestbCKull KUHUYeCKUU UHCmumym omopuHosiapuHeoozuu uM. J1.M. Ceepicesckozox»
Jlenapmamerma 30pasooxparenrus copoda Mockasl; Poccus, 117152 Mocksa, 3azopodHoe wi., 18a, cmp. 2

BBepneHune. Ha cerogHALWHMIA feHb AMarHoCTKa Ha3asbHOM IMKBOpEW NpeanonaraeT UCMonb30BaHe UHCTPYMEHTaNbHbIX M N1abopaTopHbIX
MeToauK. KomnblotepHas Tomorpadms (KT) ronosHoro Mo3ra — Hanbonee npeanoyTUTENbHbIA MHCTPYMEHTaNbHbIA METof, OiHaK0 He BCeraa
3 deKTMBHBIN NS BU3yanu3aummn JedeKToB 0CHOBaHWA Yepena pa3MepoM MeHee 2 MM.

Llenb nccnenoBaHus — NOATBEPXHAEHVE HA3abHOM IMKBOPEM MPY NOMOLLM NabopaTopHbIX METOLI0B ANMarHOCTUKY, @ He UHCTPYMEHTaNbHBIMM
METOf1aMM [IMarHOCTUKM.

Martepuanbl u MeTofbl. IHCTpYMeHTanbHas AMarHOCTUKa Ha3anbHoM Nnkeopen (ambynaTopHo): KT ronoBHOr0 Mo3ra BbICOKOT0 pa3peLueHus
C NOC/eAyI0LLMM aHaNM30M M30BpaxeHuit B MyfibTUNIIaHapHbIX NPoeKLMAX. JTabopaTopHas AMarHoCTUKa: KONMYECTBEHHBIM TECT Ha COepXKa-
HWe ITTI0K03bl B HA3aIbHOM CEKpEeTe C VCMOMb30BaHNeM MHAMKATOPHBIX MON0COK (Poccws), a TakiKe KOMMYECTBEHHbIN aHaNN3 reKCOKMHA3HbIM
METOZ0M MpU NOMOLLM BUOXMMMYECKMX aHanm3aTopoB (AnoHus, CLLA).

Pe3ynbTartbl. [pefcTaBneHsl AMarHocTMYecKas TaKTUKa W BapyaHTbl XMPYPryecKoro fedeHns 34 naumenTos. Mo gaHHeiM KT ronoBHOro Mo3-
ra, BbIMONHEHHOM BCeM NauueHTaM, B 5 (14,7 %) HabniofeHusx KocTHoro fedekTa He obHapyxeHo. O4HaKO BbISIBNIEHO MCTOHYEHWE KOCTHOM
TKaHu B 0611aCTV CUTOBMIHOM MAACTUHKM PELLETHATOM KOCTW C HanMYMeM MAFKOTKaHHOTO BKIYeHUs (MeHWHrosHLedanoLene), a Takke
HWM3KOe pacnosnoxeHne onbdakTopHol amkm (8,16 + 0,14 Mm). MpoBeaeHve nabopaTopHoi anMarHocTkK y 5 (14,7 %) nauMeHToB NO3BOAMNO
BepuhMLMPOBaTL NPUMECH NIMKBOPA B Ha3asbHOM CekpeTe. Bcem npoBefieHa peKOHCTPYKLMA IMKBOPHBIX GUCTYN 3HAOCKOMMYECKUM 3HAOHA-
3abHbIM JOCTYNOM M0 METOAMKE MHOMOCOMHOMO 3aKPbITUSA C UCMONb30BaHWEM anso- 1 ayToTpaHCN/IaHTaToB. B nocneonepawumoHHoM nepu-
0fle Y BCEX NaLMEHTOB PeLWAMBA Ha3ambHOM JIMKBOPEU He BbisBNeHO. KaTamMHe3 cocTasumn ot 6 Mec Ao 3 feT.

06c¢y»paeHve. MNpu BepudMKaLMm NTMKBOPA B Ha3aNbHOM CEKPETE AMArHOCTUKY JIMKBOPHbIX BUCTYN HE0BXOAMMO NPOBOAMTL Npu nomoLm KT
FOMI0BHOM0 MO3ra; NP OTCYTCTBUM ABHBIX leheKToB 0CHOBaHMS Yepena no pe3ynbtatam KT ronoBHOr0 Mo3ra — NepexoamTb K 3HA0CKOMMYEeCKOM
PEBM3UM MOMOCTV HOCA M CUTOBM/HOM NNACTUHKM PELLETYATOMN KOCTU, He Nprberast K MHBa3MBHLIM METOLaM AMarHoCTUKM.

3akuioueHue. B cnyyae HeraTMBHbIX MHCTpyMeHTanbHbIX (KT) 1 nonoxmTenbHbIX 1abopaTopHbIX pe3ynbTaToB 061acTb CUTOBMAHOM NAACTUHKM
PeLLeTYaTomn KOCTM PeKOMEHAYEeM PacLieHUBaTh Kak Hanbonee BePOATHbIA UCTOUYHWK Ha3ambHOW TIMKBOPEW.

KnioyeBble cnoBa: Ha3anbHas NIMKBopes, AedeKT 0CHoBaHUS Yepena, KT-HeraTnBHas NMKBOpHas GUCTyNa, MeHVHIo3HLedanoLene, CUToBUA-
Haa nnactvHKa, KT ronosHoro Mo3ra

[ns umtmposanus: fogros W.M., Powmna [1.B., TpuHb A.A. v op. TaKTWKa HEMHBa3MBHOM AMArHOCTUKM M NeyeHns naumeHToB ¢ KT-Heratve-
HbIMU IMKBOPHBLIMU DUCTYNaMK ocHoBaHWA Yepena. Herpoxupyprus 2025;27(2):76—82

DOI: https://doi.org/10.63769/1683-3295-2025-27-2-76-82

Noninvasive diagnosis and treatment tactics in patients with CT-negative cerebrospinal fluid
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Introduction. Currently diagnosis of cerebrospinal fluid (CSF) leak involves the use of instrumental and laboratory techniques. Computed
tomography of the brain (CT brain) is the preferred instrumental method. However, it is not always effective for visualization of skull base defects
less than 2 mm in size.

Aim. To confirm nasal CSF leak primarily using laboratory diagnostic methods, rather than instrumental diagnostic methods.

Materials and methods. Instrumental diagnosis of nasal CSF leak (outpatient): high-resolution CT brain with subsequent image analysis in
multiplanar projections. Laboratory diagnosis: quantitative test of glucose in nasal fluid using test strips (Russia) and quantitative test using
hexokinase method and biochemical analyzers (Japan, USA).

Results. Diagnostic tactics and types of surgical treatment for 34 patients are presented. CT brain was performed in all patients, and no bone
defect was found in 5 (14.7 %) cases. However, thinning of the bone tissue in the area of the cribriform plate of the ethmoid bone with the
presence of a soft tissue inclusion (meningoencephalocele), as well as a low position of the olfactory fossa (8.16 + 0.14 mm) was observed.
Through laboratory diagnostics, admixture of CSF in nasal fluid was verified in 5 (14.7 %) patients. Reconstruction of CSF fistulas was performed
in all patients through endoscopic endonasal access using multilayer closure technique with allo- and autografts. In the postoperative period,
no recurrence of CSF leak was observed. Follow-up period ranged from 6 months to 3 years.

Discussion. In verification of CSF in nasal fluid, CSF fistula diagnosis requires CT brain; in the absence of obvious defects of the skull base
according to CT results, endoscopic examination of the nasal cavity and cribriform plate of the ethmoid bone should be performed without the
use of invasive diagnostic methods.

Conclusion. In the context of negative CT and positive laboratory results, the area of the cribriform plate of the ethmoid bone should be regarded

as the most likely source of CFS.

Keywords: cerebrospinal fluid leak, skull base defect, CT-negative CSF fistula, meningoencephalocele, cribriform plate, CT brain
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fluid fistulas of the skull base. Neyrokhirurgiya = Russian Journal of Neurosurgery 2025;27(2):76—82. (In Russ.).
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BBELEHUE

BoznukaOBeHNIO HazanbHOIT mkBopen (HJI) moryr
CIOCOOCTBOBATh YePEITHO-MO3T0OBas TpaBMa, XUpyprude-
CKO€ BMEIIIATeJIbCTBO, a TaKXKe HeTpaBMaTUUECKUE TIPH-
yuHBI. Haamame mpsMoro cooOImeHns] MEXIY MOJOCTHIO
HOCa ¥ MHTpaKpaHUAIbHBIM IIPOCTPAHCTBOM MOXKET IIPH-
BOIWUTH K MHQUIIMPOBAHUIO 1 PA3BUTHIO BHYTPUICPEITHRIX
ocltoXHeHui B 25 % ciydyaeB, u3 KoTopbix 10 % 3akaHuu-
BaloTCs eTanbHo [1-3].

M3 MHCTpYMEHTATBHBIX METOIOB JUATHOCTUKU JIMK-
BopHBIX uctyn (JID) B HacTosIee BpeMsI TIPEATIOITH -
TEJIbHBIM CITYKUT KoMmbioTepHast Tomorpadus (KT) ro-
JIOBHOTO MO3Ta 3a CYeT CBOCH HEMHBA3UBHOCTH, OBICTPOTHI
IIPOBEICHMSI MCCIICMOBaHMSI, HEBBICOKOI cTonMocTh. Of-
Hako B psme ciayyaeB Ha cHuMKax KT romoBHoro mosra
BU3yaJIM3alLMsI HeOOMbIINX (MeHee 2 MM) Ie(eKTOB OCHO-
BaHMS Yeperia He Bcerma BO3MOXKHA 3a CYET HEYETKOTO
CHUTHaJIa OT ICTOHYEHHOM KOCTHO TKaHM Ha (poHe chop-
MHPOBAaHHOTO MEHWHTO3HIIedato1ene, 0cCOOeHHO B 00-
JIAaCTU CUTOBUIHOM TUIACTMHKMU peleTyaToi Koctu. B aToit
CBSI31 HEOOXOAMMO Ha CIICAYIOIIEeM 3Talle, B CIIydae Tom-
TBepXIeHHoI JabopaTopHo HJI (BMecTo MHBa3MBHOIO
MeTona auarHoctTuku KT-umcreprorpacdmu, KTIIT),
IIPOBOIUTH SHIOCKOMUYECKUIT OCMOTpP ITOJIOCTH HOCa

C TIPULIEJIbHOM OLIECHKOM CUTOBUIHOM IUIACTUHKHU pelIeTIa-
TOM KOCTH ¥ MOCJIEAYIOLIYIO TUTACTUKY nedekTa [4—6].

B HacToseit nyonukauuy mpeacTaBlIeHo 5 KIUHU-
yecKux ciaydyaeB nauueHTon ¢ HJI, npeHtuduumrpoBaHHoOR
IpU MOMOIIM JIAOOPATOPHBIX METOAOB, Ha (DOHE OTCYTCT-
BUS JedeKkTa ocHoBaHUS deperna Mo JaHHBIM KT roioB-
HOI0 MO3ra, a TaKXKe TaAKTUKAa HEMHBAa3UBHOM TUAarHOCTH-
KU Y JIeYeHUs TalleHTOB.

MATEPWAJTbI U METOLbl

C 2018 mo 2023 . Ha 6a3e HEUPOXUPYPIrUIECKOM KTV~
HUKM HaydHo-mccnenoBaTesIbCKOro MHCTUTYTa CKOPOU
nomomu M. H. B. CkndocoBcKoro mpoorepupoBaHoO
34 mauueHTa ¢ Jokanuszauueit JI® B 061aCcTU CUTOBUI -
HOI1 IJIaCTUHKMU pellieTyaToit Koctu — 16 (47,1 %), cre-
HOK KJIMHOBUOHOM mma3yxu — 14 (41,2 %), 3aaHei CTeH-
K1 100HOoM nasyxu — 4 (11,7 %) nauuenta. [1pu aTom
y 5 (14,7 %) naunenToB JI® cUTOBUAHOM IIACTUHKU Pe-
MIETIATON KOCTH MOATBEPKICHA HE ¢ TIOMOIIBIO MHCTPY-
MEHTaJIbHBIX METOIOB MTMAaTHOCTUKM, a JabopaTopHo. Jla-
Jiee ObUTA clejlaHa SHIOCKOIMMYecKasi peBU3HS OJIOCTH
HoCca, 10 pe3yJIbraTaM KOTOPOH y BCeX 5 MallieHTOB B 00-
JIAaCTU CUTOBMIHOW IIJIACTMHKMW BU3yanui3upoBann JID,
TOCJIe YeTo IIPOBEIM OMHOMOMEHTHYIO IUIACTUKY AedeKTa.
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Tabnuua 1. 06LLas XapaKTepMCTUKa NALMEHTOB C Ha3albHO JIMKBOpEei

Table 1. Characteristics of the patients with nasal cerebrospinal fluid leak

TTamu- Bospacr, NMT, Drnogorusa HJI
eHT* Jet Kr/m?
1 44 28,7 %HOH’F&HH&?I
pontaneous
2 41 26,9 ToKe
€ Same
3 23 19,7 TpaBMaque_:CKaﬂ
Traumatic
4 2% 31,5 CrioHTaHHas
Spontaneous
5 51 30,4 oK
1€ same

Ilpumenanue. UMT — unoexc maccot mena; H/I — nazanvrasn aukeopest.

*Bce npedcmaeneHHble NAYUEHMbL — JHCCHUUHD.
Note. BMI — body mass index; CSF — cerebrospinal fluid.
*All presented patients are women.

B mpencTaBiIeHHBIX 5 KIMHUYCCKUX HAOTIOICHUIX
TaTOJIOTHS TIPOSIBIISUIACH CKYTHBIM UCTEUYECHHEM IIepeOpo-
crimHabHOM xkunkocTH (L[C2K) 13 omHOIT TOJIOBUHEI ITO-
Joctv Hoca. Dtrosorust HJI mocTrpaBMaTHnIecKoro xapak-
Tepa ycTaHOBJIeHA y | ImamueHTa, HeTpaBMaTUIECKOIO
(cnontaHHoro) — y 4. Bospacr nauuenTos: 41, 44, 23, 26
u 51 rox. Cpemauii Bo3pact coctaBua 37 = 12,02 roma.
3HaueHus mHIeKkca Maccel Tena (MMT) BapprpoBanch
ot 19,7 mo 31,5 xkr/m?, cpenHuii nmokasareiab — 27,4 +
+ 4,6 kr/m? (Tabi. 1).

METOAbI

HNucrpymentranbuasa amarnoctuka HJI: KT ronosHoro
MO3ra BBICOKOIO pa3pelieHus: (aMOyIaTOPHO) € MOCIeny-
IOLLMM aHATM30M U300pakKeHUI B MYyJIETUILIAHAPHBIX ITPO-
EKILUSIX.

JlabopaTopHasi IMArHOCTHKA: OLICHOYHbBIM aHAIN3 Ha
colepxKaHue III0KO3bI MPU MOMOIIY MHIUNKATOPHbBIX I10-
nocok «BMOCKAH® — INNTIOKO3A» (Poccus); konnde-
CTBEHHbIII OMOXUMHUYECKUI aHAIN3 TeKCOKMHA3HBIM METO-
oM (peareHT Glucose Hexokinase Reagent SetHTI-G7518)
C HCIIOJIb30BaHMEM OUMOXMMHUUYECKMX aHaJIM3aTOPOB
Olympus AU 640 (Olympus Corporation, SIlnonust) u Advia
120 Bayer (CIIIA).

TecT-M0I0CKY MO BU3yaabHBIM KOHTPOJIEM BBOIMIN
Ha 2—3 ¢ B 00€e IOJIOBMHBI IOJOCTU HOCA /i1 KOHTaKTa
CEHCOPHOTO 3JIEMEHTA CO CIIM3UCTHIM OTAEISIEMbIM 000-
JIOYKM HUXHEW M cpeaHeil HOCOBBIX pakoBUH. [locie
M3BJICYEHUS TIOJIOCKU U3 MOJOCTH HOCA Ha3ajIbHbIH Ce-
KpET Ha CEHCOPHOM djieMeHTe ctupajiu. Crycrs 60 ¢ co-
JepXaHue TII0KO3bl OLEHUBAIM MO0 MHTEHCUBHOCTHU

'https://radiopaedia.org/articles/keros-classification-of-olfactory-fossa

HNHTEeHCcMBHOCTD JlaMTeabHOCTD Liyouna ogabdax-
Bbinenennii (HJI) TOPHO# SIMKHM, MM
CKynHbBIE 12 cyt
Sparce 12 days 8,04
To xe 5 mec
The same 5 months 8,41
3cyr
- <= 3 days 8,13
2 Mec
- <= 2 months 8,09
3 mec

— «—
3 months

OKpPAaCcKM XpOMOTEHa, CPAaBHUBAS €€ C 3TAJIOHOM Ha IIBET-
HOW LIKaJe.

J17151 mpoBeieHYSI KOJTMYECTBEHHOTO OMOXUMMWYECKOTO
aHaJIM3a Ha CofiepKaHUe TIIOKO3bl COOMpPaIN HA3aTbHBIIN
cekper, mpoBoimpys ucteuenune L{CXK 3a cuet moBsiie-
HUSI BHYTPUOPIOLIHOTO Y BHYTPUIPYIHOTO IaBJIEHMUS,
YTO TIPUBOMIUAJIO K TTOBBIIIIEHNIO BHYTPUUEPEITHOTO JIaBJIe-
Hus (1poba BaabcaiabBhl).

PE3YJIbTAThI

KommrbiorepHast ToMorpadust TOJIOBHOTO MO3Ta, BbI-
TIOJTHeHHAs TTallieHTaM1 aMOYJIATOPHO, a TAKXKe TTOCIIEY-
foIIast BU3yarbHasl OlleHKa CHUMKOB B MYJIBTHILIaHAPHBIX
MPOEKIMSIX, MPOBeACHHAS HaMM, He BBISIBUJIN SBHOTO
KOCTHOTO neceKTa ocCHOBaHUs yepena. Ha cepusix cHUM-
KOB BCeX ITAlIMEHTOB OTMEUYEHO MCTOHICHNE KOCTHOM TKa-
HU B 00JIACTY CUTOBHIHOM TUTACTUHKHA PEIIETIATON KOCTH,
B psie CIy4aeB C BKIIIOUCHHEM MSTKOTKAHHOTO KOMIIO-
HeHTa (puc. 1, 6).

IIpu ananusze KT ronoBHOro mo3sra B KOpOHapHOM
MIPOEKIINH Y BCEX MAIIMEHTOB BBISIBJICHO HU3KOE PaCIIojio-
KEeHHE IIEHTPAIbHBIX OTIEI0B CUTOBUIHON IUIACTUHKU
perreTyaToi KOCTH (0Ib(haKTOPHOI SIMKIT) OTHOCUTEIEHO
3TMOUIAIBHON SIMKH (IT0 KJIaccH(pUKALIMK BapMaHTOB
CTpOeHUsT cuToBMAHOM rutactuHku 1o P. Keros!, 1962 r.)
oT 8 10 16 MM (puc. 1, a). BeipaxXeHHOCTb 0J1b(paKTOPHOI1
SIMKM M3MEPSUTH TIPOBEICHNUEM TIePIICHINKYJISIpa 10 MaK-
CUMaJIbHO HIDXKHEW TOYKHM OT OTpe3Ka, COCIMHSIOIIETO
3TMOMIAIbHBIC IMKH (puc. 1, 6). [lryouHa oapdakTopHOI
SIMKU y TIALMEHTOB cocTaBuia 8,16 & 0,14 MM HMXe ypOB-
HST 3TMOUIATBLHOM SIMKHU.
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8,21 mm/8.21 mm |\

111”"

Y 8,06 MM/ 8.04 mm

Puc. 1. KT 201108H020 Mo32a: a — HU3KOe pacnosiodxceHue 01b@akmopHol SMKU (YepHas cmpesika) omHocumesbHo 3mmoudansHol smku (benas cmpenka); 6 — usMepeHue
2/1y6uHbI 0/1bGaKMOpHOU SMKU; 8 — MS2KOMKAHHbIU KOMNOHEHm (8binsHuBaHuUe) 0Kos10 8epxHell Hocogol pakosuHbl (besble cmpesnku)

Fig. 1. CT brain: a - low position of the olfactory fossa (black arrow) relative to the ethmoidal fossa (white arrow); 6 — measurement of the olfactory fossa depth; e — the soft-

tissue component (protrusion) near the superior turbinate (white arrows)

Puc. 2. MonoxcumentHell pesysismam mecma Ha COOEPHAHUE 2/10K03b! 8 HA3G/ILHOM
cekpeme. CpasHeHue OKpaweHHbIX UHOUKamopHelx nosocok (BMOCKAH® — [T1H0KO-
3A, Poccus) c ysemosoii wranoii

Fig. 2. Positive result of a quantitative test for measuring glucose in the nasal
secretions. Comparison of colored indicator strips (BIOSCAN® — GLUCOSE, Russia) with
the color scale

[roxo300KcumasHyo mpody mocie 60-ceKyHIHOTO
KOHTaKTa Ha3aJIbHOTO CEKPeTa MAIIMEHTOB C UHANKATOPHBIM
Y4acTKOM Ha TECT-TIOJIOCKE TPAKTOBAIM KaK TOJTOXUTEb-
Hy1o0 (+) (puc. 2), Torma Kak aHaJIOTUYHBIN TTPOBEIEHHBIN
TECT C Ha3aJIbHBIM CEKPETOM ITPOTUBOIIOIOXHOW CTOPOHBI
TOJIOCTU HOCA ObLT OTPULIATEIBHBIM (—).

PesynbraT OMOXMMUYECKOTO KOTMYECTBEHHOTO aHa-
J3a Takxke ObLT MOJOXUTENbHBIN. OTHAKO, YYUTHIBAS
00bEM, HEOOXOAUMBII JJ151 MTPOBEAECHUS aHAIM3a Ha3alb-
HOTO cekpeTa (He MeHee | MJT) 1 HEe3HAUYNTEIbHYIO MHTEH-
cuBHOCTh ucteueHust LIC2K 13 momocti Hoca, TpOBECTH
OMOXMMUYECKUI aHATU3 OTAENISIEMOTO yIAI0Ch TOJIbKO
y 2 MaIieHTOB.

B cnyuyae noareepxkneHHoil Ha KT roinoBHoro mosra
(puc. 3) mpumecu LICK B HazabHOM cekpeTe Ha (poHe sIB-
HOTO OTCYTCTBUSI Ae(heKTa MbI TIEPEXOIMIIN K SHIOCKOTIYE-
CKOMY OCMOTpY TIOJIOCTH HOca. Tak, TIpu OCMOTpPE KPBITIN
TIOJIOCTH HOCA OBLIO BBISIBJIEHO MEHUHTOLIENE (puc. 4).

ITnactuka JI® BceM mammeHTaM BBIIIOIHEHA SHIOCKO-
MUYECKUM SHAOHA3TBHBIM nocTynoM. [locie cokparie-
HUSI MEHWHTOLIEJIe TIPU TOMOIIM JIEKTPOKOATYISIIUN
He ObUTO OOHAPYKEHO 3HAYMMOTO KOCTHOTO nedekra. Be-
POSITHO, TPBIKEBOU MEIIOK TUaMeTpoM He Oonee 1—2 MM

Puc. 3. KT 20/108H020 M032a 8 MY/TbMUN/IGHAPHLIX NPOEKUUSX (KOCMHbIU PeXuM): omcymcmeue S8HbIX NPU3HaKo8 deghekma 0CHO8aHUS Yepena

Fig. 3. CT of the brain in multiplanar projections (bone window): no signs of a skull base defect
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Puc. 4. 3Hdockonuyeckuli cHUMOK: 8u3yanusupyemcs MeHuHzouese 8 obnacmu
cumosudHol naacmuHKu pewem4amoli kocmu (cmpesiku)

Fig. 4. Endoscopic photo: meningocele in the area of the cribriform plate of the ethmoid
bone (arrows)

Puc. 5. 3Hdockonudeckue cHUMKU: @ — 8udeH KOCMHeIl depekm 8 cumosudHol
nAacmuHKe nocsie Koazynayuu cauucmol obosodku (cmpesika); 6 — depexm meep-
doli Mo32080li 0bos0uKU (cmpesika)

Fig. 5. Endoscopic photo: a — bone defect in the cribriform plate after coagulation
of the mucous membrane (arrow); 6 — defect of the dura mater (arrow)

(puc. 5) dbopmupoBajcs depe3 YBeIMICHHOE OTBEPCTHE
OITHOTO M3 OOOHATETBHBIX HEPBOB.

[Iractuky JI® BBIMOTHSIIN IO METOAUKE MHOTOCTION -
HOTO 3aKPBITHS HedeKTa (COHIBUI-METOANKA) C UCIIONb-
30BaHMEM ayTO- M aJUIOTPAHCILIAHTATOB (IOTKOXKHO-
JKMpOBasi KJIeTYaTKa OKOJIOMYIIOYHOI o0acTu 1 TaxokoMO
COOTBETCTBEHHO), IJIsT (PUKCAITMHA MaTePHAaIOB IIPUMEHSI -
1 6uonorndeckue kieu (BioGlue, Duraseal).

YCTaHOBKY CHCTEMBI JIIOMOAJTBHOTO IPEHUPOBAHUS
BBITIOJTHUJIN TOJIBKO ABYM mmartmeHTkaM — Ne4 u 5 (MMT
31,5 u 30,4 xr/M? COOTBETCTBEHHO, CM. Tab:1. 1), 4TOObI
CO31aTh OJIATOIIPUSITHEIC YCIIOBUS VTS 3aKPETUICHUS T1ac-
TUYIECKUX MaTepraioB. CHCTeMY yIaIIm yepe3 3 CYT.

VY 5 mauueHTOB, TNpeACTaBICHHBIX B IyOJUKALIUU,
B ITOCJIeOIIepallnOHHOM niepuone pernansa HJI He otMme-
yeHo. KataMmHe3 coctaBui oT 6 Mec 110 3 JeT.

OBCYXIEHME

CoBpemenHast nuarHoctnka HJI mist ompeneneHus
JIOKaJM3alnu aedeKTa ImoapasyMmeBaeT IpUMeHEeHIE MH-
cTpyMeHTaIbHBIX MeTonoB — KT roysoBHOT0 Mo3ra, Mar-
HUTHO-pe30HaHCHON Tomorpaduu (MPT) romoBHOTO
mosra, KTLI, MP-uucrepHorpaguu, a Takke 1abopaTop-
HbIe MeTonbl Beprudukamuy LICK B HazaIbHOM CeKpeTe
[4—7]. OmHako, Mo HamIMM HabmoneHusM, npu JID

CUTOBUIHOU TUTACTUHKM PEIIETIATON KOCTH HEOOIBIITNX
pa3MepoB BRIICIICHUS CKYITHBI, ITO3TOMY IPEAITOYTUTEb-
Hee TIPUMEHSITh TTI0OKO300KCHIAa3HBIM METON ¢ MHAMKA-
TOPHBIMU TECT-TTOJIOCKAMU, He TPEeOYIOIINIA cOopa Ha3allb-
HOTO CeKperTa.

JI71sT TMarHOCTIYECKOTO TIOMCKA Ne(peKTa HanOOIbIIIN -
MU IIPEUMYIIECTBAMH 10 CPABHEHUIO C IPYTUMH WHCTPY-
MeHTaIbHbIMU MeTogamu obnanaeT KT rojoBHOro Mo3-
ra — 3a C4eT HEMHBAa3WBHOCTH, BU3YaTU3alIM KOCTHBIX
nedeKTOB, OBICTPOTHI M OTHOCUTEIFHO HIU3KOM CTOMMOCTH
[8—10]. Kpome Toro, mipu oMoy 3D-peKoHCTpyKINT
KT-u3o06paxkeHniit MOXXHO OLIEHUTH XapaKTep, MPOTSKEeH-
HOCTb TIepeJioMa U pacIpOCTpaHEHUE €ro Ha OJm3iiexka-
e aHatomuyeckue obysactu. Y KT roaoBHoro Mmosra
XOpoIIast TMarHOCTUYeCKast IECHHOCTh: YyBCTBUTEIBHOCTD
merona — 75,5 %, cneuuduaHocts — 85 % [6, 7, 9—11].
OpHako AedeKkTe MeHee 2 MM, oOpa3ylolnecs Kak pe-
3yJIBTAT IUINTETLHOTO NAaBJICHUS Ha ICTOHUYEHHBIC KOCTHBIC
CTPYKTYPBI OCHOBAaHUS Yepelia, I (hOpMUPOBAHUS Y3y~
paliii MEHMHTO- WJIM MEHUHTO3HIIe(daoese, mpeacTaB-
JISIIOT CJIOXKHOCTD JJ151 OTIpeAeIeHUSI TOUHOM JIOKaIu3alun
JI® ipn nomomm KT rojoBHOro Mo3ra.

It myqieid BU3yaau3alliy ITaToJI0TUM MSITKHUX TKa-
Hell TIpeAIoYTuTeIbHee NCcIoiab3oBaTh MPT romoBHOTO
MO3Ta, OMHAKO W 3TOT METOM MMEET HeIOCTAaTOK, 3aKITI0-
YaOIMUICSI B CIOXHOCTA MACHTU(MUKALIMKN KOCTHBIX
CTPYKTYp. B 3T0i1 cBsI3M, MO MHEHHUIO aBTOPOB, JydIIle
couetath KT ronosHoro mo3ra u MPT rosoBHoro mosra
[11—13], omHAKO C TOYKHU 3peHUST SKOHOMUYECKHX 3aTpaT
JTaHHass KOMOMHaLMs HeBbiTogHa [10, 12].

Ha mpakrtnke B ciydae oTCyTCTBUS AeeKTa 1o ITaH-
HbIM KT niau MPT rojioBHOro Mo3ra 1 Ipyu COMHUTEIb-
HOM pe3y/braTe aHaI3a Ha3aJIbHOTO CeKpeTa Ha IIPUMECh
JymkBopa ucronb3yior KTII. OnHako, 1o HallleMy OITBITY,
KOHTPACTHOE BEIIECTBO HEe BCETIa HAKATIMBACTCS B TPBI-
JKEBBIX MEIIKaxX MaJIbIX pa3MepoB (He bosee 2 MM), OMM-
caHHBIX HaMH JI® CUTOBUIHON IUIACTMHKU PEIIeTIaTOM
KOCTH. B ciydae MoI0XUTEIPHOTO TeCTa Ha ColepKaHue
TJIFOKO3bI B Ha3aJIbHOM CEKpEeTe CTOMT OrpaHUYHUBATh -
arHOCTUYECKUI moncK nmpumeHeHneM KT romoBHOro Mo3-
ra. [Ipu oTcyTCTBUU SIBHBIX Te(heKTOB OCHOBAHUSA Yepera
o pesyiabratam KT ciaemyeT mepexomuTh K IIPOBEACHUIO
SHIOCKOIMMYECKOTO OCMOTpPA MOJIOCTH HOCA C MPUIIC/Thb-
HBIM OCMOTPOM KPBIIIH ITOJIOCTA HOCA (CUTOBUIHOM TUTa-
CTUHKU peIIeTdaToli KocTu). [Ipy BU3yalbHOM aHaJIN3e
KT ronoBHOro Mo3ra HeOGXOAUMO YUYUTHIBATh, UTO TaKast
aHATOMUYECKAasI XapaKTepUCTUKA PEIIeTdaTOM KOCTH,
KaK HU3KOE PacCITOjIOXKeHNe OOOHSTEIbHOM AMKHU (Kiac-
cudpukanmsa P. Keros), compoBoxkparomeecs: y3ypaiuei,
CITY>KAT OTHUM W3 IIPEIpacroararolux (hakTopoB IS
pazButust HJIL.

JIve y 1 manueHTa — ¢ COMHUTENbHBIM JIA0OPAaTOPHBIM
PE3YJIBTaTOM TJTIOKO300KCHAA3HOTO TECTa M OTCYTCTBUEM
WHCTPYMEHTAIBLHBIX JAHHBIX O Ae(PeKTe OCHOBAHUS Yeperia
(KT romoBHOro Mo3ra) — HaMM He OOHAPYKEHO MEHIHTO-
11eJ1e TIPY SHAOCKOIMMYECKOM peBU3UH TTOJIOCTH HOCA.
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s BeITtomHeHUSA T1acTuku JID mamoro pasmepa cu-
TOBUIHON TUTACTUHKM MCITOJIB3YIOT Pa3IMIHbIC TeXHUKU
(3KCTpa-, MHTpaKpaHUAJIBHYIO) ¥ MaTepHalibl (MyKOITepH -
OCTaJIBHBINA JIOCKYT, KOMOMHAIIAIO aJlJIo- U ayTOTpaHC-
rutaHTatoB) [8, 14]. His 3akpbITus 1eheKTOB OCHOBAaHUS
yepera 10 1—2 MM MBI BEIOMpaeM codeTaHue ayTo- U ajl-
JIOTPAHCIUIAHTATOB C 3KCTpaKpaHWAJIbHBIM BapUaHTOM
WX YKJIAIKH.

Ha ¢one cnorrannoit HJI npomykiis TMKBOpa MOXET
CTaTh ITOBBIIICHHOM, TIO3TOMY B 1-€ CYTKM TOCJIe XUPYPTH-
YECKOTO JICUCHMSI Harpy3Ka Ha TUIACTUIECKUE MaTepHAIbI,
3akpeiBaornre JIP, MoXeT Bo3pacTarh, YTO TPeOYeT IpeHM-
POBaHMSI TSI CHYDKCHMS TaBJICHMSI Ha 30HY PEKOHCTPYKIINM.
J171s1 IpUHSITUST TAKOTO PEIIeHNST OPUEHTUPOBAINCH Ha ClIe-
nyroiue napameTpsl: aTnoniorust HI1 v 3nauenne UMT. Ta-
uveHtam co crmoHtanHoir HJI, Beicokum MUMT (Gonee
30 kr/M?) 1151 obecriedeHUsT HaIeXHOM cTabMIM3aliy Kpa-
€B paHbI B 001acTy TwiacTuky JI® ciaemyeT ycTaHaBIMBATh
JmoMOaNbHBIN apeHax. B Hamieir pabore cucremy JIloMm-
0aJTbHOTO IPSHUPOBAHMS YCTAHOBIIN MarieHTKaM Ne4 u1 5
(cM. Tab. 1), BpeMs ApeHUPOBAHMUS COCTABIIIO 3 CYT.
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JHL0BACKYNAPHAA peKaHann3aLus XpoH4eCKoM
OKKJIH03UW BHYTPEHHEN COHHOW apTepum (KNUHMYeCKoe
HabnogeHne 1 0b3op nuTepatypsbl)

KoHTaKThI: K.H. babuues™?, K.LL. Ucaes?, [I.B. KaHpbiba? '
KoHcTaHTMH Hukonaesuy
babnyes
k_babichev@mail.ru

'®IrbBOY BO «BoerHo-meduyuHckas akademusi umeru C.M. Kuposa» MuHobopoHs! Poccuu; Poccus,

194044 Carkm-lemepbype, yn. Akademuka Jlebedesa, 6;

IBY «CarHkm-lemepbypackuli Hay4Ho-ucc1e008amMesTbCKUL UHCMUMYm cKopol nomouwiu uM. .. [bicaHenudses;
Poccus, 192242 Cankm-lemepbype, bydanewmckas yn., 3

Llenb paboTbl — NpeaCcTaBUTb KIMHUYECKOE HabMlofeHW e C OTAANEHHbIM Pe3yNbTaToM, OLEHKY BO3MOXHOCTEN U OMcaHWe 3HA0BACKYIAPHOM
peKaHanmM3aLmm XpoOHUYECKO OKKITIO3UM BHYTPEHHEIN COHHOM apTepuu.

KnuHuueckuit cnyyait. MaumeHty (55 net) ¢ BoisBAEHHOM Npu obcnepoBaHum B 2021 1. OKKIIO3WEN NPaBOM BHYTPEHHEN COHHOW apTepuu
(o1 BUdypKaLwm 06LLEN COHHO apTepu A0 YCTbA [Ma3HOM apTepyn) NpoBeeHa MeMKaMeHTo3Has Tepanus. Buinucan n3 CaHkT-TeTepbypr-
CKOr0 Hay4HO-UCCNe0BaTeNbCKOr0 MHCTUTYTa ckopol noMotmn uM. U.W. Oxanenupse (CankT-TMetepbypr, Poccys) ¢ nonHbIM perpeccom
cuMmnToMaTvkun. B 2022 r. npu yxyaLweHnn cocTOSHWA BbISIBNIEHa (N0 AaHHBIM KOMMbIOTEPHON TOMOrPauUecKon aHrMorpahum) oKK3us
BHYTPEHHMWX COHHbIX apTepuii ¢ 0benx cTopoH. Hamm pekoMeHA0BaHO BbIMOSIHEHWE PEBACKYNAPU3MPYIOLLEN OnepaLy, OT KOTOPOI NauueHT
BO3aepancs. HazHaueH Kypc ABOMHOM Ae3arperaHTHon Tepanun. B 2023 . npu o4epeSHOM HapyLLIEHWM MO3rOBOM0 KPOBOObpaLLLEHWSA NaLm-
€HT BHOBb MOCTYNWA B WHCTUTYT: MOATBEPXAEHa (N0 AaHHBIM LiepebpanbHom aHrmorpadum) ABYCTOPOHHSA OKKIIO3WSA NIEBOM BHYTPEHHEN
COHHOW apTepWK [0 OTXOXAEHUSA rMa3Hbix apTepuid (Tun C/D no knaccudmkauum D. Hasan v coasr.). Ha 6a3e MHCTUTYTa NaumeHTy BoiNoiHeHa
(29.09.2023) BHYTPUCOCYAMCTAN peKaHanM3aLmsa XpOHUYECKOM OKKITI03WM NIEBOM BHYTPEHHEN COHHOM apTepuu. [p1 KOHTPONbHOM 0bcneaoBa-
HWK Yepe3 12 Mec 0TMeYeHO MO AaHHbLIM LiepebpanbHoi aHrrorpadum coxpaHeHue NPOXOAMMOCTY NEBOM BHYTPEHHEN COHHOW apTepuu
be3 npu3HakoB pecteHo3a. [ToCKObKY MOBTOPHLIX 3MWM30A0B HapyLLEHUs MO3roBOM0 KPOBOOOpaLLleHUs He Habnlofanock, HeobxoaMMacTH
B peBacKynsApu3aLmm NpaBoro KapoTMaHoro bacceiHa He Bbio.

0630p. MpeacTaBneH TeMaTMYecKuin 0630p NUTEPaTYpbl, MOCBALLEHHOM BO3MOXHOCTAM BHYTPUCOCYAMCTOM pPEKaHaNM3aLmmu XpOHUYECKMX
OKKITH03UIA BHYTPEHHEW CoHHOM apTepuu. 0BCyxeHbl MOKa3aHWs, TEXHUKA U pe3ynbTaTbl BHYTPUCOCYAMCTIX BMELLATEeNbCTB, 0NUcaHbl npe-
JVKTOPbI 1 OCNIOXHEHUS PEKaHanM3aLmum.

3akntoyerue. MNpeacTaBneHHbIv Cyyait ¢ OTAaNeHHbIM Pe3ynbTaToM W NPOBeAEeHHbIM 00630p NOATBEPXAAIOT, YTO pa3BUTME METOMOB 3HA0BA-
CKYNSIPHOM XMPYPrv N03BOSIAET [LOCTATOYHO YCMELUHO NPOBECTU PeKaHaM3aLmMi0 XPOHUYECKMX U MOAOCTPbIX OKKITO3UI BHYTPEHHEW COHHOW
apTepuu B bonbLUMHCTBE cryyaeB. 1oKa3aHWs K onepaLym 0CHOBLIBAKITCA Ha KIMHMYECKOM KapTuHe 3aboneBanus, 3bheKTBHOCTM MefiyKa-
MEHTO3HOM Tepanum 1 aHrMorpaduYecKom XapaKTeprUCTUKe OKKITIO3NN.
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Aim. To present a clinical case of successful recanalization of chronic total internal carotid artery occlusion and results of literature review
on the topic.

Clinical case. The patient (55 years) with diagnosed in 2021 occlusion of the right carotid artery (from bifurcation of the common carotid artery
to the ostium of the ophthalmic artery) underwent drug therapy. He was discharged from the Saint-Petersburg I.1. Dzhanelidze research institute
of emergency medicine (Saint Petersburg, Russia) with complete regression of the symptoms. In 2022, after his condition worsened, computed
tomography angiography showed occlusion of the internal carotid arteries on both sides. We recommended revascularization surgery which
the patient declined. A course of dual antiplatelet therapy was prescribed. In 2023, after another cerebrovascular event the patient was admitted
into the Institute: cerebral angiography confirmed bilateral occlusion of the left internal carotid artery up to ophthalmic arteries’ origins (type
C/D per the classification by D. Hasan et al.). At the Institute, the patient underwent intravascular recanalization of chronic left internal carotid
artery occlusion (29.09.2023). Control examination (cerebral angiography) 12 months later showed preserved permeability of the left carotid
artery without signs of restenosis. In the absence of repeat cerebrovascular events, revascularization of the right carotid system is considered
unnecessary.

Literature review. A review of scientific publications on the capabilities of intravascular recanalization of chronic occlusions of the internal
carotid artery is presented. Indications, techniques and results of intravascular interventions are discussed, predictors of recanalization and its
complications are described.

Conclusion. The development of endovascular methods allows successful recanalization of chronic and subacute occlusions of the internal
carotid artery in most cases. Indications for surgery are based on the clinical features of the disease, effectiveness of drug therapy, and
angiographic characteristics of the occlusion.

Keywords: chronic internal carotid artery occlusion, endovascular recanalization, stroke, endovascular surgery, microcatheter, literature review,
clinical case, complication risk, brain CT scan, computed tomography perfusion, angiography
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BBELEHUE

XpoHnYecKasi OKKJII031SI BHYTPEHHE COHHOM apTe-
pun (BCA) — oxna u3 puunH (B cpenueM 5—7 % B rom)
ATIcuIaTepaiabHoro nHeynbra [ 1, 2]. Ipu HemocTaToYHOM
KOJUTaTe paIbHOM KPOBOCHA0XEHUM YacTOTa UIIIEMMUIC-
CKMX cOOBITHII MOXeT mocturath 30 % B ron [3]. JJaHHbBIE
dakTopHI 00YCIaBINBAIOT HEOOXOIUMOCTD PeBACKYISIPH-
3upyomux omnepauuii. Hambomnee pacrpocTtpaHeHHas
orepanns — 00XOmMHOEe IMYHTUPOBAaHNE — BHIITOJIHEHUE
BKCTpa-MHTPaKPaHNATbHOTO MUKPOCOCYINCTOTO aHACTO-
Mo3a (BMUKMA). OgHako B ITOCIeIHEe ISCATIICTHE BO3-
pacTaeT MHTepeC K aJIbTepHATUBHOMY METOAY pPeBacKy-
JISIpU3alli — BHYTPUCOCYIMCTON peKaHAIU3aAIUHN
okkmo3un BCA.

Llenp mccaenoBaHUS COCTOSIA B OLIEHKE BO3MOXKHO-
CTeil BHYTPUCOCYINCTON peKaHAIM3alMU XPOHUICCKOM
okkimo3nu BCA, 0630pe myoimKaIinii v mpoBeIeHIN SH-
JIOBACKYJISIPHOM peKaHaIU3allnu.

KJTMHWYECKOE HABJIIOAEHME

IHlayuenm I1., 55 aem, o6pamuncs (24.03.2021) 3a me-
OQUUUHCKOLL NOMOWbIO 8 C8513U C NOSABACHUEM OHeMEeHUs 8 fe-
8bix KoHeunocmsix. boin eocnumanusuposan ¢ I'BY «Cankm-
Ilemepbypeckuii HayuHo-uccae008amenbCKuil UHCMUMYm
ckopoti nomouwiu um. M. H. Jcaneaudse» (danee — HUU
ckopoii nomowu um. U. U. Incaneaudse). Ilpu ocmompe He-
6p0/102a OMMEUeHO Haau4le 1e60CMOPOHHEN eemueunecme-

3uu. B xo0e o6caedosanus binoanena KoMnolOMepHas mo-
moepagus (KT) eonosnoeo mosea, KT-aneuoepagpus cocyoos
weu u 201061020 mosea. Ilo pezyabmamam npogedenHoeo
UCCAe008aHUSsL BbIABACHO: YUACIMOK NOHUNICEHHOU NAOMHOCMU
8 npasoli 100Hoil done pazmepamu 3,0 x 1,4 x 2,6 cm; okK.At0-
3us npasoii BCA om ougypxauuu obuweti conHoll apmepuu
do ycmos enasnoil apmepuu (puc. 1).

Ilo danubim KT-nepghysuu 01061020 mo3ea medxncnony-
WapHoi acummempuu Kposomoka He @visigaero. Ilpunamo
peuierue o meduxamenmosnoii mepanuu. Ilocae nposeden-
HO020 Kypca mepanuu nayuenm Obli bINUCAH C NOAHbIM pee-
Deccom CUMnMoOMamuKu.

Tloemoproe yxyduienue cocmosinus npouzouino 01.08.2022,
noA8UAUCL cA1abOCMb 8 NPAsoil pyke u Hapyuenue peuu. lo-
cmaenen 6 HUH ckopoii nomowu um. U. U. xucaneaudse.
Ilpu Hesponoeuueckom ocmompe ommeueHsl napes 8 npagoii
pyKe 0o 4 6a4106 u Hasuuue aKycmuKo-mHecmu4eckoi aga-
3uu (3ampyoHenue npu nosmopenuu cepuu c108). anuvie KT
20/108H020 M032Q: SIGHbLe NPUSHAKYU UEMUYU OMCYMCMBYIOM.
Mannsie KT-aneuoepaguu eonosroeo moszea: okkawosus BCA
¢ obeux cmopoH (puc. 2).

Ilo dannvim nepghy3uonnoeo uccaedo8anus 6vis61eHbl
30HbL eunonep@y3uu 6 060ux Kapomuouwvix b6acceiHax
co cuuxcenuem CBF (om anen. cerebral blood flow — cko-
pocmpb M03206020 kposomoka) 0o 20 %, yoaunenuem MTT
(om anen. mean transit time — cpedHee apems npoxoxicoe-
Hus) do 9 c, yeeauuenuem CBV (om amen. cerebral blood
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Puc. 1. [anHele koMnslomepHoii momozpacpuu (2021 2.): a — o4az uwemuu 8 npoekyuu npasoii nobHol donu (HamueHas KT 20/108H020 Mo32a); 6 — 3Ha4UMble CMeEHO3bI
negoll sHympeHHeli conHoli apmepuu (BCA) He sbisiesieHbl (aHauozpagudeckoe usobpadxceHue); 8 — oKko3us npasoli BCA

Fig. 1. Computed tomography data (2021): a - ischemic lesion in the projection of the right frontal lobe (native CT of the brain); 6 — significant stenoses of the left internal carotid

artery (ICA) are not observed (angiography image); e — occlusion of the right ICA

Puc. 2. [lannvie KT 201108H020 Mo32a nocsie yxydweHus cocmosHus nayueHma (01.08.2022): a — 3Hayumblx 04a208 uwemMuu Hem (HamueHas KT); 6 — oKK/I03us 8HympeHHeli
coHHol apmepuu (BCA) ¢ obeux cmopoH (3D-pexoHcmpykyus danHeix KT-aHeuozpaguu); 8 — koHmpacmuposaHue obeux BCA omcymcemeyem (akcuanehsil cpes, KT-aHeuo-

2pagus Ha yposHe 0CHOBAHUS Yepena)

Fig. 2. CT of the brain after the patient’s condition worsened (01.08.2022): a — no significant ischemic lesions (native CT); 6 — occlusion of the internal carotid artery (ICA) on
both sides (3D reconstruction of CT angiography data); 8 — no contrast in both ICAs (axial section, CT angiography at the base of the skull level)

volume — uyepebpanvhblii 06sem kposu). Pexomendosano
BbINOAHEHUE PeGACKYAAPUSUPYIOWEl Onepayuu, om Komopoil
nayuenm eosdepxucancs. Haznauena dsoiinas oezaepeeanm-
Has mepanusi.

Ouepednoe yxyduenue cocmosnus npousouio 27.09.2023,
K0eda noseuauchs oHeMeHue U caabocms 6 1e6oil pyKe, camo-
cmosamenvHo npoueduiue yepes 1—1,5 yaca. Ilayuenm 6vin
20CHUMANUIUPOBAH 8 CIALUOHAD.

Ilo danubim npedsapumensvroll uepedposacKyAAPHOL aH-
euoepagpuu noomeepiicoena 08ycmoporHss okkarosus BCA
0o omxoxcdenus enazuvix apmepuii. Creea ommeuaemcs
okkaro3zuss BCA na paccmosinuu 2 cm om ycmos ¢ Haauvuem
3ameka KoHuyeckoil gopmul. Coeaacro Kaaccugukayuu
D. Hasan u coasm. o6HapyicerHyro okkaro3uro aesoii BCA
MOXMCHO npuxuciums K npomexcymounomy muny C/D —

OKKAI03UsL 8blile KABEPHO3H020 Ce2MeHMa, HO He docmueaem
ougpypkauuu [4]; no moduguuuposanroil Karaccupukayuu
M. Liumei u coasm. — k muny A ¢ 6eposmHOCMbiO YCNeuwHou
pexananuzayuu okono 90 % [5].

Onepamusnoe emewamenvscmeo. Buympucocyoucmyro
PeKananu3ayuro XxpoHuueckoii okkaosuu negoil BCA guinon-
Huau (nod obweti anecmesueir) 29.09.2023. B npoceem BCA
3a6eau OKKAN3UOHHbLI OannronHblil kamemep Merci 9F
(Concentric Medical, CIIIA). Ha gore pazdymoeo okkaw3u-
OHHO20 OANNOHH020 Kamemepa nposeau uepe3 OKKAI3UK
muxpoxamemep Exselsior SL-10 (Stryker, CIIIA) ¢ nposoo-
Huxom Transend 0,014 dwiimos (0,38 mm) (Stryker, CIIIA).
Ilocae npoxoxcdenus 30Hbl OKKAIO3UU, 4O 6bL10 NOOMEep-
JHCcOeHo cynepceneKkmugHoI aneuoepagueil, 3ameHulU MUKpo-
Kamemep Ha bainoHubLi Kamemep 2 X 15 mm. Boinoanuau
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aneuonnacmuxy BCA 6 npoekuuu nepednezo konena cugorna
BCA, nocae ueeo 6 npoceem apmepuu nocae008amenbHoO
yemarnosuau 3 KOPOHAPHbIX CMEHMA C AeKAPCMEEHHbIM HOKPbL-
muem (DES) pasmepamu 3 x 18, 3,5 x 22,0 u 4 x 35 mm.
B cybkpanuanvhbiii ceemenm BCA ycmarnosuau camopackpul-
earowutics cmeum S.M.A.R. T Flex 7 x 120 mm (Cordis,
1lseiiyapus). Konmponvhas aneuoepagus nokaszaira éoccma-
HO8ACHUEe aHMEePoepPadHoeo Kposomoka no aeeoii BCA ¢ 3a-
NOAHeHUeM Npagoeo Kapomuoroezo 6acceiina no nepeoweil
coedunumenwvroii apmepuu (puc. 3). Ilayuenm 6ot 3xcmybu-
DOBAH 8 ONEPAUUOHHOU, HAPACMAHUS HEBPON02UYECK020 De-
@uyuma He obi0.

Ilo pezyarvmamam konmpoawvroil KT eonoenoco mosea
Puc. 4. [JaHHble KoHmponbHozo 0bciedosaHus Yepes 12 Mec nocsie pekaHanu3ayuu
NpU3HAK0G 2eM 0plz (cUECK020 NPONUMBIGARUA UNU UleMU= .05 8HympeHHel coHHoli apmepuu (BCA) nodmeepicdatom npoxodumocme siegoli
uecKux uzmenenuii He oianeno. Quenka cocmoanus: mRs' A y sanonwenue npagozo KapomudHozo 6acceliHa nepemokoM no nepedrel
1 6ann. Ilayuenm 6vin evinucan 6 yaog/zemeopumeﬂbﬂom co-  coeduHumesbHol apmepuu: a — yepebpaneHas aHeuoepagus; 6 — 3D-pexoHcmpyk-
CMOAHUU HA 5-e cymKu nocae onepayuu. Uus pomayuoKHoU aHeuozpaguu
Koumpwtbuoe obcaedosanue. qepe3 12 mec nayuenm Fig. 4. Control examination 12 months after recanalization of the left internal carotid

X artery (ICA) confirms permeability of the left ICA and filling of the carotid artery system
Obin 0bcnedosan: no dannvim LIAI ommeueto coxpanetue through outflow from the anterior communicating artery: a — cerebral angiography;

npoxodumocmu aeeoit BCA be3 npusnarog pecmenosa (puc. 4). 630 reconstruction of rotational angiography

Puc. 3. 3manei pekaHanuzayuu nesoii 8HymperHel coHHoli apmepuu (BCA), nposederHol 29.09.2023: a — okkto3us neeoli BCA ¢ Hanuyuem oKK/03UU KOHUYECKol GopMbl;
6 — (yHKYUOHUPOBAHUE HA300PBUMATEHO20 OHACMOMO3d C 3aN0/HeHUEM CynpaKIuHoudHo2o omdena nesoli BCA; 8 — «nnockas» okkmo3us npasoli BCA; 2 — ycmaHoska
OKKJ/T03UOHHO20 6a/1I0HHO20 Kamemepa (KpAcHas cmpesika) u nposedeHue MUKPOKamemepa (CUHSS cmpesika); 0 — UMNJIGHMAayuUs Nepeozo CmeHma 8 ogmanbMuyeckul
cezmeHm siegoli BCA; e — uMniaHmayus 8mopo2o CmeHma; # — KOHMPOJIb NOJI0}CeHUS CmeHmo8 (KpacHele CmpesiKu); 3 — 80CCMAH08/1eHHbIU aHMepo2padHsili KDOBOMOK
(pe3ynbmam nposederHol pekaHanusayuu)

Fig. 3. Stages of recanalization of the left internal carotid artery (ICA) performed on 29.09.2023: a - occlusion of the left ICA with a conical occlusion; 6 - functioning of a nasal-
orbital anastomosis with filling of the supraclinoid part of the left ICA; 8 — “flat” occlusion of the right ICA; 2 — installation of occlusion balloon catheter (red arrow) and
microcatheter (blue arrow); @ — implantation of the first stent into the ophthalmic segment of the left ICA; e — implantation of the second stent; 3 — control of stent position (red
arrows); 3 — restored anteroretrograde blood flow (results of recanalization)

'mRS (ot anr1. modified Rankin Scale) — MonuduLMpoBaHHas 1IKajla PaHKMHA, olleHUBaoIIast (B 6ajutax) CTereHb MHBATMAN3AINY U HE3aBUCH -
MOCTb MMallMeHTa, a TAKKE UCXObI PeabHIUTAIIH.
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Tlosmopnbix 5nu30006 HapyuieHUst MO3206020 KPO80obpauje-
HUs He ObL10. 3aKarouerue: HeobXo0uMocmu 6 peeacKyasapu-
3ayuU NPasoeo KapomuoHoeo bacceiina Hem.

OBCYXIEHUE

IIpoBeneHn aHanu3 coOOpaHHBIX JaHHBIX U3 IIyOJIMKa-
NI, TOCBSIIIEHHBIX BO3MOXHOCTSIM BHYTPUCOCYIVCTOM
peKaHaIM3aluy XpoHYeCcKnX okKKio3nit BCA, mmokasa-
HUSIM K BMEIIaTeIbCTBY, TEXHUKE, TIPEANKTOPAM, OCJIOXK-
HEHUSIM peKaHaJIM3alluu U pe3ysibTaTaM BHYTPUCOCYIU-
CTBIX BMEIIIATEILCTB.

Oxkxito3ust BCA BcTpeudaeTcst IpuMepHO B 6 cliydasix
Ha 100000 Hacenenus [1]. ¥ manumenTa ¢ okkimosueit BCA
BEPOSITHOCTh MIIIEMHUYECKOTO MHCYJIbTa Ha CTOPOHE OK-
KJIIO3MH COCTaBIIsIET mpuMepHo 5—7 % B rof [6]. OnHako
5TO HEOTHOPOIHAS IPYIIIa OOJBHBIX: YaCTOTA UIIEeMUYEC-
CKMX COOBITHI BapbupyeTcs oT 2 10 30 % B rox [3].

Ha xapakrep ecTecCTBEHHOTO TeUeHUS BIMSIOT IBa B3a-
MMOCBSI3aHHBIX (DaKTOpa: XapaKTep KOJUIaTepaIbHOTO KPO-
BOCHaOXXeHMS 1 1iepeOpoBacKysipHbIi pe3eps (LIBP) [7].
Bo3MoxHOCTH KOJIaTepajJbHOTO KPOBOCHAOXEHUS 3a-
BUCSIT OT aHATOMUIECKIX (PaKTOPOB: HAJTNIMS TN OTCYT-
CTBUS TepedHell W 3agHell COeMMHUTEIBHBIX apTepuii,
Pa3BUTOCTH JIENTOMEHUHTCAIBHBIX aHACTOMO30B, (hPYHK-
IMOHMPOBAHMS HA300pOMTAIBLHOTO aHacToMo3a. MHrer-
panbHBIM ITOKa3aTeeM (QYHKIIMOHAIBHOTO COCTOSTHHUS
MO3TOBOT0 KpoBOTOKa CIyXuT LIBP, KoTOpEHIif OTpazkaer
CITOCOOHOCTP IIepeOPaATBHBIX apTePHit U3MEHUTH THAMETP,
a 3HAYUT, ¥ BEJIMYMHY KPOBOTOKA. JIaHHBIN MeXaHU3M
peanm3yeTcs 3a cueT ayToperyasinuu. B 3aBucmMocTu
ot coctossHus LIBP m3MeHsieTcsT m BepOsSITHOCTD MIIEMM -
4eCcKOro mHcyibra [8, 9].

INokazaHneM K peBacKy/ISIpU3AIIIN CIIY>KUT COUCTAaHUE
HEeIOCTaTOYHOTO KOJIJIaTePaIbHOTO KPOBOTOKA M CHITXKE-
Hue LIBP, cooTBeTcTBYyIO1IEEe 2-i1 cTaguu. [Ipu gaHHOM
BapHaHTe PUCK MHCYJIBTAa MOXET IpeBbiiath 30 % B rofg
[3]. C menpio KOMIIEHCAIUM KPOBOTOKA BBITIOTHSIIOTCS
DUKMA, ogHaKO OTHOIIEHWE K HUM He OJHO3HAYHOE.
B psine mpoBemeHHBIX MccIeaoBaHMiA 00IbIast 3 deKTrB-
HocTh DUUKMA B citydae XxpoHndecKoi okkio3un BCA,
10 CPaBHEHMIO ¢ MEIUKAMEHTO3HOM Tepamueil, He JoKa-
3aHa [10, 11]. OgHako oTpMlIaTebHBIE PE3YyILTaTHI, 10
MHEHHIO MHOTHX aBTOPOB, CBSI3aHBI C OIIMOKaMU OTOOpa
MalMeHTOB I peBacKyasapu3anuu [12]. HecMmotpst Ha 3T
ITaHHBIC, YMCJIO PEBACKYISIPU3UPYIONINX OIIepaIldii HEey-
KJIOHHO pacreT [13].

B mocnennee necsaTmieTrie oTMeYaeTCs MHTEpeC K BHY-
TPUCOCYIUCTBIM BMEIIATEIBCTBAM TP XPOHUIECKIX OK-
kmo3usix BCA. K HacrosieMy BpeMeH! HaKOTUJIEH 3Ha-
YUTEIIBHBIN OITBIT TAKKX Orepalinii. OmyOIMKOBAaHO CBBIIIIE
40 my6numKanuii, B KOTOpbIx onrcaHo 6oiiee 1300 omepa-
mmii [14].

TexHMYeCKM ycIieX peKaHaJau3alluu BapbUPYETCs
ot 25 10 100 % B 3aBUCMMOCTH OT IPOTSKEHHOCTH U JUTU -
TEJIbHOCTH OKKJTIO3MH Y BIIA OIIEPAaTUBHOTO BMEIIIATEThb-
ctBa. B cpemHeM ISt BHYTPUCOCYIUCTOM peKaHATU3aNT

OH cocTaBiisieT 68 %, B TO BpeMsl KaK Ipy TMOPUIHOM IO/~
xome — 83,3 % ot Bcex cityyaes [14].

Ha ocHoBaHMM TTOJy4YeHHBIX JAHHBIX PSII aBTOPOB
pa3pabdoranu Kiaccudukamuy okkiIo3un BCA, mKamsl
U TIPEIUKTOPHI YCIIEIHOCTH peKaHanu3anuu. Tak, D. Hasan
1 COAaBT. [4] BBIOCIIIN BIMSIIOIINE HA YCIIEX TPOIEAYPHI
4 TATIA OKKJTIO3UH:

1) A — oKKJI03Ms OT IIEHHOTO 0 KAMEHUCTOTO WU
KaBepHO3HOTO OT/eja C HaJTIMeM IPOKCUMAaIbHOMN
OKKJIFO3UM KOHWYeCKoil dopMmbl (tapered stump)
Ha pacctossHuM 1,5—2 cM ot ycthst BCA. Texunueckuit
yerex — 100 % cayuaes;

2) B — OKKIII031sI OT MICITHOTO 10 KAMEHUCTOTO VI Ka-
BEPHO3HOTO OTHAENa, HO C TIOCKOI IPOKCUMAaTbHOM
«ITOKPBIIIKOI» Ha paccTOSTHUU 1,5—2 CM OT yCThs
BCA. Texuunueckuii ycriex — 100 % cayuaes;

3) C — «mutockast» (no-tapered stump) OKKITIO3HSI OT yC-
bt BCA 10 KaMeHHMCTOTO MJIM KaBEPHO3HOTO CETMEH-
ta. Texuuueckuii ycnex — 50 % cayuaes;

4) D — OKKITI03HS OT yCThs 10 OMdypKallMU CyIpaKIi-
HougHoro cerMmeHTa BCA. BeposiTHOCTh pekaHanm3a-
uun — 25 % cayuaes.

ITo manubiM Y.H. Chen u coaBT., HAanbobIIAg YacTo-
Ta TEXHUIECKOTO yCIIexa OTMEUEeHA P OKKITIO3MSIX MECHeEe
5 cM. Tak, B 3aBUCHMOCTH OT TIPOTSKEHHOCTH OKKITIO3UH
MeHee WX 00Jiee 5 CM yCIIelrHas peKaHaIU3alusl OTMe-
yeHa B 73,7 1 59,7 % HabnioaeHUA COOTBETCTBEHHO [6].

M. Liumei 1 coaBT., TOMMUMO MPOTSKEHHOCTH OKKJTIO-
31U, TTOKA3aJI1 BIVSTHAC TIPOKCUMAIBHOM KYJIBTH Ha YCITeX
onepauuu [5]. Haubonee GnaronpusiTHbie pe3yJibTaThbl
OTMEUCHBI B TeX CIydastx, Korna Kynsrsi BCA nMmerna KoHH-
YecKylo popMy.

[IpuMeHeHNe TMOPUAHBIX BMEIIATEIbCTB ITO3BOJISICT
HUBEJINPOBATh OCOOCHHOCTU ITPOKCUMATBHOMN OKKITIO3UH
[2, 15—17]. ITo panubeiM W.J. Jiang 1 coaBT., TMOpuAHAS
XUPYPTUSI TTO3BOJIMIIA JOOUTHCS YCITCITHON peKaHaIn3a-
uuu B 83,3 % HaO/I0IeHUI, CTAHAAPTHBII 3HI0BACKYJISIP-
HBIIA 1TOAX0MI — TOJIbKO B 35,7 % ciny4aeB [18]. B ciyyae
okkiro3nu tTima D (mo D. Hassan m coaBT.) rTHOpUIHBIIA
ITOAXO/ MTOBBICKJI BEPOSITHOCTh peKaHanu3auuu 1o 69 %
vs 25 % 1nipu 3HAOBACKYJISIPHOI TEXHUKE.

OnHaKo Ha BEPOSITHOCTD YCTICIITHOM peKaHATU3alliu,
TIOMUMO TIPOTSKEHHOCTH OKKJTIO3UH, BIUSET U TaBHOCTD
00pa30BaHMS OKKITIO3UU. [1pH ITOTOCTPHIX M OCTPBIX TPOM-
603ax BCA 006a MeToma peBacKyJIsIpu3allii paBHOLIEHHBI
B TeX CIydasix, KOrma TPOMOOTUUYECKNE MACChl MSITKHE
1 He opraHu3oBaHHBIe [19]. OgHaKO CO BpeMeHEM 3THU
MacChl 3aMeIamTcs (GUOPO3HOM TKAHBIO, UYTO 3HAYNTETh-
HO 3aTpyIHSIET peKaHAIU3alINIO, TIOBBIIIAsT pUCK MHTpPA-
OIepalMOHHbIX OCTOXHEHUH [1].

[IpemukTopaMm YCIIEITHOTO BMEIIATENIbCTBA CIIyXKAT
caemyronie (pakTopHI:

* CPOK OKKJTIO3WUH 10 3 MecC;

* OTCYTCTBHE TPOMOO3a CYIIPaKIMHOMIHOTO CETMEHTA;

* KOHMYecKas (opma IMPOKCHUMAIBHOIO YJ9acTKa OK-
KJTIO3UH.
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[uGpunHbBIE TEXHOIOTUU 00ECIIeYnBaIOT Oojiee CTa-
OMJIbHOE TIOJIOKEHEe MHCTPYMEHTA, YCTPAHSIIOT BIUSTHHAE
¢opMmbl kKyabtTu BCA M NIpOTSIKEHHOCTU TTOpaXKeHUS
Ha UCXOJ, oIlepaliiy, CHUKAIOT PUCK IUCTAIbHON 5M00-
mu [2].

Croiikue OCJIOXKHEHMs Ha0IomaTcs B 5 % ciaydaes,
a JIeTaIbHOCTh cocTaisieT 2 % [20]. Xopouiue GpyHKIIMO-
HajbHbIe ucxonbl (mRs 0—2 Gamia) pocruraiorcst B 87 %
ciydaeB. OCIIOXXHEHWS BHYTPUCOCYIUCTON peKaHaImu3a-
LMK TIPEACTaBICHBI TPeUMYIIeCTBeHHO aMboueii (9 %),
runepnepy3MoOHHbIM cCUHAPOMOM (5 %) U AIUTEeNbHOMN
Opagukapaueii ¢ runnotonueit (1 % ciydaes).

TexHnyeckre MPUHLMITHI peKaHAIU3ALWH aHAJIOT Y-
HbI TAKOBBIM JUISI KOPOHAPHBIX BMEIIATEILCTB 10 TTOBOAY
XPOHMYECKUX OKKITIO3UI KOPOHAPHBIX apTePUid, TTOCTIEN0-
BaTeJIbHOCTh 3TANOB OAMHAKOBA: TIEHETPALS TTOKPBIIIKH,
MpoBeAecHNE MUKpOKaTeTepa M ITPOBOJHMKA 32 30HY OK-
KJTI03WH, OaJITOHHAasl aHTMOILUIACTHKA W CTEHTUPOBaHUE
TPOMOMPOBAHHOTO CETMEHTA.

Bo MHOroM ycrnenrHocTh orepaii 3aBUCUT OT BO3-
MOXHOCTH BBIXOJa MUKpOKaTeTepa B MPOCBET apTepuu
3a 30HOM OKKII03MU. [locne Toro Kaxk MOATBEPXKACHO
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Xupypruyeckas KoppeKkumsa GUKCUpoBaHHOM
LLepBMKOMELYNISAPHON KOMIMPeCcum

Ha KpaHWoBepTebpanbHOM YPOBHE Y NALMEHTKM

C NMO3JHeN CTagmen peBMaTonaHOro apTpuTa
(KnuHKM4YecKoe HabnopeHne 1 003op nuTepatypsbl)

KoHTaKTbI: B.B. CrenaHeHko', B.A. LLlamaHuH', A.B. Tpawwun"2, 10.A. LLiynés"?
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B ctaTbe npenctaBneHsl 0630p NUTepaTypbl ¥ peaKoe KIMHUYECKOEe HabMiofieHe XMpyprityeckon KoppeKLmm GMKCMpOBaHHOM LiepBUKOME-
aynnapHoit komnpeccum (OLK) npu pesmatomaHom aptpute (PA) ¢ nopaxeHueM KpaHuoBepTebpanbHoi 06nactu. MpoaeMoHCTpUpOBaH!
BO3MOXHOCTW [IEKOMMPECCHBHO-CTabMN3MPYIOLLIEN OMEPaLIM B XMPYPrUYECKON peabuamnTaLmm naumeHTKm ¢ Tsxkenoit gopmon PA. inntens-
HOCTb HabJoAeHus coctaBuna bonee 11 ner.

Mpw nepeoM 0bpalLieHnmM NaLmeHTKe bbina NpoBefeHa ABYX3TanHas XMpYPruyecKas KoppeKLUmMsa 3a 0aHy onepaumio: 1-1 3tan — TpaHcoparbHas
nexomnpeccust (pesekums 3yba v 2/3 Tena no3sotKa C2); 2-i1 3tan — oKumnuToLepBMKanbHas dukcaums C0-C3-C4-C5-Cé.

X1pypruyecKoe neyeHme No3BoUIO MOSHOCTLI0 BOCCTAHOBUTL BYHKLIMOHAMBHYKO HE3aBMCUMOCTL NauMeHTKW. [py NoBTOpHOM 0bpaLLieHmm
(4epe3 11 neT) BbINOMHEH NEPEMOHTAX 3NIEMEHTOB QUKCMPYIOLLIEN KOHCTPYKLMN.

KnunHndeckoe HabniogeHve aemoHcTpupyeT BamsaHne OLIK npu nosgHei ctagum PA Ha GyHKLMOHaNbHBIA CTATyC NaLMEHTKW, a TakKe BO3-
MOXXHOCTM [IBYX3TarnHON PEKOHCTPYKTUBHO-CTadUNM3MPYIOLLEM KOPPEKLIMK. [IByxaTanHas xupypriyeckas Koppekums npu OLK — knouesoil
3Tan XMpypruyeckoin peabunutaumm, 0becneymBaloLLni BO3MOXHOCTb BO3BPALLEHMSA NaLMeHTaM GyHKLMOHANbHOM HE3aBUCMOCTH.

KntoueBsble croBa: KpaHMOBepTEGpaﬂbHaﬂ obnacts, peBMaTOVI,D,HbIVI apTpuT, LepBMKOMEOYNNAPHaA KOMIMpeccus, 683MﬂﬂpHaﬂ MHBArnHauus,
aT/laHToaKCManbHas HecTabubHOCT, OKUMNUTOLLepPBMKalibHasA (bVIKC&ILI,VIﬂ

[nsa umtnposanus: Crenanenko B.B., lWamaHuH B.A., Tpawwn A.B., Wynés K. A. Xvpypryeckas KoppeKuyms GUKCMPOBaHHON LiepBUKOMeayN-
NAPHOW KOMMPECCHM Ha KpaHWOoBEPTEOPaNbHOM YPOBHE Y NALMEHTKY C NO3LHE CTaAMe peBMaToMAHOr0 apTpuTa (KNMHWMYeCKoe HabioaeHue
1 0b3op nuTepatypsl). Herpoxmpyprus 2025;27(2):90-9.
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Surgical correction of fixed cervicomedullary compression at the craniovertebral level
in a patient in the late stage of rheumatoid arthritis (clinical observation and literature review)

V.V. Stepanenko’, V.A. Shamanin', A.V. Trashin®Z, Yu.A. Shulev"?

'City Multifield Hospital No. 2; 5 Uchebnyy Pereulok, Saint-Petersburg 194354, Russia;
2| Mechnikov North-West State Medical University, Ministry of Health of Russia; 3 Budapestskaya St., Saint-Petersburg 192242, Russia

Contacts: Aleksandr Vadimovich Trashin atrashin@gmail.com

This article reviews the literature and presents a clinical case of surgical correction of fixed cervicomedullary compression (FCC) in rheumatoid
arthritis (RA) involving the craniovertebral region. To demonstrate the possibilities of decompression-stabilization surgery in the surgical
rehabilitation of a patient with severe RA. The observation period was more than 11 years.

At the first visit, the patient underwent a two-stage surgical correction in one operation: stage 1 — transoral decompression — resection of the
dens and 2/3 of the C2 vertebral body; stage 2 — occipitocervical fixation C0-C3-C4-C5-Cbé.
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The surgical treatment allowed to completely restore the patient’s functional independence. Upon re-admission (after 11 years), the elements

of the fixing structure were reinstalled.

A clinical observation is presented that demonstrates the effect of FCC in the late stage of RA on the functional status of the patient, as well as
the possibilities of two-stage reconstructive-stabilizing surgery. Two-stage surgical correction for FCC is a key point of surgical rehabilitation,
ensuring the possibility of returning patients to functional independence.

Keywords: craniovertebral region, rheumatoid arthritis, cervicomedullary compression, basilar invagination, atlantoaxial instability,

occipitocervical fixation

For citation: Stepanenko V.V., Shamanin V.A., Trashin A.V, Shulev Yu.A. Surgical correction of fixed cervicomedullary compression at the
craniovertebral level in a patient in the late stage of rheumatoid arthritis (clinical observation and literature review). Neyrokhirurgiya = Russian

Journal of Neurosurgery 2025;27(2):90-9. (In Russ.).
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BBELEHUE

Pesmatounmasriit aptput (PA) — XxpoHn4eckoe ayTonm-
MyHHOe 3a00JjieBaHKe, BcTpevalonieecs B 1—2 % ciyyaeB
cpenu Bcero HaceneHud [1, 2]. 2KenmuHb ctpagaoT PA
B 3 pa3a yalie, 4eM MYXYHHBI, HO JUIST MYy>XKYWH XapaKTe-
peH 6oJiee BBICOKMIT PUCK ITOpPaXKeHMS IICHHOIO OTIesa
no3BoHOUYHMKA. Hanbonee moaBepxxeHsl PA cTpyKTyphl
KpaHnoBepTeopanbHoil oomactu (KBO) [3, 4].

Pesmartounnsiii aptput KBO xapaxkrepusyeTcst Boc-
IMAJINTEJIBHBIM TTOPaXXeHUEeM MEJIKMX CYCTaBOB, IIPUBOISI-
LM K 5pO3UH XPSIIEBOM 1 MOMIeXaIIE KOCTHOM TKaHU,
a TakKe TUIIepTpodureii CHHOBHAIBHEBIX 000I0YEK CycTa-
BOB, B TOM YMCJIE BOKPYT 3yOOBUIHOTO OTPOCTKA MO3BOH-
ka C2, (popMUPYIONINX ITATOJIOTUUECKYIO TPaHYJISIIIMOHYIO
TKaHb — ITaHHyc (JIaT. pannus).

KpanuoBeprebpanbHass 00JacTh SIBISETCS OJHOM
W3 CaMBIX CJIOKHBIX ITEPEXOTHBIX 30H 1 IT0 3TOM IMPUINHE
HaubOonee ysa3umoit mist PA [5]. IIpu apo3un cBSI304HO-
CYCTaBHOTO aImapaTa IIPOMCXOOUT HapyIIeHNE CTa0WIIb-
HOCTH BCETO KPaHMOBEPTEOPAITLHOTO OMOMEXaHNIECKOTO
KOMILIEKCA, IPUBOJALLEE K AUCIOKALINNA KOCTHBIX CTPYK-
Typ 1o3BoHKOB C1 u C2. Hanbosee 4acTBIMU MATOJIOTH-
YeCKMUMU COCTOSTHUSMU, K KOTOpbIM ITpuBoauT PA B KBO,
SIBJISTIOTCS Oa3myIsIpHAst THBaTMHALIVST ¥ pa3IMIHEIE (DOp-
MBI aTJIAaHTOAKCUAJIbHOUN HecTadbuinpHOCTH (AAH) man
aTIaHToakcuanabHoi aucnokauuu (AAJl) [6]. Beioensior
2 dopmer PA KBO: ¢dukcupoBaHHy0 1 He(DUKCUPOBaH-
Hylo [7, 8].

O61IMM 1 HanboJIee YaCTHIM CUMIITTOMOM, XapaKTep-
HBIM U1 TTopaxkeHus: cTpykryp KBO, sBistercst 6076
B 1lI€{HO-3aTbLI0YHOM o0nacTu. bonee yuem B 80 % ciy4a-
€B 9TOT CUMIITOM — €IWHCTBEHHOES KIIMHUIECKOE TTPOSIB-
nerue ipu PA KBO. ¥ 1/3 manimeHTOB MOXXET BO3HUKATh
HEBPOJIOTUYCCKUMA Oe(PUIUT, 00YCITOBICHHBIN LIEPBUKO-
MenyJUIIpHOI KoMmpeccuei [9]. 11t 3Toi TPyIIITbI Talm-
€HTOB XapaKTepHa 3HaYMUTeIbHAsI yTpata GyHKIINN ¢ He-
BO3MOXHOCTBIO CaMOOOCTYXMBaHUS. XUPypTHUIECKasT
KOPPEKIINS LIepBUKOMEIY/UISIPHON KoMmIipeccuu 1 AAJL
SIBJIICTCS eIMHCTBEHHBIM CIIOCOOOM YIIYJIIINThH Ka4eCTBO
KM3HM IMaIleHTa, a B HEKOTOPHIX CIIyJasX IPeIOTBPATUTh
rpyOyI0 MHBAIMIN3AIUIO U JICTAJIBHBIN MCXOI.

Ieab padoTeI — IpeaCTaBUTH KIIMHUIECKOE HAOITIOIe -
HUE XUPYPIUIECKON KOPPeKINN (PUKCHUPOBAHHOU IIep-
BukoMenyusspHoit Kommpeccun (PLK) mpu PA ¢ mo-
paxxeaneM KBO, mpomeMoHCTpUpOBaTh BO3MOXKHOCTHU
JIEKOMITPECCUBHO-CTAOMIM3UPYIOIICH OITepalliyl B XUPYp-
TUYECKO peadWInTaluy MalnueHTKU ¢ TSLKeJIo (op-
moii PA.

KNMHWUYECKWIA CNYYAW

Hayuenmxa, 63 2oda, ¢ 2012 . obpamunacy é Heiipo-
xupypeuueckoe omoenenue lopodckoii MHOONPOPUALHOU
bonvruybt No 2 (Canxm-Ilemepbype) ¢ ycarobamu Ha HeKy-
nupyemole 604U 8 WEUHO-3aMbLAOYHOU 00AACU, CHUNCCHUE
MBUUUEHHOTU CUAbL 8 KOHEYHOCMAX U CKOBAHHOCMb O8UNCEHUTI
8 Kucmsx pyK, 0oee 8bipaxceHHble CNpaea, HapyuleHue oa-
AAHCA U KOOPOUHAUUU, CHUMICEHUE HY8CINBUMENbHOCU Tead.
B meuenue nocaedneeo 2oda nayuenmia nomepsiaa 603Moic-
HOCMb pabomambs y4acmKo8biM HedUampom, a 3amem nocme-
neHHO 00cAydcU8amo cebs 6 Oblmy, 6bINOAHASL C OOAbULUM
mpyoom camocmosmenbHo MoaAbKo camble NPOCmble Oelicm-
6us (npuem nuwgu, yucma 3y0608 u m. d.).

U3 anamnesa 3aboresanus: nepgvie cumnmomvt PA npo-
sasunuce 6 sozpacme 19 aem. Ceponocuueckuii ouaeHo3 Obin
ycmaroeneH uepe3 4 eoda (e éospacme 23 nem). Yepes 10 1em
OM NOAGACHUS NePEbIX CUMNIMOMOE HAYAMA 20PMOHAAbHAS
mepanus (NOAbKOPMOAOH), HA (poHe Komopoli chopmuposan-
€1 CMepOUOHDbLE OCMEON0PO3, 0CAOICHUBUUNCS HEOOHOKPAM -
HbIMU nepeaoMamu Kocmeii KOHeyHocmell, 4o nompebosano
BbINOAHEHUS MHONCECMBA OPMONEOUHECKUX PeKOHCIMPYKMUE-
Hbix onepauuil (puc. 1).

Tayuenmxka noayuana Kypcol naasmagepesa, Komopwie
npueooUAU K 8PeMeHHOl cmaduaAu3auuy KAUHU4ECKUX npo-
saenenuil 3a6onesanusn. C 1993 2. noabkopmoaon uzmenen
Ha MeMUAnpeoOHU30A0H ¢ HOCMENeHHbIM Y8eauueHuem 003bl
do 8 me/cym. B danvrelimem k mepanuu Obiau dobasnerbl
yumocmamuueckue npenapamsl — ¢ 1997 2. npunumaem
Memompekcam, aevebHas 0o3za dogedena 0o 20 me/Heo.

DYHKYUOHANbHBLI cMamYyC NAUUEHMKU U UHMEHCUB-
HOCMb 001€6020 CUHOPOMA OUEHUBAAUCHL NO WKAAAM
Panasama, EMS (European Myelopathic Scale, Esponeii-
ckas mueaonamuueckas wkanra) u VAS (Visual Analog
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Puc. 1. PenmeeHozpagus koHeuHocmeli (a) nocie opmonedudeckux onepayul u eHewlHul 8ud pyk u Hoz nayueHmku (6)

Fig. 1. X-ray of the limbs (a) after orthopedic surgeries and appearance of the patient’s arms and legs (6)

Scale, suzyanvras ananoeosas wkana), Komopoie npedcmas-
snenvt ¢ maba. 1[10].

Tabnuua 1. OueHka GyHKUMOHaNbHOMO cTaTyca v 6onu o onepavm
Table 1. Evaluation of functional status and pain prior to surgery

IlIkana Knaccbi/0amibt
Panabar (00:1b) 3
Ranawat (pain)
PanaBar (HeBpoJIOrMYecKUil 1eOUINT) 1Ib
Ranawat (neurologic deficit)
EMS I1 (10)

VAS (60715 B 111€€)

VAS (neck pain) 8-9

Ilpumeuanue. EMS — Esponeiickas mueronamuueckasn wkana; VAS —
8U3YANbHAS AHAN0208AS WIKAAA.
Note. EMS — European Myelopathic Scale; VAS — Visual Analog Scale.

Ouenka e3aumoomuoutenuii cmpykmyp KBO ebinoaus-
A4Cb NO OQHHbIM PeHMeeH02paAPUU, MACHUMHO-PE30HAHCHOI
momoepaguu (MPT) u cnupanvHoii KOMRbIOMEPHOL MOMO-
epagpuu (CKT) (maba. 2).

C ucnonv3osanuem pa3nuyHslx Memooog, 8 mom Hucie
MPT u KT, y nayuenmku ouazHocmupogana 6a3uisapHas
uneacunauus (puc. 2, a, 8, e). Bepxywxa 3y606udnoeo om-
pocmka noszsonxa C2 naxodumcs 6 cepedune b30 (puc. 2, 0),

Tabnuua 2. OueHKa B3a1MOOTHOLLIEHUI CTPYKTYP KpaHWoBepTebpanbHoi 0bnactv
Table 2. Assessment of distances in the craniovertebral area

IMapamerp 3nauenne Hopma

Tnnns Bakerxaiiva Bepxyimika 3ydba  Bepxyiika 3yda

Wackenheim clivus canal BbILIC HIDKe
i ’ Apex dentis Apex dentis
ine Ha .

is higher is lower
IMoxazatens Pemiynn-

27 MM >30 MM
Voneiia 27 mm >30 mm
Redland-Johnell criterion
IMoxazatenp PanaBara 11 mm <13 MM
Ranawat criterion 11 mm <13 mm
JIunus MaxkPes 3y0 BbIIIe 3y6 Ha 4 MM HIXe
McRae line Dens higher Dens 4 mm lower
JIunusa YembepaeHa 3y0 BbILIIE 3y0 Ha 3 MM HMXe
Chamberlain line Dens higher Dens 3 mm lower
IlepenHuii aTTaHTONEH-
TaJIbHbI/A MHTEPBAI 12 Mmm <4 Mmm
Anterior atlantodental 12 mm <4 mm
interval
3aJHUIi aTIaHTOACH-
TaJbHBII UHTEPBAJ 9,7 MM >14 mm
Posterior atlantodental 9.7 mm >14 mm

interval

no npasuay mpemeii “rule of Steel” [11] nem pe3epgHbiX poeana KOHKpPeCUeHUUs amaAaHMOAKCUANbHbIX CYCMABO8
AuKeopHovlx npocmpancme (puc. 2, 6). Ha CKT eepuguyu- (puc. 2, e). Iloayuennvie dannvie CKT u @pyHKyUOHAABHOI
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Puc. 2. BsaumoomHoweHue cmpykmyp KpaHuosepmebpanbHol 0bacmu: @ — Ma2HUMHO-PE30HAHCHAS MOM02PAMMA 8 CA2UMMAsbHOl NPOeKYUU; 6 — Ma2HUMHO-Pe30HaHC-
Has MOM02paMMQ 8 GKCUA/IbHOU NPOEKUUU Ha yposHe 6016wo020 3amblio4Ho20 omeepcmus (b30); 8 — Ma2HUMHO-Pe30HAHCHAS MOMOZPaMMA 8 KOPOHAPHOU NpoeKyuu
Ha yposHe b30; 2 — cnupanbHas KoMNbLoMepHas MoMozpamma 8 cazummasneHol npoexyuu CO-C1-C2; @ — cnupanibHas KOMNbIOMEePHas MoMO2PaMMa 8 aKcuasbHol npo-
ekyuu Ha yposHe b30; e — cnupanbHas KOMNLIOMeEPHAS MOMO2PAMMA 8 KOPOHAPHOU NPOEKUUU, KOHKPecueHyus hacemoyHbx cycmasos Ha yposHe C1-C2

Fig. 2. Relationships between the structures of the craniovertebral area: a — magnetic resonance imaging in the sagittal projection; 6 — magnetic resonance imaging in the axial
projection at the level of the foramen magnum (FM); e — magnetic resonance imaging in the coronal projection at the FM level; 2 - spiral computed tomography in the C0-C1-C2
sagittal projection; d — spiral computed tomography in the axial projection on the FM level; e — spiral computed tomography in the coronal projection, concrescence of C1-C2
facet joints

Puc. 3. QyHkyuoHaneHas peHmaeHozpaghus weliHo2zo omdesia NO380HOYHUKA: a — caubaHue; 6 — cpedHee NosoieHue; 8 — pasaubaHue

Fig. 3. Functional X-ray of the cervical spine: a - flexion; 6 — neutral position; 8 — extension

penmeenoepauu no3eoauiu Kiaccuguuyuposams kaunu- cmaduu PA KBO y nayuenmxu umeem mecmo CuHOpOMOKOM-
yeckyrw gpopmy PA kax gukcuposanuyro (puc. 3). naexc DIIK.

Ha ocnosanuu conocmaenenusi KAUHUYECKUX NPOSGAeHUIL Tlpu nposedenuu npedonepayuoHH020 NAAHUPOBAHUSL Mbl
U OQHHBIX CNeUUANbHbIX Memo008 UCCAe008aHUS 8 NO30Hel  nocmaesuau neped coboil 2 Karuegvle 3a0a4u: onpeoesums
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cnocob dekomnpeccuu u 8vlopams memoo ukcauuu. Jlns pe-
WeHUsL SMUX 3a0a4 Mbl NPUMEHSAU AN20PUMM, NPeaCcmaseH-
Hotil Ha puc. 4 [12].

Ilpudepicusasce npusedennoeo areopumma, RPUHAMO
peulerue 0 8biNOAHeHUU 08YXIMANHOU XUPYPeUHEeCKoll Kop-
DeKyuu 3a 00Hy Onepayuio:

1-it sman — mpancopanvHas dexkomnpeccus — pe3eKyus
3yba u 2/3 meaa nossonka C2;

2-ii sman — oxkyunumouepsuxanvrasn gucayus CO-C3-
C4-C5-Ce.

Tlocae ebinoanenus 0OCHOGHBIX 5MAN08 OblAA HANOICEHA
MPaxeocmoma 6 yeasx NPOMeKyUlU 803MONCHOL 06CmMpYKyUL
BEPXHUX ObIXAMEAbHBIX NYMeli 8 PAHHEM NOCACONEPAYUOHHOM
nepuooe.

Tlocaeonepayuonnbwiii nepuod npomexan 6e3 xupypeuye-
ckux ocaoxcHenuii. Tpaxeocmoma ydasena na 4-e cymiu
nocae onepayuu. DYHKYUOHANHBII CIMAMYC OYeHUBAAU
Ha momenm gvinucku (10-e cymku), a maxce uepes 3 mec
nocae onepayuu (maba. 3). B pannem nocaeonepayuioHHom

nepuode ommeuen peepecc He@poao2uueckoeo deguyuma,
K MOMeHMY 8bINUCKU NAYUEHMKA CIAAa NOAHOCHIbIO CAMO-
cmosimenvHo o6cayucueams cebs 6 boimy. Yepes 3 mec nocne
onepauuy nAyUeHmMKa cMoa1a 8epHymacs K pabome yuacm-
K08bIM neduampom.

Boinoanens: konmpoasuvie MPT u CKT 6 1-e cymku no-
cne onepayuu (puc. 5). Jlocmuenyma 0ekomnpeccust HUNCHUX
0moen08 nPoooa208amMoeo U CRUHHO20 M032a (cM. puc. 5, a, 8).
Ilo oannoim MPT ommeuaemcs coxpaneHue ouaea usmeHeH-
Ho2o MP-cuenana Ha ypogHe MAKCUMAAbHOU KOMApeccUu
(8epxywka 3yba nozeonka C2) (puc. 5, 6).

B meuenue 11 aem nocae onepayuu y nayuenmiu He 603-
HUKan0 MeOuUUuHCKUx obcmosamenbcme 04s obOpaujeHus
3a HeUpoOXUpPypeuueckoli NOMOUBH0.

B 2023 2. nayuenmka noemopro odbpamuaace 3a meou-
YUHCKOII NOMOWbIO C JCAN00aMU HA OCMPO BO3HUKUIUE CUNL-
Hble 00AU U OwyujeHUe «<MemalluuecKkozo cKpuna» 8 uiee.
Ha xonmponbHbix peHmeeHoepammax uieiinoeo omodeaa no-
360HOYHUKA GbISIBAEH NEPEeNOM CHMEepPICHS KOHCMPYKYUU

AnropuTtM neyexus peBMatoupHoro aptputa / Rheumatoid arthritis treatment algorithm
MATONOr NS KPAHWUOBEPTEBPATBHON OBNACTW / PATHOLOGY OF THE CRANIOVERTEBRAL AREA

mMKCMP(lBaHHaﬂ/F/’Xed/\» noﬂBW)KHaf/MUbi[e

CvnbHas 60nb UM HeBponoruieckwii aedmumr / Severe pain or neurologic deficit | | CvnbHas 6onb unu HeBponoruieckuii feduumr / Severe pain or neurologic deficit

IA/ YES ; HET / NO

; HET / NO A/ VES

— PADI <14 MM / PADI <14 mm
- CMyron <135° / CM angle <135°
—SAC <6 MM / SAC <6 mm

Yrpo3a Bo3HMKHOBEHWS Napanuya B HactosLee BpeMs? / Danger of paralysis currently?

— basunspHas MHBarMHaLMA ¢ CUIbHBIM aTyIaHTOAKCUabHBIM NOABLIBUXOM U KoMrpeccueii CM /
Basilar invagination with severe atlantoaxial subluxation and CM compression

{AA/ YES

Pewwenne Bonpoca 0 npodunakTMHeCKOM XVpYPrinieckoMm
neyenwu / Decision on preventative surgical treatment

\/

[loobcnenoBaHme; onpefeneHne MecTa KOMMpeccuu UK UCTo4HMKa 6o /
Additional examination, identification of compression point and source of pain

{ HET/ NO

| Habniopenwe / Observation

\
HET / NO |

v

| MepesHas /v 3agHas komnpeceus / Anterior and/or posterior compression |

Y

| Bnpaensietcs npu tpakumn? / Sets during traction?

DA/ YES

) . Y . .
| MepenHas Komnpeccus / Anterior compression |<——> 3apHan Komnpeceus / Posterior compression

Pannus, especially hypovascularized

\/

MaHHyc, 0cOBeHHO rMMoBaCKYNAPU3UPOBaHHbIN /

lNoa3aTbinoyHas LeKOMNPeccus /uim WenHas NaMUHIKTOMMS /

| Komnpeccust KocTHbIMM cTpyKTypamu / Compression with bone structures |

v

TpaHcopanbHas AeKoMnpeccus ¢ 3aAHeit puKcaLmet /|
Transoral decompression with posterior fixation

Suboccipital decompression and/or cervical laminectomy

\ Y \4

| 3anHas Gukcaumsa u cTabunusaums / Posterior fixation and stabilization

Puc. 4. Anzopumm npuxsmus peweHus 0 makmuke xupypaudeckozo neqeHus: CM yeon (om cervicomedullary angle) — uepsukomedynnspruil yzon; PADI (om posterior
atlantodental interval) - 3a0Hul amnaHmodeHmaneHbll uimepaarn; SAC (om space available for the cord) — npocmparcmeo, docmynHoe dns cnuHHO20 Mo32a

Fig. 4. Algorithm of deciding on surgical treatment tactics: CM angle — cervicomedullary angle; PADI — posterior atlantodental interval; SAC — space available for the cord
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Tabnuua 3. OyHKLMOHaNBHBIN CTATYC MOC/e onepaLm

Table 3. Functional status after surgery

Kanaccbl/6anisi
[Ikana

10-e cyTkn 3 mec
Panasar (00J1b) 0 0
Ranawat (pain)
PaHaBar (HeBposiornueckui
neduimr) 1IIa 11
Ranawat (neurologic deficit)
EMS 1(14) 1(16)
VAS X605 B 111€€) 0—1 0

VAS (neck pain)

(puc. 6). Ilo dannvim koumpoavtoix MPT u CKT 6 30He one-
Ppayuy cyuecmeeHHbIX UsMeHeH Uil o CPAGHEHUI0 ¢ npedbldy-
wumu uccaredosanuamu He ommeuero. Ouae uaMeHeHHO20
MP-cuenana coxpansemcss makoii xce Gopmol, pasmepos
U unmeHcusHocmu, Kaxk u npexcde (puc. 7). B meuenue
11 2em nocae dexomnpeccusHo-cmabuauzupyroweii onepayuu
Heapoaoeuteckull U QYYHKUUOHAAbHbII CMAMYCbl NAYUECHMKU
be3 cyujecmgeHHoi OMmpUyamenbHoll OUHAMUKU.

Boinoanue npedonepayuoHnoe NAGHUPOBAHUE, Mbl NPU-
WAl K 861600y, YUMo NPUMUHOL 0cmpoil 604U 8 ulee A8UNUCH
HapyuieHue cocmosmeabHOCMU U nomepsi YCMouuueocmu
Qukcupyrowei KOHCmpyKyuu (nepeaom cmepicHs).

Bcaedcmeue omcymemeus Hapacmauus Hegpoaozu4e-
CKUX OUCYHKYULL U C YHemOM BbIPANCEHHO20 OCIEONoPo3a
NPUHAMO pelueHue 02PAHUMUMbCS NEPEMOHMANCOM INeMeH-
moe ¢hukcupyrouwell KOHCMPYKYUU — 3aMeHoil 0060ux cmep-
acneil (puc. 8). Ilocae onepavuu 604u nOAHOCMbIO peepeccu-
POBAAU U NAUUEHMKA 8ePHYAACL K NPUBbIMHOMY 045 Hee
00pasy JHcu3Hu.

Russian Journal of Neurosurgery

Puc. 6. PeHmaeHozpammbl weliH020 omadesia no38oHoYHUKa. [lepesioM 718020 CMepsHs
Fig. 6. X-rays of the cervical spine. Fracture of the left nail

OBCYXEHUE

B nocnegHue ronbl OTMEYAETCS CHUXKEHUE YaCTOThI
TsKeneIX (popM PA, 94TO 00YCI0OBIEHO CBOEBPEMEHHOM
JIMArHOCTUKOW M TapreTHOM NaTOr€HETUIECKOM TEpanEii.
CoBpeMeHHBIe ITPOTOKOJIBI KOHCEPATUBHOTO JedeHUs PA
MPOTUBOPEBMATUYESCKUMH TIpemnapaTamMu (HaIpuMmep,
DMARD — Disease-Modifying Antirheumatic Drugs) mo-
3BOJISIIOT OOBEKTUBHO 3aMEIIMTh MOPaKEHUE CYCTaBOB
¥ COCIMHUTEIbHOM TKaH!, B ToM uncie B KBO, u cHU3nTh
TSKEeCTh KITMHUYIECKOTO TeUeHMsT 6oJie3HH [2, 9]. OmHako
peBMaToJIoramMu MPU3HAETCS, YTO JIEKAPCTBEHHAs Tepamnust
PA He 1103B0OJISIET ITOJTHOCTBIO KOHTPOJIUPOBATh OOJIE3Hb,
a XUPYPruueckoe JeUeHUE MO-TIPEXHEMY SIBJISIETCS aKTy-
aJIbHBIM, @ MOPOU U EAMHCTBEHHBIM BBIXOJOM [IJIS1 MHOTMX
naiueHTos [13].

Xupypruyeckoe iedeHrie PA B KBO sBnisercs cioxHo
npobiemoit. CoBpeMeHHas TAKTUKA MMEET 11eJTb — BBITION -
HUTb XUPYPTUYECKYIO KOPPEKIIUIO 10 PA3BUTHS KIMHUYE-
CKMX MPOSIBJICHUI LEPBUKOMENYJUISIPHOM KOMIIPECCUM.
Ocraercst DUCKyTaOEIbHBIM BOIIPOC MEIECO00Pa3HOCTH

Puc. 5. KonmposeHele cnupansHas KoMnelomepHas momMozpagus (a) u MazHUMHO-pe30HaHcHas momozpadgus (6, 8)

Fig. 5. Control spiral computed tomography (a) and magnetic resonance imaging (6, 8)
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Puc. 7. MazHumHo-pe3oHaHcHasi moMozpamma e caeummarisHoli (a) u akcuasnbHol (6)
NPOeKYUSX; CNUPA/IbHAs KOMNbIOMepHas MoMo2pamMma 8 cazummarsHol (8) u ak-
cuanwHoli (2) npoexyusix (npu obpaweruu 8 2023 2. do onepayuu)

Fig. 7. Magnetic resonance imaging in the sagittal (a) and axial (6) projections; spiral
computed tomography in the sagittal (8) and axial (2) projections (at a visit in 2023
prior to surgery)

Puc. 8. CnupaneHas KoMnelomepHO-mMoMozpaghuyecKas peKoHCMPYKYUS Nocse 3a-
MeHbl cmepxcHel

Fig. 8. Spiral computed tomography reconstruction after nail replacement

1 OIIPAaBOAHHOCTH BEITIOJIHEHUST aTJIaHTOAKCUAIBHOMN (DUK-
caluy MalMeHTaM C BBISIBJICHHOM HEeCTaOMIIBHOCTRIO Oe3
HEBPOJIOTMYECKMX IIPOsIBIcHU. B nccnemoBannm «24 ro-
nIa mocie mpoduinaktuyeckoit xupyprum PA B KBO»
N. Tanaka ¥ coaBT. IPUILIJIN K BEIBOY, YTO ITPOMIIIAKTH -
YecKasl XUPYPTHsl yBeIMINBaeT MPONOJKUTEIIBHOCTD K3~
HY 1 yIy4IIaeT ee KayecTno [14].

J.E Wolfs 11 coaBT. TpoBeu cucTeMaTU4eCKUit 0630p
JINTEpaTyPHI VTSI CPaBHEHUSI PE3YJIBTaTOB XUPYPIHIECKOTO
W KOHCEPBATUBHOTO JICUCHMS MMAIIEHTOB C HECTAOMIIb-
HOCTBIO IIEHOTO OTEeJIa TO3BOHOYHNKA PEeBMATOMITHOTO
reHesa [15]. B npuBegeHHOM 0030pe MOKAa3aHO, YTO HE-

BpoOJIOTMYeCKIE (DYHKIIMN TAIMEHTOB IIPY XUPYPTHIECKOM
JIeYeHUH OBLI CPaBHUTEIBHO JIyUIle, YeM ITPH KOHCepBa-
THUBHOM, y BCEX IMAIIUEHTOB C IMOpaskeHNEM IIIeITHOTO OT-
Iiesa IT03BOHOYHMKA. [1pomo/KuTe IbHOCTD XXM3HU TTOCIIE
XUPYPTUUECKOTO U KOHCEPBATUBHOTO JICUCHUS B TAHHOM
0030pe aBTOPHI HE CPAaBHUBAJIM.

B HayuyHOI1 cpeme mpomoKaloTCs TUCKYCCHU OTHO-
CHUTEJIBHO ONTUMAJIBHOI TAKTUKH JICUCHUS TIPU Pa3BUTUI
KIMHAYECKUX TIPOSBICHUN LIEPBUKOMEIYIUISIPHOM KOM-
npeccuu («He ciauimkom M mMO3OHO OelaTh OIepa-
muo?»). A.T. Casey u cOaBT. IIPOBEJIM MPOCIIEKTUBHBIN
aHaJIN3 Pe3yIbTaTOB XUPYPTUIECKOTO JICUCHMS TalleH-
TOB ¢ PA TIpm yXe pa3BUBIICHCS MUETONATUN (KJIACCHI
I11a u I1Ib o mkane PanaBara). Pe3ynbraTsl MccienoBa-
HUS IPOJAEMOHCTPHPOBAJIN, YTO ITOKa3aTen (PyHKIINO-
HAJIBLHOTO CTaTyca M MPOIOKUTEIbHOCTH XKU3HU JIyUIIIe
y nmaueHToB rpynnbl kjacca Illa mo mkane Panasara,
yeM y manueHToB rpynirsl Kiacca I1Ib mo mkane Pana-
BaTa, W 3Ta pa3HUIA CTATUCTUYECKHN 3HAYNMa. ABTODPEHI
PEKOMEHIYIOT IIPOBeIeHNe KaK MOXHO 0oJiee paHHETO
XUpypruyeckoro jgedenus [16]. Xupyprudyeckoe BMelIa-
TEJIECTBO TSI TAIIMEHTOB ¢ MUEIOTATHE M 3HAYNTEIb-
HOH yTpaToii GyHKINI SIBIISIETCS eAMHCTBEHHBIM IITAHCOM
111 UX peadmwmtauni. [ToBelmeHne ¢GpyHKIIMOHAIBHOTO
craryca XoTs ObI Ha 1 6ayut o mkase PanaBarta (¢ kiracca
I1Ib mo knacca I1la) B pe3ynpraTe maeT UM 3HAYUTEIHHOE
MIPEUMYIIIECTBO C TOYKH 3PCHMST KA4eCTBA M IIPOIOJIKI -
TEJbHOCTH XU3HU [17].

J171s1 KOppeKTHOTO BIOOpA TAKTUKU XUPYPTHUIECKOTO
JIeYCHUS UCITONIb3YeTCSI CHHAPOMAJIBHBIN ITOIXO, OTIMCaH-
=l A.B. BypiieBeiM 1 coaBT. [ 18], niu BeIIeIeHIE TOMM-
HUPYIOLIETO KIMHNISCKOTO CHHAPOMA, IPEIIOKEHHOE
Hameit rpyrmoii [19, 20]. JJlaHHBIN KOHIIETITYaIbHBIN O -
XOII IIPMMEHNM He TOJIBKO It PA, HO m 11 Ipyroit maro-
Jiorun, nokanuayrounieiica B KBO.

ITo HameMy MHEHMIO, aOCOIOTHBIMM MOKA3aHUSIMU
IJIS XUPYPTAYECKOTO JICUCHUS SIBIISTFOTCS KOMIIPECCHS
Ha ypoBHe C0-C1-C2 1 AAH ¢ BBICOKMM PUCKOM YCyTy0-
JICHUsI BTOPUYHBIX HEHPOOPTOITeANISCKIX TUCHYHKITHIA.
Taxcke TIpy TPOBEACHUM TIPEAONICPATMOHHOTO TUIAHUPO-
BaHMST HEOOXOIMMO YIUTHIBATh MMEIOIIYIOCS Aedopma-
M0 Ha KpaHNOBEPTEOPATbHOM YPOBHE Y OOJIBIITMHCTBA
MaIlMeHTOB C PeBMATOMIHBIM MOpaxkeHneM. Bribop KoH-
KPETHOTO METOIa CTaOMIM3aLINK BCeTIa MHIVBUIYaJICH.

B 6onbmmHcTBe cinydaeB nmpu PA KBO dopmupyercs
AAH unu AAJI ¢ BO3MOXHBIM pa3BUTUEM PETPOJECHTATb-
HOTO MaHHYCca.

B HacTosmiee BpeMst HanbosIee IMMPOKO IIPUMEHSIeMast
TEXHOJIOTHST — KOpOoTKOocerMeHTapHas cradrmmsanys C1-C2
no Goel—Harms [21]. A. Goel 11 coaBT. oneprupoBaIn Ia-
IIMEHTOB 110 COOCTBEHHOII METOIMKE, CYTh KOTOPOI 3a-
KJTI0Yajiach B CICAYIOIIEM: OHU MPEIIOXMIN BHEAPSITH
CHeIaIbHO pa3pa0b0TaHHbBIC UMITJIAHTAThI — CIIeCePhI —
B (paceTounnie cyctaBnel C1-C2, mo3ponsommue 3auK-
cupoBaTh AAH, a 3a cueT akCcHaJIbHOI AUCTPAKIIUM TaH-
HOTO CerMEHTa IPOBECTU HEMPSIMYIO TEKOMIIPECCHIO.
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Jnsa ¢pukcanmmy oHU MCTIOJIB30BAIN TUIACTUHBI M OMKOP-
TUKaJbHBIE BUHTHI [21, 22].

J. Harms 1 coaBT. ortleprpoBajIy ITalMEeHTOB I10 TIPeI-
JIOKEHHOM mMU TexHosoruu. B otmmune ot A. Goel oHn
HCIIOIH30BAJIA TTOJIMAKCHAIBHBIE BUHTHI, TOJIOBKH KOTO-
PBIX COCTUHSIINCH IMapaJUIeIbHBIMU CTePXKHSIMU U TIPU He-
00XOIMMOCTH TUCTPAKIIMS OCYIIECTBIISIIACH 33 CUET BUH-
TOB [23].

B Hacrosiiee BpeMsi KOpOTKOCeTMeHTapHasT (puK-
canmsl MHUPOKO MIPUMEHSIETCSI B MUpPE IO Ha3BaHHEM
«atnaHToakcuanbHasa dukcaums no Goel—Harms» [24].
JlaHHBII MeTox IpHU HEOOXOTMMOCTHU ITO3BOJISIET 3a(puK-
CUpPOBaTh B IMOJOXEHUU JUCTpaKUUU nmo3BoHKU C1-C2
C COXpaHEHMEM TMOIBMKHOCTH BHIIIE W HUXE JICXKAITUX
cerMeHTOB. Ilocie mpoBeneHHON (hMKCAllMi ITO3BOHKOB
C1-C2 maHHyc TonBepraeTcss odOpaTHOMY pa3BUTHIO,
YMEHBIIIAeTCS B pa3Mepax, IepecTaeT CIaBINBaTh CITHH-
HoM Mo3r [25]. lonosHuTeIbHAsI BEeHTpaJbHasT JeKOM-
IIpecusi B 3TOM cllydae He TpeOyeTcs. B KimmHnYecKnx Ha-
OI0ICHUSIX, KOTA BHIIIOJHUTh KOPOTKOCETMEHTAPHYIO
CTa0MIM3AIINIO IIPEACTABISCTCS 3aTPYTHUTEIBHBIM, TIPH-
MeHseTCs 00JIee MPOTSKeHHAsT OKITUITUTOIIC PBUKATbHAS
¢uKcanyst Kak BEIHYXIECHHas, HO OIpaBIaHHAsT TEXHO-
JIOTHS.

CiemyeT OTMETUTD, YTO 3amHSIS (DMKCAIIUS C HETIpsI-
MO leKOMIIpecCreld He BCerma sSIBISIeTCS] TOCTaTOIHOM.
B cnyyae pukcupoBaHHoI popMbl PA ¢ pa3ButreM Mue-
JIOITATUYECKOTO CUHIPOMA ITOKA3aHO BBIIIOJTHEHUE TPaHC-
OpaJbHOIT MUKPOXUPYPTUIECKON WIJIM TpaHCHA3aJbHOMU
SHIOCKOMUYECKO mekommpeccuu [26]. B pabore
N.10. Incunkoro u coasT. K mauueHTaMm ¢ PA KBO mpu-
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BBepeHue. JleueHe CNOXHbBIX aHEBPK3M OMIOBHOMO Mo3ra NpeCTaBnseT bonblumne TpyaHOCTU. /IMeeTcs bombLuoi apceHan BHYTPUCOCYAUCTBIX
METOAMK ANS BbIKIIOYEHWS U3 KPOBOTOKA CTIOXHbIX aHEBPU3M FOJIOBHOMO MO3ra: BHYTPMCOCYAMCTas IMOONM3aLIMA MAKPOCTIMPANsMK, YCTaHOBKa
MOTOKONEPEeHaNpPaBAAILLMX CTEHTOB, BannoHHas aHMMOMNIacTUKa U CTEHTUPOBaHWE 3KCTPa- U MHTPAKPaHMANbHbIX CErMEHTOB MarucTpabHbIX
apTepuin rofioBHOTO Mo3ra. [py 3ToM MUKPOXMPYPrYecKoe fieYeH e aHeBPU3M FONIOBHOMO MO3ra He MOTepsfo CBOEW aKkTyanbHOCTU U 0CTaeTCs
Havnbonee paavKanbHbIM cnocobom neverns. OHaKO NPOCTOe KMMNMPOBAHWE UMK PEKOHCTPYKLIMS CTEHKM CNIOXHOM aHeBpW3Mbl He BCeraa
BO3MOXHbI. B TaKuX Criyyasx NpyMeHsIOT TPENMMHI HeCyLLE aHEBPU3MY apTepUM U PeBACKY/APM3aLIMI0 HeobXoamMMoro bacceiHa.

Llenb pabotbl — npeacTaBuTb KIMHWYECKE HAbNDAEHWS ABYX NALMEHTOB CO CNIOXHBIMU MHTPaKpaHuabHbIMU aHEBPM3MaMM be3 BO3MOXHO-
CT1 3HA0BACKYNAPHOI0 BMELLIATENbCTBA, KOTOPbIM Dbl/ BEINOSHEH TPEMMMHI HECYLLEN apTepuu 1 anbTepHaTUBHOE CPeLHENOTOYHOE 06X0AH0e
LLYHTMPOBaHWe; CAenatb 0630p NMTepaTypbl MO KIKOYEBBIM acMeKTaM 4aHHOMN TeMbI.

KnuHnyeckoe Habniopenue. lpencraBneHbl KMHWYeCKUEe HabniofeHUs ABYX NaLMEHTOB, 0NepPUPOBaHHbIX MO MOBOAY COXHBIX MHTPaKpaHu-
anbHbIX aHeBPK3M. Y NepBoro BhIsBAIEHa COXHaA Qy3MhOpMHO-MeLLoTYaTas aHeBpM3Ma JIeBOM cpefHer Mo3rosol apTepun (CMA), ¢ otxo-
AALWLMM oT Gy3nbopMHOro Kynona N10bHeIM M2-cermenTom nesoi CMA; y BTOporo — rMraHTCKas MeLLoTyaTas aHeBpr3Ma CynpaKiMHOMAHOM
CerMeHTa 1eBOV BHYTPEHHEV COHHOW apTepuu 1 3aaHAsA NonHas TpdypKaums cneBa. 3HA0BACKYNAPHOe BMELLATeNbCTBO He NpeACTaBNsioch
BO3MOXHbIM. BbINOAHEH TPENMUHI HeCyLLe apTepyK 1 HaNoXeHWe CPeAHEN0TOHHOr0 0DX0AHOM0 LUYHTUPOBAHMSA C UCNOb30BaHWEM AUCTallb-
HbIX BETBEM HapyXHOWM COHHOM apTepum (HCA). MpuMeHsanack MHTpaonepaLoHHas be3paMHas HeMpoHaBMraLps.

3akuoueHme. Mcnonb3oBaHne KoHeuHblx BeTeei HCA (BepxHeuentocTHoM apTepum M NPOKCUMAasbHOM YacTyi NOBEPXHOCTHOM BUCOYHON apTe-
pWV) pacLUMpSAET BO3MOXHOCTM NpU BbINOIHEHWM PEBACKYNSPU3MPYIOLLIMX BMELLATENLCTB Ha FOIOBHOM MO3re B TeX Ciy4asx, Korfa Tpebyetcs
BbINOHEHWE HU3KO- U CPEAHENOTOYHOMO 3KCTPA-UHTPAKPaHUANbHOTO LWYHTUPOBaHWS. OTHOCUTENBHO PeaKoe UCNOMb30BaHKe 3TUX apTepuid
B MPaKTUKe 1 HEMHOMOYMCAEHHbIE NYBMKaLmMKM 06 3TX BULAX LUYHTMPOBaHMWS TPebYIOT TLLATENbHOMO 0THopa NaLMeHTOB C NpeAonepaLoHHoM
OLiEHKOM bpaxmoliedarnbHblx apTepUin U reMofIMHAMUYECKUX NapaMeTpoB.

KnioueBble cnoBa: COMHbIE aHEBPU3MbI, MHTPaKpaHWasbHble aHeBPU3MbI, XMPYpPriveckas peBackynapr3aLms rofloBHOMO Mo3ra, KCTpa-
WHTpaKpaHUasbHoe LYHTMPOBaHMe, Hapy)KHas COHHas apTepus, be3paMHas HelpoHaBuraLms
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Alternative middle-flow extracranial-intracranial cerebral bypass using distal branches
of the external carotid artery in patients with complex cerebral aneurysms
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Background. The treatment of complex cerebral aneurysms is still remained the great challenge for neurosurgeons. There is a large choice
of intravascular techniques for excluding the complex cerebral aneurysms from the blood flow: endovascular embolization with microcoils,
usage of flow-diverting stents, balloon angioplasty and stenting of extra- and intracranial segments of the main cerebral arteries. At the same
time, the microsurgical treatment of cerebral aneurysms has not lost its relevance and remains the most radical method of treatment. However,
simple clipping or reconstruction of complex aneurysm wall is not always possible. In such cases, trapping of parent artery and revascularization
of the required blood supply territory are used.

Aim. To present the two clinical cases of patients with complex intracranial aneurysms without the possibility of endovascular treatment, who
underwent parent artery trapping and alternative middle flow extracranial-intracranial (EC-IC) bypass as well as to conduct the literature review
concerning the key aspects of this topic.

Clinical cases. This article presents two patients operated on for complex intracranial aneurysms. The first patient had a complex fusiform-
saccular aneurysm of the left middle cerebral artery (MCA) with a frontal M2 segment of the left MCA extending from the fusiform dome;
the second patient had a giant saccular aneurysm of the supraclinoid segment of the left internal carotid artery (ICA) and a complete posterior
trifurcation on the left. Endovascular treatment was considered as impossible. The trapping of the parent artery and performing of middle-flow
EC-IC bypass using the distal branches of the external carotid artery (ECA) were conducted. Intraoperative frameless neuronavigation was used.
Conclusion. The use of terminal branches of the ECA (makxillary artery and proximal part of superficial temporal artery) expands the possibilities
of cerebral revascularization performing in cases where low- or middle-flow EC-IC bypasses are required. The relatively rare use of these
arteries in practice and few publications about these types of bypasses require careful selection of patients with preoperative assessment
of the brachiocephalic arteries and hemodynamic parameters.

Keywords: complex aneurysms, intracranial aneurysms, surgical cerebral revascularization, extracranial-intracranial bypass, external carotid
artery, frameless neuronavigation
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BBELEHUE

JleyeHne CIIOKHBIX aHEBPH3M T'OJIOBHOTO MO3Ta MpPe-
CTaBJISICT OOJBIIIME TPYAHOCTU. Pa3BuTHE 3HIOBACKYIISIP-
HOM XMPYPTUH TTO3BOJIMIIO 3HAYNUTEIIEHO PaCIIIPUTh 00beM
IOMOILY MALIMEHTAM C «HEKJIUITUPYEMbIMU» aHEBPU3MaMK
COCYIOB TOJIOBHOTO MO3ra. JIJIsI BRIKITIOUEHUST M3 KPOBO-
TOKa CJIOXHBIX IIepeOpaIbHBIX aHEBPU3M B HACTOSIIIECE
BpeMsI MCITOJIb3yeTCsl OOJIBIION apceHal BHYTPHUCOCYIM-
CTBIX METOIWK: BHYTPHUCOCYIUCTasT SMOOIM3AIINS MUKPO-
CIIMPAJISIMH, YCTAHOBKA TTOTOKOIIePEHAITPABJISTIOIINX CTCH-
TOB, OajJIOHHASI aHTHOIIACTHKA M CTEHTHMPOBAaHUE
BKCTpa- ¥ MHTPAKpaHUAJIbHBIX CETMEHTOB MariCTPaIbHBIX
apTepuii roIoBHOTO Mo3ra. Hapsimy ¢ aTuMm MeTonrKamu
MHKPOXUPYPTUIEeCKOe JICUCHE aHEBPU3M TOJIOBHOTO MO3-
ra He TIOTepsJI0 CBOEit aKTyaIbHOCTH M OCTaeTCsl Hanbosiee

pagvKaJIbHBIM CIToco0oM sedeHus [1, 2]. OqHaKo BBIION-
HEHHUE IIPOCTOTO KIUMUPOBAHUS MIH PEKOHCTPYKIINHU
CTEHKM CJIOXKHOI aHeBpU3MBI HE BCeraa BO3MOXHO. B Ta-
KHX CJIyJasx MPUMEHSIOT TPEIIINHT apTepun, HeCyIei
aHeBPU3MY, M PEBaCKY/ISIPU3alIio0 HEOOXOIMMOTO OacceifHa.
Hawnbonee pactipocTpaHeHHBIMU BUIAMH 3aMECTUTETBHO-
ro IIYHTUPOBAHUS COCYIOB TOJOBHOTO MO3Ta CIIYXKHUT
KJIaCCUYEeCKOE BBICOKOTIOTOYHOE 3KCTPa-MHTpaKpaHUAIb-
HOe IIYHTUPOBAaHMUE C MCIOJB30BAHNEM HAPYKHOI COH-
Hoii aprepun (HCA) B KagecTBe apTepun-I0HOpPa, a TAKXKE
HU3KOIIOTOYHOE 3KCTpa-MHTpaKpaHUAJIbHOE IITyHTHUPOBA-
HHE C CIIOJIb30BAaHMEM BETBE IIOBEPXHOCTHOI BUCOYHOM
aptepuu (ITBA) (B ToM 4mcIIe IBYCTBOJIBHOE IIIYHTHPOBA-
HHUE, KOorja OTHOBPEMEHHO HCIIOIb3YIOTCSI 00¢ BETBU
I1BA) [3—6]. B HEKOTOPBIX Cilydasix Py HEOOXOIUMOCTH
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BBIMOJIHEHUST DKCTPa-UHTPAKPAHUAIbHOIO IIIyHTUPOBA-
HMS UCIIONb30BaHue BeTBeii [1BA He mpeacrapisieTcst BO3-
MOXHBIM BCIIEICTBHE MX TUIIOIIA3MU, HEIOCTATOIHOTO
JuamMeTpa uin GyHKIUOHAIBHOCTY (00beMHbIN KPOBOTOK
3HAYUTEJbHO MEHBIIIE, YeM B apTEPUU-PELIMIIUEHTE) WIN
HE MOXET ObIThb JOCTATOYHBIM ISl 3aMELLEHNUST KPOBOTOKA.
B Takux ciyyasix JOIyCTUMO BBIIIOJHEHUE alIbTEPHATUB-
HBIX CPEIHENOTOYHbIX BUIOB IIIYHTUPOBAHUS C MCIIOJIb-
30BaHMEM «BCIIOMOTATEJIbHBIX» apTEPUIA-IOHOPOB: OCHOB-
Horo ctBoia [1BA, BepxHeuemtocTHOU aprepuu (BUYA)
M BCTABOYHOTO COCYAMCTOTO TPaHCILIAHTATA.

Leap nydaukauuy — NpeAacTaBUTh KIMHUYECKUE Ha-
OJII0JEHUS IBYX MALMEHTOB CO CIOXHBIMU MHTPAKPaHU-
aJIbHBIMU aHEBPU3MaMU 63 BOZMOXHOCTH SHI0BACKYIISIP-
HOI'0 BMEIIATEIbCTBA, KOTOPBIM ObLI BBIIOIHEH TPEIIIMHT
Hecyllell apTepuy U ajbTePHATHMBHOE CPEIHEIIOTOUHOE
00X0HOE IIYHTUPOBaHUE; CAENaTh 0030p JUTEPATYPhI
I10 KJIIOYEBBIM ACIEKTaM JaHHOM TEMBbI.

KJIMHWYECKOE HABJIIOLEHME Ne 1

IHlayuenm M., 56 asem, obpamuncs (2023 e.) 6 nayuro-
Koucyabmamueroe omoenenue OIBHY «Hayunotit yenmp
Hesponoeuu» (HIIH) ¢ ucarobamu Ha nepuoduuecku 03HU-
Karowue npucmynsl 20108HOU 604U, NPeXo0aULYI0 cAad0Cmb
6 npassix pyke u Hoee. M3 anamuesa uzeecmno, umo 6onee
20 aem Hazao npu 06c1e008aHUU bl6AeHA HeOOAbULAS AHEs-
puszma ougpypkayuu M 1-ceemenma negoit cpedHeit M0320801
apmepuu (CMA), He mpebyrowjas xupypeu4eckozo ne4eHusl.

IlosmopHoe o6pawenue: 6 2023 e., koeda noseuauce yka-
3aHHble KHcanobvl. B anamuesze apmepuanvhas eunepmonus.
IIpu ocmompe obwee cocmosanue yoosremeopumensroe. Co-
mamuueckuil cmamyc 6e3 ocobennocmeii. Heaponoeuueckas

CUMNMOMAMUKA: MPAH3UMOPHASL IKCMPANUPAMUOHASL Hedo-
CMamo4HoCMmb.

Juaenos. [lo dannoim KT-aneuoepaghuu unmpaxpanu-
ANbHbIX apmepuil 8bis6aeHa 001bulas aHegpusma bugypkayuu
M I-ceemenma nesoit CMA, umerowas gyughopmuo-mewom-
uamoe cmpoerue. Qyzugopmuas uacme anegpuzmol duame-
mpom 21 mm pacnpocmpansaace Ha M2-ceemernm (1006HYH0O
semen) neeoil CMA. Mewomuamolii KOMROHEHM A0KAAU3Z0-
saacsa 6 oonracmu ougypkayuu M 1-ceemenma nesoit CMA,
pazmep kynoaa u weiiku — 6 u 7,1 mm coomeemcmeeHHo
(puc. 1).

Jueumanvras yepebparvhas aneuoepagus nodmeepouna
Haauuue cA0XCHOU Qy3uhopmHo-Meulomuamoii aHeepu3mol
neeoit CMA, om ¢py3ugpopmuoeo Kynoara komopoii omxooun
A00Hb1G M2-ceemenm nesoii CMA (puc. 2).

C yuemom 3Ha4UMeNbHORO YBeAUHeHUs pa3Mepo8 U CUMA-
MOMHOCIU AHe8PU3Mbl DeKOMeHO08AHO XUpypeuyeckoe
AedeHue, nocie ueeo nayienm Obli 20CHUMANU3UPOBAH 8 Hell-
poxupypeuueckoe omoenenue HI[H 0as nananoeoeo xupypeu-
4ecK020 Aeuenusl.

Ilaanuposanue u nposedenue onepauuu. C yuemom ghy-
3UDOPMHO-MEUOMHUAMO20 XapaKmepa aHeapu3Mbl U He8o3-
MOUCHOCMU NPOBGeOeHUs] IHO0BACKYAAPHO0 U PEKOHCMPYK -
MUBHORO BMEUIAMENbCMBA NPUHSMO DeuleHue 8bINOAHUMb
mpennune Gy3upopmMHoIl Hacmu anespusMbl ¢ UCHOAb308A-
Huem pesackyaspuzupyouwux memooux. I[lpednosazanoce
8bINOHEHUE PeaHaACmMOMO3UpPo8anus 106H0e0 M2-ceemenma
neeoit CMA. B kauecmee donopa paccmampuganu nesyro B4A
u cmeon I1BA, 6 kauecmee cocyoucmoti 6cmasku — Ay4egyro
apmepuio (JIA).

B ycaosusx obweil anecmesuu ykaadka nayueHma
Ha onepayuoHHOM CcMoOAe HA CHUHe, 204084 JHCECMKO

Puc. 1. KT-anauoepaghus do onepayuu, 30-pedpopmMayus: @ — UHMPAKPAHUGLHLIE APMeEPUU, GKCUA/bHAS npoekyus: 1 — M1-ceamenm niegoli cpedHeli Mo32080U apmepuu
(CMA), 2 - M2-cezmermel negoli CMA, 3 — Mewomuamas yacme aHespusmsl bugyprayuu sesoli CMA; 6 — UHMPAKPaHUATbHbIE APMepUU, Ca2UMMabHas npoexyus: 1 —
/1e8as 8HyMpeHHsis CoHHas apmepusi, 2 — M2-ceamenm (no6Has eemes) niesoli CMA, 3 — gy3ugpopmras yacme anespusMel bugyprayuu negoli CMA; 8 — sxcmpakpaHuans-
Hble apmepuu: 1 — cmeos nosepxHoCMHoU 8UCOYHOU apmepuu, 2 — 8epXHeHeIICMHAs dpmepus

Fig. 1. CT angiography before surgery, 3D reconstruction: a — intracranial arteries, axial view: 1 — M1 segment of the left middle cerebral artery (MCA), 2 — M2 segments of the
left MCA, 3 - saccular part of the aneurysm of the left MCA bifurcation; 6 — intracranial arteries, sagittal view: 1 - left internal carotid artery, 2 — M2 segment (frontal branch)
of the left MCA, 3 - fusiform part of the aneurysm of the left MCA bifurcation; e — extracranial arteries: 1 — trunk of the superficial temporal artery, 2 — maxillary artery
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Puc. 2. [JuzumaneHas uepebpaneHas aHauoepagus: @ — cazummanbHas npoekyus: 1 — negas 8HymMpeHHsS coHHas apmepus, 2 — M1-ceamenm siesoli cpedHeli Mo32080(i
apmepuu (CMA), 3 - Mewomyamas yacme aHespu3msl bugypkayuu nesoli CMA, 4 — y3ugopmHas yacme aHespu3mel budypkayuu nesoii CMA, 5 — M2-ceamenm CMA; 6 -
KopoHapHas npoexyus: 1 — M1-ceamenm nesoli CMA, 2 — Mewiomyamas yacme aHegpu3Mel bugypkayuu negoli CMA, 3 — ¢y3ugopmHas yacme aHespu3sMel budypkayuu

negoli CMA, 4 — nobHas semas M2-cezmerma negoli CMA

Fig. 2. Digital cerebral angiography: a - sagittal view: 1 — left internal carotid artery, 2 — M1 segment of the left middle cerebral artery (MCA), 3 - saccular part of the aneurysm
of the left MCA bifurcation, 4 — fusiform part of the aneurysm of the left MCA bifurcation, 5 — M2 segment of the MCA; 6 — coronal view: 1 — M1 segment of the left MCA, 2 -
saccular part of the aneurysm of the left MCA bifurcation, 3 - fusiform part of the aneurysm of the left MCA bifurcation, 4 — frontal branch of the M2 segment of the left MCA

Puc. 3. lumpaonepayuorHas 6espamHas HelpoHaguzayus: 1 — sepxHedeniocmHas apmepus (BYA); 2 — cmeon nosepxHocmHol sucoyHol apmepuu; 3 — B4YA

Fig. 3. Intraoperative frameless neuronavigation: 1 — maxillary artery (MA); 2 — trunk of the superficial temporal artery; 3 - MA

Qukcuposana 6 mpexmoueuHoii ckobe ¢ n0goOpomom Ha 45°
6npago. Beinoanena npedonepayuoHnasn pazmemya 603moic-
HbIX apmepuii-00HOP08 U PeUUNUEeHMO08 ¢ NOMOUbI0 be3pam-
Holl HelipoHasueayuu (puc. 3).

Beudy nuskoeo pacnonsoxucenus BYA (cm. puc. 3) u mex-
HUYecK020 Heydobcmea ee UCHOAb308AHUS PEULeHO UCNOAb30-
sams cmeon IIBA (cm. puc. 18). Bo epems onepauyuu npogodu-
AU UHMPAONEPAYUOHHBLIL HElIPOPUIUOA0UYECK UL MOHUMOPUHR
(HOHM) c yeavio pecucmpauuu 8b136aHHbIX MOMOPHBIX O~
semoe (BMO) om mbiuy npagvix eepxteli u HuxicHel KoOHeY -

Hocmell 8 omeem HA MPAHCKPAHUAABHYIO INEKMPUUECKYIO
CMUMYASIYUIO KOPbL 20108H020 MO32d.

Coenan paspes maekux mxaueil 6 1e60il 100HO-8UCOUHOLL
obaacmu u evidenena I1BA do ee denenus Ha KoHeuHble 8em-
6u. Boinoanena nmepuonanvnas kpanuomomus, meepoas
Mo03208as 000410uKa 8CKpbima 0y2000pa3Ho, omeepHyma
K ocHogaHuto uepena. Ilpogedena duccekyus 60K080l weau
20/108H020 M032A, NOIMANHO BU3YANUZUPOBAHbL N1€BASL GHYM -
pennss connas apmepusi (BCA), M 1-ceemenm nesoii CMA,
aunegpuszma u M2-ceemenmot neeoii CMA. Aneepusma
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Puc. 4. MumpaonepayuoHHsie omoepacuu: do emewamenscmea (a) u npu 8binosHeHuu mpennuHea (6): 1 — aHespusma; 2 — M2-ceamenm cpedHeli Mo32080ii apmepuu

(CMA); 3 — ducmaneHsiii mpennuHz CMA; 4 — npokcumaneHeili mpennuHz CMA

Fig. 4. Intraoperative images: before the intervention (a) and during trapping (6): 1 — aneurysm; 2 — M2 segment of the middle cerebral artery (MCA); 3 — distal trapping of the

MCA; 4 - proximal trapping of the MCA

Puc. 5. MumpaonepayuoHHas ICG-aHauozpaghus. a — UHMPaoNepPayuUoHH.I 8UG NOC/IE HANONHEHUS GHEe8PU3MAMUYECKUX KAuUNC: | — aHacmomo3 Mexdy CmeosioM nosepx-
HocmHol sucoyHoli apmepuu (I1BA) u M2-ceamermom cpedHell Mo3zosoii apmepuu (CMA), 2 — ducmansHelli mpennuHe CMA, 3 — npokcumanehbil mpennude CMA, 4 —
M2-cezmeHm cpedHeli Mo3zoeoli apmepuu CMA; 6 — usmpaonepayuonHas aHeuozpagus (ICG): 1 — aHacmomo3s mexcdy cmeosiom [1BA u M2-ceameHmom CMA, 2 — M2-ceamenm
CMA; 8 — nodcyem ckopocmu kposomoka (ICG FLOW): 1 — 2paghm nosepxHocmHol 8uco4Hol apmepuu; 2 — aHacmomo3 mexcdy cmeosioM [1BA u M2-cezmenmom CMA; 3 —
M2-cezamenm CMA

Fig. 5. Intraoperative ICG angiography. a — intraoperative view after placement of aneurysmal clips: 1 — anastomosis between the superficial temporal artery (STA) trunk and
the M2 segment of the middle cerebral artery (MCA), 2 - distal trapping of the MCA, 3 — proximal trapping of the MCA, 4 — M2 segment of the middle cerebral artery MCA;
6 — intraoperative angiography (ICG): 1 — anastomosis between the STA trunk and the M2 segment of the MCA, 2 — M2 segment of the MCA; e — blood flow velocity calculation

(ICG FLOW): 1 - superficial temporal artery graft; 2 — anastomosis between the STA trunk and the M2 segment of the MCA; 3 — M2 segment of the MCA

npeocmaensing coboll MHO20Y20AbHYH HENPABUALHYIO hucypy,
om Kynoaa Komopou omxooun n00ustit M2-ceemenm negoii
CMA.

Bmopoit 6pueadoii xupypeoe cdeaan 3abop JIA, mpauc-
NAGHMAM NPOMBIM PACMEOPOM 2eNAPUHA, GbINOAHEHA €20
eudpoounramauus.

Tlocae nodeomosku KoHYoe apmepuu-00HOPA U MpPaHc-
naaHmama cghopMuposaH NPoKCUMALbHbLL AHACMOMO3 ULYH-
ma no muny «koHeuy, 8 Koneu» mexcdy I1BA u JIA no memoouke
«08otliHas povlbbss nacmv» (auea. double fish-mouth). Janee
BbINOAHEH NPOKCUMANBHBIL MPEennuHe @y3upopMHOT aHegpUIMbL
¢ coxpaneruem eucouno2o M2-ceemenma. Ilocae ducmans-
H020 mpennuHea anespusmuvl A00Has éemeb M2-ceemenma

CMA omceuena 6 npedeaax HeusMeHeHHOU ApMeEPUANbHOU
cmenku (puc. 4).

Credyrouum 5manom 6biN0AHEHO PeanacmoMo3uUpo8anue
Medncdy ducmanvHoim KoHyoMm wiynma (u3 JIA) u M2-ceemern-
mom CMA no muny «koHey, 8 KoHeu», makice o Memoouke
«06otinas puibva nacmu». [lpu nycke Kposomoxa ommeueHo
noseaeHue OM4emau8oil nyabcayuu no aHacmomosy. Bpems
nepexcamusn M2-ceamenma CMA cocmasuno 32 mun. @aroo-
pecueHmuas aHeuoepagus NOKA3aia OMcymcmeue Kposomo-
Ka 6 anespuzme, npoxXooumocms WyHma, 3anoaHeHue 100Ho-
20 M2-ceemenma u3 obacceitna IIBA (puc. 5). Jluneiinas
CKOpOCMb KPOBOMOKA NPU KOHMAKMHOU donnaepoepaguu
no M2-ceemenmy CMA cocmasuna 25 cm/c, no cocyducmomy
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Puc. 6. KT-aHauozpacgpus Ha 1-e cymku nocnie onepayuu, 30-peKoHCMpYKUUS: @ — URMPAKPAHUQ/IbHbIE GpMepUU, GHe8PU3MA BbIK/IIOYEHA U3 KPOBOMOKA MOMAssHo: 1 —
M1-ceamenm nesoli cpedreli Mo3zosol apmepuu (CMA), 2 — npokcuMansHeili KUNC mpennuHaa aHespu3Msl, 3 — QUCMAsIbHYIL KIUNC MPennuHaa aHe8puU3Msl, 4 — MPaHc-
nnasmam nyqesoli apmepuu (/1A); 6 — 3xcmpakpaHuanbHsle apmepuu: 1 — nogepxHoCMHas suco4Has apmepus, 2 — mpaHcnaaHmam J1A, 3 — M2-ceamenm negoli CMA

Fig. 6. CT angiography on the 1st postoperative day, 3D reconstruction: a — intracranial arteries, the aneurysm is totally excluded from the blood flow: 1 — M1 segment of the
left middle cerebral artery (MCA), 2 — proximal aneurysm trapping clip, 3 — distal aneurysm trapping clip, 4 - radial artery (RA) graft; 6 — extracranial arteries: 1 - superficial

temporal artery, 2 — RA graft, 3 — M2 segment of the left MCA

= T
=

Puc. 7. lNayueHsm aKmMueu3uposaH Ha 3-u CYmKU nocJie xupypau4ecKoeo sie4eHus

Fig. 7. The patient was activated on the 3 day after surgical treatment

mparncnaanmamy — 20 cm/c. BMO 6e3 uzmenenuii. Punans-
Hblll 26MOCMA3 C NPUMEHEHUeM MEeCIH020 2eMOCamMU1ecKo-
20 mamepuana Surgicel fibrillar. IIpogedeno nocaoiinoe yuiu-
8auue paHol.

Ilocaeonepauuonnsiii nepuod. bes ocaoxcnenuii u Hapa-
CMaHus Hegpoaoeueckoil cumnmomamuku. Ha konmpoashoii
KT-aneuoepamme npusHaKoe 3anoaHenus aHespu3Mbl Hem,
(DYHKYUOHUPOBAHUE AHACMOMO3a Y0081em80pumenvroe, 3a-
noanernue M2-ceemenma (n06nas eemew) u3 6acceiina 11BA
(puc. 6). boavHoil akmusu3uposan Ha 3-u cymku nocie one-
PamueHo2o emewamenscmea (puc. 7), evinucat na §-e cym-
KU, pana 3axcuia nepeuvnsim Hamsdcenuem. Kamamnes

npocaedicer 8 meuenue 7 mec — 00WeM03208as U 04a208ds
Heaponoeu1eckas CUMNIMOMAMUKA peepeccupogana, nayueHm
8epHYACA K npedicHell pabome.

KJTIMHWYECKOE HABJIIOLEHUE N 2

Ilayuenm K., 50 n1em, 6 meuenue HecKOAbKUX MeCsilyes
cmasn ommeuams NOGMOPHblE NPUCMYNbL 20108HOU 004U U HA-
pyuterue 3penus. Koncyssmuposan opmanemonozom, 6vi16-
ANeHa 8ePXHeK8AOPAHMHASL NPABOCMOPOHHSS 2eMUAHONCUSL.

Juaenos. Ilpu KT-aneuoepaghuu conoroeo mosea onpe-
deneHa eueaHmeKas Meuomuamas aHe8pusma cynpakiuHo-
udHoeo ceemenma neeoil BCA, pazmepom 26 x 17 mm, 3a0nss
noaunas mpughypkayus caega (puc. 8).

ITlayuenm eocnumanusuposan 6 Helpoxupypeuueckoe
omdenenue HI[H. Ilpu nocmynaenuu cocmosinue nayueHma
yoognemeopumenvHoe, xcarobdvl npedxciue. B neeposoeu-
uecKkoM cmamyce noomeepicoena npagocmopoHHAs 2emMu-
aHoncusl.

Ilaanuposanue u npogéedenue onepavuu. Yuumoieas pas-
Mep U pacnonodiceHue aHespu3Mbl, 0Ka3vi8aemblii ero mMacc-
aghghexm, ¢ pazeumuem 04a2080L HEBPOAOLUMECKOL CUMNMO-
Mamuku — 3H008ACKYAAPHOE BbIKAIOHEHUE AHe@PU3MbL U3
Kpo8omoKa 0blA0 C8A3AHO C 8bICOKUM PUCKOM OCAONCHEHUI].
Ilpunsmo pewenue evinoanume mpennute aegoil BCA du-
cmanvHee nepedHell OpCUHYAMOLL apmepuy ¢ pedacKyaapu-
3auueil 6accetina M2-ceemenma neeoit CMA uz BYA ¢ uc-
noav3oeanuem wynma us JIA.

Bo epems onepayuu 6 ycaogusix obujeil anecme3uu uc-
noavzoearu HOHM c pecucmpayueii BMO ¢ mbiuy npassix
BepXHell U HUMCHell KOHeYHOCmell 8 omeem Ha MPAaHcKpa-
HUAABHYI0 INeKMPUHECKYI0 CIMUMYAAYUUIO KOPbL 20A08H020
mosea. I[lonoxcenue nayuenma Ha cnuxe, 201084 JHCECMKO
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Puc. 8. KT-aHzuoepagpus do onepayuu, 3D-pekoHcmpyKyus: @ — pa3oMKHymeld
8U/INIU3UEB KPY2, 3a0HSS MpudypKayus cnesa: 1 — 1e8as 8HyMPeHHsS COHHAs ap-
mepus (BCA), 2 — neeas cpedHss Mo3zosas apmepusi (CMA), 3 — kynon aHespu3-
Mbl; 6 — 3KCMPA-UHMPAKPAHUA/bHbIE GPMepUU, Ca2UMMAsbHas npoekyus: 1 — ne-
8asi BCA, 2 — nesas 3CA, 3 — nesasi CMA, 4 — meno aHespu3mbl

Fig. 8. CT angiography before surgery, 3D reconstruction: a — incomplete circle of
Willis, ICA posterior trifurcation on the left: 1 — left internal carotid artery (ICA), 2 - left
middle cerebral artery (MCA), 3 — aneurysm dome; 6 — extra-intracranial arteries,
sagittal view: 1 - left ICA, 2 - left PCA, 3 — left MCA, 4 — aneurysm body

°

Qukcuposana 6 mpexmoueyHoii ckobe ¢ n0OPoOMom Ha 45
énpaso. C nomoublo 6e3pamHoll Heilpornasueayuu onpedene-
Ho pacnonoxcenue BYA, nokarusayus apmepuu npuznana
docmynHoii (puc. 9).

Buinoanen paspes maskux mxaueil  1e60ii 100HO-8UCOH-
Holl obaacmu, ocyujecmener opoumo3sueomamu4eckuii 00-
cmyn, videnena BYA u e3ama na aueamyput (puc. 10).

[locae kpanuomomuu npousgedena ouccekyusi 60K080ii
weau, nodmanHo eusyaiusuposarsi nesas BCA, eunepmpo-
guposannas 3CA, CMA u kynon anespusmot. Ha gone epe-
MEHH020 NpoKcuUManbHo2o Kaunuposanusi BCA 6 meuenue
10 mun aneeépusma evidenena, uis6aeHbl MHOJCECBEHHbLE
nepghopanmel, ucxodsuue U3 Kynoaa u npuuleedHol yacmu
aHespu3Mbl, 8 m. 4. nepeoHsis opcunyamas apmepus (puc. 11).

Ha gpone 8pemerno2o KAUnUpoBanus Omme1anoch 8blpadcet-
Hoe cHudcerue BMO c npagbix KoHeyHocmeli.

Ilocae nodeomosku KoHy08 apmepuu-0oHopa U apme-
puu-peyunuenma cghopmuposan NPOKCUMANbHbLI AHACHOMO3
no muny «koHey 8 koneuyy» mexcdy BYA u mpancnaanmamom
JIA no memoduke «060iiHoi pvibvell nacmu». Credyouum
2MANOM 8bINOAHEHO AHACMOMO3UPOBaHUe Medlcdy OUCManb-
HolM KOHUOM utyHma u M3-ceemenmom CMA no muny «xorey,
6 60K». I[Ipousseden nyck Kpogomoka, ommeuaemcs noseie-
HUe omyuemaugol nyascayuu wynma. Bpems nepexcamus
M3-ceemenma neeoit CMA cocmaeuno 38 mun. Janee evinon-
Hen mpennune neeoii BCA ¢ coxpanenuem pempoepaonozo
Kposomoka no nepeodneii eopcunuamoii apmepuu. Ilpu goi-
noAHeHUU ¢haroopecyeHmHol aneuoepaguu bacceiinvl 1€60ii
CMA, nepedneii gopcunuamoil apmepuu 3anNOAHAIONCS Hepe3
ecmasky JIA, kpoeomok @ anegpusme 3amedauncs u npuodpen
pempoepadHblii, mypoysenmuulii xapakmep (puc. 12).

Ilocne nycka kpogomoka ommeueno yacmuuHoe 60CCmMa-
HoéaeHue amnaumydst BMO om mbiuiy, npaesix KOHeyHOCMell.
KocmHusie nockymet ¢hukcupoganst na mecmo, WyHm ya0iuceH
nood ckyno8yw kKocme. Beinoaneno nocaoiinoe ywusarue
DaHbl.

Ilocaeonepayuonnsiii nepuod. llayuenm naxooduiacs
6 omoeneHuu anecmesuonoeuu-peanumayuu. Ha 1-e cymxu
nocae onepayuu 8 He8POA0SUMECKOM CIAMYce Gbi8AeHA CeH-
comMomopHas aghasus, npagocmoporHuil eemunapes do 1 6an-
Aa 8 pyke, 00 4 — 8 Hoze, HapyuleHue QYHKYUU 1€6020 21a30-
deueamenbHo20 Hepaa.

Ilocaeonepavyuonnviii konmpons: gvtnoanenvt KT 20106-
Hoeo mozea, KT-aneuoepapus u KT-nepghysus. Pezysomamot
00caedoganus: anespusma mpomoupo8ana, onpedessitomcs
MPAKYUOHHbIe U3MEHEHUs 8eUjeCmaa 20108H020 M032a 8 00-
Aacmu onepamueHoeo emeuiamenscmea do 10 cm’, anacmo-
MO03 yHKYUOHUPYem y0081emB8OPUMENbHO U KPOBOCHAOMCA -
em bacceiinvt nesoit CMA u neeoii nepedreii 6opcunuamoil
apmepuu (puc. 13).

Ha gpone peabunumayuonnsix meponpusmuii yepes 30 cym
nocae xupypeuuecko2o GMeulamenscmea 8 COCMOosSHUU NayU-
eHmMa omMmeUeHa noA0JICUMenbHas OUHAMUKA — peepecc pe-
yegbix U deueamenvruix HapyueHuii (puc. 14).

OBCYXOEHWE W 0B30P JINTEPATYPbI

1. ®opmMupoBaHNe AaHACTOMO30B: CHOJIb30BAHHE

CTBO0JIA IOBEPXHOCTHOI BUCOYHOM apTepuu

Wcnons3oBanue crBojia I1BA B kauecTBe JOHOPCKOM
apTepuy MOXHO TTOIPA3Ie/INTh Ha 1Ba BUA:

1) mcmonb30BaHUE CTBOJIA MIICHiIaTepanpHOir [1BA
[7-12];

2) UCTIONB30BAHUE CTBOJIA U BETBEU KOHTpaJIaTepabHOM
IIBA nng ¢popMupoBaHUS IIYHTUPOBAHUS 110 TUITY
“bonnet” (ot pp. — genem) u “hemi-bonnet” (Tromy-
yerren) [13—25].

1.1. Micnosib30Banue CTBOJIA HIICHIATEPATLHOI MOBEPX-
HOCTHOI1 BiCO4HOii apTepun. CtBon [1BA MOXHO MCTIOND-
30BaTh B KAYeCTBE apTepUU-IOHOPA, PU 3TOM COCYIU-
CTOi1 BCTAaBKOM CPEIHEMTOTOYHOTO IIyHTa CTaHOBUTCS JIA.
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Puc. 9. MumpaonepayuorHas be3pamHas HelipoHasuzayus: 1 — eepxHeqentocmHas apmepus (B4YA) Ha 3D-pexkoHcmpykyuu; 2 — BYA Ha MPR-pexkoHcmpykyuu

Fig. 9. Intraoperative frameless neuronavigation: 1 — maxillary artery (MA) on 3D reconstruction; 2 — MA on MPR reconstruction

Puc. 10. MumpaonepayuoHHsie pomozpaghuu: a — opbumosuzoMamuyeckas KpaHuomomus; 6 — eepxHeqenocmH1as apmepus (ykasaHa 3eseHol cmpesikol) 8 nodeucoyHol
SIMKe 8bl0e/IeHa U 835Ma Ha u2amyps|

Fig. 10. Intraoperative images: a — orbitozygomatic craniotomy; 6 — the maxillary artery (indicated by the green arrow) in the infratemporal fossa is isolated and taken on ligatures

JlaHHBI/A BUI LIYHTUPOBAHUS BBIMOJHSETCS penko [7].
ITonoGHbIE onepaluu 11e1eco00pa3Hbl B TEX CIydasix, Kor-
Jla CO3MaHue KJIACCUYECKOTO HU3KOMOTOUYHOTO IKCTpa-
WHTPAKPAHUATHHOTO IIIYHTUPOBAHUST HEBO3MOXKHO U3-3a
HEIOCTAaTOYHOTO pa3Mepa BeTBell I1BA, BBIpakeHHBIX
aTepOCKJIEPOTUYECKNX U3MEHEHUH, TUCCEKIINN. ABTOPBI
OTMEYaIoT, YTO B TOCJIEONEePAlIIOHHOM TIEpUOIE, TTOCTe
BBITIOJTHEHUSI JAHHOTO BUIa aHACTOMO30B TTapaMeTPHI Te-
MOIMHAMUWKM CXOXU C TAKOBBIMU B CJTy4ae BHICOKOTIOTOY-
HBIX IIYHTOB, YTO OOBSCHSETCS TMHAMUKON KPOBOTOKA
o 3akoHam [lyazeins [11, 12].

1.2. ®opmupoBaHue NIyHTHPOBAHUS N0 TUITY “bonnet”.
B kauectBe noHopa ucrnonb3yercs [IBA Ha KoHTpanare-
panbHOI cTopoHe. Yaiiie Bcero Takasi TeXHUKa MPUMEHs -
€TCSI TIPY OKKJTIO3UY MTICUJIATEPATBHBIX OOIINX COHHBIX
aptepuit wim HCA nubo nmpu HEoOXOMMMOCTH TIpeaHa-

MEpPEHHOTO BBIKJTFOUCHMS 3THX COCYIOB M3 KPOBOTOKA [ 14,
16, 22]. OpuruHajbHasi METOAMKA BBIIIOJIHEHUSI JAHHOI'O
BHU/Ia IIYHTUPOBAHUS BKIIIOYAET B ceOsi (hopMUpOBaHUE
JIBYX aHacTOMO30B. [TepBrIit aHacToM03 (hopMUpPYIOT MEX-
Iy KoHTpanatepaipbHoi [1BA 1 npokcHMallbHBIM KOHLIOM
IIyHTa. 3aTeM CO3[AaeTCs KOCTHBIM TOHHEb B CBOJIE 4Ye-
pema, B KOTOPBI MO3UIIMOHUPYETCST HIYHT. 3aKTI0YU-
TEJIbHBIM 3TaroM (hOPMUPYETCs BTOPO aHACTOMO3 MEXIY
IHACTAJIBHBIM KOHIIOM IITyHTa U BeTBbI0 CMA (M2-, M3-
Wi M4-cerMeHTaMM).

Mooupurkayuu memoduxku “bonnet”. B Tex ciaydasx,
KOTJ1a BCTAaBOYHBIH IIYHT HeoOxoauM Mexay TTBA u apte-
pUSIMU, PACITOJIOXEHHBIMU B MEXITOTYIIAPHOU IIeu,
BO3MOXKHA MOTM(DHKAITMS METOIMKY “bonnet” [23—25]. Me-
TomrKa “hemi-bonnet” mprMeHNMa IIPY aHEBPU3MATHIEC-
kux nopaxeHusix [IMA, xoraa dopMupyoT qucTaabHBI
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aHACTOMO3 C TIepuKajjIe3HbIMU apTepussMu. Co3maHue
JIUCTaJIbHOTO aHACTOMO3a MO 3TOU METOAUKE OOBIYHO
MPOUCXOAUT MO TUMY «KOHEL B KOHEL» JUOO «KOHEell
B OOK».

IIpu mpyroit momudUKaIMK METOTUKU ITYHTUPOBA-
HUg “bonnet” ucnonn3yiot [1BA nipu Haauuny B Hell M0~
CTaTOYHOTO PETPOTrPaTHOr0 KPOBOTOKA M3 KOHTpajaaTe-
panbHoOit TIBA uepe3 pa3BuTylo ceThb KoJulaTepajei.
B Takom ciiyuae I1BA Ha cTopoHe TTopakeH!sI UCTIOJIb3YIOT
B KauecTBe apTepum-noHopa. Ha nepBoM atamne olieHMBa-
IOT PETPOrpaaHbIii KPOBOTOK BO BpEMSI ITPOBEAEHMS Liepe-
OpaJbHOI CYOTPaKIIMOHHOW TUTUTAIEHOM aHTHOTpahu,

Puc. 11. BudeoaHdockonuyeckull KoHmponb (UHMpPaonepayuoHHas gomozpagus):
1 — 8HympeHHss coHHas apmepus; 2 — GHe8pu3Mamu4eckuli mumMaHoesll Kunc;
3 - nepedHss sopcuryamas apmepus. BvinosHeH 3a6op nyyesoli apmepuu, mparc-
NAGHMam npoMsIM PacmeopoM 2endpuHd, 86IN0JIHEHa e20 2udpodunamayus

Fig. 11. Videoendoscopic control (intraoperative image): 1 - internal carotid artery;
2 — aneurysmal titanic clip; 3 — anterior choroid artery. The radial artery was
harvested, the graft was flushed with heparin solution, and the water distension
technique was performed

nHPpaKpacHONW aHTHOTpaduu, MHTPAOIECPALTMOHHBIX
daoymerpuu 1 mormuieporpacdun. anee BHIICISIOT UII-
cunatepaibHyo [1BA, mepecekarmT ee IIpoKcUMalibHee
O6MdypKalM U BHITTOIHSIIOT aHACTOMO3 ¢ BeTBbiIo CMA.

2. Ucnosib30BaHNE BEPXHEYETIOCTHOM apTepun

BrnepBbie 1aHHYI0 METOIMKY KaK aJIbTEpHATUBY KJlac-
CUYECKOMY BBICOKOMOTOUHOMY LIYHTUPOBAHUIO MPEAJIO-
xwit S. Abdulrauf (2011 1.). M3 mpenMy1iiecTB aBTOp BhIzIe-
JIMJT ABa — OTCYTCTBUE HEOOXOTMMOCTU (POPMHPOBATH
KOJIIOTOMMIO Y BBIIEJSITH COHHYIO apTepulo; HaUMEHb-
Iy JUINHY TpadTa, HEOOXOIMMOTO IS BBITIOJTHEHUS
LIYHTHpOBaHus [26].

2.1. aTpaKkpaHuaibHOe BblIeJieHne BePXHEeYeI0CTHOM
aprepum. B TpanuiimoHHoM BapuaHTe noctyn K BUA Bbi-
MOJIHSIIOT MHTPaKpaHUaIbHO MOCPEACTBOM BbINTAJIMBAHUS
JIHA CpeIHEN YepEIHOM SMKHM, TTOC/Ie YeTo MPOBOASIT aHa-
cromo3upoBanHre BYA ¢ CMA npu moMoIy BCTABOYHOTO
rpacdra [27]. B nanbHelimeMm ncronab3oBanue BUYA momy-
YWJIO IPUMEHEHME TIPU peBaCKyJIsipU3aluu BepTeopobda-
3UJIsIpHOTO OacceiiHa [28, 29].

JList aTOrO, MOCjie KpaHMOTOMUM U 3JIeBallUY TBEPAOM
MO3roBOM 00070YKM, MEXIY KIMHOBUIHO-YEITyH4yaTbIM
Y KAMEHHCTO-YellyiyaThIM LLIBaMU JIaTepajibHEE OCTUCTO-
IO ¥ OBAJIbHOTO OTBEPCTUI MACHTU(MUIIUPYIOT JIATePaTh-
HBIIA TPEYroJIbHUK CpedHeil uepernHoi sMKu. JocTym
K MTOJIBUCOYHOM SIMKE TTOCPEICTBOM YKAa3aHHOTO TPEYTOJib-
HHUKa CJIY>XKUT KJIIOYEBBIM K BblaeaeHo BUA.

2.2. DKCTpaKPaHHAIBHOE BbIIEJeHHE BePXHEYeTIOCTHOM
aprepum. [Ipyroii BapyaHT — AOCTYI W BblaejaeHue BUA
B TTIOABUCOYHOM SIMKE 3KCTpaKpaHUaabHO. OCOOEHHOCTD
onepauu — BeigeaeHue BUA n3 opouTo3nuromaTuuecko-
1o (IO TPAaHC3UTOMATUYECKOT0) TOCTYIIA M CKEJIETUPO-
BaHWE BUCOYHOUM W JIATEPAJIBHOU KPBUIOBUIHOU MBIIIIILL
B MOABUCOYHOI SIMKE.

Puc. 12. MlimpaonepayuoHHsie pomozpaguu: a — 8einosiHeH mpennuxz 8HympeHHell coHHoli apmepuu (BCA) do omxoxcdeHus nepedreli sopcunyamoli apmepuu: 1 — BCA,
2 — 3a0HS8 coeduHUMenbHas apmepus, 3 — aHegpu3Ma; 6 — uHmpaonepayuoHHas ICG-anauozpagpus: 1 — BCA; 2 — 3a0Hss coeduHumeneHas apmepus; 3 — nepedHss eop-
cuH4yamas apmepus; 8 — uHmpaonepayuoHHas ICG-aneauozpagpus: 1 — wyHm u3 nyyesoli apmepuu; 2 — BCA; 3 — cpedHss mo3zoeas apmepus

Fig. 12. Intraoperative images: a — trapping of the internal carotid artery (ICA) was performed before to the origin of the anterior choroid artery: 1 — ICA, 2 - posterior
communicating artery, 3 — aneurysm; 6 — intraoperative ICG angiography: 1 — ICA; 2 — posterior communicating artery; 3 — anterior choroid artery; e — intraoperative ICG

angiography: 1 - graft from the radial artery; 2 — ICA; 3 — middle cerebral artery
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Puc. 13. KT-aHeuoepaghus (1-e cymku nocne onepayuu), 3D-pedpopmayus: a — aHespu3Ma 8bIK/IOYEHA U3 KPOBOMOKA, 8U3yanusupyemcs 3anosHeHue bacceliHa neeoli
cpedHeli Mo32o8oll apmepuu (CMA) u3 wyHma nyqesoii apmepuu (/1A): 1 — nesas eHympeHHss coHHas apmepus (BCA), 2 — mpennune neeoli BCA, 3 — negas CMA, 4 — wyHm
u3 J1A; 6 — axcmpakparuansHeie apmepuu: 1 — sepxHedenocmuas apmepus (B4A), 2 — wywm u3 J1A; 8 — ckynosas kocme supmyansHo yoanena: 1 — BYA, 2 — wynm u3 JIA

Fig. 13. CT angiography (1st postoperative day), 30 reconstruction: a — the aneurysm was excluded from the blood flow, the left middle cerebral artery (MCA) territory was filled
via the radial artery (RA) bypass: 1 - left internal carotid artery (ICA), 2 — trapping of the left ICA, 3 — left MCA, 4 — RA graft; 6 — extracranial arteries: 1 — maxillary artery (MA),

2 — RA graft; 8 — the zygomatic bone is virtually removed: 1 — MA, 2 - RA graft

Puc. 14. lMayuenm akmususuposaH, nonHocmeto cebs obcnyxcusaem (7 Mec nocsie
XUpypauyecKozo sie4eHus)

Fig. 14. The patient was activated and nowadays he fully takes care of himself
(7 months after surgical treatment)

TimaTenpHOE MpeaoTiepallMoOHHOE TIJIaHVUPOBaHUE
YU UCMOJb30BAHUE HEWPOHABUTALUU CIYyXaT 3aJI0TOM
ycnenrHoi Bepudukamu BUA.

AHaTOMHUYeCcKOe CpaBHEHME JIByX BAPMAHTOB JIOCTYIIA
K BUA — 3KkcTpakpaHuaIbHOTO (depe3 MOABUCOYHYIO SIMKY)
¥ MHTPaKpaHUAIBHOTO (Yepe3 CPeTHIO BUCOYHYIO SIMKY) —
1OKa3aJI0, YTO TIPEVMYIIIECTBA MEPBOTO CBS3aHBI ¢ Oosee
MPOCTOM AUCCEKLIMEN apTEPUU Y OTCYTCTBUEM HEOOXOIMMO-
CTH BBITIUJIMBATh JHO CpeAHeli uepenHoii simku [30].

B 2020 r. I. Peto et al. onmucanu anbTepHATUBHYIO Me-
TOAUKY 9KCTpaKpaHUAJIbHOTO BbiaeseHuss BUA B obnactu
KPBUTOBUIHO-BEPXHEUEIIOCTHOM I1IEJTH, B TIPOEKIINY KO-
Topoil mpoxoauT BUA. BeinosiHseTcs auccekiys BUCOY-
HOW MBIIIBI C TOCIEAYIOIEN CKYJIOBOW OCTEOTOMUEH.
Hanee, mocie maJablIaTOPHON MACHTUGUKALIMU 3aTHEH
CTeHKU BepXHEH YeTI0CTU, HEOOXOANMO IMPOBECTH TUCCEK-
LIMIO KayAIIbHO 10 OOHAPYXKEHWsT KPBIJIOBUIHO-BEpXHEYE-
JIIOCTHOM IIIeNH, a 3aTeM — uneHTudnkammo BUA [31].

YKkazaHHBbIE CITOCOObI UMEIOT HEKOTOPbIE HEAOCTATKMU,
CBSI3aHHBIE CO CJIOXKHOCTBIO TTOMCcKa, BhigeaeHusT BUA,
TEXHUYECKOM CITOKHOCTBIO aHACTOMO3MPOBAHUS apTeEpUit
¥ HETIOJTHBIM UCIIOTb30BaHUEM pecypca 00beMHOTO KPO-
Botoka BUA (BcneacTBue pasmesieHUs] KPOBOTOKA MPU
(opMUpOBaHMM aHACTOMO3a TT0 THITY «KOHEII B O0K»).
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B pab6ote [32] HaMu TIpeIOXKeH CIOCO0 BBIIETIECHUS
ycthst BUA u3 npeaylHoro gocryna, KOTOpblid odecrieun-
BaeT CJICAYIONINE MPEUMYIIeCTBa (B OTIIMIME OT IePeUrC-
JICHHBIX BBIIIE IPYTHUX CITOCOOOB): TIOJTHOE TIepeHaIIpaBIIe-
HHe KpoBoToka 13 HCA nocpeacTBoM aHaCTOMO3UPOBAHUS
apTepHii IT0 TUITY «KOHEII B KOHEIl»; CPeIHSIST ITHa Tpad-
Ta (12—14 cM); bopMmpoBaHTE TPOKCUMAIBHOTO aHACTO-
MO3a Ha HeOOJIbIIIOM TJIyOMHE, COMOCTAaBUMOM ¢ TJTyOMHOM
OITepalIMOHHOTO ITOJISI IIPY aHACTOMO3MPOBAHUM apTePUiA
B obacty OudypKamy o0leit COHHOM apTepyu.

3. NaTpaonepanuoHnblii Heilpo(u3n0I0TnIeCKuii

HEPOMOHUTOPUHT

OnuH 13 OCHOBHBIX (PAaKTOPOB, BIIUSIONINX HA MCXOIBI
JIeYeHMSI, — LiepeOpaibHas UIIIeMUs, BBI3BaHHASI BPEMEH-
HBIM KJINIIPOBAaHUEM BO BPEeMSI XMPYPTUH aHEBPHU3M TO-
JIoBHOTO Mo3ra. OMHMM 13 METOIOB MHTPAOIIePALIMIOHHO-
T0 KOHTPOJISI Iepdy3nH TKaHU TOJIOBHOTO MO3Ta CITYKUT
MOHM. B 2021 r. E Zhang et al. moka3anu, 4To TIpoBe/e-
HHE 3JIeKTPO(PU3N0IOTHYSCKOTO MOHUTOPHHTA BO BPEeMSI
oIepanuy KIMIUPOBAHUS IepeOpaibHO aHEBPU3MBI
CIIOCOOCTBYET OJIATOIIPUATHOMY ITPOTHO3Y IIPY pa3BUTUU
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Background. The treatment of complex cerebral aneurysms is still remained the great challenge for neurosurgeons. There is a large choice
of intravascular techniques for excluding the complex cerebral aneurysms from the blood flow: endovascular embolization with microcoils,
usage of flow-diverting stents, balloon angioplasty and stenting of extra- and intracranial segments of the main cerebral arteries. At the same
time, the microsurgical treatment of cerebral aneurysms has not lost its relevance and remains the most radical method of treatment. However,
simple clipping or reconstruction of complex aneurysm wall is not always possible. In such cases, trapping of parent artery and revascularization
of the required blood supply territory are used.

Aim. To present the two clinical cases of patients with complex intracranial aneurysms without the possibility of endovascular treatment, who
underwent parent artery trapping and alternative middle flow extracranial-intracranial (EC-IC) bypass as well as to conduct the literature review
concerning the key aspects of this topic.

Clinical cases. This article presents two patients operated on for complex intracranial aneurysms. The first patient had a complex fusiform-
saccular aneurysm of the left middle cerebral artery (MCA) with a frontal M2 segment of the left MCA extending from the fusiform dome; the
second patient had a giant saccular aneurysm of the supraclinoid segment of the left internal carotid artery (ICA) and a complete posterior
trifurcation on the left. Endovascular treatment was considered as impossible. The trapping of the parent artery and performing of middle-flow
EC-IC bypass using the distal branches of the external carotid artery (ECA) were conducted. Intraoperative frameless neuronavigation was used.
Conclusion. The use of terminal branches of the ECA (maxillary artery and proximal part of superficial temporal artery) expands the possibilities
of cerebral revascularization performing in cases where low- or middle-flow EC-IC bypasses are required. The relatively rare use of these
arteries in practice and few publications about these types of bypasses require careful selection of patients with preoperative assessment of the
brachiocephalic arteries and hemodynamic parameters.

Keywords: complex aneurysms, intracranial aneurysms, surgical cerebral revascularization, extracranial-intracranial bypass, external carotid
artery, frameless neuronavigation

For citation: Lukyanchikov V.A., Shatokhin T.A., Grigorevskii E.D. et al. Alternative middle-flow extracranial-intracranial cerebral bypass using
distal branches of the external carotid artery in patients with complex cerebral aneurysms (clinical cases and literature review). Neyrokhirurgiya =
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BACKGROUND

The treatment of complex cerebral aneurysms is still
remained the great challenge for neurosurgeons. The
development of endovascular surgery has significantly
expanded the number of treated patients with previously
supposed unclippable cerebral aneurysms. Nowadays the
large choice of intravascular techniques for excluding the
complex cerebral aneurysms from the blood flow are
available (endovascular embolization with microcoils, usage
of flow-diverting stents, balloon angioplasty and stenting
of extra- and intracranial segments of the main cerebral
arteries). Meanwhile, the microsurgical treatment
of cerebral aneurysms remains the most radical method
of cerebral aneurysm treatment [1, 2].

On the other hand, the simple clipping or reconstruction
of complex aneurysm wall is not always possible. In such
cases, trapping of parent artery and revascularization of the
required blood supply territory are used. The most common
types of flow replacement bypass are routine high-flow
extra-intracranial (EC—IC) bypass using the external
carotid artery (ECA) as a donor artery, as well as low-flow
EC-IC bypass using branches of the superficial temporal
artery (STA) (including double-barrel bypass, when both
STA branches are used simultaneously) [3—6].

In some cases, when EC—IC bypass is required, the use
of STA branches is not possible due to their hypoplasia,
insufficient diameter or low functionality (blood flow
volume is significantly less than in the recipient artery) or
blood flow in STA branches may not be sufficient to replace
the required blood volume. In such cases, it is permissible
to perform the so called “alternative middle-flow” types
of bypass using “auxiliary” donor arteries: the main trunk
of the STA, the maxillary artery (MA), and an interposition
vascular graft.

The aim of this publication is to present the two patients
with complex intracranial aneurysms without the possibility
of endovascular treatment, who underwent parent artery
trapping and alternative middle-flow EC—IC bypass as well
as to review the literature data on the key aspects of this
topic.

CLINICAL CASE 1

Male patient M., 56 years old, applied (2023) to the
scientific-advisory department of the Research Center
of Neurology (RCN) complaining on periodically occurring
attacks of headache, transient weakness in the right arm and
leg. From the anamnesis it is known that more than 20 years
ago during the examination a small aneurysm of the
bifurcation of the M 1 segment of the left middle cerebral artery
(MCA) was detected, which did not require surgical treatment
that time.

Repeated visit was made in 2023, when the above-
mentioned complaints appeared. Patient suffered from arterial
hypertension. Upon examination, the general condition was
satisfactory. Somatic status was unremarkable. There was
transient extrapyramidal insufficiency in neurological status.

Diagnosis. According to CT angiography of the intracranial
arteries, a large aneurysm of the M 1 bifurcation segment of the
left MCA with a fusiform-saccular structure was detected. The
fusiform part of the aneurysm was 21 mm in diameter and
extended to the M2 segment (frontal branch) of the left MCA.
The saccular component was localized in bifurcation of the M 1
segment of the left MCA, the size of the dome and neck was
6 and 7.1 mm, respectively (Fig. 1).

The digital cerebral angiography confirmed the presence
of a complex fusiform-saccular aneurysm of the left MCA with
frontal M2 segment of the left MCA arising from the fusiform
aneurysmal dome (Fig. 2).

Fig. 1. CT angiography before surgery, 3D reconstruction: a — intracranial arteries, axial view: 1 — M1 segment of the left middle cerebral artery (MCA), 2 — M2 segments of the
left MCA, 3 - saccular part of the aneurysm of the left MCA bifurcation; b — intracranial arteries, sagittal view: 1 - left internal carotid artery, 2 — M2 segment (frontal branch)
of the left MCA, 3 - fusiform part of the aneurysm of the left MCA bifurcation; ¢ — extracranial arteries: 1 - trunk of the superficial temporal artery, 2 — maxillary artery
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Fig. 2. Digital cerebral angiography: a - sagittal view: 1 - left internal carotid artery, 2 — M1 segment of the left middle cerebral artery (MCA), 3 - saccular part of the aneurysm
of the left MCA bifurcation, 4 — fusiform part of the aneurysm of the left MCA bifurcation, 5 — M2 segment of the MCA; b — coronal view: 1 — M1 segment of the left MCA, 2 -
saccular part of the aneurysm of the left MCA bifurcation, 3 - fusiform part of the aneurysm of the left MCA bifurcation, 4 - frontal branch of the M2 segment of the left MCA

Fig. 3. Intraoperative frameless neuronavigation: 1 — maxillary artery (MA); 2 — trunk of the superficial temporal artery; 3 — MA

Taking into account the significant increase of aneurysmal
sizes and symptoms onset, the surgical treatment was
recommended. The patient was admitted to neurosurgical
department of the RCN for scheduled surgical treatment.

The planning and performing of operation. Given the
Sfusiform-saccular nature of the aneurysm and the impossibility
of performing endovascular and reconstructive intervention,
a decision was made to conduct the revascularization procedure
followed by the trapping of the aneurysmal fusiform part. The
reanastomosis of the frontal M2 segment of the left MCA was
assumed. The left MA and the left STA trunk were considered
as donor arteries, and the radial artery (RA) was supposed as
a vascular graft.

Under general anesthesia, the patient was placed on the
operating table on his back, the head was rigidly fixed

in a three-point frame with a 45° turn to the right. Preoperative
marking of possible donor and recipient arteries was performed
using frameless neuronavigation (Fig. 3).

Due to the low level of localization of the MA (see Fig. 3) and
the technical inconvenience of its use, it was decided to use the
STA trunk (see Fig. Ic). During the operation, intraoperative
neurophysiological monitoring (IONM) was performed
to record the motor evoked potential (MEP) from the muscles
of the right upper and lower extremities in response
to transcranial electrical stimulation of the cerebral cortex.

The soft tissue incision was made in the left frontotemporal
region and the STA was isolated before it divided into terminal
branches. The pterional craniotomy was performed, the dura
mater was opened in an arcuate manner and turned toward
to the base of the skull. Dissection of the left Sylvin fissure was
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performed with step-by-step dissection and visualization of the
left internal carotid artery (ICA), the M1 segment of the left
MCA, the aneurysm and the M2 segments of the left MCA. The
aneurysm was a polygonal irregular figure, from the dome
of which the frontal M2 segment of the left MCA arose.

The second team of surgeons harvested the RA, flushed
the graft with heparin solution, and performed the water
distension technique. After preparing the ends of the donor
artery and the graft, a proximal “end-to-end” anastomosis
was performed between the STA and the RA using the double
fish-mouth technique. Then, proximal trapping of the fusiform
aneurysm was performed with preserving the temporal M2
segment. After distal trapping of the aneurysm, the frontal
branch of the M2 segment of the MCA was cut off within the
unchanged arterial wall (Fig. 4).

The next stage was “end-to-end” reanastomosis
between the distal end of the bypass graft (from the RA) and
the M2 segment of the MCA using the “double fish mouth”
technique. When the blood flow started, a distinct pulsation

Russian Journal of Neurosurgery

along the graft was noted. The M2 segment of the MCA was
cross-clamped for 32 min. Intraoperative fluorescein
angiography showed no blood flow in the aneurysm, as well
as patency of the bypass graft, and filling of the frontal M2
segment from the STA blood supply territory (Fig. 5). The linear
blood flow velocity using contact Doppler ultrasonography
along the M2 segment of the MCA was 25 cm/s, along the
vascular graft — 20 cm/s. MEP was unchanged. Final
hemostasis was performed using local hemostatic material
Surgicel fibrillar. Layer-by-layer wound suturing was
performed.

Postoperative period was without complications and
patient had no worsening of neurological symptoms. The
control CT angiogram showed no signs of aneurysm filling, the
bypass was patent, the M2 segment (frontal branch) is filled
from the STA blood supply territory (Fig. 6). The patient was
activated on the 3 day after surgery (Fig. 7), discharged on
the 8th day, the wound healed by primary intention. The
follow-up was during 7 months — cerebral and focal

Fig. 4. Intraoperative images: before the intervention (a) and during trapping (b): 1 - aneurysm; 2 — M2 segment of the middle cerebral artery (MCA); 3 — distal trapping of the

MCA; 4 - proximal trapping of the MCA

Fig. 5. Intraoperative ICG angiography. a - intraoperative view after placement of aneurysmal clips: 1 — anastomosis between the superficial temporal artery (STA) trunk and
the M2 segment of the middle cerebral artery (MCA), 2 - distal trapping of the MCA, 3 - proximal trapping of the MCA, 4 — M2 segment of the MCA; b — intraoperative angiography
(ICG): 1 - anastomosis between the STA trunk and the M2 segment of the MCA, 2 — M2 segment of the MCA; c — blood flow velocity calculation (ICG FLOW): 1 - STA graft;
2 - anastomosis between the STA trunk and the M2 segment of the MCA; 3 — M2 segment of the MCA
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Fig. 6. CT angiography on the 1 postoperative day, 3D reconstruction: a — intracranial arteries, the aneurysm is totally excluded from the blood flow: 1 — M1 segment of the
left middle cerebral artery (MCA), 2 — proximal aneurysm trapping clip, 3 - distal aneurysm trapping clip, 4 - radial artery (RA) graft; b — extracranial arteries: 1 — superficial
temporal artery, 2 — RA graft, 3 — M2 segment of the left MCA

Fig. 7. The patient was activated on the 3" day after surgical treatment

neurological symptoms regressed, the patient returned to his
previous work.

CLINICAL CASE 2

Male patient K., 50 years old, began fo notice the repeated
attacks of headache and visual impairment for several months.
He was consulted by an ophthalmologist, and right-sided upper
quadrant hemianopsia was detected.

Diagnosis. CT angiography of the brain revealed a giant
saccular aneurysm of the supraclinoid segment of the left ICA,
measuring 26 x 17 mm, with a complete ICA posterior
trifurcation on the left (Fig. 8).

The patient was admitted to the neurosurgical department
of RCN. Upon admission, the patient’s condition was
satisfactory, complaints were the same. Right-sided hemianopsia
was confirmed in the neurological status.

Fig. 8. CT angiography before surgery, 3D reconstruction: a - incomplete circle of Willis,
ICA posterior trifurcation on the left: 1 - left internal carotid artery (ICA), 2 - left middle
cerebral artery (MCA), 3 — aneurysm dome; b — extra-intracranial arteries, sagittal
view: 1 - left ICA, 2 - left PCA, 3 - left MCA, 4 — aneurysm body
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Fig. 10. Intraoperative images: a — orbitozygomatic craniotomy; b — the maxillary artery (indicated by the green arrow) in the infratemporal fossa is isolated and taken on
ligatures

Planning and performing the operation. Given the size
and location of the aneurysm, its mass effect, and the
development of focal neurological symptoms, endovascular
treatment was associated with a high risk of complications.
A decision was made to perform trapping of the left ICA
distal to the anterior choroid artery with revascularization
of the M2 segment of the left MCA from the MA using the
RA as a graft. During the operation, under general
anesthesia, IONM was used with registration of MEP from
the muscles of the right upper and lower extremities
in response to transcranial electrical stimulation of the
cerebral cortex. The patient was positioned supine, the head
was rigidly fixed in a three-point frame with a 45° head
rotation to the right. Using frameless neuronavigation, the
location of the MA was determined, the localization of the
artery was recognized as accessible (Fig. 9).

The soft tissue incision was made in the left frontotemporal
region, orbitozygomatic craniotomy was performed, the
maxillary artery was isolated and taken on ligatures (Fig. 10).

After craniotomy, dissection of the Sylvian fissure was
performed with step-by-step dissection and visualization of the
left ICA, hypertrophied PCoA, MCA and aneurysm dome. With
temporary proximal clipping of the ICA for 10 min, the
aneurysm was dissected with the visualization of multiple
perforators arising from the dome and the neck part of the
aneurysm, including the anterior choroid artery (Fig. 11).
While performing the temporary ICA clipping, the marked
MEP decrease from the right extremities was noted.

After preparation of the donor and recipient arteries ends,
the proximal “end-to-end” anastomosis was performed
between the MA and the RA graft using the “double fish
mouth” technique. The next step was to perform an “end-to-
side” anastomosis between the distal end of the bypass graft
and the M3 segment of the MCA. The blood flow started, and
a distinct pulsation of the bypass was observed. The time of the
M3 segment of the left MCA cross-clamping was 38 min. Then,
the trapping of the left ICA was performed while maintaining
retrograde blood flow through the anterior choroid artery. The
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Fig. 11. Videoendoscopic control (intraoperative image): 1 - internal carotid artery;
2 - aneurysmal titanic clip; 3 — anterior choroid artery. The radial artery was
harvested, the graft was flushed with heparin solution, and the water distension
technique was performed

blood supply territories of the left MCA and the anterior
choroid artery were filled through the RA graft as well as the
blood flow in the aneurysm slowed down and acquired
a retrograde, turbulent character according to the intraoperative
Sfluorescein angiography data (Fig. 12).

After the blood flow started, partial restoration of the
amplitude of the MEP from the muscles of the right limbs was
noted. The bone flaps were fixed; the graft was placed under
the zygomatic bone. Layer-by-layer suturing of the wound was
performed.

Postoperative period. The patient was in the anesthesiology
and intensive care unit. The sensor and motor aphasia as well
as right-sided hemiparesis up to 1 score in the arm, up to 4 scores
in the leg, and dysfunction of the left oculomotor nerve were
reveled on I* postoperative day. Postoperative brain CT scan,
CT angiography, and CT perfusion were performed. The
aneurysm was thrombosed, brain retraction injuries in the area
of the surgical intervention up to 10 cm’ are determined, the

bypass was patent and supplied the left MCA and left anterior
choroid artery territories (Fig. 13).

Thanks to rehabilitation measures, positive dynamics was
noted in the patient’s condition in 30 days after surgery, including
the regression of speech and motor impairments (Fig. 14).

DISCUSSION AND LITERATURE REVIEW

1. Formation of bypasses: usage of the superficial

temporal artery trunk

The use of the STA trunk as a donor artery can be
divided into two types:

1) use of the ipsilateral STA trunk [7—12];

2) use of the trunk and branches of the contralateral STA
to form a “bonnet” (from the French word for cap) and
“hemi-bonnet” (half-cap) bypass [13—25].

1.1. The usage of the ipsilateral superficial temporal
artery trunk. The trunk of the STA can be used as a donor
artery, with the RA becoming the vascular graft for the
middle-flow bypass. This type of bypass is rarely performed
[7]. Such operations are advisable in cases where the
forming of routine low-flow EC—IC bypass is impossible
due to insufficient diameter of the STA branches, severe
atherosclerotic changes, and their dissection. The authors
noted that during postoperative period after performing this
type of bypasses, the hemodynamic parameters are similar
to those in the case of high-flow EC—IC bypass, which is
explained by the dynamics of blood flow according
to Poiseuille’s laws [11, 12].

1.2. The formation of a bonnet-type bypass. The
contralateral STA is used as a donor. This technique is most
often used for occlusion of the ipsilateral common carotid
arteries or ECA, or when it is necessary to deliberately
exclude these vessels from the blood flow [14, 16, 22]. The
original technique for performing this type of bypass
involves the formation of two anastomoses. The first
anastomosis is formed between the contralateral STA and
the proximal end of the graft. Then, a bone tunnel is created
in the cranial vault, into which the bypass is placed. The

Fig. 12. Intraoperative images: a — trapping of the internal carotid artery (ICA) was performed before to the origin of the anterior choroid artery: 1 — ICA, 2 — posterior
communicating artery, 3 — aneurysm; b — intraoperative ICG angiography: 1 — ICA; 2 — posterior communicating artery; 3 — anterior choroid artery; ¢ — intraoperative ICG

angiography: 1 - graft from the radial artery; 2 — ICA; 3 — middle cerebral artery
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Fig. 13. CT angiography (1% postoperative day), 3D reconstruction: a — the aneurysm was excluded from the blood flow, the left middle cerebral artery (MCA) territory was filled
via the radial artery (RA) bypass: 1 - left internal carotid artery (ICA), 2 - trapping of the left ICA, 3 — left MCA, 4 — RA graft; b — extracranial arteries: 1 — maxillary artery (MA),

2 - RA graft; ¢ — the zygomatic bone is virtually removed: 1 — MA, 2 - RA graft

final stage is the formation of the second anastomosis
between the distal end of the graft and a branch of the MCA
(M2, M3, or M4 segments).

Modifications of the bonnet technique. In cases where an
interposition graft is required between the STA and the arteries
located in the interhemispheric fissure, a modification of the
bonnet technique is possible [23—25]. The hemi-bonnet
technique is applicable on the case of ACA aneurysms,
when a distal anastomosis is formed with the pericallosal
arteries. The formation of a distal anastomosis using this
technique is usually performed using “end-to-end” or
“end-to-side” technique.

In another modification of the bonnet bypass
technique, the STA is used if there is sufficient retrograde
blood flow from the contralateral STA through a developed
network of collaterals. In this case, the STA on the affected
side is used as a donor artery. At the first stage, retrograde
blood flow is assessed during cerebral subtraction digital
angiography, infrared angiography, intraoperative flowmetry
and Dopplerography. Then, the ipsilateral STA is dissected,
cut proximally to its bifurcation followed by the anastomosis
performing with a branch of the MCA.

2. Usage of the maxillary artery
This technique was first proposed as an alternative
to routine high-flow EC—IC bypass by S. Abdulrauf et al.

Fig. 14. The patient was activated and nowadays he fully takes care of himself
(7 months after surgical treatment)

(2011). The author highlighted two advantages such as no need
to form a colotomy and dissect the carotid artery as well as the
shortest length of the graft required to perform bypass [26].
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2.1. Intracranial dissection of the maxillary artery.
Routinely, the access to the maxillary artery is performed
intracranially by drilling out the bottom of the middle
cranial fossa, after which the maxillary artery is
anastomosed with the MCA using an interposition graft
[27]. Later, the usage of the maxillary artery was applied for
revascularization of the vertebrobasilar system [28, 29]. For
this purpose, after craniotomy and opening of the dura
mater, the lateral triangle of the middle cranial fossa is
identified between the sphenosquamosal and petrosquamous
sutures lateral to the spinous and oval foramina. Access
to the infratemporal fossa via this triangle serves as the key
to dissect the maxillary artery.

2.2. Extracranial dissection of the maxillary artery.
Another option is the extracranial access and dissection
of the maxillary artery in the infratemporal fossa. The
peculiarity of this manipulation is the dissection of the
maxillary artery via the orbitozygomatic (or transzygomatic)
approach and skeletization of the temporal and lateral
pterygoid muscles in the infratemporal fossa.

Careful preoperative planning and the usage
of neuronavigation are the keys to successful verification
of the maxillary artery.

Anatomical comparison of two options for access to the
maxillary artery — extracranial (through the infratemporal
fossa) and intracranial (through the middle temporal fossa) —
showed that the advantages of the first are associated with
simpler dissection of the artery and the absence of the need
to drill the bottom of the middle cranial fossa [30].

In 2020, I. Peto et al. described an alternative technique
for extracranial dissection of the maxillary artery in the
region of the pterygomaxillary fissure, in the projection
of which the maxillary artery passes. Dissection of the
temporal muscle is performed, followed by zygomatic
osteotomy. Then, after palpation identification of the
posterior wall of the maxilla, it is necessary to dissect
caudally until the pterygomaxillary fissure is detected, and
then identify the maxillary artery [31]. These methods have
some disadvantages associated with the complexity
of searching and dissection the maxillary artery as well as
the technical complexity of anastomosing the arteries and
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BeHTpanbHble 0cTe0hUTHI NEPBLIX ABYX LUENHbIX
NO3BOHKOB KaK NMpu4MHa amcdarum, Xmpypruyeckoe
neyeHue (KnMHn4YecKoe HabnogeHue)

KoHTaKTh!: A.C. Hukutun, P.M. Hanaes, 0.b. Kynakos, 0.B. JleBueHKo
PomaH Mycaeswuy
HaHaeB
neurohero@icloud.com

®re0Y BO «Poccutickuli yHusepcumem meduyuHsl» Munsdpasa Poccuu; Poccus, 127006 Mockea,
yn. lonzopykosckas, 4

Llenb nccnefoBanmns — onucatb KNMHUYECKWIA Cyyail XMPYPrniecKoro NiedeHunst amcdarum, Bbl3BaHHOM BEHTPasbHbIM OCTEO(MUTOM NepBbIX
OBYX LLUEMHbIX MO3BOHKOB.

Matepman u MeTofpl. B KNIMHMYECKOM MefMLMHCKOM LieHTpe «POCCUIACKUI YHUBEPCUTET MEAULIMHBI» MOMyYMIa XMpYprudeckoe nedeHve
naumeHTKa ¢ xanobamu Ha 3aTpyaHeHue roTaHus (aucdaruio) ¥ Nepuoanyeckoe 3aTpyaHeHWe AblXaHWA U CUMMTOMHBIM BEHTPasbHbIM
0CTe0(GUTOM NepBbIX ABYX LLEMHbIX N03BOHKOB. C y4eTOM pacnonoxeHus ocTeoduTa ero yaaneH1e NnpoBeeHo Yepe3 TpaHcopanbHbI 4OoCTyn.
PesynbTathl. B TeYeHe 2 He noce onepaLmmn KOpMEHMe NaLMEHTKa Nofy4ana Yepe3 Ha3oracTpanbHbIi 30HA. [ocne nepexoaa Ha 0bbluHoe
MWTaHWe NaumeHTKa 0TMeTUa perpecc avcdariu No CPaBHEHIO C LOONEepaLMOHHbBIM YPOBHEM.

3akntoyenne. BeHTpanbHbI 0CTEODWT LIEMHOMO 0TAENa NO3BOHOYHMKA, CAABAMBAIOLLMI MULLEBOA W TTIOTKY, — OAHA 13 PEAKUX NPUYMH NC-
darvn. [Tpn noKanu3aLwm ocTeopuTa Ha aTIaHTOAKCUabHOM YPOBHE TPaHCOPasbHbIV OCTYN NO3BOMIAET MOSHOLIEHHO Pe3eLypoBaTh 0CTe0hUT
¥ U31eYWTb NaLWeHTa 0T aucdarum.

KntoueBble crioBa: 0CTEO(hMT, BEHTPASbHBINA 0CTEOMUT LLIEHHOM0 NO3BOHKA, AMChariis, TPaHCOpasbHbIA AOCTYN

[nsa umtnposanus: HukutuH A.C., Hanaes PM., Kynakos 0.b., JleByenko 0.B. BeHTpanbHble ocTeoduThl nepBbix ABYX LLEAHbIX NO3BOHKOB
KaK npuumHa gucaruu, Xmpyprideckoe nedenme (KMHnyeckoe Habnioaerue). Herpoxvpyprus 2025;27(2):113-9.
DOI: https://doi.org/10.63769/1683-3295-2025-27-2-113-119

Ventral osteophytes of the first two cervical vertebrae as a cause of dysphagia,
surgical treatment (clinical case)

A.S. Nikitin, R.M. Nanaev, 0.B. Kulakov, 0.V. Levchenko
Russian University of Medicine, Ministry of Health of Russia; 4 Dolgorukovskaya St., Moscow 127006, Russia

Contacts: Roman Musaevich Nanaev neurohero@icloud.com

Aim. To describe a clinical case of surgical treatment of dysphagia caused by ventral osteophyte of the first two cervical vertebrae.

Material and methods. At the Russian University of Medicine (Moscow, Russia) clinical medical center, a female patient underwent surgical
treatment due to complaints of difficulty swallowing (dysphagia) and periodic respiratory difficulty, and symptomatic ventral osteophytes of the
first to cervical vertebrae. Considering the location of the osteophyte, it was resected through transoral access.

Results. For 2 weeks after surgery, the patient received nutrition through nasogastric tube. After transitioning to normal eating, the patient noted
regression of dysphagia compared to the preoperative level.

Conclusion. Ventral osteophyte of the cervical spine compressing the esophagus and pharynx is one of the rare causes of dysphagia. If osteophyte
is located at the atlantoaxial level, transoral access allows to fully resect it and cure the patient’s dysphagia.

Keywords: osteophyte, ventral osteophyte of the cervical vertebra, dysphagia, transoral access

For citation: Nikitin A.S., Nanaev R.M., Kulakov 0.B., Levchenko 0.V. Ventral osteophytes of the first two cervical vertebrae as a cause
of dysphagia, surgical treatment (clinical case). Neyrokhirurgiya = Russian Journal of Neurosurgery 2025;27(2):113-9. (In Russ.).
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BBELEHUE

HereHeparuBHas 00J1e3Hh TO3BOHOYHNKA — ITOBCE-
MECTHO pacIpoCTpaHeHHOE XPOHMYECKOE 3a00JIeBaHNE
B3POCJIOro HaceJieHus. BeIpaXke HHOCTB IeTeHepaTUBHOTO
Ipoliecca B IIO3BOHOYHUKE HApacTaeT 10 Mepe YBeIMIe-
HHS BO3pacTa 4ejoBeKa. B OONBIIMHCTBE CIydaeB maxe
y TTOXWJIBIX TAIIEHTOB 3TU U3MEHEHUSI He HACTOJIEKO BhI-
paxXeHBbI, YTOOBI 3HAYMMO BJIMSTH Ha OCEBYIO (DYHKIIUIO
IMO3BOHOYHWKA M (WJIM) BBI3BIBATH YIPOXKAIOIIYI0 KOM-
MIPECCHIO0 BHYTPUITO3BOHOUYHBIX M OKOJIOITO3BOHOYHBIX
cTpyKTyp. OmHAKO B YaCTH CIydaeB IeTeHepaTUBHBIN ITPO-
IIECC MOXET OBITh HAaCTOJBKO BBIPaXKeH, YTO IPUBOIUT
K Tpy0oit necopMany MO3BOHOYHMKA, HECTAOMIILHOCTHI
€Tr0 CerMEHTOB, ITATOJIOTMYECKOM TUIIepTPOPUH eTO CTPYK-
Typ C TIOBpPEXICHNEM BHYTPUITO3BOHOYHBIX HEBPAJTbHBIX
CTPYKTYp. DTO MOXET MPUBOANTH K UHTEHCUBHOMY XPO-
HUYECKOTO 0O0JICBOMY CHHAPOMY (BEpTEOPOreHHOMY, KO-
PEIIKOBOMY) M HEBPOJIOTMUCCKOMY NeDUIUTY pa3HOM
CTeIeH! BRIPaXXeHHOCTH BILJIOTH IO I'py0OOTro TeTpamapesa
(1ipm mreitHoOM MuenoraTuu). JlaHHbBIC TIPOSIBIICHUS yKe
HECYT PUCK MHBAJTMAN3AIINHI U YTPO3Y OOIIEeMY 3I0POBBIO.
W, KoHEeuHO, BHIIIIEYyKa3aHHBIE IIPOIIECCH B TTO3BOHOYHH-
K€ OOBIYHO YK€ CIIy>KaT MOKa3aHUEeM ISl XMPYPTUIeCKOTro
JICYCHMUSI.

[MpuyrHaAMKM BepTEeOPOTEHHOTO TTOPaXkKeHMUsI SKCTpa-
IMO3BOHOYHBIX CTPYKTYP MOTYT OBITH OIYXOJIEBBIC, MH-
(eKIIMOHHBIEC TTPOIIECCHI MO0 BBIPAaXKEHHBIC OCTCOMUTHI
ITO3BOHKOB IT0 TUITY TUTIEPOCTO30B. BEIpaxkeHHBIE OCTEO-
¢uTH MOTYT (POPMUPOBATHCS B pe3yiIbTaTe IereHepaTUB-
HOTO TIpoIiecca (CIIOHIMIe3a) 1 IIPOYNX SIBJICHUM, HaIpH-
Mep 6051e3H1 PopecThe — MM GY3HOTO NINOIATIIECKOTO
CKeJIETHOTO THIIepOCcTo3a. B mociemHeM BapraHTe IPOKC-
XOIUT OCCU(UKAIINS CBSI30K 1 CYXOXIIINI C pa3pacTaHM-
€M KOCTHOI TKaHHM 1 aHKWJIO3MPOBAaHUEM 30HBI IIpoliecca.
Camas yactast aHaTOMHYeCKasi 30Ha IOpakeHUsI TIpu 00-
ne3un DopecThbe — TepeaHsIsT IPOIOIbHASI CBSI3Ka I03BO-
HOYHMKA.

B cimygae kak mereHepaTMBHOIO CITOHIWIIE3a, TakK
u 6071e3H1 PopecThe CUMITOMBI OYIET OIIPEIEIISTh JIOKA-
Jm3anys rmporecca. Ecim 3aTpoHyTa BeHTpaibHAasI TIOBEPX-
HOCTB IIIEITHOTO OT/eIa IT03BOHOYHMKA, TO ITO MEepe pOcTa
TUIIEPOCTO3HBIX OCTEO(UTOB KOMITPECCHH MTOIBEPratOTCST
Omxaiiie aHATOMHYECKHE OOpa30BaHUS, B IEPBYIO
odepenpb II0TKA M MUILEBOA (B 3aBUCHUMOCTH OT YPOBHS
IMOpaXXeHus1). DTO 1 OIpeIesIsieT OCHOBHOE MOCTICICTBHAC —
HapyeHus rroTanus (mucdaruio). [lameHT obparmaercst
K Bpady IIepBUYHOIO 3BEHA C XKaJ000ii Ha 3aTpyTHEHHOE
[JIOTAaHHUE, YACTO €TO HAIIPABJISIOT Jajiee K OTOPUHOIAPUH-
rojory. [Tocie moooOciienoBaHUS U YCTAaHOBJICHUS TTIPUYH-
HBI 00TbHBIM HAaUMHACET 3aHUMAThCS XMPYPTr-BepTeOpOIIOL
Hammume MexaHW4YeCKo# BHEIIHEW KOMITPECCUU TJIOTKHU
" (WIM) MMUIIEBOaa ¢ HapylleHneM (DYHKIUM TJI0TaHMS
CITyXUT TTOKa3aHWEM K OIlepalliil — PE3eKIIMHU KOMITPH-
MUPYIOIIETO OCTeOopuTa.

B HayuyHOIi TMTEepaType MOXHO HAHTH HEMAJIO TIPHME-
POB YCITEIITHOTO XUPYPIUIECKOTO JICICHUS JAHHOMN IaTo-

JIOTWIY, B TOM YMCJIE ¥ B PYCCKOSI3BIYHBIX OMOMmorpadu-
yeCcKMX McTouyHuMKax [1—4]. Bo Bcex ciyyasgx aBTOpPHI
OTMEYaloT perpecc mucharuy Iocie pe3eKIy TUIIePOCTO-
3a. OmHaKoO B aOCOTIOTHOM OOJIBIIIMHCTBE CJTy9aeB B IIPUBE-
NEHHbIX MpUMepax JaHHas IaTojorust Gopmupyercs
Ha cy0aKCUaJIbHOM YPOBHE 11I€MHOTO OT/e/1a TO3BOHOYHU-
Ka. Kimmangeckue mpruMepbl BEHTPaJIBHBIX OCTeO(UTOB/TH-
MEPOCTO30B aTJIAHTOAKCUAIBHOTO YPOBHSI, BbI3bIBAIOILIUE
opodaprHTeaTbHyI0 Aucdaruio, mpeacTaBIeHBl B JOCTYII-
HBIX MyOJUKALMSIX €ETMHAYHO U OYEHb KPaTKO, a B PYCCKO-
SI3bIYHBIX UCTOYHUKAX TaKKe CIydau BOOOILIE HE OTTMCAHBbI.
B cBs13U ¢ 3TUM TpeACTaBIsIETCS aKTyaJIbHBIM U Ba>KHbIM
MPEICTAaBUTD CIEAYIOIINN KIMHUYECKUAN CITydai.

KJIMHWYECKOE HABJIIOLEHUE

Hayuenmra J., 66 nem, npedessisia »carobvl Ha 3a-
mpyOHeHUe 2A0MaHUsl, ouyueHue Koma 6 eopae, nepuoou-
yeckoe 3ampyonenue ovixanusi. M3 anamuesa uzeecmHo,
Umo yKazauHole x#cano0bl becnokoutu oK. 6 mec u nocmeneH-
HO Hapacmanu, npuem nuuwy cman sampyonumenet. Ilocae
KOHCYAbmMayuu 0mopuHoAapuH20102a 0biaa cOeAana KomMnbio-
mepras momoepagus (KT) weiinoeo omdena nozgoHounuka
U 00HapYdICceH 8eHMPANbHBII OCMEeODUMHDBLIL KOMNAEKC NO-
360nK06 C1—C2 ¢ MakcumanbHoiM cacummanbHuim pamepom
ocmeoguma 0o 14,2 mm, edarowuiics 6 cMOpoHy e10MKU
(puc. 1, 2). Ilo nanpaeéaeruro Hellpoxupypea nayueHmra 6ol-
Aa 20CNUMAAUBUPOBAHA 8 YHUBEPCUMEMCKYI0 KAUHUKY
DI'BOY BO «Poccuiickuii yrusepcumem me0uyuHvl».

Ilocae conocmaenenuss cumnmomog u danuvix KT 6bi10
PeUleHo npoecuL Xupypeuveckoe 6MeuamensCmeo — Pe3eKyuo
ocmeoghuma mparcopanvHsim docmynom. Jlo onepayuu nayu-
EHMKY 0CMOmpeny CMomMamonoe U OMopUHOAGPUH200e: 60CHA-
AUmMenbHble 61eHUsI 8 POMOBOI NOAOCMU U 8 210mKe Obliu
uckarouenst. 3a 4 cym do onepayuu b6oavHas 3 pasza é deHv no-
A0CKAAa pomogyro NoA0CHb PACMEOPOM AHMUCENMUKA.

Onepauus. Xupypeuueckoe emeulamenscmeo npogoouna
MYAbMUOUCYUNAUHAPHAS bpueada: 08a Hellpoxupypea u 4e-
arcmuo-auyesoil xupype. Tloroxcenue nayuenmxu Ha one-
PAUUOHHOM CIOAe: HA CNUHE, C HEMHO20 3aNPOKUHYMOL HA3a0
eonosoil. [lpumensiu odbugyto anecmesuro, 0poOMpaxeanbHyo
unmybayuro, Hazoeacmpanbhslii 3010. Jluyo u norocme pma
0041bHOI 06pabomanu anmucenmukamu (nocredosamensras
3-kpamuas obpabomxa 0,05 % 600HbIM pacmeopom Xaop-
eexcuduna u 10 % pacmeopom noeudon-iooa), 8 pomogoii
noaocmu ycmanoguau pomopacuiupumens. S3vikodepica-
menb pomopaculupumens umen Ha GHYmMpeHHel N0GePXHOCMU
yenybaenue 0as UHMYOAYUOHHOU MPYOKU, 4O NO360AUA0
UCKAIOUUMb NOCAEOHION U3 30Hbl @UOEHUSI ONEPaLUOHHO20
noas. Ionocms Hoca makace bvina obpabomana anmucen-
muKam, 8 HapyicHslii Hocosoil xod 3aeeau kamemep Dones,
ducmansHulil KOHel, KOmMopoz2o 8bl8eau 8 HOCO2A0MKY U NO0-
wunu K Hemy HeOHblll 36i40K (Y8yny), Kamemep NOOMSHYAU
KHapycu. 3a cuem 3mo2o Manespa Y8yay ¢ MsaekKum HEOOM
NOOMAHYAU K XOAHAM, U 8 ONEPAUUOHHOM NOoAe NOAHOCHIbIO
OMKPBIAACL 3a0HSSI CMEHKA 2A0MKU HA YPOBHE NO38OHK08
CI1—-C2 c svinuparouum ocmeogumom (puc. 3, a).
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Puc. 1. CHuMKu KomneromepHol momoepaghuu weiiHo20 0moesa NO3BOHOYHUKA, GeMOHCMPUPYIOUIUE 8bIPAXEHHbIT 0CMeodumMHbIl KoMNAeKc (CmpesKu) Ha 8eHMPasbHoOU
nosepxHocmu no38oHKoe C1-C2: @ — cazummanbHas npoeKyus; 6 — GKCUaIbHAs NPOeKYUs

Fig. 1. Computed tomography images of the cervical spine demonstrating pronounced osteophyte complex (arrows) on the ventral surface of the C1-C2 vertebrae: a - sagittal
projection; 6 — axial projection

Puc. 2. YpeccycmagHble peKoHCMpPyKUUU CHUMKO8 KoMNblomepHol moMozpaguu Ha yposHsx CO—-C1-C2-C3: a — Ha yposHe npassix cycmasos; b — HA ypoBHe J1E8bIX CYyCMaABos
Fig. 2. Transarticular reconstructions of computed tomography images at the C0-C1-C2—-C3 levels: a — at the level of right joints; 6 — at the level of left joints

Puc. 3. impaonepayuoHHsie omoepacpuu: a — ycmaHoesieH pomopacwupumes, e2o S3bIKo0epxamesnb 0Meodum s3biK (HepHas cmpeska), 8 10XGUHe s3biKodepxame-
71 npoxodum uHmybayuoxHas mpybka, 3a 3adHel cmeHKol 2nomku pacnonazaemcs ocmeogum (benble cmpesnku); 6 — Had ocmeogpumom cpeduHHo nposodumcs pacce-
YeHue Msizkux mkaHel 2710mKu

Fig. 3. Intraoperative photos: a — mouth opener is installed, tongue depressor moves the tongue out of the way (black arrow), intubation tube lies in the depressor’s groove,
osteophyte on the posterior wall of the pharynx is localized (white arrows); 6 — dissection of the pharyngeal soft tissues is performed medially above the osteophyte
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Botnoanunu koHmpoavhblii cHumok npu nomowu C-oyeu
u danee Hao ocmeo@umom cpeOUHHO paccekau MseKue mrKa-
HU 2A0MKU, CAUZUCMIblE U MbluleyHble cAou 00 kocmu. Jlnuna
paspesa cocmaguaa oK. 5 cm, MseKue mKanu paseenu 8 Cmo-
POHbBL U N0KaAU308a1u eparuybl ocmeopuma (1,5 x 2,5 cm).
C npumenenuem 8b.cOK0000pOMUCMO20 00PA U KYCA4eK 8bl-
NOAHUAY Pe3eKUUI0 0Cmeoduma 00 HOPMAALHOR0 YPO8Hs nepeo-
Hell nogepxrnocmu C2-no3eonka. Jlanee blnoaHUAU KOHMPOAb-
Holll  cHumok npu nomowu C-dyeu, pawy npomsiau
anmucenmuxom (600uuiii 0,05 % pacmeop xaopeekcuoura)
U YUUAU NOCAOUHO MbLULbL U CAUSUCIYIO PACCACHIBAIOUUMUCS
V3108bIMU weamu (puc. 4).

Ilocae onepayuu 6 césa3u ¢ nocaeonepayuoHHbIM ome-
KOM 3a0Heil CmeHKU 2A0MKU Nayuenmke 8 meyeHue 5 cym
npoeoduau NPOOAEHHYIO UCKYCCMEEHHYI0 eHMUAAYUIO e
xux (UBJI) uepes opompaxeanvuyio mpyoky. B nocaeone-
PAUUOHHOM Nhepuode nayueHmMKe 8blNOAHeHa aHMUOUO-

i
-

muxonpogurakmuxa negogrokcauurnom (no 500 me 2 pa-
3a 6 deHv), ypasudurnom (no 100 me 3 paza 6 dens). Ilocae
peepecca OaHHO20 OomeKa NAYUEHMKY IKCmYOUposaiu,
HOPMAAbHOE CAMOCIMOSAMeNbHOE ObIXAHUE 80CCMAHOBUNOCD.
Ilepgvie 14 cym nocae onepayuu KopmaeHue npogooulu
uepe3 HA302ACMPANbHLLU 30H0, dasee 6 meueHue 2 Hed Obi-
aa waoawas duema. Ilocae nepexoda na 00biuHbIL cMOA
nayueHmKa ommemuaa peepecc oucghazuu no cpasHeHur
¢ doonepayuontoim yposrem. Ilocreonepayuonnasn KT de-
MOHCMpUPYyem npaKkmu4ecKu noaxnoe yoaieHue ocmeogu-
ma (puc. 5).

OBCYXIEHWE 1 0B30P

B pyccKosi3bIYHOM HayuyHO# JUTEpaType HE YAaIoCh
HalTH THOOPMAIIHIO O Pe3eKIIMI BEHTPAILHOTO 0CTeOdM-
ta cerMeHTa C1—C2 TpaHCOpaIbHBIM TOCTYITOM. BeposiTHO,
3Ta CTaThsl OYAET MEPBOM B OTEYECTBEHHOUW MEPUOIUKE

L R ] g

Puc. 4. MumpaonepayuoHHele homozpaghuu: a — KOHMPOsbHYIL CHUMOK, cOeaHHbIl npu noMowu C-dyau, nocsie pe3ekyuu ocmeoguma; 6 — 3aWUBAHUE MbILIEYHO20 C/10S

Fig. 4. Intraoperative photos: a — control photo made using a C-arm after osteophyte resection; 6 — suturing of the muscle layer

\

Puc. 5. CHumku nocneonepayuoHHol KoMnelomepHol moMozpaghuu ceaMenma no3goHo4HuUKa C1-C2, deMoHcmpupyowue omcymemaue ocmeoguma (cmpenku): a — ca-

2ummasieHas npoekyus; 6 — akcuaneHas npoekyus

Fig. 5. Postoperative computed tomography images of the C1-C2 segment demonstrating the absence of osteophyte (arrows): a - sagittal projection; 6 — axial projection



HabntopeHue u3 npaktuky | Case from practice

HENPOXNPYPI'US

nyoaukanueid, OnuchiBalolle KIMHUYECKUU ciydai
YCIIEIITHOTO XUPYPIIUIECKOTO JICUCHUSI BEHTPAIEHOTO OCTEO0-
¢uTa IMepBBIX OBYX IICHHBIX ITO3BOHKOB, BHI3BIBAIOIIETO
nucdaruio.

[lo maHHBIM TUTEPATYPHI, TIEPETHNE IIeITHBIC OCTEO-
(UTHI OTHOCATCS K pacIIpOCTPaHEHBIM SIBICHUSM (10 20—
30 %), ocOGEHHO B cTaplleil BO3paCTHOM IPYIIE U Y [0~
KUIBIX mogei [5, 6]. TlepBoe onmcanne BeHTPaIbHBIX
IIEHHBIX OCTEO(UTOB KaK IIPUINHBI Jucharuy mpuBeaeHO
H. Zahn B 1905 1. [7]. BriepBbIe pe3eKIni0 BEHTPAIBHOTO
IIEeITHOTO ocTeoduTa, BRI3BIBABIIETO AUCHATruio, BEITOI-
aux S. Iglaver B 1938 1. [8]. B 1950 . J. Forestier u J. Rotes-
Querol onucanu (popMy CIMHAIBHOTO aHKMJI03a, KOTOPYIO
OHM Ha3BaJId CTApYECKUM aHKIJIO3UPYIOIIM THIIEPOCTO-
30M no3BoHouHHuKa [9, 10]. B 1978 . D. Resnick u coaBT.
JTaJI OTIMCAaHMe CXOXeTo 3a00JIeBaHMsI, HA3BaB €T0 «Iud-
Gy3HBI UAMOMATUYECKUIN CKEJIETHBIM TUIIEPOCTO3»
(AWCT) [11] (r1o-mpyromy — 6ose3ub Popecthbe). JlaHHast
ITaTOJIOTHSI CITY>KUT HanOoJIee 9acToi IMPUIUHON pPa3BUTHS
KPYITHBIX BEHTPaJIBHBIX OCTeO(MUTOB MO3BOHOUYHMKA. [1a-
TOTeHE3 3aKJTI0YaeTCs B KATBIM(PUKALINU ¥ OCCU(PUKAITIN
IepeaHeil TPOMOIbHON CBSI3KM, BKIIIOYAIOMIECH OOBITHO
He MeHee 4 CMeXHBIX YPOBHEH 1M03BOHOUYHMKA. CpemHIiA
BO3pacT 00JIbHBIX COCTABIISIET 65 j1eT. Bo3aMOXHbI BapraH-
THI OcCU(DUKAIINN 3aTHEN TTPOIOIBbHON CBA3KU, UTO TIPH-
BOIUT K BEHTPAJIBHON KOMIIPECCUU CTPYKTYP ITO3BOHOY-
HOTO KaHasa.

ITpu 6one3nn PopecThe MopakeHUE JaIle BCEro JI0-
KaJIM3yeTcsl B HIDKHETPYOIHOM OTHeJIe TMTO3BOHOUYHMKA.
Ecou mporiecc 3aTparuBaeT MICHHBII OTHE TO3BOHOUYHM -
Ka, TO CHMIITOMHBIE BEHTpaJIbHbIC OCTEOMUTHI Yallle BCETO
BcTpeuatorcst Ha yposHe C5—C6 (40 %), C4—C5 (23 %),
C3—C4 vuu C2—C3 (o 14 %). dpyrast npuunHa, BbI3bI-
BaloIIas pa3BUTHE OCTEO(HUTOB ITO3BOHOYHNKA, B TOM YHCIIC
M BEHTPaJIbHBIX Ha IIEHOM YPOBHE, — JE€TeHEPATUBHBIN
crionmwies. bosee penkyie mpIMHb BOSHUKHOBEHUST 00JTh-
X OCTeO(UTOB — NMeheKThI PA3BUTHSI IISHHBIX TIO3BOHKOB,
aTJIAHTOAKCHAIBHBIX OCTEO(DUTOB, CIIOHIWIIONI3.

B cirygae 60bIIoro pazmMepa BEHTPaJIbHOTO IIEITHOTO
octeoduTa (6ojiee 1 cM B carnTTaIbHOM IIJIOCKOCTH) TIPO-
WCXOIUT TIpsIMasi KOMIIPECCHS TVIOTKY WJIM THUIIEeBOIA
(B 3aBUCHMOCTH OT YPOBHSI PACIIOJIOKCHMST OCTeO(hHTA).
[Ipu aTOM CyIIecTBYeT BEepOSTHOCTb Pa3BUTHUSI OCIIOKHE-
HUS — nqucdarum, B TOM YUCIe C pPUCKOM acipaniu. Apy-
TUMH BO3MOXXHBIMHM CUMIITTOMAMU BBICTYTIAIOT TUC(HOHUS,
OIIBIIIIKA, OOCTPYKTUBHOE aITHO? CHa, omuHOoMarust (6016
npu raotanuu) [12—16]. ITomumo nipsiMoil MexaHU4eCKoit
KOMIIPECCHU TJIOTKM M (MJIM) TIHMIIEBOIAa MeXaHM3MaMU
pa3BUTHS Trc(haruy MOTYT TaKKe OBITh IIEPHOCTCO(MUTHOE
BOCHaJICHWE U KpUKOMapHIea bHBIN CITa3M.

B cTpykType iprunH aucharnu BeHTpaIbHBIC IIeii-
HbIE OCTEO(MUTHI 3aHMMAIOT TOJBKO OK. 1,5 %, a Hanbosee
YacTOM MPUIMHON Arcdaruu cirykar 3a0oJieBaHUS HEITO-
CpEeICTBEHHO CaMOTO ITHIIEBOAA JINOO0 IIIOTKH, BRI3BAaHHBIC
CTPUKTYPOI1 THIIIEBOIA WJIN PACCTPOMCTBOM IOABIDKHOCTH,
IUBEPTUKYIOM 3eHKepa u cuHapoMoM [lrammepa—BuH-
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COHa, OHKOJIOTUIECKMM MOpakKeHNEeM TOpTaH!, TIUIIEBOIA,
CPEeIOCTEHMsI, JIETKOTO M T.I. TeopeTHYeCKH BCeraa BO3-
MOXHBI COYETAHUSI PA3HBIX IPUYUH AUCHATKU, TOITOMY
OymeT He JIMIITHUM IIPOBEICHUE MAIUeHTY ¢ aucdarueit
¥ OOJIBIINM BEHTPAIBHBEIM OCTEO(PUTOM PEHTTEHOJIOTH-
YeCKOM MPOOHI ¢ 6apreM M SHIOCKOITMYECKOTO MCCIIeI0-
BaHMS IS OATBEPXICHUS BepTEOPOTeHHON TTPUINHBI
nucdarum.

JleyeHnne mepBoii oUepea KOHCEPBAaTUBHOE 1 BKITIO-
YaeT MMOPEIaKCAHThI, TIPOTUBOBOCTIAIMTEIbHEIE TIpeTIa-
paThl, MOTU(UKALINIO TUETHI, KOPPEKIIAIO OCAHKHU BO Bpe-
MSI eIbl, (GU3NOTEPAINIO U MMPOTPAMMEBI PeaOINTAIINN
mrotanus [17—19]. B GonbIIMHCTBE ClIydaeB TaKoe He-
XUPYypTUYECKOE JIeYeHe OKa3bIiBaeTCs 3(h(hEKTUBHBIM.
B ciygae ero HeahheKTUBHOCTH BCTAeT BOIIPOC PE3CKIIUH
BEHTpaJbHOTO ocTteodura. OTMETHM, YTO B HOCTYITHOM
JINTEepaType He yIaaoch HAWTH YETKUX MOKa3aHUM K XU-
PYPTUYECKOMY JICUCHHIO. AHAJIN3 JAaHHBIX pa3HbBIX UCCIIe-
JIOBaHUI TTO3BOJIVII BBIICJINTE CUTYaIliK, KOTIa IIPOBEIe-
HIE XUPYPrUIECKOTo JeIeHUS 11eIeCO00pa3HoO:

1) Hea(GEKTUBHOCTh KOHCEPBATUBHOTO JICUCHUS IVC-
darum;
2) BeHTpaJIbHBIN IMICHHBII OCTeO(UT BBI3BIBACT HE TOJIb-

KO aucdaruio, HO U JUCIIHOI;

3) carutTa’abHBIN pa3mep octeoduTa 6oee 10 mm [20].

IToutu B 90 % ciaydaeB BeHTpabHbIE LIEHAHbBIE OCTEO-
(uTHI, BEI3BIBAOIIME TUC(HATHIO, PACIIOArafoTCs Ha Cy0-
aKCHAJIbHOM YpOBHE. B CBSI31 ¢ 3TUM OOJBITMHCTBO CIIy-
YaeB XUPYPTrUUECKOTO JICUCHUSI OTHOCUTCS K YPOBHSIM
C3—C7, a pe3ynbraThl OLIEHUBAIOTCSI KaK ITOJIOXKUTEb-
Hble — aucdarus perpeccupyet [21—23]. Ha ypoBae C3—C7
OOBIYHO HCITOJIB3YIOT MEePEeIHNN KIIACCUUECKUMA TOCTYIT
no Cmur-PoOMHCOHY — MeXIy MUIIEBOIOM UM MarMCT-
PaIbHBIM COCYIMCTO-HEPBHBIM ITYIKOM.

B cnyyae pacmoioxkeHusI BEHTPaJIBHOTO ocTeoduTa
Ha ypoBHe C1—C2 onTUMAaJIbHBIM SIBJISIETCS TPaHCOPAJb-
HBIA goctyn. OrpaHMYeHsT TAHHOTO TOCTYIIA: HEeCII0Cco0-
HOCTB TTAIlMeHTa OTKPBITH pOT O0JIce YeM Ha 3 CM, TUITEPIJIOC-
cus n (Wim) 3amageHne Msarkoro HEOa [24]. Hemocratkm
TPaHCOPAJIBLHOTO MOCTYITA: MOTCHIINAIBHO ITOBBIIICHHBIN
pPUCK MH(PUIIMPOBAHUS ITOCICONEPALIMOHHON paHbl MU-
KpodIIOpoii MOJIOCTH pTa M IMIOTPEOHOCTD B ITOCICOTIEpa-
OUOHHOM KOPMJICHWHM 4epe3 Ha30racTpaJbHBIN 30HI.
B To ke BpeMsI HeT yOemUTeTbHBIX J0KA3aTeIbCTB YBEIIH-
YeHUSI YaCTOTHl HAarHOCHUS PaHBI IIPU TPAHCOPAIBHBIX
IOCTYIIaX, a OOJIBITMHCTBO MAIMEHTOB JOBOJIBHO XOPOIIIO
TIepEHOCST Ha30TacTpajJIbHOe KOPMIICHHUE B TeUueHHE | He.
Hampumep, B ucciaenoBannu M. Macki u coabt. (2018)
HE BBISIBJICHO 3HAYMMOM Pa3HUIIBI B 9ACTOTE HATHOCHMUS
TIOCJICOIIePAlIMOHHOM paHbI MEX Ty TAIIMEHTAMM C TPAHC-
opaibHBIM JocTyIToM K C1—C2 1 maieHTaMu ¢ 10pcalib-
HbBIM gocTtynoMm [25]. Tlo maHHBIM pa3HBIX aBTOPOB,
MIpY TPAHCOPAIBHOM JOCTYIE YacTOTa MHOUIIMPOBAHMS
ToCeonePaMOHHOM paHbl coctasiseT 0,6—4 % [26—28].
OcnoxHeHNe, 3aHIMAIOIIee BTOPOE MECTO, — IeCTaOMIIH-
3alIMsI CETMEHTA IT03BOHOYHMKA.
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[aHHBIC O pe3yibraTax XUPYPTUIECKOTO JICUYCHHUS
CUMITOMHBIX BEHTpaJbHbIX ocTeoduToB C1—C2 orpanu-
YyeHHBI. B 3apy0OexxHOIT IuTepaType BCTPEUAIOTCS JIUIID
eIMHUYIHBIC OMUCAHUS CIyIacB Pe3eKIIMU CUMITTOMHBIX
ocreoputoB C1—C2, COOTBETCTBEHHO TPaHCOPAJIbHBIM
nmoctynoM. [Ipu 3TOM pe3ekinio ocTeoduTa BO3MOKHO
BBITIOJIHUTH KaK MUKPOXUPYPIUIECKUM, TaK U SHIOCKO-
mdeckuM crmocoboM [29—31]. CormracHo 3apyOeKHBIM
IMyOJIMKAILIMSM, OMHO3HAYHBIX ITPEUMYIIECTB SHIOCKOIINN
rmepen MUKPOXUPYPTUEH TP yaaJleHWU BEHTPaJIbHOTO
octeoduTa HEeT. XOTS, II0 MHECHHIO OTICIBHBIX aBTOPOB,
SHIOCKOITHS ITOMOTAEeT JIyYIlle BU3YaIU3UPOBATh CJICITbIC
VIJIBI BOKPYT octeoduTa [32].

OTcpoYeHHBIC Pe3yNbTaThl PEe3eKIIMU OCTCO(PUTOB
TaKXe TOJOXUTENbHBI, ¥ a0COMIOTHOTO OOJBIIMHCTBA
OOJIPHBIX 3a HECKOJIBKO JIET KaTaMHe3a He OTMEUCHO pe-
LIUIMBA BEHTPAJIbLHOTO IIEHHOTO OCTeO(hHTa C IIOBTOPOM
mucdarnu. B 2016 . M. Vodicar 1 coaBT. TpoaHaJIM3UPO-
BaJI JaHHBIE KaTaMHe3a 9 MallMeHTOB ¢ TAKUM THarHO30M
3a HECKOJIBKO JIET: TOJIBKO Y 1 OOJIBHOTO BO3HUK PEIIUINB
octeoduTa ¢ moBTropoM aucdaruu [33]. MoxHO nipearo-
JIOXXUTD, YTO 3TOMY MALIMEHTY OBLI IIeJIeCOO0pa3eH CIIOH-
IITOe3 KaK JOTIOTHEHNE K Pe3eKIINU OCTeo(hHTa.

Pesexuusa BeHTpanbHOro ocreopura C1—C2 TpaHc-
OpaJIbHBIM JOCTYIIOM TEXHUYECKH He CJIOKHA TP TOJIK-
HOI MOATOTOBKE ONTUMAJIBLHOTO OIEPAIIMOHHOIO TTOJIS
U ocBellleHMs1. B HallleM cirydae Takasi OITUMaJIbHas IO/~
rOTOBKAa OKa3ajach BO3MOXHa Ojaromaps y4acTHIO
YeTIOCTHO-JIMIIEBOTO XMpypra. BT ycTaHOBIIEH poTOpac-
IIUPUTEITH C SI3BIKOAepXKaTesieM (71T OTBeIeHMS SI3bIKa),
(GUKCUPYIOLIMM MHTYOALIMOHHYIO TPYOKY, YTO TI03BOIMIIO
OCBOOOINTH OT Hee ollepalimoHHoe Toste. [IpoBenu Takke
IMOATSTUBAHUE YBYJIBI K X0aHaM. biraromapst aTumM MaHeB-
paM Bce TpaHUIBI ocTeodnTa OBLIM BU3YaIM3UPOBAHEI,
ITO3TOMY €T0 YIajieH!e MPOIIIO OecIIpeIsITCTBeHHO. [1pn
5TOM OBIJIa BO3MOXHOCTb OPUEHTHPOBATHCS Ha HOPMAaJTh-
HYIO IUTOCKOCTD IIO3BOHKA BHE OCTeO(UTA, YTO TTO3BOJIUIIO
n30eKaTh N30BITOYHOI Pe3eKIINN C PUCKOM JeCTa0MI3a-
IINY CETMEHTA.
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Peokun cnydan HecTabunbHOCTU U MUTPaLMK
METaJINIOKOHCTPYKLMM NOCJie BUHTOBOW (UKCaLmm
C1-C2-C3-C4 (knuHuueckoe HabnopeHne

n 0630p nuTepaTypsb!)

KoHTaKTb!: W.B. bacaHkuh, B.A. lNopxaHos, A.A. Tonb3ataH, [1.6. Hectepenko, 3.P. XypwyasH, M.U. TomuHa,
A6pam Akonosuy W.E. Tpuuaes, K.K. TaxmassH, C.b. Manaxos
[tonb3ataH

Y3 «HayqHo-uccnedosamesnsckull uHcmumym — Kpaeeas kauHuyeckast bonsHuya N 1 um. npog. C.B. Ouanosckozo»,

abramgulz@gmail.com Mur3dpas KpacHodapckozo Kpasi; Poccus, 350086 Kpacrodap, yn. 1 Mas, 167

AkTyansHoCTb. MexaHU4ecKMe 0CNOXHEHNs (HeCTabUNbHOCTb BUHTOBOW QUKCALLMM U MUTPALIUS METaNIOKOHCTPYKLMIA), CBS3aHHbIe C [0p-
3aNbHON UHCTPYMEHTaNbHOM GUKCaLMel Nocne TpaBMbl LUEAHOMO OTAeNa NO3BOHOYHMKE, COCTABNAT OT 2 A0 5 %. Murpaums uMnnaHTaTos,
B YaCTHOCTW LLUTaHT, — sIBMIEHWe PEAKOE W MOTEHLMaNbHO onacHoe. Murpaums MeTanioKOHCTPYKLMIA B MOCNEONepaLmoHHbIA Nepuos, MoXeT
NPUBOAMTL K CEPbE3HBIM HEBPOMIOMMYECKMM NOCEACTBUAM, TPEOYIOLLMM CBOEBPEMEHHOO BMELLIATENBCTBA.

Llenb paboTbl — NpeACcTaBUTL M NPOAHANM3MPOBATL KIIMHUYECKMIA Cly4ait HeCTabUNIBHOCTM U MUTPaLMM METANINIOKOHCTPYKLIMK Nocrie
BMHTOBOW (QMKCALMM CErMEHTOB LUeiHoro otaena no3soHo4HMKa (C1-C2-C3-C4) naumeHTa ¢ TpaBMaTMYeCKMM MOBPEXAEHUEM
no3BoHKoB C2 n C3, a Takxe caenatb 0630p NUTepatypsbl A5 onpeaeneHns GakTopoB pUCKa U MeTOA0B NPOPUNAKTUKM NOL06HbIX
OCJI0KHEHMN.

Matepuan 1 MeTofbl. [poBeEHE MHOTOYPOBHEBOM BUHTOBOM DUKCALIMM LLIEAHOMO OTAENA NO3BOHOYHMKA NALMEHTY C TPABMaTUYECKUM
nospexaeHnem no3soHKoB C2 u C3. OueHKa COCTOAHMA NaLMeHTa M UMMAHTaTOB NPM NOMOLLM KSIMHUYECKOro 0CMOTpa M KOMIbloTep-
How ToMorpadumn. 0630p MCTOYHMKOB NIUTEPATYPbI, NOCBALLEHHON MUrPaLMM METANOKOHCTPYKLIMIA NOC/Ie CNOHAMIOCHUHTE3A.
PesynbTaThl. Yepes 4 roga nocse BbIMOSIHEHHOW onepauumn (BUHTOBOM GUKCaLMM CErMEHTOB LLIEAHOro oTaeNna no3BoHouYHmnKa C1-C2—
C3-C4 nocne TpaBMaTnyeckoro noBpexaeHus no3BoHKoB C2 1 C3) BbiBNEHa MUrpaLMs WTaHMM B 3aJHI0K0 YepenHylo aMKy (Fossa
cranii posterior), BO3HWKLLUAA U3-33 HECTAOUALHOCTY METANNOKOHCTPYKLMU U NPUBEALLIAS K HEBPONOrMYECKUM NOCNEACTBUSM.
lpoBefieHO MOBTOPHOE XMPYPruyeckoe BMeLIaTeNbCTBO, B pe3ybTaTe KOTOPOro MeTaNIOKOHCTPYKLMA U ee YacTu Bbinu yaaneHsl.
0630p nMTepaTypbl NOKa3as, YTo Takue CydYaum pefiku, U NO3BOJMI BbiABUTb 0CODEHHOCTV BEIEHUSA TaKUX NALMEHTOB U BO3MOXHbIE
MPUYMHBI MUTPaLLMM METANIIOKOHCTPYKLWI, BKIOYas HEAOCTAaTOUHYI0 BMKCALMI0 U TEXHUYECKME OLIMBKM. Hal onbIT KNIMHUYECKOro
HabnoeHns 1 0630p N03BONAKT CHOPMMPOBATL PSR PEKOMEHAALMIA: Mpexae Bcero TpebyeTcs BHUMATENbHLIM NOAX0A K BblboOpy
METO/[I0B ¥ MHCTPYMEHTOB BUKCALMM U K NOCeonepaLMoHHOMY MOHUTOPMHTY, KOTOPbIe AOMXHbI CTaTh Y4acTbio NPOQUIAKTUKN MUT-
pauui MeTannoKoHCTPYKLMA.

3akuioueHmne. Pefikre cnydam HeCTabunbHOCTM M MUrpaLyn METaNIOKOHCTPYKLMM MOC/Ie MHOTOYPOBHEBOW BUHTOBOW (MKCALIMM LLIEAHOMO
0TZeNa NO3BOHOYHMKA TPebyIoT MHAMBMAYaNBHOrO NOAX0AA K IeYEHMIO U AnarHocTuKe. poBeAeHe CNOHANIOCUHTE3] C TOYHBIM cobntofe-
HWEM METOL0M0MMM onepaLyu, NOBLILLIEHWE OCBELOMIIEHHOCTU M CTPOMMIA KOHTPOSb NOC/e0nepaLyoHHOro Neproaa NoMoryT CHU3UTL PUCK
OCIIOMHEHMIA M YAYULLINTL Pe3ynbTaTbl IeYeHUs.

KnioyeBble cioBa: HECTabWIBLHOCTb METANTTIOKOHCTPYKLMM, MUpaLIMs METaITIOKOHCTPYKLMM, TPaBMa LUEMHOMO OTAENA NO3BOHOYHMKA, CErMEHT
LIEMHOrO OTAENa NO3BOHOYHMKA, A0p3alibHas GUKCALMS, BUHTOBAsA GUKCaLMs, HEBPOIOrMYECKIUe NOCNeCTBUS, CMOHANIOCKHTES, KOMIbIO-
TepHas Tomorpacms (KT) ronoBHoro Mosra, KoMMbloTepHas Tomorpacus No3BOHOYHMKA, NOCeonepaUMonHbii nepuop, KT-m3obpaxeHiue,
3aHas YepenHas amka (344), 0630p MCTOUHMKOB NIUTEPaTYphI, KMHUYeckoe HabnioneHue, C1-no3BoHoK, C2-N03BOHOK, 3a/IHsAS YepenHast
AMKa (Fossa cranii posterior)

[nsa umtnpoBanus: bacankuH U.B., MopxaHos B.A., lonb3atsH A.A. 1 op. PenKwii ciyyait HeCTabUbHOCTY U MUATPaLIMN METaIOKOHCTPYKLMM
nocne BMHTOBOM dumKcaumm C1-C2-C3-C4 (knmHuyecKoe HabnogeHne 1 063op nutepartypsl). Hermpoxupyprusa 2025;27(2):120-9.
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A rare case of instability and rod migration after C1-C2-C3-Cé screw fixation (clinical case
and literature review)

I.V. Basankin, V.A. Porkhanov, A.A. Gulzatyan, P.B. Nesterenko, E.R. Khurshudyan, M.I. Tomina, I.E. Gritsaev,
K.K. Takhmazyan, S.B. Malakhov

Research Institute of Krasnodar Clinical Hospital N° 1 named after Professor S.V. Ochapovsky, Ministry of Health of the Krasnodarskiy Kray:
167, 1°t Maya Str., Krasnodar 350086, Russia

Contacts: Abram Akopovich Gyulzatyan abramgulz@gmail.com

Background. The rate of mechanical complications (screw system instability and hardware migration) associated with dorsal instrumental
fixation of the cervical spine after injury ranges between 2 and 5 %. Implant migration, particularly of rods, following dorsal screw fixation
of the cervical spine is a rare but potentially dangerous complication. Such complications can lead to severe neurological consequences and
requires timely intervention.

Aim. To analyze a clinical case of instability and migration of metal hardware following screw fixation of the C1-C2—-C3-C4 segments in a patient
with traumatic fractures of the C2 and C3 vertebra, and to review literature to identify risk factors and methods for preventing such complications.
Material and methods. The study includes one clinical case of a patient who experienced complications — implant migration — after multilevel
fixation of the cervical spine. Clinical examination, computed tomography (CT) were used to assess the condition of the patient and implants,
along with a review of the literature on this issue.

Results. The patient was diagnosed with instability of the metal hardware and migration of the rod into the posterior cranial fossa (Fossa cranii
posterior) causing neurologic symptoms. A second surgical intervention was performed to remove the metal hardware. The literature review
revealed that such cases are rare and require careful approach to selection of fixation methods and postoperative monitoring.

Discussion. The analysis of the clinical case and the literature revealed possible causes of migration, including inadequate fixation and technical
errors. Recommendations on prevention of such complications and patient management are proposed.

Conclusion. Rare cases of instability and migration of the metal hardware following multilevel screw fixation of the cervical spine require
personalized approach to diagnosis and treatment. Performing spinal fusion with strict adherence to surgical technique, increased awareness,
and strict postoperative monitoring can reduce the risk of complications and improve treatment outcomes.

Keywords: hardware instability, rod migration, cervical spine injury, cervical spine segment, dorsal fixation, screw fixation, neurologic
consequences, spinal fusion, brain computed tomography (CT), spine computed tomography, postoperative period, CT scan, clinical case, posterior
cranial fossa (PCF), posterior cranial fossa (Fossa cranii posterior), C1 vertebra, C2 vertebra, literature review

For citation: Basankin I.V., Porkhanov V.A., Gulzatyan A.A. et al. A rare case of instability and rod migration after C1-C2—-C3—C4 screw fixation

(clinical case and literature review). Neyrokhirurgiya = Russian Journal of Neurosurgery 2025;27(2):120-9. (In Russ.).
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BBELEHUE

3agHssT BUHTOBas (hMKCAllMsI aKCHMAaJbHOTO M Cy0-
aKCHAJbHOTO OTIEJIOB IIEHHOTO OTIeNIa ITO3BOHOYHMKA
MIPUMEHSIETCS TIPU Pa3TUYHBIX TTATOJIOTUSX, TAKUX KakK
TpaBMaTUYECKNE TTOBPEXKICHMS, AeTeHepaTUBHEBIC, NH-
(eKIIMOoHHbBIEe, OHKOJIOTUYECKIE 3200 IeBaHMSI, BPOKICH-
HBIE ¥ IpUOOpeTeHHbIe nehOopMalliK, PeBMaTOUIHBIN
apTput u 601e3Hb bexrepena [1—5]. 3a mociaenHee mecs-
THJIETHE B CBSI3UM C BHEIPEHNEM HAaBUTAIIMOHHBIX CUCTEM
MOBBICHIACh 3(D(DEKTUBHOCTh M 0€301IaCHOCTD 3aTHEU
WHCTPYMEHTAILHOM (bMKCAIlMM, OOHAKO M B HACTOSIIIEE
BpeMsI BOSHUKAIOT Pa3InIHbIC OCTIOXKHEHUSI, KOTOPBIE MO-
TYT HETaTUBHO TOBJIMSITH HA MCXOM XUPYPTUIECKOTO JIiede-
Hus [6].

B Hacroseit paborte mpeacTaBieH peaKuil ciaydai
MUTpalyM IITAaHTA Yepe3 YeIIyio 3aTBIJIOYHON KOCTHU
B 3amHIO0 YeperrHyio aMKy (34U51), Fossa cranii posterior,
nocie BuHTOoBOMU (pukcaumu C1—C2—C3—C4 y nanmenTa
C TpaBMaTUYEeCKUM TMOBpexXaeHeM 1o3BoHKOB C2 n C3.

KJIMHWYECKOE HABJIIOLEHWE

Hayuenm 0., 25 nem, ¢ 2018 2. noayuun msxicenyio co-
uemaHHyo mpasmy @ pe3yavsmame 00pONCHO-MPAHCHOPMHO-
20 NpoUCUieCmeas: nopedcoeHuUe 20108bl (Yuluob, cybapaxuo-
udanvHoe Kposousausnue), AUYa, epxHeulelino2o omdena
noseonounuka (nepesomst nozeornkoe C2, C3), epyouoii
Kaemku (nospedcoeHue pedep, 2eMONHeeMOmMopaKc), oproul-
HOUl noaocmu (paspuvlvl neueHu, cene3eHKu), CKeiemHyo
mpasemy (masza, aokmesoii kocmu). locnumaauzuposat
8 KpaiiHe MANCeAOM COCMOAHUU, eMOOUHAMUKA Hecma-
ounenas (A1, /AL, ... — 90/70 mm pm. cm.), na 6azonpec-
copHoil noddepicke (Hopanunegpun 0,1 mre/ke). Ouenka
no wane komwt Inazeo (ILIKI) — 8 6annos, no wikane ISS
(om anen. Injury Severity Score — wikana majcecmu nospe-
acoenuil) — 48 6annos.

Ilaunvie komnvromeproii momoepaguu (KT) wetinoeo
omaoena no360HOMHUKA: HeKAaccuguyupyemoe nogpexicoerue
C2-no380HKa, NOCKOAbKY COMEMANUCh NOBPeN’COeHUs e20 me-
Aa U Hodicek, ¢ dobasaeHueM pomayuoHH020 KOMNOHEHMA;
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noepescoerue mena C3-no36oHKa, Kaaccu@uyuposanHoe
no cucmeme AOSpine kax A4 (puc. 1). Heeponroeuueckas
ouyeHKa: deudiceHUss pyK U Hoe COXpaHeHbl, 6yab0apHulX pac-
cmpoiicme Hem.

DKcmpenHo Obiau 8bINOAHEHbI AANAPOMOMUSL, PeBU3US.
0pean08 OPIOUWIHOI NOAOCMU, CNACHIKMOMUS U OPEHUPOBAHUE
€601l nAegpanbHoll noaocmu. B maxcenom cocmosHuu nayu-
eHm nepesedeH 8 peaHuMauloHHoe omoeneHue 04s 0anbHeli-
weeo Aeuenusl.

Ilepsoe onepamuenoe ememamenvcmeo. Ilocae cmabu-
Au3ayuy cocmosiHus nayuenma, Ha 10-e cymku 6binoaHeHo
onepamueHoe emeuamenbcmeo: 3a0Hull cNOHOUAOCUHMEe3
C1—C4 8-sunmosoti cucmemoii. Onepayusi NPOwAa CO2AACHO
pecnamenmy, 6 WMamHom pexcume, 6e3 Upe3sbiuailHbiX UH-
YUOeHmo8, ¢ UCHONb308AHUEM CePMUPUUUPOEAHHBIX UMNAAH-
mamog u opueuHanbHo2o uHcmpymenmapus. laiiku 6a0xu-
POBAAUCH 8 20108KAX BUHMO8 NPU UCNOAL308AHUU CUAOBOU
OmeepmKU 04151 OKOH4AMENbHO20 OAOKUPOBAHUS, He OCHAUeH-
Holl dunamomempom. KoHmpoasHble CHUMKU nOKA3aau cma-
OUALHOCMb U AOCONOMHYIO KOPPEKMHOCHb YCMAHO8KU Me-
mannokoHcmpykuuu (puc. 2).

Ilocaeonepayuonnsiii nepuod npomekan 6e3 oca0xucHe-
Huil. Ilayuenm Obin évinucan Ha 16-e cymku 6 cO3HAHUU
(15 6annoe no IlIKI), na camocmosmensHom ObiXaHul,
€O cmabuabHOl 2eMOOUHAMUKOIL, 6e3 HeapoaoeUuUecK02o de-
@uuyuma. boiio pekomeH008aHO HOCUMb GHEULHULL JCeCMK UL
ompe3 6 meueHue 3 mec.

Ilaanoevtii ocmomp uepes 6 mec. Cocmosinue nayuenma
06110 y0081eMBOPUMENbHBIM, 6€3 0420801l HeBPOA0SUYECKOLL

cumnmomamuxu. XKanrobwi Ha 6046 6 uieiihom omadene no360-
HoyHuka: 4 6asna uz 10 no eusyanrvHolli aHan02080l wiKane
boau (BAL).

Ha KT-u3zo06paxcenusix wieiinoeo omoena no360HOYHUKA
8U3YANU3UPOBAHA HECMAOUNBHOCHb MEMANL0KOHCMPYKYUU
8 gude pazbnoxuposarus eatiku eunma e C 1-noseonke cnpa-
6a, Hecmabuavnocms eunma ¢ CI-no3eonke caesa (pacwa-
mbléanue), KpAHUaibHas muepayus 6aiKu, 3po3us Kopmu-
KQAbHOU NAACMUHKYU Yewyu 3ambli04HOU KOCMU cnpasa,
KoHcoaudauus nepeaomos nozeoukos C2u C3 (puc. 3).

Ha ocHosanuu 6vi5161eHHbIX pEHMEEHON0UYECKUX U3Me-
HeHUll — no0BUIICHOCMU NPABOI WMaHeU, Nayuermy npeono-
JCeHo yoaneHue MemanioKOHCMPYKyul, 00HaKo Om AeueHus
OH OMKA3aACs.

Iloemopnoe obpawenue. Yepes 4 2oda nocae 1-ii one-
pavuu (cnondunocunmesa) 60avHoi obpamuacs 6 Hayuno-
uccaedosamensckuil uncmumym — Kpaegyro kaunHuueckyro
ooavruyy No I um. npog. C.B. Ouanosckoeo. 3agukcupo-
8aHbl BbIpAdCEHHble 004U 8 uleliHoM omdene NO360HOYHU-
ka (7 6annoe uz 10 no BAIIl) u ¢ 3ambiiounoil obaacmu
(8 6annoe uz 10 no BAIIl), napywenue 3penus, mowHoma.
ObsekmusHo ommeueHvl 604U NPU NAALRAUUU WETHO20 OM -
dena nozeonounuka. Heaponoeuueckuii cmamyc: moiuieunas
CUNA 6 BEPXHUX U HUNCHUX KOHeYHOCmsX — 5 6anno8. B no-
3e Pombepea — ymepennoe nowameiéanue. Buinoanenue
OJuHamu4ecKux KoopOUHAUUOHHBIX NPOO € Ae2KOU UHMeHYU-
ell U HeKOMOPbIM MUMONONAJAHUEM NPABLIMU KOHEYHOCMS1-
mu. Hapywenuii ¢pynkyuii mazoevix opeanos nem. Ha-
YanbHas Kamapakma, 0ecmpyKyusi CmeKa08UOH020 meaa,

Puc. 1. lpedonepayuorHsie KT-usobpaxceHus welHozo omdena no3goHoyHuka (2018 2.): a — KopoHapHas peKoHCMpyKyus; 6 — ockonedamelii nepesomM C2-no38oHKa;

8 — 0cKo/b4amolii nepesom C3-n0380HKa; 2 — CA2UMMA/ILHAS PEKOHCMPYKUUS

Fig. 1. Preaperative CT scan of the cervical spine (2018): a — coronary reconstruction; 6 — comminuted fracture of the C2 vertebra; 8 — comminuted fracture of C3 vertebra;

2 — sagittal reconstruction
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Puc. 2. CocmosiHue weliHozo omdena no3goHoyHukKa nocne gukcayuu (2018 2.) Ha KT-uzobpaxceHusx: a — ¢uxcayus nossoxkos C1-C4 ¢ npasoli cmopoHsl; 6 — soccmaHos-
JleHuUe GHAMOMUYEeCKUX 83aUMOOMHOWeHUl U MOYKU 0nopbl; 8 — conocmassieHue omsioMkoe C2- u C3-no380HK08 Noc/ie QuKCayuu; 2-x — pacnosioxeHue 8UHMO8 8 No-

380HKax C1, C2, C3 u C4 coomsemcmseHHo

Fig. 2. Condition of the cervical spine after fixation (2018), CT scan: a - fixation of C1-C4 on the right side; 6 — restoration of anatomical positions and support points;
8 — juxtaposition of the C2 and C3 vertebrae fragments after fixation; 2—=xc — location of screws in the C1, C2, C3, C4 vertebrae, respectively

Puc. 3. KT-usobpaxceHus weliHo2o omadena no38oHo4YHUKa (Yepe3 6 Mec nocnie 1-U onepayuu): a — akcuansHas npoekyus 8 obnacmu C1-no38oHKa: onpedensiiomes packpy-
YeHHas 2aliKa cnpasa, pacwamaHHbeIl 8UHM crieea; b — pa36/I0KUPOBAHHAS U KPAHUGbHAS MU2PUPO8aswIas basKa; 8 — 3pO3us Yelyu 3amelo4HOU Kocmu cnpasa (cmpen-

Ka); 2 — YaCMUYHAs KOHCOAUOaYUs nepesioMos no3goHkos C2 u C3

Fig. 3. CT scan of the cervical spine (6 months after 1st surgical intervention): a — axial scan in the area of the C1 vertebra, loose nut on the right, loose screw on the left are
visualized; 6 — unlocked and cranially migrated rod; e — erosion of the squama of the occipital bone on the right (indicated by the arrow); 2 — partial consolidation of the C2, C3

vertebrae fractures

CAOMCHBLI Muonuyeckuil acmuemamusm oooux eaaz (OU)
8bICOKOIL CMeneHi.

Jannvie KT 201061020 M032a u welinoz2o omoeaa no3eo-
Hounuka. OmmeueHbl HeCmMAaOUAbHOCHb MEMANL0KOHCMPYK -
Yyuu — noaHoe pazbaoKuposanue 2aliku 6 20408Ke GUHMA
6 Cl-noseonke cnpasa, noaHas KPaHUAAbHAS MUPAYUSL
wWmaneu cnpaea uz 201080K 6cex GUHMO8 ¢ nepgopayueii 3a-
motrouroli kocmu 8 344, pacwamvieanue eunma 6 C1-no-
380HKE Ce8a, KOHCOAUOUPOBAHHbIe nepeaombl n0360HK06 C2,
C3 (puc. 4).

Bmopoe onepamusnoe emewamenavcmeo. Bvisenennbie u3-
MEHeHUsL NOCAYICUAU OCHOBAHUEM 0151 8bINOAHEHUSI CPOYHOU One-
payuu: yoaneHue MemaniokoHcmpyxkyuu u wimaveu uz 3451

IIposeau obuyro anecmesuto — 3HOOMPAXeANbHbLL HA-
PKO03 ¢ uckyccmeennoil eenmunayueii neekux. Ilonoxcenue
nayuenma: na xcusome. Obpadbomanu KOXCy GHMUCENMUKA-
mu. IIpodoavrvim cpedunnvim docmynom k C1—C4 daunoii ox.
12 cm ¢ ucceweHuem cmapozo nocaeonepayuoHHo2o pyoua
BbIUUAU K MEMANNOKOHCMPYKYUL. B maexux mkansax cnpasa
Had eonoskoil sunma C1 euszyaiuzuposanu ceob00HO neca-
WYI0 2alIKY — CIEPICEHb 8 20108KaAX BUHMO8 OMCYMCMBO8A.
OcmanbHbie 2ailku 6biAU 3aKpYUEHbl 8 20108KAX GUHMOG
¢ pasHolii cmenensio naomuocmu. laiika 6 eonogke sunma C4
noarocmoto paccaabnena, 6 eonoskax C2 u C3 eaiiku 3ams-
Hymbl ¢ ymepenHol naomuocmyio. Ilposeau demonmadgic
u yoanrenue ecex eunmos (Cl, C2, C3 u C4). Ilocae
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Puc. 4. KT-usobpaxcerus weliHo2o omdena no3goHo4HuKa (2022 2.): a — nepopayus Yewyu 3amelno4dHol Kocmu ¢ Mugpayueli wmaxeu 8 3adHioo Yepentyio SMKy (Fossa
cranii posterior); 6 — HecmabunsHocMe 8uHMa 8 6okoaol Macce C1-n0380HKa C/leea 3a cyem 0CMeonu3a; 8 — KoHKpecueHyus men C2- u C3-no38oHKo8

Fig. 4. CT scan of the cervical spine (2022): a - perforation of the squama of the occipital bone with migration of the rod into the posterior cranial fossa (Fossa cranii posterior);
6 - instability of the screw in the lateral mass of the C1 vertebra on the left due to osteolysis; 8 — concrescence of the C2 and C3 vertebral bodies

Puc. 5. MHmpaonepayuoHHas Mukpockonudeckas kapmuna. Busyanusupywomces:
0 - KoHey, wimakHeu; 6 — KocmHelli deghexm 8 ewye 3amblI04HOU KOCmU

Fig. 5. Intraoperative microscopic picture. a — end of the rod; 6 — bone defect in the
squama of the occipital bone are visualized

paccevenus Maekux mKanel U CKeaemupo8anust 02paHuYeH-
HO020 YHACMKA 3aMbLAOYHOL KOCIU 0OHAPYHCUAU OUCANbHYLLL
KoHey Oanku 3a npedesamu uepena Ha 2—3 mm (puc. 5).
Ocmpokoneunvim 3axcumom muna «Mockum» e3a1u cmep-
JCEHb 6 3aX6am U YOaruu KayoaabHO HANPAGACHHbIM 08U~
Jceruem 6e3 OONOAHUMENbHO2O PACUUPEHUsS. KOCIHO20 de-
gexma (puc. 6). Kposomeuenus u aukeopeu He 0bL10.
Obaracms Kocmuoeo deghekma 3amuvlao4HOI Kocmu 00pabo-
maau 60CKOM.

banka na nesoii cmopone wieu Obina NAOMHO GUKCUPO-
6aHA 2alikamu 6 20408Kax eunmos. laiiku evikpymuau, yoa-
AuAu wmawey caeea (cm. puc. 6), 3amem GbIKPYMUAU 6Ce
surmol. Kocmmvie omeepcmust 8 NO360HKAX U3-HO0 8CeX GUH-
moe 3anoanuru Koasiaeenom. OKOHUAMENbHbLI 2eMOCMa3
¢ NPUMEHEHUEM MECMHO20 2eMOCAaMU4ecKk020 Mamepuana
Surgicel Fibrillar. Ilpoéeau nocaoiinoe yuwiusanue ¢ akmue-
HbIM OpeHuposanuem onepayuortol paust no Pedony. Hano-
cuau nogasky co cnupmom. Ilpodoaxcumenvrocms onepa-
yuu — 40 mun. Kposonomeps — do 50 ma.

Puc. 6. MumpaonepayuoHHas kapmuHa ydanexHol wmakeu
Fig. 6. Intraoperative picture of the removed rod

B nocaeonepayuonnom nepuode Habawdanrace noso-
Jcumenvras ouHamuka — peepecc 601e6020 cuHopoma, ax-
musu3ayus nayuenma e 1-e cym nocae onepayuu. /s oyen-
KU pesysvmamos aeuenus gvinoanena KT eonoenoeo moszea
(puc. 7 8, 2) u weiinoeo omadena no3eoHouHuka (puc. 7 a, 6).

[Tlayuenm evinucarn 6 y0061emeopumenbHoOM COCMOSHUU
Ha 5-e cymku nocie onepayuu, nepedgueaemcs camocmos-
menvHo. Ommeuen peepecc MouwHoOmbl U 6046020 CUHOPOMA.
Pana 3axcuna nepeuunvim Hamsxcenuem. Konmpoavroe 00-
cnedoganue 60abH020 NPogeaU yepe3 3 Mec nocae OnepayulL:
2Hcanob He 6vL10, NAYUEHM BPOXOOUN AeYeHUe Y OKYAUCTA.

OBCYXEHME
IMo nannbiM B. Kiran u coast. (2016), ocioxXHeHUs,
CBSI3aHHBIE C I0P3TbHON MHCTPYMEHTAIBHOM (hrKcarmei
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Puc. 7. llocneonepayuonteie KT-usobpaxceHus: a, 6 — weliHo20 omdena no380HOYHUKG; 8, 2 — 20/108bl. Bu3yanusupyromcs: a — KOHCOUOAUUS NepesoMos no3goHkos C2,
C3; 6, 8 — kocmHbIli dehekm (cmpesika) Yewlyu 3ambl104HOL KOCMU; d—2 — 0Mcymcmeue MemaIoKoOHCMPYKUUU unu ee acmeli

Fig. 7. Postoperative CT scans: a, 6 — cervical spine; 8, 2 — head. a - consolidation of fractures of the C2, C3 vertebrae is visualized; 6, 8 — bone defect (indicated by the arrow)

of the squama of the occipital bone; a—2 — absence of metal hardware or its parts

IICITHOTO OTIea TI03BOHOYHMKA, IEJISITCS Ha IBE KaTero-
pUM: aHaTOMUYEeCKHe 1 MexaHndeckue. [lepBrie — mmoBpe-
XKIeHNE CIMHHOTO MO3Ta, TI03BOHOYHOM apTepH, a TAKXKE
HEpBHBIX KOpPEIIKOB. brioMexaHndecKne OCIOXHEHUS —
paciuiaTeIBaHUE, BEIPBIBAaHME, IIEPEJIOM BUHTOB M MUTPa-
uus wradru [7]. MexaHuueckre OCJIOXHEHUSI OOBIYHO
MIPOSIBJISTIOTCST B TIO3THEM ITOCICOTIEPAllMOHHOM TIEPUOIE
u cocTaBisioT ot 2 10 5 % [8, 9].

AHaIM3Upys TaHHBIC INTEPATYPhI, MOKHO KOHCTATH -
pOBaTh, 9TO KpaHUATbHAS MUTpays mraHry B 3YS kpaii-
He peaKoe 1 TPO3HOE OCIIOXKHEHNE, KOTOPOe TpeOyeT Cpod-
HOTO XHPYPIUUECKOTO BMEIIATEIHCTBA. BBITTOTHSISI TTOMCK
B 6a3ax manHbeIX PubMed Central u» MEDLINE, Ham yna-
JIOCh HAWT! 6 MyOIMKALIMi, MOCBAILEHHBIX JAHHOM IPO-
Oeme.

B uccnenoBanuu [7] 60JibHOMY OblLj1a BBITIOJIHEHA JOP-
3aJIbHasI AEKOMITPECCUBHO-CTAOMIM3NPYIOIIAS OIICPaLIHST
110 TIOBOAY OCCUGHMKALINK 3aTHEH MPOMOJIBHOM CBI3KU
1 MueJonaTndeckoro cuaapoma. Yepes 1,5 roma mocie
olepary Ipou3olia Murpaius mranra B 344 gepes
6oupiroe 3aTetoaHOe oTBepcTHe (B30) ¢ moBpexkneHneM
KPYITHOTO COCyIa MO3XeJKa, B pe3yIbraTe 00pa3oBajach
reMaToMa, OTeK CTBOJIa TOJIOBHOTO Mo3ra. bonrbHOIT ymep
yepes 7 CyT Imociie yaaIeHUsI METaJNTOKOHCTPYKIIHH.

OrmmucreiBaeTcs Murpanws mranru B 3494 mocie dpukca-
i C1—C2 o metommke Goel—Harms (A. Goel, J. Harms)
TUTIOIIA3UM 3y00oBUAHOTO oTpocTKa C2-1mo3BoHKa (Os
odontoideum) depe3 3 roma MocJie BBITIOJTHEHHOM OITepaliim.
MeTamIoKOHCTPYKIIS U MATPUPOBABIIIAs IITAHTa OBLIN
yIaJIeHbl C XOPOIIMM KJIMHUYeCKNM rcxomoMm [10].

B pa6ore [11] onucaH KIMHUYECKUI clTydail KpaHU-
anmbHO# Murpanmy mranTy B 3US yepes B3O uepes 4 roga
nociie pukcanmu C4 — C5 cucteMoii XappHUHTTOHA 10 10—~
Bonmy Tiepenoma-BbiBuxa C4-mo3BoHKAa. MeTaIOKOH-
CTPYKIIMS Y MUTPHUPOBABIIAS IITAHTa OBUIN yIAJICHBI C XO-
POIIMM KIIMHUIECKIM UCXOIOM.

IIpencraBieHo HabIOAEHNE MUTPALMA CTep>KHS B 3USA
yepe3 20 mec nocie pukcauun Goel—-Harms C1-C2

10 TIOBOAY TTepeioMa 3yOOBUIHOTO OTPOCTKA B cTaThe [12].
bonbHOI OT ganbHeillei orepaLuy o yaaaeHUIo IITaH-
TY OTKAa3aJICsl.

Murpauusa crepxHs B 344 yepe3 15 neT mocie BbI-
nonHenus puxkcaunu C1—C2 mo Goel—Harms 1o oBoay
pPEBMATOUIHOTO apTpuTa onucaHa B padore [13]. B atom
cIyJae MPOM3OIILI0 KPOBOM3IUSHIE B IOIyIIapue MO3-
JKeJKa M KOMIIPECCHSI CTBOJIa TOJIOBHOTO Mo3ra. MeTtajuio-
KOHCTPYKIIWSI 1 MUTPUPOBABIIAsI IITaHTa OBUTN yIAJICHEI,
BBITIOJTHEH OKIUITUTOCITIOHIMIONE3 C YAOBICTBOPUTEb-
HBIM KJIMHIYECKUM MCXOIOM.

[IpencrapisieT HTEpeC U KIIMHUYECKUI CITydail MUT-
panuu mTanru B 34U mocie gekoMmnpeccUBHO-CTabu-
Jmsupyloleit onepauny Ha ypoBHe C3—C6 110 mmosony
JIeTeHepaTUBHOTO CTeHO3a. Y TalMeHTa TT0CJIe MUTPAITUK
OTMEYAJINCh TOJIOBHBIE 001, O(DTATBEMOILIECTHSI, a TAKKE
mapes JHUIleBoro HepBa. [locie yganeHnsT METaJUIOKOH-
CTPYKILIMU 1 CTEPKHS TOJIOBHBIC OOJIM perpeccUpoOBallH,
OITHAKO HEBPOJIOTMYECKUI Ae(UITUT OCTANICS Ha TIPEXKHEM
YpOBHE 0€3 CYIIIeCTBEeHHBIX M3MeHEeHMUI [ 14].

B Hamem HabmogeHUH, TIPeACTaBICHHOM B TaHHOK
cTaThe, MUTpalys mradnTd B 3YS 6bl1a mMarHocTUpOBaHa
yepes 4 roga mociie IePBUIHOTO XUPYPTUISCKOTO BMEIIIa-
TeJIbCTBAa, HECMOTPSI Ha TO UTO IePBhIe IIPU3HAKK HECTa-
OUJIBHOCTU METAJUIOKOHCTPYKUMU ObLIA OTMEUYEHBI YK€
yepe3 6 Mec IocIIe BMEILATeIbCTBA, OAHAKO MALMEHT B TOT
MOMEHT OT IIpPEeIIOKEeHHOM orepalny oTkasaucsa. Kak
0Ka3ajJioch B MOCJICAYIONIEM, Pe3yJIbTaT IEPBOTO IIOCIIEe
oIepalliy BU3HUTA K Bpady OBLI 3aKOHOMEPHBIM U IIPO-
HUCTEeKaJl U3 HeAOTIOHNMAHMS IIPOOJIEMBI KaK CO CTOPOHBI
MaIyeHTa, Tak ¥ CO CTOPOHEI Bpada, 4TO 1 IIPUBEJIO K YCY-
ryosnennio cutyaunu. K cyacTteio, mepdopanus deperna
W MUTpalus O0aJIKM B MO3Xe4YOK HE BBI3BAJIM Y HAIIIETO
narueHTa paTaJTbHBIX OCISICTBUAM M KAKMX ObI TO HU OBI-
JIO Cephe3HBIX OCIOXHEHUI, OMHAKO TaHHOM MPOOIeMBI
MOXHO OBIJIO M30€eKaThb IIPH CBOEBPEMEHHOM 00OOCHOBaH-
HOM BMeIIaTeNIbCTBe. MiMeromuecs y malieHTa IIpooIeMbl
CO 3pEHMEM OKa3ajJUCh PE3YIbTaTOM CaMOCTOSITEIbHOM
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0(pTATBEMOJIOTMYECKOI TTATOJIOTHH, a HE CJICICTBUEM MUT-
panuu 0anku. YoajaeHue nHopogHoro Tena B 2022 T. ripe-
IYIIPEAUJIO pa3BUTHE TPYOBIX OCIOXHEHWMU (BIJIOTH
IO BO3MOKHOTO CMEPTEILHOIO MCX0a, KaK ITOKa3bIBacT
0030p JTUTEpaTyphl) U MIPUBEIO K PErpeccy MCXOMHOMU
CUMITTOMATHUKHU y rmanyerTa O.

KoitoueBble 0COOEHHOCTH, CBSI3aHHBIC C MUTpALIMCH
6anku B 341 mmocie 3amHero CHOHAMIOCHHTE3a, KOTOPHIS
ObLIM OITyOJIMKOBAaHBI pa3HBIMM aBTOpPaMM, ObLIM 0000111e-
HBI ¥ TIPOAHAJIM3UPOBAHEI HAIITUM aBTOPCKUM KOJUIEKTH-
BOM, pe3yJIbTaT IIPeICTaBIeH B Ta0. 1.

Bo3pacr mamnmeHToB, OCHOBHAS IMATOJIOTHS 1 BBITION -
HEHUE JJAMIH3KTOMUHU He MMEIOT CBSI3W C BOSHUKHOBEHM -
eM ocJtoxXHeHMs. [1pobieMa TMarHoCcTUpOBaHA B €IMHNY-
HBIX CJIy4dasiX y mauueHToB oT 13 mo 70 J1eT, KoTophie ObLIN
IIPOOTIEPUPOBAHEI 1O ITOBOAY Pa3JIMYHON MATOJOIUH,
BKJIIOYAsl TTOBPEXICHUSI MO3BOHKOB, AeTr¢HEpPAaTHBHEIC
1 IIpoYre 3a00IeBaHMs IIECHHOTO OTaeIa TO3BOHOUYHMKA.
JlaMMHSKTOMUS BBITIOJHSIIACH TOJIBKO 2 M3 7 MTAIleHTOB.
VYpoBeHb (pUKcALINK U TIPOTSDKEHHOCTh KOHCTPYKITNH pa3-
JIMYaanch. MoHOCerMeHTapHas (hMKCalns IIPUMEHSIach
y 4 maneHToB, a MpoTsKeHHas — y 3. KpaHuaapHOM TOY-
kol pukcauyu 66u1 C1-TTI03BOHOK B 4 CITy4asix, a B OCTaTb-
HBIX 3 — cybakcuaiabHast 30Ha (1mo3BoHKU C3 u C4). [1po-
HUKHOBEeHME OajJKM B IIOJIOCTh 4epera B 3 ciydasx
npoucxoauio yepe3 b30, a B 4 cnyyasax — gepe3 nepdo-
palMOHHBIN Te(eKT B UelTye 3aThIJIOYHOM KOCTH. Bo Beex
nyonukauusx, Kkpome [11], oTCyTCTByeT yKazaHue Ha TUIT
WMITIAaHTUPOBAaHHON METAJUTOKOHCTPYKIINU M KOHCTPYK-
THUBHBIE 0COOCHHOCTH YCTAHOBOYHOTO MHCTPYMEHTAPUSI.
EcTth ocHOBaHMs mosarath, 4TO IIpoOJieMa MUTpAIUN
METAJUTIOKOHCTPYKIIMK WM €€ JacTeil CBA3aHa He C XU-
PYPIrUIECKOM TEXHUKOM BO BPpeMsI BHIITOJTHEHUS TIEPBUI-
HOI oIlepalliM, a ¢ MEXaHMICCKMMU OCOOCHHOCTSIMU
cucteMBbl. Ha 3T0 yKa3eIBaloT CPOKU pa3BUTHS OCIIOKHE-
HUSI ¢ MOMEHTA oItepauu — ot 1,5 mo 15 jet (B cpemHeM
4,2 rona).

[MpramHa MuTrpanmy 0Ky, Ha HAII B3IJISI, KPOCSTCST
B aHATOMHWYECKNX U DYHKIMOHAIBHBIX 0COOCHHOCTSIX
IICHOTO OTHIejIa IIO3BOHOYHMKA, a TAKXKE B OMOMeXaHM-
YeCKHUX acTeKTaX (DyHKIIMOHUPOBAHUS B YCIIOBUSIX SKECT-
KOI (pMKCcaMu MOBPEXICHHBIX CETMEHTOB. B OOBIYHBIX
YCIIOBUSIX, TIpU HEM3MEHEHHBIX CeTMEHTaX, CT0aTeIbHO-
pasrubaTesIbHBIN 00beM IBIKCHUI B IIEITHOM OTIEIIe T10-
3BOHOYHMKA Kosebiercsd ot 10 10 25° Ha KaXIblii CETMEHT
(MmakcumyMm Ha ypoBHe C0—Cl1), a 00KOBBIe HAKJIOHBI
ot 4 mo 10° (MmakcumyM Ha ypoBHe C3—C4) [15]. Takum
00pa3oMm, LIeHBIN OTAe MPEACTaBISIET COOO0I IBYXILIO-
CKOCTHYIO TTOJIBMKHYIO CUCTEMY C KOPOTKHUM pPbIYaroM
(3a cueT MaJIBIX pa3MepOB ITO3BOHKOB) M Y3JIOM BpalllcHUS
Ha ypPOBHE TYTOOTPOCTUYATHIX CYCTABOB.

IIpu amexBaTHOM CTAOMJIM3ALIMKA TYTOOTPOCTYATHIC
CyCTaBBI OJIOKMPYIOTCSI, Pe3KO OTPaHMIMBACTCS UX ITOM-
BIDKHOCTD. B cityyae momostHeHUS 3amHel (UKcaIliy MeX-
TEJIOBBIM CIIOHAMJIONE30M ITOpaXkKeHHBIE CETMEHTHI 0J10-
Kupylorcst Ha 360°, yTto obecrmedynBaeT aOCOIIOTHYIO

CTaOMILHOCTD CUCTEMBI C MUHUMAJIbHBIM PUCKOM pa3BH-
THSI MEXaHUIECKMX OCIoXHeHu#. [1py MCKITIOUYnTETbHO
IOP3aJIbHOM CTAOMIM3AIINN U COXPaHEHUHY TTOABMKHOCTH
IHUCKOB — KadaTeJIbHbIC OBIDKCHUSI Ha YPOBHE OJIOKHUPO-
BaHHBIX CYCTABOB COXPAHSIIOTCSI, YTO IIPUBOIUT K XPOHM -
YeCKOI MOBBIIIICHHON HAarpy3Ke Ha 3JIEMEHTH PUTHIHOM
(ukcupyroIeli CUCTEMBI 1, COOTBETCTBEHHO, TTOBBIIIIACT
PUCK Pa3BUTHS MEXaHUICCKUX OCIOXHEHMI CO CTOPOHBI
METaJUTOKOHCTPYKIINH, OCOOCHHO B OTIAJICHHOM IepHOE.
B 3THX yCcIOBUAX MpHM COXpaHEHNH CTAOMIIBHOCTHU Y3JIOB
(ukcarmm (ToToBKa BUHTa — CTepKEeHb — raiika) BO3MOX-
HO pa3BUTHE OTHOTO M3 ABYX CIICHAPHEB: IIEPEIOM 3JIe-
MEHTOB METaJJIOKOHCTPYKINHU (0ajaKa WX BUHT) WU
¢dopMUpoBaHNE 30HBI OCTEOJIM3a BOKPYT BUHTA C €T0 pac-
IIaTBIBAHMEM, YTO 1 OBLJIO AMarHOCTUPOBAHO HAMM Y Ta-
mueHTta O. B oosmactu BuHTa Cl ciieBa (XOTs B 3TOit 00.1a-
CTH caMa KOHCTPYKIIMS COXPaHUJIA CBOIO CTAaOMIBHOCTD
Ha y3J1aX CBSI3H).

B caydyae crmoHTaHHOTO pa30JOKMPOBAHUSI OIHOTO
W3 Y3710B (DMKCAIlMM BO3SHUKAET CUTYaIlHsl, KOTOpast BeAeT
K CO3JaHUI0 MOABUXHOU AeMOUPYIOLIEH CUCTEMBbI
Ha OTpaHMYCHHOM YYaCTKe 1 ITOCTETICHHOMY OCJIa0JICHUIO
OCTAJIPHBIX Y3JIOB OJIOKMpOBaHM. B 310l cuTyanmm huk-
cupylolasi 6ajika 3a c4eT pa3HOHAIIPABJICHHBIX TBIDKCHUI
B IIEHOM OTAEJIe TTO3BOHOYHMNKA ITPUOOPETAECT CII0CO0-
HOCTb K IPOAOJIbHOMY MEPEMELLIEHUIO B TOJIOBKAX BUHTOB
KaMepTOHHOTO THUIIA TI0 MIPUHITUITY «Cala30K» B CTOPOHY
pa30IOKUPOBaHHOM TOUKH. CITOCOOCTBYET 3TOMY T'OJIOBKA
TOJIMAaKCHAJTEHOTO BUHTA. [10CKONBKY CYIIIECTBYET JIOPIO3
IIEITHOTO OTAENIa TO3BOHOYHUKA W BO3HUKAET MOIBUXK-
HOCTb T'OJIOBOK BMHTOB, 0ajKa HaUYMHAeT MUTPUPOBATH
TMO3TAITHO MO MIPUHIIAIY «ITOPITHEBOTO MEXaHU3Ma» WIN
«KOJIOCKa Ha namoHsx». [lepeMenieHne 0anku, Kak Ipa-
BUJIO, OMHOHAMPABICHHOEe — B KpaHMAJIbHOM HaIpaBJe-
Hun. OOBSICHEHNE TaKOM, Ka3aJIoCh ObI, «HEJIOTMIHOM»
TPAeKTOPUH MOXKHO JIETKO ITOHSITh, TJISIIST Ha (DU3UOJIOTH -
YeCK1e M3TUOBI IIEHOTO ¥ IPYIHOTO OTIAEIOB IIO3BOHOY -
HuKka. [Tepexonm ot mopmo3a (B meitHOM oTaesie) B Kndo3
(B TpyIHOM OTHEIIE) IIPH YCTAHOBJICHHOM JJOPI03UPOBAH-
HOM WM TIPSIMOM Oajike He OCTaBJISIeT eii BO3MOXXHOCTHU
MUTPHPOBATh B KaymaJlbHOM HampaBieHun. OO 3ToM Xe
CBHIECTELCTBYIOT BCE IIPUBEACHHEIC B INTEPAType KITMHU-
YeCKHe TIPUMEPHI.

TorakoBBIe IBIKEHUS OATKH ITOPIITHEBOTO THTIA B JTIO-
O0M ciIyJae IIPUBOIST K IIPUOIIKEHUIO IIPOKCUMATILHOTO
KOHIIa 0aniku K uepelry. Touka BXoma MUTPUpPYIOLIEH Oa-
KM B ITOJIOCTD Yepelra 3aBUCHUT, Ha HAIll B3IJISI, OT PacIio-
JIOXXEHMSI TOJIOBOK BUHTOB. B cilyyae MeauaabHOTO U TITy-
OMHHOTO MX PACIOJIOXKEHNS Hanbojee BEpOSITHOE MECTO
nHBarnHaumu — b30, a mipu 6oitee 1aTepaJbHOM U T10-
BEpXHOCTHOM DPACITOJIOXEHUH TOJIOBOK BUHTOB B Ueperie
dbopmupyetcs nedekT, 1 TPOHUKHOBEHME OAJIKU IIPOUC-
XOIUT 4Yepe3 Hero. Yellrys 3aTbUIOYHOM KOCTH HE CIIYKUT
CePBbE3HBIM MPETSITCTBUEM, ITOCKOJIBKY 3TO cCaMasi TOHKast
JacTh KOCTH, MMEIOIasl TOJIINHY He 0ojiee 3 MM, a Io-
CTyIIaTeJbHbIC NBWKCHUSI OaJKW MPU €CTeCTBEHHBIX
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crubaTeIbHO-pa3rudaTeIbHBIX IBMKEHUSX OTPEACIISIIOT
dopmupoBaHue niepdopanuu yeperna.

Takum oOpa3oM, IpeacTaBICHHOE HAMM KIIMHUTYIECKOE
HaOJIIoeHNe — peaKuii, HO TIpeIcKa3yeMbIid ¢ brmoMexa-
HUYECKOW TOYKHU 3peHUs ciaydail. JlaHHBIC TUTePaTyphI
CBHUIETEJIbCTBYIOT, YTO ITOMOOHAST CUTYaIMsI MOXET TIpe-
CTABJISITH YTpO3y XKM3HU IMAllMCHTA JIMINb H3peaKa,
a B OOJBIIMHCTBE CIy4YaeB SIBISIETCSI KOHTPOJIHMPYEMBIM
OCJIOXKHEHHEM, JIedeHe KOTOPOTO 3aKaHIMBaeTCs 61aro-
MIPUSATHBIM MCX0moM. HemocpencTBeHHO 3Tall yaaJeHMS
MUTPHUPOBABIICH 0aJKM HE MPEACTABIISICT TEXHNICCKOM
CIIOXKHOCTH.
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COBpEMEHHbIe NNPUHUUINDbI OKa3dHUA NMOMOLLN
[pun boeBbIX MoBpexxXaAeHUAx nepmcbepmqecmx HEPBOB

KoHTaKThI: A.W. TansopoHckmit', [1.B. Ceuctos', U.H. Ucenranues?, .M. Ucaes', C.B. KonomeHues',
Anexceit VisaHosuH N.W. Yypuos', O.A. Asepbatos', 3.10. Maneuxuit', K. A. Abakuna', M. A. Mpuitmak’,
[aiBOPOHCKNI LU X. Tusatynnmnu?, b.B. Kum-Cranuituyk'

don-gaivoronsky@ya.ru
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105094 Mocksa, locnumaneHas ni., 3

Ha kadenpe Hepoxupypriun BoeHHo-meamumHckoi akagemum uM. C.M. Kuposa paspabotaHa 1 BHejpeHa HOBas KOHLLENUMS OKa3aHusi no-
MOLLM paHeHbIM C NOBPEXAEHNAMY NeprudepruyecKmx HepBoB.

B roabl npeablayLLyX BOHHbIX KOHDMKTOB CTaHAapTHOM Oblna BbhXMAATENbHAA TaKTUKA NeYeHUs TaKWX NOCTPaAaBLLUMX. PeKOHCTPYKTVBHbIE
BMeLLIaTeNLCTBa Ha HepBaX BbIMOMHANMCL He paHee 3—6 Mec nocsie paHeHWs. 3T0 060CHOBLIBANOCH TeM, UTO HapyLUeHWe QYHKLIMM HepBa 3a-
4acTyt CBA3aHO C KOHTY3MOHHBIM MEXaHU3MOM (MO TWMY HEBPOMPAKCHM UM aKCOHOTME3NCA) M BOCCTaHOBNEHWE NMPOBOAMMOCTA MOTTIO MPO-
130MTK 6e3 onepaLmm.

3a nocnefHee aecatuneTvie B BoeHHO-MeaMLIMHCKOM aKafeMUM aKTUBHO Pa3BMBAIOTCS TaKMe MEeTOMbl HEMPOBM3Yanm3aLmu, Kak MarHUTHO-
pe30HaHCHas Helporpadus 1 yNbTpa3ByKOBOE MCCNeoBaHMe nepudepuyeckix HepBoB. VX NprMeHeHwe (cpasy No JOCTUMKEHWUM 3aKMBIEHUS
0nepaLIMOHHOM paHbl NoCsie NePBUYHOM XMPYPrMYeckoi 06paboTKK, a 151 MarHUTHO-Pe30HAHCHOM Helporpadum — nocne yaaneHus Metan-
JIMYECKVX MHOPOAHBIX TeN) B JOMOJHEHME K He BCeraa MHHOPMATUBHOM Ha paHHWX 3Tanax, HO TPaAMLMOHHO MCMOMb3YEeMON 3IEKTPOHENpO-
Muorpadmm No3BosseT NOATBEPAWTL UM UCKITIOUMTb NOSHBIM aHaTOMUYECKWIA NepepbiB HEPBHOIO CTBOMA M ONpeAenvTL natomopdonoriye-
cKylo dopMy ero noBpexaeHus. [pu coxpaHeHnn MopGONOrMYecKon LIeNOCTHOCTU HepBa paHeHOMY Ha3HauyaeTcsi KOHCepBaTUBHas
(HevpoTpodmyeckan, obesbonmBeatowasn) Tepanms. Mpy HaAMuMKM NAaTOMOPGMONOTMYECKUX M3MEHEHUIA PEKOHCTPYKTUBHBIE OMepaTvBHbIE BMe-
LaTenbCTBa Ha nepudepuyeckyx HepBax Tenepb NPOBOASTCA B paHHWe CPOKM (3—6 Hepd) nocne paHeHws. YeM paHbLue byneT BLINOMHEHO pe-
KOHCTPYKTMBHOE BMeLLIaTeNbCTBO Ha HepBe, TeM C bobLLEN BEPOATHOCTbLIO M BLICTPEE BOCCTAHOBMTCA €ro hyHKLUWA.

BaxHenwmM aneMeHToM HOBOW KOHLENLMM 0Ka3aHUsA NOMOLLM PaHEHBIM C NOBPeXAeHNAMM nepudepuyeckux HepBoB ABNSETCA TeCHOe
B3aUMOLEMCTBME MEX/1Y HEeMPOXMPYpraMu 1 HeBponoraMu, obecnedmBatoLLee NPeeMCTBEHHOCTb 0Ka3aHUs NOMOLLY Ha BCEX 3Tanax neve-
HWs. Bo-nepBbix, 3T0 NO3BONSET CBOEBPEMEHHO BbIABNATH HOMBHbIX C KNTMHUYECKUMM NPU3HAKaMM NOPaXeHWs nepudeprnyeckon HepBHON
CMCTEMbI B NOTOKE NOCTYNAIOLLIMX NALMEHTOB XMpYpruyeckoro npodumns. Bo-BTopbix, A0Ka3ano cBok 3IQOeKTMBHOCTL B Ie4eHWM HeBpona-
TW4ecKoro 60/1eBoro CUHAPOMa Y aHHON KaTeropuy NaLMeHToB Ha 3Tane A0 W Noc/e HeMpOXMPYPruyecKoro BMelLaTenbCTa. B-Tpetbux,
33 paHHMM BbINOSIHEHNEM PEKOHCTPYKTVMBHOMO BMELLATeNbCTBA CefyeT paHHee BOCCTAHOBWTENbHOE NedeHe nof, HabnioAeHreM Bpaya-
HeBposiora.

KntoueBble cnoa: boeBas TpaBMa, NOBPEXIEHWNE HEPBOB, LLIOB HEPBA, YbTPa3BYKOBOE WCCMef0BaHWe HEPBOB, OrHECTPENbHOE PaHeHWE,
HeBponaTU4ecKWit 6oNeBoM CUHAPOM, ayTOHEBPabHasA NacTUKa, ANeKTPOHeMpoMmMorpadms, MarHMTHO-pe3oHaHCHas Herporpadus
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The Department of Neurosurgery of the S.M. Kirov Military Medical Academy has developed and implemented a new concept for providing
assistance to the wounded with injuries to peripheral nerves.

During previous military conflicts, wait-and-see tactics for treating such victims were standard. Reconstructive interventions on nerves were
performed no earlier than 3—6 months after injury. This was justified by the fact that impaired nerve function is often associated with a contusion
mechanism and restoration of conductivity could occur without surgery.

In recent years, neuroimaging methods such as magnetic resonance neurography and ultrasound examination of peripheral nerves have been
actively developed at the Military Medical Academy. Their use (immediately upon achieving healing of the surgical wound after primary surgical
treatment, and for magnetic resonance neurography — after removal of metal foreign bodies), in addition to electroneuromyography, which is
not always informative in the early stages, but traditionally used, makes it possible to confirm or exclude a complete anatomical break of the
nerve trunk and determine the pathomorphological form of its damage. While maintaining the morphological integrity of the nerve, the wounded
person is prescribed adequate conservative (neurotrophic, analgesic) therapy. In the presence of pathomorphological changes, reconstructive
surgical interventions on peripheral nerves are now carried out in the early stages after injury (3—6 weeks). The sooner reconstructive intervention
on the nerve is performed, the greater the likelihood and the faster its function will be restored.

The most important element of the new concept of providing care to patients with peripheral nerve injuries is close interaction between
neurosurgeons and neurologists, ensuring continuity of care at all stages of treatment. Firstly, it made it possible to timely identify patients with
clinical signs of damage to the peripheral nervous system in the flow of incoming surgical patients. Secondly, it has proven its effectiveness in
the treatment of neuropathic pain syndrome in this category of patients at the stage before and after neurosurgical intervention. Thirdly, early
reconstructive intervention is followed by early restorative treatment under the supervision of a neurologist.

Keywords: combat trauma, nerve injury, nerve suture, nerve ultrasound, gunshot wounds, neuropathic pain syndrome, autoneural plasty,
electroneuromyography, magnetic resonance neurography
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BBELEHME

Ha ceronHsimHuMiA 1eHb OTHECTPEIbHbIE pAHEHUS TTe-
pudepruyecKux HEpBOB MPEACTABISAIOT COO0M CIOXHYIO
npo0bJieMy, COMPOBOXIAIOIIYIOCS BBICOKOI 4aCTOTOM MH-
BaJIuaAM3aLnK, KoTopas gocturaeT 10 % cpeau Bcex paHe-
HBIX ¢ 00eBOI XMPYPruyecKoi TpaBMOii. DTa KaTeropus
ITOCTPaIaBIINX COCTABIIAET IPUMEPHO 1/3 OT CAaHUTapHBIX
MOTEPb HEMPOXUPYPTUUECKOTO MpOoduJisi, TpU 3TOM B CO-
BPEMEHHBIX JIOKAJIbHBIX BOOPYXXEHHbBIX KOH(DJIMKTAX YUCIIO
pPaHEHbIX HEMPOXUPYPIUUECKOTO MPOdUJIs UHOTIA TOCTH-
TaeT TPETU OT BCEX CAHUTAPHBIX ITOTEPb.

B roasi I1epBoit MUpOBOI BOMHBI IOBPEXICHUS HEP-
BOB ObUIM OTMeueHHI y 1,2—4 % moctpanaBimux. CTosb
HeOOoJIbIIasl BCTPEUYaeMOCTb 3TOTO BHIa TPaBMbl OObSICHSI-
€TCSl HU3KUM KauyeCTBOM IMAarHOCTMKW B CaMOM Hayaje
XX B. B mepuon Bennkoit OteuecTBEeHHO BOITHBI ITOBpPE-
XKJIEeHWsI HEpBOB BCTpeyanuch y 4—13 % paHeHbIX B 3aBH-
CUMOCTH OT (hpoHTa M BUJa OOEBOI NESITETbHOCTH.
Bo Bpems Boiinbl B Adranucrane (1979—1989) srort mo-
KazareJib Kosebascs B rpenenax 3,7—9,8 %. B nokaabHbIX
BOOPYXKeHHBIX KoH(pMKTax Ha CeBepHOM KaBkaze yacto-
Ta MOBPEXKACHUN TepuepuIeCKNX HEPBOB TOCTUTANIA
11-12 % [1-3]. B ycnoBusix BeaeHust 6OEBbIX AEHCTBUIA
OTHECTpeJIbHbIE pAHEHUSI KOHEYHOCTEN C TTOBPEXIEHUEM
HEpBOB IIPeo0JIagaioT Hall OCTAIBHBIMU (POpMaMU TPaBM.
B nonoBuHe ciyyaeB OHU MPOUCXOASIT OAHOMOMEHTHO
¢ nepeaomamu Kocreit, B 10—25 % — ¢ paHeHUsIMU COCY-
noB KoHewHocTeil [4, 5]. [To nanueiM A.B. Tonyaposa,

B 4 BOOpY:KEHHbIX KOH(PJIMKTAX, B KOTOPHIX y4acTBOBaja
Hatia ctpaHa ¢ 1979 mo 2008 1., moBpeXneHNs KOHSTHO-
cTeil HabII0JAIMCh IIPUMEPHO Y MOJOBUHBI PaHEHbIX.
[1pu 3TOM OrHeCTpesbHbIE IyJIeBbIe U OCKOJIOYHEIE PaHe-
HUSI B KQ4eCTBE MPUYMHBI TIOBPEXIECHUSI COBOKYITHO CO-
crasisia 80—85 % [6]. Heckombko npyroe COOTHOIIEHME
MPUYMH OTMEYAETCS HAMU B IIOC/IeAHEE BpeMsi: 1-e MecTo
JIEJIST MEXIY CO0OI OTHECTPeIbHbIE OCKOJOYHbIE M MUH-
HO-B3pbIBHbIE paHeHUs. Jlajiee CIeAyIOT IyJeBble paHe-
Hus1, 60eBble 1 MUHHO-B3PbIBHbIE TPABMBI.

ITo matepuanam Benukoit OTeuecTBEeHHOI BOMHBI,
HaunboJIee YacTo TpaBMUPYIOTCsI JIydeBoii HepB (15,6 % Bcex
MOBPEXIEHUIT HEPBHBIX CTBOJIOB), ceganuiHbiii (14,9 %),
noktesoii (10,7 %), mano6epnosblii (9,4 %) 1 cpemMHHBII
(8,2 %) nepsnl [7]. 1o nannsiM E.J1. AnekceeBa, B JI0KaJib-
HBIX BOOPYKEHHBIX KOH(JIMKTaX KOHLIa XX — Hayaja
XXI B. yacToTa MOBpPEXAEHUI pa3IUYHbIX HEPBOB ObLIa
CHeAyIolIeil: cenanIHbIii HEPB — 25,8 %, JIydeBOil —
24,7 %, nneuyeBoe cruiereHue — 20,6 %, JIOKTEBOI HEPB —
15,5 %, cpenuunblii — 16,5 %, manobepuosbiii — 7,2 %,
GosbiedepLoBbiii — 3,1 %, 6eapennbiii — 1 % [1].

C MOMeHTa HayaJjia CIleLIMajIbHOM BOEHHOM OIepalun
Ha YKpanHe ObLIO YCTAaHOBJIEHO, YTO HanboJjiee 4YacTo Mo-
BPEXIAIUCh JIOKTEBOI U Jy4eBOIl HEpBbl (IIPUMEPHO
mo 20 %), nanee — cpenuHHbIA (17,2 %), cemaanIIHBINA
¥ Maj100epLOBbIiA (IIpruMepHO 110 13 %), 6oJibiieOepLOBbIit
(7 %) HepBbl, 11e4eBoe cruieTeHue (6,3 %), MBIIIEYHO-KOXK-
Hblit (2,5 %), 6enpennsbiii (1 %) HepBbl. Takum o0pa3oM,
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Ha HepBbl BEPXHUX KOHEYHOCTEH MpUXoauTcst 66 % TpaBM,
YTO IIPUMEPHO COOTBETCTBYET COOTHOIIICHMIO, XapaKTep-
HOMY [UISI MUPHOTO BPEMEHH.

Iemn ncenenoBanmst — Ha OCHOBE TOCTYDKEHUIA TTOCTICI -
HEeTO IeCATUICTHUS B IMarHOCTUKE U JICYCHUY TpaBMaTIIe-
CKUX HEBpOMNaTHii c(hOpMYIMPOBATh IPUHIINITEI OKa3aHUST
ITOMOIITY paHEHBIM ¢ 00€BBIMU TPaBMaMU HEPBOB.

MATEPWAJTbI N METOLbI

B uccnenoBaHue BKIIIOYeHbI paHeHbIe (99 % — MyK4u-
HBI) ¢ 0OCBBIMM MOBPEXKICHUSIMH MepU(PepUIeCKIX He-
PBOB, TIOJTyYaBIIIMeE JICUCHNE B HEUPOXNPYPTUISCKUX U HE-
BPOJIOTUYECKUX OTAcIeHMSIX BoeHHO-MeTUIIMHCKOMN
akagemny uM. C.M. Kuposa, [71aBHOro BOeHHOTO KJTMHU-
yeckoro rocnurtanst uM. H.H. Bypaenko. Bo3pact moctpa-
JABLINX BapbupoBai oT 18 1o 65 net. [IpumeHsnch cie-
IYIOIINEe WHCTPYMEHTAIbHBIE METOIBI MCCICHOBAHMUSI:
anekTpoHeiipomuorpadus (DHMI), yaprpa3sBykoBoe
nucciegoBanme (Y3M), MarHUTHO-pe30HAHCHASI TOMOTpa-
¢usa (MPT), kommsrotepHas Tomorpadus (KT), peHTreHo-

rpacdus.

OBCYXIEHME

CrrentmaibHast BOGHHAS OIlepalus IoTpedoBaia pas-
PabOTKM M BHEAPEHUS] HOBOI KOHIICTILIMM OKA3aHMS T10-
MOIIM PaHEHBIM C MOBPEXICHUSIMU TTepUpEpUICCKIX
HepBoB. CTaHIAPTHOM TAKTUKOM JICUSHMS TAaKMX ITOCTPa-
JIABIIMX B TOIBI TIPEIBITYIINX BOCHHBIX KOH(IMKTOB ObLIa
BBDKUIATENIbHASI. PEeKOHCTPYKTUBHBIC BMEIIATEIbCTBA
Ha HepBax BBITOJIHSUIMCH B CPOKM He paHee 3—6 Mec mmocjie
TpaBMBI 10 (DaKTy OTCYTCTBHSI perpecca CUMITOMATUKU
IMocjie 3aXXUBJICHHUS paH. DTO OOOCHOBBIBAIOCH TEM,
YTO HapyIIeHne (PyHKIINK HepBa ITOCIe paHeHUS 3a9acCTyI0
00YCITOBJICHO KOHTY3MOHHBIM MEXaHIU3MOM 1 BOCCTAHOB-
JICHHE ero paboTOCIIOCOOHOCTH MOTJIO MPOU30UTH 6e3
orepanuy. Takoit TOaAXoa MMeeT psiT HeIOCTaTKOB:

* Vyckaertcs BpeMs IUIsl peKOHCTPYKIIUH CTBOJIAa HepBa
1, KaK CJICICTBUE, TOCTUTAIOTCS XYAIINe (PYyHKIINO-
HaJIbHBIEC PEe3YJIbTAThl BCJICACTBUE aTPO(N MHHEPBH -
PYEMBIX MBIIIIII, PA3BUTHSI KOHTPAKTYP U T. II.

* VINIMHAETCS BOCCTAHOBUTEIBHBIN TEPUON JICUCHUS,
YTO UMEET COITNATbHO-9KOHOMNYECKHE TTOCIICACTBHS,
a B BOGHHOE BpeMsI, KOTZIa OCHOBHAsI 3aa9a MEIALIIH-
CKOM CITy>KOBI 3aKJTI0YaeTCS B CKOPEHIIIeM BO3Bpallie-
HUU BOSHHOCIYXKAIIETO B CTPOI, JTaHHAsT KaTeTOpUs
IMAIlMEHTOB HEPEIKO OTHOCUTCS K O€3BO3BPATHBIM Ca-
HUTAPHBIM TTOTEPSIM.

* PanHSS peKOHCTPYKIIMSI HepBa IIPEIOTBpAIaeT BO-
BJIEUEHUE €Tr0 B pyOLIOBBIN IpOLIECC, UTO CO3AAET 0O-
JIee OJIAaTONPUSATHBIC YCIIOBUS [IJISI BOCCTAHOBJICHUS.

» IIpoBeneHue HeBpoaM3a, yaaaeHUE UHOPOIHBIX TEJ
U3 HEPBHOTO CTBOJIA CITOCOOCTBYIOT ITPOMIIAKTHKE
pa3BUTUS KOpTUKaIM3alMu O0JIEBOrO CUHApOMA,
¢dopmrpoBaHUS BHYTPHUCTBOJBHBIX HEBPOM.

Takum 06pazom, Mpu MOCTYIJICHUM PaHEHOTro 00Jib-
IIoe 3HaYeHNE MMeeT Bepru(pUKaIus XapakTepa paHCHUS

HEPBHOTO CTBOJIa C TPUMEHEHUEM JOCTYITHBIX METOIOB
IMarHOCTUYEeCKUX McciegoBanuii. HoBas koHIenmusa
BKJIIOYAET U3MEHEHWEe NPUHILIUIIOB JMAaTHOCTUKHU, BBI-
06opa J1eueOHOM TaKTUKHU U TTOCJIEONEPallMOHHOTO BeJe-
Hus paHeHbIx. CoBpeMeHHbIE MPUHIIATIBI TUaTHOCTUKHA,
OMepaTUuBHOTO M KOHCEPBATHUBHOTO JIEUEHUSI, DBAKy-
a1 MOCTpagaBIINX ¢ 00eBOi TpaBMOII TTepudepude-
CKOI HEPBHOI CHICTEMBI BHEIPSIOTCS BO BCEX TOCITUTAJISAX
MwuHo6opoHbl Poccuu mog MeToguyecKUM PYyKOBOI -
CTBOM cTielIiaancToB BoeHHO-MeIUIIMHCKOM aKageMuu
M. C.M. Kuposa.

OUATHOCTUKA

B cootBeTcTBIM ¢ «KITMAMYECKUMY PEKOMEHIALTUSIMI
MO AMATHOCTUKE U XUPYPTAUECKOMY JICUEHUIO MTOBPEXKIE-
HUIA 1 3a00eBaHMiT eprudeprudecKoii HepBHOM CUCTEMBI»
B KaueCTBE CTaHJAapTa IMAarHOCTUKU YKa3aHO CJIEIYIOLIEe:
«JIlmarHo3 mopaxkeHus nepudepudecKoil HepBHOM CUCTe-
MbI CTaBUTCS B MEPBYIO ouepelb HA OCHOBAHUM KJIWHU-
YeCKUX JaHHBIX. JlonmomHuTenpHbIe nccinenoBanms (DHMI,
Y3U, MPT, KT) TOIbKO YyTOYHSIOT CTEIIEHDb MTOPAKCHUS
U ero JIoKaIn3anuo» [8].

DekTpoHeiipoMuorpadus ToKHA pacCMaTPUBATHCS
B KQueCTBE «30JI0TOr0 CTaHJAApTa» B AMAarHOCTUKE OOEBBIX
TMOBpeXIeHniT eprudeprdeckx HepBoB. OMHAKO ee BhbI-
TTOJTHEHNE B TIEPBBIC 2 Hell C MOMEHTA PaHEHUS B OOJIBIIMH-
CTBe clTydaeB HeMH(OpPMaTUBHO. B pekoMeHmamsx Bpad-
HEBPOJIOT JOJKEH OTMETUTb CPOK BBIMOJIHEHUSI 3TOTO
WCCIIeAoBaHUs — depe3 14 cyT, b0 110 3aKUBICHUIO OT-
HecTpeJibHOM paHbl. [IpruuyrHaAMKM OTCPOUYEHHOTO MTPOBEE-
HUS WCCIIEA0BAHUS SIBJSIIOTCS HEAOCTOBEPHOCTh JAHHBIX
OHMI B nepBble HelleM ITOCIE TTOBPEXXACHYS HepBa BBUIY
MPOJOJIKAIOLIMXCS SIBJIEHUI BaJJIEPOBCKOM AereHepauuu
[9]; HamMuMe TTOBSI30K HA OTHECTPEJIBHOM paHe, MperIsiT-
CTBYIOILIMX YCTAHOBKE 3JIEKTPONIOB; YCUJIEHUE UHTEHCUB-
HOCTU 60J1€EBOr0 CUHAPOMA, OCOOEHHO TPHY BbINOJHEHUU
nronpyaToit SHMIL

OCHOBBIBasICh Ha UMEIOIIEMCSI MAaCCUBE KIMHUYIE-
CKMX HAOJIOAEHMI MallMeHTOB C OOEBBIMU TMOBpPEXIE-
HUSIMU TiepudeprudecKuX HepBOB, KOHTpoJbHass DHMT
TOCJIe OIIepaTUBHOTO BMeEIIaTeIbCTBA HEMH(OpMaTUBHA
B nepBble 6—9 Mec mocie pekoHcTpykuuu. HecMorps
Ha BUAUMYIO TOJOXUTENbHYIO AUHAMUKY, BOCCTAHOB-
JIEeHUE YYBCTBUTEJbHOCTHU, MOSBJEHUE CUJIbI MBIIIIII,
WUHHEPBUPYEMbBIX MOPaXE€HHBIM HEPBOM, pacCIIMpPSIIO-
1eicsa 30Hbl MOJIOXUTEIbHOTO cuMIToMa TUHHENS,
ODHMTI B mepBbie MecSIIIbl AEMOHCTPUPYET HEYTOBIIET-
BOPUTENIbHBIN pe3ynabraT. OTCYTCTBUE KIMHUYECKOU
MOJOXUTEJIbHOU AUHAMUKU WM MPU3HAKOB BOCCTAHOB-
JIEHUSI MPOBEAEHUSI HEPBHBIX UMITYJIbCOB MO JaHHBIM
DHMI gepe3 9 Mec TTociie peKOHCTPYKIIUM MOXKET CITy-
KUTbh MOKAa3aHUEM IS TOBTOPHOTO ONEpaTHBHOIO BME-
11aTeJbCTBA HA HEPBHOM CTBOJIE.

3a mmocienHee necATwIeTHEe B BoeHHO-MeUIIMHCKOM
aKaJeMUM aKTMBHO CTAJIU IPUMEHSITh TaK1e HEUMPOBU3Y-
aJIM3allMOHHbIE METOJbl TMarHOCTUKM, KaK MarHUTHO-
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pe3oHaHcHas Heliporpadus (MP-ueitporpadpus) u YU
nepudepruIecKux HEPBOB KOHETHOCTEIA.

IIpumenenne MPT y nmoctpagaBiinx ¢ TpaBMaMMu IijIe-
YEBOTO M ITOSICHUYHO-KPECTIIOBOTO CIUIETCHUI B KIIMHUKO-
JAaTHOCTIYIECKOM KOMIUTEKCE TTO3BOJISIET OLICHUTD YPOBCHD,
CTeIleHb U MPOTSKEHHOCTh aHATOMUIECKUX M3MEHEHUI
B HEPBHBIX CTBOJIAaX, a TaKXKe BBIPAXXEHHOCTb (prdpo3a
TKaHei. OgHako pe3ynbsratel MPT, o0beKTUBUPYS (haKT
ITOBPEXXICHNUS HepBa, He TTO3BOJISTIOT CHIEIaTh 3aKITI0UCHIE
00 00paTUMOCTH TTOpaXXeHUST HEPBHBIX BOJIOKOH. K mpe-
nmyiiectBaM MPT ciemyer oTHeCTH HEMHBA3WBHOCTH
HUCCIICIOBAaHUSI M OTCYTCTBHE JIydeBOIl HArpy3Ku; IIpO-
THUBOMOKA3aHUEM SIBJISICTCS HAJIW4YME Y IMOCTPaZaBIINX
MeTaJUIMIECKNX KOHCTPYKIINIA 1 THOPOIHBIX Tell. K orpa-
HuuyeHusIM npumeHeHus1 MPT cienyet oTHeCTH HE3HAYM-
TEeJIbHOE pa3JInire MPU BU3YaIU3aUKM MEXIY CTBOJIOM
HepBa M OKPYKAIOIIUMM TKaHSIMU, 4TO 3aTPYIHSICT MHTEP-
npeTranuio pe3yasratoB. Takke mpyu MPT BHyTpucTBOJIb-
HBIE TTATOJIOTUYECKIEe M3MEHEHNST HepBa KpaitHe TPYIHO
g depeHINPOBaTh C TOYKU 3pEHUS] JaJbHEUIITNX TTPO-
LIECCOB pereHepalvii 1 OMpeneIeHUSI TAKTUKH JICUYCHMSI.
s aydireit BUsyaamsalliy MOBpeXIeHNH TTeprudeprye-
CKHMX HEpPBOB KOHEYHOCTE HEOOXOIWMO MCIIOIb30BaTh
ToMOTrpadbl ¢ MHAYKIIKeH MarHuTHOTO 1ojisg 3 Tir, Koro-
pble Ha CETOMHSIITHUI AeHD BCE eIlle He MMEIOT IIIMPOKOTO
pacnipoctpaHenus [10—17].

3a BpeMsI IPOBEICHMUS CIICIINATbHOM BOCHHOM OIepa-
iy M P-Heliporpadus Haluia cBoe IpMMEHEHHE y Orpa-
HUYEHHOTO YKCJIa PAaHEHBIX C MIOBPEXICHUSIMU TTeprde-
PUYECKUX HEPBOB, He IMpeBbIiaooiiero 7 % ot o01iero
KOJIMYECTBa, TaK KaK y OOJBIIMHCTBA U3 HUX MMEJNCH
MeTajaanyeckue umHopoaHbie Tena. Ilpu aTom OGolee
YeM B ITOJIOBMHE CITy4aeB OTCYTCTBOBAJIM KIMHUYECKUE
ITOKAa3aHMUS 1T MX yOaIeHUS (pacIIoIoXeHNe B HEITOCPe -
CTBEHHOU OJIM30CTH OT KPYITHBIX COCYIIOB, THOIHBIN ITPO-
1ecc B 00J1aCTH MHOPOMTHOTO Tejla M JAp.). TpeM ImamnueH-
TaM, KOTOPLIM BbIMoJHeHHne MP-Heliporpacduu ObLIO
abCOJTIOTHO TTOKA3aHO KaK aJibTepHATHBA PEBU3NOHHOMU
SKCIUIOPATUBHOI Ollepalii, eIMHUYHbBIC MTHOPOIHBIC Te-
JIa TIpeIBapUTEIbHO YIAISUINCHh B CBSI3W C HEOOXOIM-
MOCTBIO IIPOBEICHMUSI JAHHOTO METOa TMAaTHOCTUKMN.

HecMmoTpst Ha BEITIIETIEpeINCIIEHHBIE 0OCTOSITEIBCTBA,
cJIemyeT OTMETUTD Ype3BbIualiHyIo 1ob3y MP-Heliporpa-
UM B TMarHOCTHKE TTOBPEXKICHUI TIJICIeBOTO (0OCOOCHHO
TPaKLMOHHOTO) U TTOSCHUYHO-KPECTIIOBOTO CILIETCHUIA,
KPYITHBIX HEPBOB HIDKHUX KOHEYHOCTE B 00JIACTH Ta3a.
B 55 % cny4aeB ee BbIIIOJIHEHKE TIO3BOIMIIO BO3AEPKATh-
CsI OT TPAaBMAaTUYHOM PEBU3NH B PAaHHEM IIEPHUOIE TPABMBI
HepBa. Y BceX NaleHToB Ipy Hamman D HMI -kapTuHBI
ITOJTHOTO 3JIEKTPO(MHU3NOIOTMIECKOTO 0JI0KA ITPOBEIACHMS
OBUIO OTMEUYEHO OTCYTCTBHE I'PYOBIX ITaTOMOp(OoIornye-
CKHUX M3MEHEHM (33 MCKITIOUEHNEM HEOOIBIIIOTO JIOKAThb-
HOTO OTe€Ka HEPBHOTO CTBOJIA). M3ydeHre KaTaMHe3a Tiep-
BbIX 00CJIeJOBaHHBIX IOATBEPAMIO MNPaBUIbHOCTH
BBIOpAaHHOM BEDKMAATEIIPHON TAKTUKHU — y BCEX ObLIA OT-
McUeHa IOJIOKMTEIbHASI TMHAMWKA, Y HEKOTOPBIX —
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BIUIOTH JIO TTIOJTHOTO BOCCTAHOBJICHUS (PYHKIIUN KOHETHO-
ctu. [Ipu 3TOM MonTBepKIeHUE TPyOOro TPAKIIMOHHOTO
TMOBPEXICHUS TIJICIEBOTO CIUIETCHUs (0OCOOCHHO B COYe-
TaHUM C OTPBIBOM KOPEIIKOB OT CIIMHHOTO MO3ra) W
AHATOMHWYECKHI TIepephIB KPYITHBIX HEPBOB B 00JIaCTH
Ta3a IO3BOJISIET OIIPEISIIUTh TIOKA3aHUSI K paHHUM OIlepa-
TUBHBIM BMEIIIATEJIbCTBAM: HEBPOTHU3AIMN JTUOO PEKOH-
CTPYKLIHMU.

VibTpa3ByKOBast AMarHOCTHKA TIPY TpaBMaX HEPBOB —
TIPOCTOM M ITOCTYITHBIN METON BU3YyaIU3allii, KOTOPHIA
MOXET BBISIBUTh aHATOMHYECKYIO IISJIOCTHOCTh HEPBHOTO
CTBOJIA ¥ TIPEAOTBPATUTh BHITIOTHEHIE PEBU3NOHHOM OTIe-
panuu. YyBCTBUTEIBHOCTh U CHEIN(PUIHOCTD 3TOTO
METONIa B BBHISIBJICHUM ITOBPEXKICHUI MeprdepuIecKux
HEPBOB cocTaBisioT 93,6 1 68,2 % coorBercTBeHHO. ToU-
HocTb Y3U mocturaet 86,4 % nipu ypoBHE JIOKHOOTPHUIIA-
TeJIbHBIX U JIOXKHOIIOJOXUTEIbHBIX OTBETOB 6,4 1 31,8 %
COOTBETCTBEHHO. TakuM o0pa3oM, ob1ast MHPOpMaTUB-
HOCTB 3TOTO METO/A B BBISIBJICHUH TTOBPEXKICHMI ITeprde-
pUUYECKNX HEPBOB KOHEYHOCTEM, COCTaBIISIONIast O0ojee
85 %, m03BOJISIET paCCMATPUBATh €r0 B KA4eCTBE Beaylle-
TO, CIIOCOOHOTO BHU3yaJIM3MPOBATh XapaKTep MOBPEXKIIe-
HUsl. Y3U 10CTOBEpHO BHIBIISCT pa3IndHbBIe (DOPMEI T10-
BpeXIeHNI TMepudeprnIecKnX HEepPBOB KOHEYHOCTEIA:
TIOJTHBIN WJIM YaCTUYHBIN aHATOMUYECKUI TIEPEPBIB, TPY-
Oblc BHYTPHUCTBOJIBHBIC U3MEHEHUS IPU TPAKIIMOHHOM
XapakTepe TpaBMbI, BHYTPUCTBOJIbHBIC TeMAaTOMBI, CIaB-
JICHe HEpBHOTO CTBOJIA MHOPOIHBIMU TEJIaMM, IIJIaCTH-
HaMU JIJIs1 OCTeOCUHTe3a, pyouamu. Hanbomblas nuarHo-
crrdeckas 3¢ dexkTuBHOCcTh Y3U ¢ ToyHOCTHIO 88,3 %
OIIpeaesIsIeTCSI IPU ITOJTHOM aHATOMMYECKOM TIepEephIBE
HEPBHOTO CTBOJIA. DTOT MeTOI Takxke 3(pDeKTuBeH IpU
KOHTpOJIE TIpollecca KOHCEPBATUBHOTO JICUYSHUS TTOBPE-
XKICHUN TieprheprnIecKX HEPBOB KOHEYHOCTe. B mmocte-
oreparimoHHOM niepuone Y3M 1mo3BosieT BBISIBUTH KakK
paHHUeE, TaK ¥ TTO3THME OCIIOXHEHMS OIepaTUBHBIX BME-
maTenbCTB Ha HepBax [10, 18, 19].

I1pu 6oeBBIX TTOBpEXXACHUSIX HEPBOB Y3 BBINOTHS-
IOT Cpa3y MocCJie 3aKUBJICHUSI OTHECTPEIbHOM paHbl (Ha
5—7-e CcyTKM TOCJIE HaJIOXCEHUS BTOPUYHBIX IITBOB).
Kak mmpaBujio, mpu OTCYTCTBUM MAaCCHUBHOTO pa3pyIICHUS
MSITKHX TKaHEeH WM YCTAaHOBJICHHBIX allllapaToOB BHEITHE
(uxcaunm 3To cooTBEeTCTBYET 14—21 CYT HAXOXAEHMS T1a-
MeHTa B XUPYpPrudecKoMm cTammoHape. MckimoueHnem
SIBJIICTCSI HAJTMIME BEIPAXKCHHOM HEBPOIATUIECKOM OO
B IIPOEKIINH 30HBI MHHEPBALINY CKOMITPOMETHPOBAHHBIM
HEPBHBIM CTBOJIOM, HE MTOAIAIONIEHCS KYITMPOBAHUIO KOH-
CEepBAaTUBHBIMU METOIAMM JICUCHMSI.

OnTUMaIbHBIM OPTaHU3AIIMOHHBIM BapMaHTOM MBI
CcUMTaeM IPOBeeHNEe TaHHOTO MCCIIeIOBaHUS OTHOBpPE-
MEHHO 2 CITeIIMaJIMCTaMK: BpadyoM YJIETPa3BYKOBOM Auar-
HOCTHKH (CHEIIMATNCTOM, TIPOIIEAIINM o0ydeHre o Y3U
nepudeprnIecKnx HEPBOB) U HEIPOXUPYPIOM.

ITpu MaccoBOM ITOCTYIUICHUH PaHEHBIX B CTAIlOHAD
1esiecoo0pa3Ho YCTaHOBUTH (DMKCHUPOBAHHBIE THU HEIETN
W BpeMs TIpOBEICHHS MOTOOHOTO CKPUHUHTOBOTO
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nucciegoBanmsi. C yaeToM 00beMa ITOCTYITAIOIIETO ITOTOKA
B HaIlleit KIIMHUKE JOCTAaTOYHBIM OBIIIO Ha3HAUYCHME 2 THEH
B HeJieo 1o 2—2,5 4. OMBITHBIM ITyTEM YCTaHOBJIEHO, UTO
3a 5TO BpeMsI TUarHOCTUYECKasl OprUTrama MOXeET ITPOBECTH
obcnenoBanue 10—15 paHEeHBIX COOTBETCTBYIOILETO ITPO-
bus.

Pentrenorpadusa m KT KOHEYHOCTH BBIITOTHSIOTCS
cpasy II0cJie MOCTYIUICH!SI PAaHEHOTO B XUPYPTAYCCKUIA
crauoHap. Ob6a mccireqoBaHUS HEOOXOMUMBI JUIST OTIpe-
IIeJICHUST TTIOKa3aHWil K 9TaITHOMY OCTCOCUHTe3y. B mmar-
HOCTHKE TIOBPEXACHUIM TTeprudepruIecKNX HepBOB PEHTTE-
HOJIOTMYECKNE METOABI MMEIOT BTOPUYHOE 3HAUYCHUE,
3a MCKJTIOUYEHNEM CITydaeB ITOMCKAa MHOPOIHBIX TeJl, BHE-
JIPEHHBIX B HEPBHBIN CTBOJI MJIM KOMITPUMUPYIOIINX €TO.

OKA3AHWE MOMOLLM HA 3TANAX MEOULIMHCKON

IBAKYALMN

Ha mepBUYHEBIX 3Taniax MeIUIIMHCKON 3BaKyalluy dy-
arHOCTMKA OCYIIECTBIISIETCS UCKITIOYNUTEIbHO HAa OCHOBE
OIICHKY KJIMHMYECKOI KapTHHBI TOBpeXIeHNST HepBa. Orie-
paTHUBHBIE BMEIIaTeJIbCTBA Ha HEpBe A0 dTala Crielain-
3UPOBAHHON MOMOIIM HE BBIMOJHSIIOTCS, 32 PEAKNMU
HUCKITIOUeHUSIMH,, KOTOPbIE OTcaHbl Hike. OnTHMaIbHbIE
YCIJIOBMSI IS JIEUEHUSI TIOCTPAJABIINX C TTOBPEXKICHUSIMU
nepudepruIecKx HePBOB KOHEYHOCTEI CO3IaI0TCS B CITe-
IMAIM3UPOBAHHOM CTallMOHApPEe, OCHAIIIEHHOM aIlliapaTy-
PO 111 MHCTPYMEHTAIbHOM TUArHOCTUKU, COOTBETCTBY-
OIIUM XUPYPTUYECKUM WHCTPYMEHTapUeM, MMeolIeM
B CBOEM COCTaBe CIELMAINCTOB, CIIOCOOHBIX ITPOBOINTD
TOYHYIO TMarHOCTUKY CTETIEH! Y BUIIA TIOBPEXXACHUS HEPB-
HOTO CTBOJIA M BJIAACIOIINX TEXHUKOM PEeKOHCTPYKTUBHOMN
MUKpOXUpypruu. [TOmbITKM TTPOBOAUTL BOCCTAHOBUTEIb-
HbIE OTlepallii Ha HepBaxX B HeCHEINAIM3UPOBAHHBIX CTa-
LIMOHapaX (TPaBMaTOJIOTMUECKIX, OOIIEXUPYPIIICCKIX, Ha
9Tane OKa3aHUs KBAIM(PUIIMPOBAHHON XUPYPruIeCKOM
TTOMOIIIN ) YpEBATHI OOJIBIIIMM KOJIMUECTBOM BPa4eOHBIX OITIH-
0OOK U CYIIECTBEHHBIM YXYAIIIEHUEM UCXOA0B JICYEHUSI.

IlepBas n noBpadyeOHasT ITOMOIIb 3aKJII0YAEeTCS B OCTa-
HOBKE KPOBOTEUYEHMS, HAJTOXEHUM TOBI3KM Ha paHy,
obecIie4yeHUM TPAHCIIOPTHOM MMMOOMIM3AINN TTOBpe-
XIEHHON KOHEYHOCTH, 00€300JMBAaHUU C IOMOIIBIO
aHAJIbTETUKOB.

I1epBast BpaueOHas ITOMOILb OKA3bIBAETCSI IO OOILIUM
MpaBWIaM JIijisl paHEHBIX B KOHEYHOCTh. KOHTPOJIb paHee
HAJIOKEHHOTO XTyTa, TPOBOAHUKOBAST WK YTIasipHast
HOBOKaWHOBas 0JI0Kaaa, BBeieHe aHTUOMOTUKOB, CTOJIO-
HSIYHOTO aHATOKCWHA, KOHTPOJIbL HAJIOXKEHHOI Ha paHy
MOBSI3KM, TPAHCIIOPTHAS UMMOOMIN3alsI KOHEYHOCTH.

ITocne okazaHus MepBoOii BpaueOHOI TTOMOIIM paHe-
HBIX 3BaKyUpYIOT IS OKa3aHUST KBaAU(PUIIUPOBAHHOMI
MMOMOIIIM, KOTOpasi OCYIIECTBIISIETCS MO HEOTIOXHBIM,
a TIpM 3a7epKKe 3BaKyallu — M CPOYHBIM MOKA3aHUSIM.
IMockonbky okoJ10 25 % paHeHuii neprudepuyecKux Hep-
BOB COIPOBOXKAAIOTCS MOBpPEXIeHNEM JJIMHHBIX TpyOUa-
TBIX KOCTeH, a B 15 % — moBpexaeHrneM KPYITHbIX COCY/IOB,
3HAYUTEIbHAs YacTh paHEHBIX ¢ HapylleHueM (YHKIIUU

neprudeprnIecKuX HEPBOB MOIIEKAT OIePaTUBHOMY BMe-
111aTEJbCTBY 10 MOBOAY JOMUHUPYIOIIETO MOBPEXICHUS —
KpoBOTeUeHUs 1/ vim niepeomMa [20].

[lepBuyHas xupyprudyeckast 0opadoTKa BBITOTHSIETCS
10 OOIIIMM IIPUHIIUIIAM IS pAHCHBIX B KOHEYHOCTB. B x0-
Iie Hee He CIIeAyeT 3aHMMAaThCS TIPeIapupoBaHNeM TKaHeH
C MeNbI0 OTHICKATh KOHIIBI ITOBPEXICHHOTO HepBa
I YOSIUTBCS B €T0 1IeJI0OCTHOCTH. Ecii B Xome omnepanuu
Ha cocyzax 00HapyXUBaeTCs MOBPEKICHHBIN /TIepeceYeH-
HBII HEPB, TO LIEHTPAILHbIN 1 TepudepUIECKUil ero KOH-
bl IT0 BO3MOXHOCTHU CONMIKAIOTCA W YKJIAIBIBAIOTCS
B «CBeXeM» MBIIIIEYHOM JIoKe. HeT HUKaKMX OCHOBaHUI
IJIS OCTaBJICHWS Ha KOHIIaX HepBa KaKUX-JIMOO METOK
(u1BeTHBIX HUTEI). B cirygae oOHapyXeHUsI LIEHTPAJIEHOTO
¥ TiepruepuIeCKOro KOHIIOB ITOBPEKICHHOTO HEPBA XM-
PYPT MOXeT HAJIOXWUTh HABOISAIIUI SITMHEBPATbHBIN 1ITOB
(3—4 y310BBIX IIIBA MOHO(MJIAMEHTHOM HUTHIO TMAMETPOM
4/0—5/0). Llenpro TaKO# IPOLIEAYPHI SIBISIOTCS COMMKE-
HIUE KOHIIOB ITOBPEXIECHHOTO CTBOJIA W MPOQIIaKTHKA
¢dopmupoBaHUs OONBIIOrO nracTasa. Eciam conmocTaBUTh
KOHIIBI ITOBPEXICHHOTO HEPBa HEBO3MOXKHO, TO UX YKJIa-
IBIBAIOT W MPMKPBHIBAIOT CHAPYXU MITKUMU TKaHSIMU
(MBITIILIEH, TTOMKOXKHO-XIUPOBOIT KJIETIATKO).

B ciygae MaccuBHOTO pa3pylieHUs MSITKUX TKaHEH,
HaInpuMep IIpYU MIHHO-B3PBIBHOM paHEHUH, TIPY BBISIBIIC-
HUW HEPBHOTO CTBOJIA, JIEXKAIIIETO HA IIOBEPXHOCTH PaHBHI,
€ro YKPBIBAIOT JIOCKYTOM U3 XKUPOBOM MJIM MBIIICYHOM
TKaHU. DTO HEOOXOIUMO IIJISI TOTO, YTOORI B TaJbHEHIIIEM
Ha TIOBEPXHOCTH HEPBHOTO CTBOJIa HE (DOPMUPOBAINCH
TPaHYJISIINN.

Omnepanus IepBUYHON XUPYPrudeckKoit o6paboTKu
3aBepIIaeTcs 1o O0IIMM TpaBmwiIaM. KOHEYHOCTh UMMO-
OMIM3UPYIOT B MOJIOKECHUHM, YMEHBIIAIOIIEM HATSDKEHUE
MOBPEXIEHHOTO HEPBHOTO cTBOMA. PaKT 0OHAPYKCHMUS
B paHe MOBPEXICHHOTO HepBa U (MJIM) HAJIOXCHUS CUTY-
AIIMOHHOTO IIIBa IOJDKEH OBITH 0053aTEIbHO OTpakKeH
B MEIUIIMHCKOI TOKYMEHTAIIUMN.

Bce paHeHBIe ¢ TOBPEXICHNSIMU HEPBOB, TUATHOCTH -
POBaHHBIMH Ha 3Talle OKa3aHWS KBaJIU(UIIMPOBAHHON
TIOMOIIIHY, TTOMIJIEXKAT JaJTbHEHIIe 3BaKyalliy Ha 3TaIl CIie-
LIMaIM3MPOBAHHON MOMOIIM ISl OTIpeAesieHMs] TOKa3aHUI
K OTCPOYCHHBIM PEKOHCTPYKTUBHBIM OITCPALIMSIM.

Brimeyka3aHHBIE TTOCTYIAThI OKAa3aHMS IIOMOIITN pa-
HEHBIM C IOBPEXICHUSIMI HEPBOB Ha ITEPBUYHBIX STaIlax
MEIUITMHCKOM 3BaKyaliuy c(hopMyIUPOBAHbI M OITMCAHBI
ele HalrMMK BeJiukumMu Yuutenasamu: K.A. [puroposuuem,
Bb.A. Camorokunbim, A.H. ComomunbsiM, E. 1. YcaHoBbIM,
®.C. ToBennko, E.JI. AnekceesbiM [1, 4, 5, 21-23]. C He-
OOJIBIIMMHU M3MEHEHMSIMU OHU OBLIM PEeTPaHCIMPOBAHBI
B HOBEMIIIE YKa3aHUs U PYKOBOACTBA IO BOGHHO-TIOJIE-
BOM xupypruu [24].

JIEYEBHASA TAKTUKA U JTOTUCTUYECKWE NOTOKK

HA 3TANE CNELMANIU3NPOBAHHOI NOMOLLN

IToce mpoBeneHMs paHHEH IePBUIHON TNATHOCTUKH
MOXHO BBIICINTDH HECKOJIBKO TPYITI pAHCHBIX.
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1. PaneHble, He HyXOAIOIIMECS B PEKOHCTPYKTUBHOM
BMEIIIATEIBCTBE B pAHHEM IIePHOJIE.

[Mpy HamMUIMM KIMHUYIECKON KapTUHBI HEBPOIIATHU
1 oTcyTcTBUM JaHHBIX Y3U mmm MPT o nmoBpexneHun
HepBa WX TpPyOOM ITepMHEBPAIBHOM PYOIIOBOM IIpoliecce
MMaIMeHTy PeKOMEHIyeTCsT ITPOBEICHNE KOHCEPBAaTHBHOTO
JIedeHUsI MO0 o Hab ioaeHeM Bpada-HeBpoJIoTa, TM00
HEIOCPEICTBEHHO B HEBPOJIIOTMIECKOM OTIeaeHNH. B pe-
KOMEHIAIMSIX HEHPOXMPYPT YKA3bIBAET LIEJICCOO0PA3HOCTD
ITOBTOPHOTO OCMOTpa ¢ BhITIOTHeHeM Y3U HepBa uepes
1,5—2 Mec IIpu OTCYTCTBUM TOJIOKUTEILHOM TMHAMWKHI
OT TIPOBOIUMOTO JieueHUs. [1o HammM naHHBIM, U3 O0IIe-
ro YKMcjia IepBUYHO OOCIeMOBAaHHBIX MAIIEHTOB B 3TY
rpyiiy nonanu 38 % paHeHbIX ¢ KIMHUYECKOM KapTUHOMI
HeBponaTuu. Ha TOBTOPHBINM OCMOTP BEPHYJIUCH IIPH-
MepHO 1/3 U3 HUX, mpudeM y OOJIBIIIEeI YaCTH OTMEUYCH
ITOCTETICHHBIN perpecc HeBpoJIormueckoro aedummra. OT-
CpPOYEHHOE OITepaTUBHOE BMEIIATEIbCTBO IO UTOTaM I0-
BTOPHOTO OCMOTpa ObLIO MPEMAI0XEHO 25 % MalueHTOB
(meHee 10 % oT 0011ero YKciia NauueHTOB 3TOM IPYIIbI)
B CBSI3H C TIOSIBJICHHEM I'PyObIX pyOII0B, KOMIIPUMHPOBAB-
X HEPB, OTCYTCTBOBABIIIMX WX CJTA00BBIPAXKEHHBIX ITPU
IIePBOM MCCJICIOBAaHNU; BHISIBIICHHONW OOKOBOI MIIM BHY-
TPUCTBOJbHOM HEBPOMOM, 3aHUMAIOLLEN TTOJIOBAHY ILIO-
11131 TTONEePEYHOro CEYEHUsI HEPBHOTO CTBOJIA WJIK DoJiee.
Orrepartryis gaiie OrpaHIINBaIach HAPY>KHBIM HEBPOJIN30M
¢ 00s13aTeIPHOM ITepUHEBPAIBPHON NMITPETHAITAEH TTPOTH-
BOCIIACYHOTO TeJis B KOHIIE BMEIIATeIbCTBA. JlabpHelnee
BelleHHEe OOJIbHBIX OCYILECTBIISIIIOCH IO CXeEME, YKa3aHHOM
IIJIST BTOPO¥ TPYIIIIBL.

2. PaHeHBIe, HYXXIamoIIecs: B peKOHCTPYKTUBHOM OITe-
pauun B paHHeM nepuoge (54 % ot Bcex o0cieno-
BaHHBIX).

K 3Toii TpyIIre MBI OTHECIM BCE CIyJar ITOJTHOTO aHa-
TOMMYECKOTO TIepephiBa HepBa, YACTUIHOTO aHATOMIYE-
CKOTO TIepephIBa, B OCHOBHOM C IOBpeXICHUEM 0oJjiee
TTOJIOBMHBI TUIOIIAIN TIOTICPEYHOTO CEUCHHSI HepBa, MHTpa-
HEeBPAJIBHOTO MJIN MTapaHEBPAIIBHOTO PACITIOIOKEHUS MTHO-
POIHBIX TE€J, CIABJIEHUS HEpBa pyOLIOM, MEXMBIILIIEYHBIMU
reMaToMaM#, KOCTHBIMUA OTJIOMKaMH WA (popMupy-
foleiicss KOCTHOM MO30JIBIO, TUTACTUHOM TSI HAKOCTHOTO
OCTEOCHHTE3a, OTPhIBA KOPEIIKOB OT CITMHHOTO MO3Ta
BCJICACTBHE TPAKIIMOHHOTO TToBpekaeHus. [1o atnonornu
TTOBPEXICHMS BO 2-1 TpyIIIie MAallMEHTOB IIPEBaINPOBAJIN
OTHeCTpe/IbHbIE OCKONIOYHbIE (46 %) 1 MUHHO-B3pPbIBHEIE
(42 %) panenust. OrHecTpesibHbIe MyJIeBble PAHEHUSI SIBU-
JINCh TIPUYMHOM HEeBpomnaTuu Bcero B 8 % ciryyaeB. OcraB-
muecs 4 % NpUILLIMCh HA MMHHO-B3PBIBHYIO 1 OOEBYIO
TpaBMY.

OnruMaIbHBIM CPOKOM BHITIOJTHEHUS OIEPAaTUBHOTO
BMEILIATENbCTBA TIPU TAKUX MOBPEXIEHUSIX Mbl CUMTAEM
1—2 Hep mocje MEepBUYHONM TMATHOCTUKU — depe3 5—7
IHEH 1mocie HaJIOKeHUST BTOPUYHBIX IITBOB, Cpa3y IOCe
yIOaJICHWS arlapaToB BHEITHEH huKcamy. MakcruMalIbHO
pPaHHSAS PEKOHCTPYKIINS CYIIECTBEHHO YMEHBIIAET IIPO-
JOJDKUTEbHOCTh CTallMOHAapHOro JieueHus. [Ipu Takoit
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TaKTUKE CIEAYyeT TaKXKe OXHUAATh YBEJIMYCHUS YaCTOTHI
0JIATOIIPUATHBIX KCXOIOB M YMEHBIIIEHUSI CPOKOB BOCCTa-
HOBJICHUST (DYHKIIMM TTOBPEXKIEHHOIO HEPBHOTO CTBOJIA.
YeM paHblire OymeT BBHITIOJTHEHO pEeKOHCTPYKTUBHOE BME-
IIaTeJIbCTBO HAa HEPBE, TeM C OOJIbIIeil BEPOSTHOCTHIO
¥ OBICTpEe BOCCTAHOBUTCS eTr0 (PYHKITHS.

[penBapuTebHbINi aHAIN3 IIPOLLIEAIIETO ToAa PA0OTHI
TOKa3aJI, YTo HanbdoJjee YaCThIM BApUAHTOM OIIepaTUBHO-
TO TIOCOOMST SIBWJICSI MUKPOXUPYPTUUECKII STTMHEBPATh-
Hblit 1I0B — 44 %, nanee ciemyet HeBposu3 (Bcero 36 %,
U3 HUX BHeUIHUI — 28 %, BHEIIHWUI U BHYTPEHHUI —
8 %), ayroneBpanbHas miactuka — 17 % (B 96 % ciyua-
€B B KauecTBe ayTOTpPaHCIIAHTAaTa MPUMEHSIINCH ONMH
Win 06a UKPOHOXHBIX HEPBa, B4 % — MennalbHbIE KOX-
HBIC HEPBHI IIJIeYa W IIPEIIICTbs, [IOBEPXHOCTHAS BETBb
JydeBoro Heppa), HeBpotusausi — 3 %. [NpumepHo 1o
10 % omnepauuii 3MIMHEBPATILHOIO 1lIBA U ayTOILIACTUKHI
BBITTOJTHSUIMCH TIPY YACTUIHOM aHATOMHUYECKOM TIePEPhIBE
I10 TUIY «4€MOJAHHOI PYYKU» C BBIIEIEHUEM U COXpaHe-
HUEM MHTAaKTHBIX YIaCTKOB HEpBa.

B nomassttoniieM OOJBITMHCTBE CIIydaeB TEXHUKA OITe-
pPaTUBHOTO BMEIIATEILCTBA OblJIa CTAHAAPTHON U ACTaIb-
HO oIucaHa B MPOGUIbHBIX PYKOBOJACTBAX [0 XUPYPIUMU
nepudeprnyeckoii HepBHOM cucTeMbl [21, 25—28]. UHTpa-
ollepallnoOHHAs TIpsIMast SJIEKTPOCTUMYJISIIIUS HepBa IIPH-
MEHSJIaCh Ha BCeX omepanusx. MHTpaomepalmoOHHBIN
MOHUTOP 1eocTHOCTH HepBa (NIM 3.0) mcmonb3oBajcs
B PEIKMX CIyJasiX YaCTUHYHOTO aHATOMHUYECKOTO TIepephIBa
U HeTloJTHOTO HapyieHus ¢pynkunu. Kaxmas 2-s1 onepa-
LIS COITPOBOXIAIACH VABTPa3ByKoBoM (Y3) acCUCTEHIIN -
ei1. UnutpaonepanornHoe Y3U no3Bosisiiio BU3yaau3upo-
BaTh HEPBHBIN CTBOJI B TPYOBIX pyOIlax, 4YTO YCKOPSIIO
¥ 00JIerJajIo JOCTYI K HeMy. B ciyJasix BHyTpHCTBOJIBHO-
TO TTIOBPEXICHMS YCTAHOBKA Y3-IaTUNKa HEITOCPEICTBEH-
HO Ha SIIMHEBPUIA CITOCOOCTBOBAJIA JIYUIIICH BU3YaTU3aIlAN
MHTpaHEeBPAIBHBIX CTPYKTYP M, COOTBETCTBEHHO, ITO3BO-
JisTa OTIpeneUTh HanuboJjee TTOAXOMSIIINI IS KaXIOoTro
TOBPEXKICHUS OTIEPATUBHEIN TIPHUEM.

OnepaTUBHBIC BMEIIATEILCTBA 3aKAHIMBAIHN TIEPU-
HEBpaJIbHOU alTUIMKAIIeH TTPOTUBOCIIACYHBIMUA KOMIIO-
3unusIMU. B TiepBbie MecsIibl HaMu TTpuMeHsuicsa Oxy-
plex/AP, B mapHeliIIeM MBI TIepeIIA Ha OTeYSCTBEHHBIN
npenapaTt Me3oreb.

[Tpu HeBpoIM3e MMMOOWIN3ALINS KOHEYHOCTH HE BBI-
MOJTHSJIACH: TTAIIMEHTaM PEKOMEHI0BAJIach 00JIee paHHSIS
aKTUBU3ALMS — Cpa3y 0 KYIIMPOBAHMIO TTOCICOIICPaLIM-
oHHoi1 6ou. [TarmeHTaM, IMepeHeCIIMM ayTOHEBPAIBHYIO
IUTACTHKY, B OOJIBIIMHCTBE CIyJ9aeB TAKKe HE IPUMEHSITH
MMMOOMIN3aIINIO, TaK KaK JUIMHA ayTOTpaHCIIJIaHTaTa
Ha 10—20 % npeBbliiliajia BeIMYUHY UMeBILLIErocs aedexra
HEPBHOTO CTBOJIA. BHIIIOTHEHNE MUKPOXUPYPTUUECKOTO
SIMHEBPAJIBHOTO IIBa TPeOOBAJIO 00E3ABIKMBAHUS KO-
HEYHOCTH B MOJIOXKEHHNH, CIIOCOOCTBYIOIIEM COTIKEHUIO
KOHIIOB CIIIMTOTO HepBa, HAa CPOK OKOJIO 3 HEJl C TOCIIEAy-
FOIIMM ITOCTEIICHHBIM ee pasruoanuem (10—15° B 2—3 oHs).
[urIcoBBIC TOHTETH HAMM ITPAKTUYECKH He TIPUMEHSUINCH
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(3a UCKITIOYEHUEM CITydaeB CTMOaHMS B JIyde3aIsICTHOM
cycrtaBe). 151 BepxHei KOHEUHOCTH TOCTaTOYHBIM OKa3a-
JIOCH HOLIIEHWE KOCBIHKHY C AOTTOJTHUTEIbHOM (puKcalmein
JIy4e3arsiICTHOTO CycTaBa OMHTOM K IIiee B BUJIE BOCbMEP-
Ku. JIJIst HYDKHEW KOHEYHOCTH (IIPY IIBE CEeNaIUIIHOTO,
0OJTBITICOEPIIOBOTO, OOIIETO MaJIO0EPIIOBOTO HEPBOB) TIPH-
MEHSIINCH OPTE3HI.

ITpuMepbl HETUITMYHBIX BApUAHTOB BBLITTOJTHEHUS
OIEPATUBHOTO ITOCOOUS CIeayeT MIPUBECTU B OTIETbLHBIX
CTaThIX, TMOCBIIIEHHBIX 3KCKIIIO3UBHBIM KIIMHUYECKUM
ciry4asiM. ABTOPBI CUMTAIOT ITEPCIIEKTUBHOM TEXHOJIOTHIO,
aKTMBHO NpHMeHsemMylo B Helipoxupypruyeckom LieHTpe
Il1aBHOTO BoeHHOTO KimHM4Yeckoro rocrivranst um. H.H. Byp-
neHko u 413-m BoennoM rocniuraiie B Bonrorpane: onHo-
MOMEHTHYIO PE€KOHCTPYKLMIO HEPBHOTO CTBOJIA U CYXO-
XKUIBbHO-MBIIIEYHYIO TPAHCIO3ULIWIO TIPU TSKEIBIX
noBpexaeHusax [29—31]. Takoii mogxon obecrieunBaeT 3a-
MEHY yTpayeHHBIX (PYHKLIMI BO BpeMs pereHepaluy He-
pBa, TEM caMbIM CITOCOOCTBYSI MPOMPUIAKTUKE Pa3BUTHUS
KOHTPAKTYPHI, 1 TTO3BOJISET N30eTraTh JUIMTEIbHOI BHEIII-
Hell uMMobunn3auuu. B citydae oTCyTCTBUSI KIIMHUKO-
3JIEKTPOGU3NOTOTUIECKON PEMHHEPBALIMN MBIIIIIL CYX0-
XKUJIbHO-MBIIIIEYHAs TPAHCIIO3UILINS KOMITIEHCUPYET MX
(YHKILIMIO B TOCTATOYHOM 00beMe, IBIISISICh B HEKOTOPOit
CTETIEHU «CTPaXOBKOM» IPU Pa3BUTUU HEOOPATUMBIX M3-
MEHEHUM.

Bcem nmarieHTam 2-ii rpyImibI ¢ HOBPEKIEHEM KPYITHBIX
HEPBOB HIDKHUX KOHEYHOCTEN OCYILIEeCTBIIsIach Mpodu-
JIAKTUKA TPOMOO3MOOINUECKIX OCJIOKHEHUI B COOTBET-
CTBMY C KIIMHUYECKNUMHU PeKOMEHIAISIMA Y CTaHAapTaMU
[32]. ¥V 1 manmenTa no pe3yasrataM Y3-nonrieporpadun
BO BpeMsI TIpeAoNepaliOHHOM TUarHOCTUKY ObLT BHISIBIIEH
GraoTUpYIOMIMiA TPOMO ITOIKOJIEHHOM BEHbBI, YTO ITOTPEO0-
BaJIO YCTAHOBKHU KaBa-(WILTPA M OTJIOKUIIO PEKOHCTPYK-
TMBHYIO oniepanio Ha 2 mec. Emie 2 manueHTa ¢ AmarHo-
CTUPOBAHHBIMU TPOMOO3aMM BEH HMKHUX KOHEYHOCTE
OBUIM TIepeBelleHbl Ha JieYeOHbIE 1036 AHTUKOATYJITHTOB
U TIPOOTIEPUPOBAHBI Yyepe3 1 Mec mocjie BOCCTAHOBIIEHUS
MMPOXOINMOCTU BEHO3HBIX KOJJIEKTOPOB.

Nudexuust 061acTu XMpypruyeckKoro BMellaTe1bCcTBa
oTMmeueHa B 2,3 % cilydaeB, YTO He IPEBHILIAET OMUCAH-
HYIO YaCTOTY pa3BUTHS 3TOTO OCJIOKHEHUS TP «UUCTHIX»
(1,5-6,9 %) n «ycnoBHO yncTeIX» (7,8—11,7 %) panax [33].
C rHOMHBIMM OCJIOXKHEHMSIMU YIAJIOCh CIIPABUTHCS YCIIOB-
HO KOHCEpBAaTUBHBIMU METOJAMMU JIEUeHUST O€3 BBITIOTHE-
HUS paguKalbHOI caHMpylollel onepauu. [IpumepHo
y 3 % paHeHBIX, KaK MPaBMIO, MTOCJIE BMEIIATEILCTB Ha
HIDKHEN KOHEYHOCTH JMAarHOCTUPOBAJach ITocieonepa-
LIMOHHAs cepoMa. Bo Bcex cimydasix ¢ 3TUM OCJIOXKHEHUEM
yIIaBaJIOCh CITPABUTHCS B KOPOTKME CPOKM KOHCEPBATUB-
HbIMM MeTofamu. B 2 % cinyyaeB uepe3 1—2 mHs mocie
BBITTOJTHEHHOTO PEKOHCTPYKTUBHOTO ONIEPATUBHOTO BME-
IIaTeILCTBA ObIJIa AMAarHOCTHPOBaHA MOCIIEONIepallMOHHAs
remMaToma 0O0JbIIOro o0beMa. TaKuM MaluueHTaM BBITIOJ-
HSJIOCH TTOBTOPHOE ONEpPaTUBHOE BMEIIATENILCTBO IO €€
sBaKyaunu. Bo Bcex ciydasix BU3yanan3npoBaHo nuddys-

HOE UCTEeYEeHUE KPOBU U3 pyO1I0BOI TKAaHU, OKpYXalollei
HepB. J10CTaTOYHO BBICOKYIO YACTOTY BCTPEYAEMOCTH 3TO-
TO OCJIOXKHEHMUSI TIPY OIepaLiusiX, BEITOJIHEHHbBIX B pAHHUE
CPOKM, MbI CBSI3bIBAEM C HE3aBEPILIEHUEM TPOLIECCa aHTU-
oreHe3a ¥ (D)OPMUPOBAHMUS TTOJTHOLIEHHBIX CTCHOK COCYIIOB
B pa3BUBaIOLIECs pyOlLIOBOI TKAaHU, TPOBEAEHUEM MPO-
GWIAKTUKY TPOMOOSIMOOIMIECKUX OCIIOKHEHUM C HC-
TOJIb30BaHMEM HU3KOMOJIEKYIISIPHBIX TeIIapuHOB. Y 3 ma-
LIMEHTOB B CPOKHU OT 1 10 15 gHeil mocie BMelaTeabCTBa
ObU1 IMAarHOCTUPOBAH Pa3pblB SMMHEBPAILHOIO 1IBa. Bo
BCEX CJIyyasix 3TO BCTPeUaOoCh Ha HEpBaX HUXKHUX KOHEYU-
HocTeli (y 2 60JIbHBIX — Ha CENAIMIITHOM, y 1 — Ha o01IemM
MaJIoOepIIOBOM) M CBSI3aHO C CAMOCTOSITETLHBIM CHSITUEM
opTe3a 00JIbHBIM B HapyllieHre pekomeHaauuii. [loarsep-
XaeHre haKkTa pa3phiBa I1Ba OCYIIECTBIISIIOCH ITO JaHHBIM
KoHTpoJibHOTO Y3 U HepBa. Bee 3 mamyenTa ObIIn peorre-
PUPOBAHBI C BLITTOJTHEHUEM ayTOTLJIACTUKH.

Ha 5—10-e cyTkm mocie onepaTUBHOTO BMelIaTeb-
cTBa 00JbHBIM C MUKPOXUPYPTrUUE€CKUM STUHEBPATbHBIM
IIIBOM TTpOBOIMIOCHh KOHTponbHOe Y3U. Llenecoobpas-
HOCTb €ro BBINOJHEHMSI B TeueHUe 1-ro Mecsla Imnocie
orepaluu y MalreHTOB ¢ HEBPOJIU30M U ayTOIIAaCTUKOMN
HaM TIpeICTaBSIETCSI COMHUTENIbHOM, 32 UCKIIIOYEHHEM
cJlyyaeB IMarHOCTUKY FeMaToM.

KoHcepBaTtrBHasi BOCCTAaHOBUTE/bHAS TEpATUS HAYM-
Hajach ¢ 1-X CyTOK 1ocJie ornepalum elie B HeMpoxupyp-
TUYECKOM CTallOHape (TUIepbapmyiecKkas OKCUTCHAIINS,
BUTAaMHUHOTEPAINs, MHTUOMTOPBI XOJIMHACTepassl). [1pu
OTCYTCTBHMH OCJIOXKHEHUI Ha 3—10-¢ cyTKM mocire omnepa-
LIMM paHeHbIE NEPEBOAMUINCH B HEBPOJIOTUUYECKOE OT/IEJIEHUE,
rze cpa3y HauYMHaIMCh MEPONIPUSITHS paHHEl peaduanTa-
M1, KOHCepBaTUBHAA (HelipoTpodryeckas u 00e3001m-
Balollasi) Tepanus, NpeacTaBJeHue Ha BOEHHO-BpaueOHY10
sKcneptusy. BaxHoii cocTaBisitolnieil Obl1 paHHUI nepe-
BOJI [IPOOTNIEPUPOBAHHBIX MALIUEHTOB B HEBPOJIOTMYECKOE
OTAEJIEHUE B MAKCUMAJIbHO JOMYCTUMBIE TIO XMpypruue-
CKMM MOKa3aHUSIM CPOKM, YTO CIOCOOCTBYET paHHEMY
Hayajly BOCCTAHOBUTEILHOTO JIEUeHMUSI MO HAOII0AeHUEM
Bpaya-HeBpoJiora. Takast JoOrMcTrKa Mo3BoJInIa COKPAaTUTh
BpeMsI TpeObIBaHUSI PAHEHOTO C TPAaBMAaTUYECKOM HEBPO-
naTueil B HeHpOXUPYyPruIecKoM cTarmoHape 10 14 cyt —
rnoka3zareJsib, HEIOCTUXKUMBIM 3a rofibl TPEAbIAYIIINX BOEH-
HBIX KOH(IMKTOB U B MupHoe Bpemsi [11, 17]. Bonee Toro,
MPOIOKUTEIbHOCTh TOCMUTATU3AUU B HEUPOXUPYPIY-
YEeCKOM OTAEJEeHNU Moria Obl ObITh elle MeHblue. [lna-
HOBBIC OITepaTUBHBIC BMEIIATEIBCTBA (2 XUPYPIUs HEPBOB
MPaKTUIEeCKN BCETIa BBHIIIOIHSICTCS IUIAHOBO) YacTO OT-
KJIaIbIBaJMCh WU MEPEHOCUIUCH B CBSI3M C MAcCCOBBIM
MOCTYIUIEHUEM PAHEHBIX, HY>KIAIOIIUXCS B OKa3aHWUM DKC-
TPEHHOU WJIM HEOTJIOXHOW MOMOIIH.

KonTtponbHOe o6ciienoBaHue ¢ BhIToJIHeHneM Y3U
HepBa Ha3HAYACTCST BCEM TTOCTPAIaBIINM 2-1 TPYIIIIEI Ye-
pe3 6—9 Mec 1mocJie BBIIMCKU U3 CTallMOHapa.

3. HemHoroumcieHHass, HO camasl CJIOXHasI JUIsT Kypa-

LMW TpyIIa — paHEHblE C HEKYMHUPYEMbIM HEBPO-

NaTAUYEeCKUM 00JIEBBIM CUHAPOMOM.
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K »T0ii rpymnie OTHOCKUIN NOCTPaAaBIIMX C MHTEH-
CUBHOCTBIO HEBPOIATHUIECKOTO 0OJIEBOTO CHMHAPOMA
7—10 6GanynoB 1Mo UUPPOBON PEeHTHUHTOBON IIKaje
(Numeric Pain Scale, NPS-11), umerommnx pe3ucTeHT-
HOCTB K TPaAUIIMOHHBIM CXeMaM KOHCEePBAaTHUBHOTO JIe-
YeHMS U KOTOPBIM TPeOOBAIOCH peryIsipHOE IIPUMEHE -
HMe HapKoThyeckux aHanbretukoB [34]. Cioma Xe
MOXHO OTHECTU PAaHEHBIX C aMITyTUPOBAaHHBIMU KOHEY-
HOCTSIMH M HEKYIHPYeMBIMH (haHTOMHBIMHU OOJISIMH.
[Ipu 1eyeHWM MALIMEHTOB 3TOU TPYIIIBI ITPUMEHSIJICS
KOMIUIEKCHBIH ITOIXO0 C IPUBJICYCHUEM HE TOJIBKO He-
BPOJIOTOB U HEHPOXMPYProB, HO U aHECTE3MOJIOTOB.
Hx mons B 001IeM IMOTOKeE MAllIEeHTOB ¢ HEBPOIIATUSIMU
(1 IekcomaTtusiMu) coctaBuiia npumepHo 8 %. I1o mo-
paXXeHHBIM HepBaM 2/3 IMPUIILIOCH HAa CeOaJIUIITHBIN
HepB (Kak mpaBMIO, OOIbIIeOepIIOBasl MOPIIUS) U €TO
KpyIHBIC BETBH, 1/3 — Ha CpeIMHHBIN HEPB U IJICYCBOE
CILIETEHUE.

HeBpomnaruueckuii 001eBO CHHAPOM pa3HOI MHTEH-
CHBHOCTH TIPM TPaBMAaTHYECKOM ITOPAKEHUHU TLICYEBOTO
CIUTIETEHUSI, CPEAMHHOTO, CEIATUIIIHOTO 1 OOJIBIIEeOePIIO-
BOTO HEPBOB IIPMCYTCTBOBAJ Y OOJBIIMHCTBA MALIMEHTOB
elle ¢ MOMEHTA MOCTYIICHUSI B XUPYPTUUECKHIT CTaIlM-
OHap, Y OCTaBIIICIHCS YaCTH Pa3BUBAJICS B IIEPHOI CTAIIM-
OHapHOTrOo JiedyeHNsA. HeoOXoaMMOoCTh TIpUBICICHUS HE-
BpoOJIOTa K KypalliM MAIllieHTOB C MHTEHCUBHBIM 0OJIEBBIM
CHHIPOMOM BO3HHMKaJIA, KaK IIPAaBUIIO, TT0 MEPE PEIICHUS
XUPYPTrUIEeCKOM IIPOOIeMBI — B TIEPUO, KOTIa paHa HauM-
HaJla 3aKUBaTh, a 00JIEBOI CUHIPOM, BOIIPEKH 3TOMY, ITPO-
JTOJDKAJI COXPaHSThCS, a THOTIA MMeJT TCHASHITNIO K Hapa-
cranuo. UMeHHO pedpakTepHBIi K CTAaHIAPTHOM Teparin
HEeBpOMAaTUYECKUI OOJIEBOM CHUHAPOM B YaCTH CIIyJacB
ITO3BOJISIT AMATHOCTUPOBATH TPABMATUICCKOE TTOPaXKEeHIE
neprdeprdecKoil HepBHOM cucTeMbl. HampoTus, y yactu
MMAIleHTOB C TPaBMAaTUYECKUMU HEBPOIIATUSIMU, TIPOTE-
KaImMH 0e3 001eBOro CUHApPoMa (JIy9eBOIt, TOKTEBOIA,
MaJIOOEpIIOBEI HEPBHI), MOpaXKeHHNe MeprudepuIecKoit
HEPBHOI CHUCTEMBI B OOIIEXUPYPTUUCCKUX OTIHCICHUSIX
OCTaBaJIOCh IJIUTEILHO HEPAaCTIO3HAHHBIM M THATHOCTH -
POBAJIOCH 3HAYUTETHHO ITO3XKEe, HEPEIKO TOJIBKO Ha CIIEy-
IOIIMX 3Tarax OKa3aHWsI MeIUITMHCKOM momotn. Hanbo-
JIee 9acTo IS JICYSHUS] HEBPONATHIECKOro OOJIEBOTO
CHHApPOMA B XMPYPIUIECKUX CTAllMOHAPaX, IOMUMO Tpa-
IUIIMOHHBIX HECTCPOUIHBIX IPOTHBOBOCIIAIUTEIHBHBIX
IpernapaToB, MPOCTBIX M HAPKOTHYECCKUX aHAJBICTUKOB,
AHTHUIETIPECCAHTOB CMEIIaHHOTO AeCTBUS, Ha3HAYAINCh
rabareHTMHOUAL (TabareHTHH, nperabanut). OmHaKo
HX TIPUEM B BHICOKMX TepaIleBTMYECKMX H03aX (rabareH-
tuH 10 2400—3000 mr/cyt, nperadanud 450—600 mr/cyT)
B KauyeCTBE MOHOTEpAIlMM, B KOMOMHAIIMKM C aHTH-
IeTIpecCaHTaMM 1 Jaxe HapKOTHYECKUMHM aHAJIbIeTUKAMK
He BCera Mo3BOJISUT IOCTUYh CTOMKOTO aHAJIBIeTUIECKOTO
s dexTa.

HeB0o3MOXXHOCTD BBIITOJHEHUS Y3-IMarHOCTUKU
Ha paHHUX CPOKAX TOCTIMTAIN3AIINY WJIN OCYIIIECTBICHUS
PEKOHCTPYKTUBHOI OIlepallid B CPOYHOM TOPSIKE
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(THOMHBII TIpoIIecC B 00JIACTH pPaHEHMST, MACCOBOE TTOCTY-
TUTCHHE TTAIleHTOB, HYKIAIOIINXCSI B OKa3aHUH SKCTPEH-
HOM 1 HEOTJIOKHOM IIOMOIIIH, ¥ APYTHE, B TIEPBYIO OUYepeIb
OpTaHU3aIlMOHHBIC TIPUYWHEI) TpeOoBajla UMIUIAHTALINT
naleHTaM SIHUIYPATbHOTO WM IIEPUHEBPAIBHOTO KaTe-
Tepa TSI BBeICHUs aHeCTeTUKOB (HanboJiee MpeaIToIT -
TeJbHBIM MBI CIMTaeM polmBakanH). Kak mpasuito, mmpo-
TOJDKUTEIBHOCTD PaOOTHI KaTeTepa cocTaBisiia 10 qHeid.

[Ipu BEITTONTHEHNH Y3-IUarHOCTUKU W TIEPBUIHOMN
KOHCYJIbTAllMM HeHpoxupypra y OOJbIIMHCTBA paHEHbIX
aroit kKareropuu (>80 %) omnpenensuiuch rpyobie MOBpe-
JKICHMSI HEPBHOTO CTBOJIA C €70 TTOJIHBIM VTN YaCTUIHBIM
aHAaTOMUYECKIM TIepePhIBOM, CIaBJICHHEM HepBa KOCTHBI-
MU OTJIOMKaMM, MHOPOIHBIMHU TeJIaMU, PyOIIOM, MHTpa-
HeBpaJlbHbIC MHOPOMHBIC Tejda, KOHIIEBBIE HEBPOMBI
npy aMIyTallii KOHEYHOCTH.

OnnHako npuMmepHo B 20 % ciydaeB Hainuue GoJie-
BOTO CUHIIpOMAa OOBSICHSITIOCH TOJIBKO JIOKAJTbHBIM OTEKOM
HEpPBHOTO cTBoJIa Mo JaHHBIM Y3U. MHTpaonepammnoH-
HbIC HAXOIKM Y 3TUX PAaHEHBIX BBIABIISUIM TeMOpparmie-
CKO€ TIPOIMMTEIBAHNE HEPBHOTO CTBOJIA. Omiepalius Jale
BCETO 3aBepIaiach HAPYKHBIM U BHYTPEHHUM HEBPOJIM -
30M, OJHAKO y 1 mamueHTa BeyieacTBre HeahGeKTUBHO-
CTH JTaHHOTO OIIEPAaTUBHOIO MpHeMa OBbLIO BBHIITOIHEHO
HMCCeYeHMEe TTOBPEXICHHOTO yJacTKa C ayTOHEeBPaJIbHOM
TMJIACTUKOM.

PaHeHBIC ¢ TTOBpeXIeHNEM HepBa OIEPUPOBAINCH
B cpoku He 6oiiee 10—14 cyT 1ociie AMarTHOCTUKMU, Jaxe
C YYETOM HAJIMUMSI He3aXKHMBIIIMX OTHECTPENIBHBIX paH. [1pu
TIOJTHOM WUTM YAaCTMIHOUW Hed(DOEKTUBHOCTU OIlepaliniu
(okomo 1/3 Bcex paHEHBIX 3TOI TPYIIIBI) BEAYIIYIO POJIb
B JaJIbHEUIIIEM JICUCHUW UTPaI Bpaun-HEeBpoyioru. Bee
MALMEHTHl TAKXE MOJyYyalyd TPAAULIMOHHYIO HEMPOTPO-
(ryeckyro Tepanmio (BUTaMUHEI TPpyNITEL B, HeiipomeTa-
0oJIMYeCcKHe KOMITICKCHI, aHTUOKCUIAHTHI, THTUONTOPBI
alleTIJIXOJIMHACTEPA3kl 1 1Ip.).

ITonck HOBBIX JIEYEOHBIX CTPATETMii KOHCEPBATUBHO-
TO JICUCHMSI TIAIIMEHTOB C COXPaHSIONIeics HeBpOIIaThuie-
CKOIf 00JIBIO TIPHBEII K aKTUBHOMY IIPUMEHEHUIO B COCTa-
BE KOMIUIEKCHOI Tepalliy IIpernapaToB, He SBIISIONIAXCS
TPagUIIMOHHBIMU aHAJBIeTUKAMHK, HO UMEIOIIIMU I1aTO-
TeHeTUYEeCKH OOOCHOBAHHBIM MEXaHU3M IIpOaHallbre-
THYECKOTro IelcTBUs. B mepByio odyepenb, 3TO KacaeTcs
TPYIIII JIEKAPCTBEHHBIX CPEACTB, CITOCOOHBIX YIaCTBOBAThH
B MOIYJISIIUM MEOUATOPHON aKTHUBHOCTH Pa3IMIHBIX
AHTH- M HOIIULIENITUBHBIX cUCTEM [35].

B cBs3u ¢ 3TUM 114 JIeYeHUs HEBPOIIAaTUYECKOIO
00J1eBOro CMHApPOMA Yy MallMEHTOB C M30JMPOBAHHBIMU,
COYECTAaHHBIMU M KOMOMHUPOBAaHHBIMU TpaBMaMU TIepH-
(bepryeckoit HEpBHOI CCTEMBI, B TOM YK CIIe (PaHTOMHBIM
00JIeBBIM CHHIPOMOM, COTPYIHUKAMU Kadheaphl HEPBHBIX
oosesHelt Boenno-meaunmHckoit akanemun um. C.M. Ku-
poBa OblIa pazpaboTaHa U BHEAPEHA MHOTOKOMITOHEHT-
Has cXeMa KOHCEPBATHUBHOTO JICUCHUS C IIPUMEHECHUEM
MpenaparoB, 00yamamux 1ohaMUHOMUMETUIECKUM
IEeCTBUEM — aroHMCTaMU ITO0(GaMUHOBBIX PEICIITOPOB
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(rpammItekco B cyroaHoit go3e 0,5—1,5 mr) 1 610KaTo-
pamu rayramMaTHeIX NMDA-petienTopoB (aMaHTaguH
B cyrouHoil mo3ze 200—300 mr). Mx BKIIIOYeHNE B CXeMY
¢ raballecHTUHOM U aHTHUIETIpeCCaHTaMU CMEIIaHHOTO
IeUCcTBUS (Jalme aMUTPUIITIUIMH, pexke — BeHIadaKCuH
1 DYJTOKCETHH) TTO3BOJIMJIO CHU3UTh JO3bI 3TUX IIperapa-
TOB J0 CpemHeTepareBTUIYecKux (radameHTHH — 900—
1800 Mr/cyt, aMuTpuUnTUANH — 25—50 Mr/CyT) 1 moJ-
HOCTBIO OTKa3aThCs OT IMPUMEHEHUS HapKOTHYECKUX
aHanpreTukoB. CieayeT oOpaTUTh BHUMaHUE Ha HEXe-
JIaTeJIbHOCTh COBMECTHOTO MPUMEHEHUSI aMaHTaauHa
W aMUTPUNTWINHA, 00JagaioMNX B3aNMOIIOTCHIINPY-
OIIUM XOJIUHOJIUTHISCKUM AeiicTBUEM (IOIyCTHMMA
KOMOWHAIUS ¢ BeHJIa(haKCMHOM WX TYJTOKCETUHOM).
C menplo KOpPEeKIIMA MWHCOMHUYECKUX PACCTPOMCTB,
ACCOLIMMPOBAHHBIX ¢ MTUKaMU 00JIM B HOYHOI Iepuo,
XOPOIIIO ceds 3apeKOMEHIO0BAIO IPUMEHECHNE aTHITIY -
HOTO HeliposenTuka kpetuanuHa (25—100 mr), obmama-
OIIeTO MUHUMAJIbHBIMU 10(aMUHOIUTUISCCKUMU CBOM-
ctBamu. Heah(peKTMBHOCTD JaHHOI CXeMBbI pacIicHUBAIACh
KaK IoKa3aHhe K HeHpOXUpYypPTUIESCKOMY BMeEIIaTeb-
CTBY.

IIpu HeadGEeKTUBHOCTH KOHCEPBATUBHOM TepaImu
y IAalIMEeHTOB C (paHTOMHOI OOJIBIO OIICHUBAIOT ITOKA3aHUS
K xupyprudeckomy jieueHuto. [IpensapurensHo non Y3-Ha-
BUTAIIEN BBITIOJHSIOT CEJICKTUBHYIO OJIOKAmTy HEPBHOTO
CTBOJIA C KOHIIEBOI HEBPOMOI. 3HAYNMBIIT perpecc 001
ITOCJIe €€ BBIITOJTHECHMS SIBJIICTCS IIPEIUKTOPOM XOPOIIIETO
pe3ysbTaTa MPeaCTOSIIer0 XUPYyPrUIeCKOTO BMEIIATEIh-
ctBa. Orepanus MMPOBOAUTCSA ¢ MPUMEHEHNEM TPaIUIIM-
OHHOTO IIJISI CKOMIIPOMETHPOBAaHHOTO HepBa JOCTYIIA.
OOBIYHO JOCTATOUYHBIM SIBJISIETCS pa3pe3 WInHOM 6—10 cM,
IIPY 3TOM AWCTAJbHBIM KOHEIl pa3pe3a pacliojiaraior
Ha yoaJeHWH 5 CM OT Kpasl KyJIbTH. B xome mpegomnepalin-
OHHOI pa3MeTKH IOCTYIa I1eJeC000pa3HO UCIOJIb30BaTh
V3U. IMocTTpaBMaTUYECKYI0O HEBPOMY PE3ELUPYIOT 10
MTOSIBJICHHST KPOBOTOYAIIIMX HOPMAaJIBHBIX ITy4KOB. Criemy-
FOIIIMM 3TAITOM aJIKOTOJIU3UPYIOT HepB 1—5 MII (B 3aBUCH-
MocTH oT auamerpa) 70 % criupTOBBIM PaCTBOPOM [IO I10-
SIBJICHUS TTOTEMHEHUSI HEBpaTbHO KYJIBTH. B 3apy0eKHBIX
PYKOBOACTBaX PeKOMEHIYIOT ITOTPYXaTh Iepepe3aHHbIN
HEpB B OJIM3/IEXKAIIYIO MBIIIIIY, TIOAIINBATH €T0 K APYTOMY
HepBY 110 TUITY KOHEII-B-00K WJIM PACIICIUIATh HEPB Ha He-
CKOJIBKO JacTeil 1 4epe3 ayTOTPaHCILIAHTATHI TAKKe T10-
rpyxath B MbIry [28]. [1o HammeMy MHeHUIO, Hauboee
MMOAXOMSIICH TSI TIOTPYKEHUST CTPYKTYPOM SBIISIETCS
omznexaniast KocTb. C ITOMOIIBIO BHICOKOOOOPOTHCTOTO
6opa B KOCTU (DOPMUPYIOT OTBEPCTHE TUAMETPOM, COOT-
BETCTBYIOIIIM IepecedeHHOMY HepBYy. HepB morpyxaior
Ha Tnyouny 0,5—1 ¢cM u ero 3nMHeBpU (PUKCUPYIOT
3—4 y3n0BBIMU 1IBaMU K HagKocTHUIlE. OTCyTCTBUE Ka-
KUX-T100 IBVDKCHUM BHYTPW KOCTHOTO BEIIECTBA, OYe-
BHUIHO, CIIOCOOCTBYeT JydiieMy 3 (heKTy OT OoIepalu.
®opMupoBaHNe KOHIIEBOIT HEBPOMBI HEM30EKHO, 1 TIPU
IIOTPYXKEHNHM HepBa B MEBIIIIY OHA OyIeT CMEeIIaThCsl BO
BpeMsI IBMUKCHMST BMECTE C MBIIIIIICH.

OrcytcTtBue 3ddexra oT MpsSIMOTO BMEIIATEThCTBA
Ha Mepepe3aHHOM HEPBHOM CTBOJIE MOXET MOTPeOOBaTh
paccMoTpeHUs PyHKIIMOHATbHON HEUPOXUPYPIUU — ITPO-
BEAECHUS XPOHUYECKOI CTUMYJIALMUA CIIMHHOTO MO3ra WiIv
JECTPYKTUBHOIO BMelareabctBa — DREZ-orepatyn [36].

IMocneonepaloHHas IOTUCTUKA MAMEHTOB 3-i1 TpyTI-
bl B OOJIBIIMHCTBE CBOEM COBIAJAECT C AHAJIOTUYHOWU
JUTST 2-14 TPYTITTBI PAHEHBIX.

KoMruiekcHbI Noaxoa K JICHEHUIO NAalUeHTOB C He-
BPOIMATUYECKOM O0JIbIO MO3BOIWI HAM MPAKTUYECKU MOJI-
HOCTBIO OTKA3aThCs OT JECTPYKTUBHOTO XUPYPIrUYECKOTO
BMEIIATEILCTBA — MOSICHUYHOM (IIeTHOM) CUMITaT3KTO-
muu. JlaHHag onepauusi B TOObl MPEAbITYIIIMX BOCHHBIX
KOH(DIMKTOB ObLTa OMHUM M3 OCHOBHBIX 3JIEMEHTOB Jieue-
HUS HEKYNTUPYEMOU HEBpOIaThudecKoii 6omu. B Tekyiem
KOH(IMKTE TOSICHUYHASI CUMITATIKTOMMST ObLTa BHITION-
HEHa B EAMHUYHOM CJIy4yae B CAMOM Hayajie paboThI € pa-
HEHBIMMU.

3AKJIIOYEHME

VYuactHuk yeTbipex BoitH Hukonait UBanoBuy I1upo-
roB B cBoeM Tpyne «Hagana o01ieit BOeHHO-ITOJIEBOM X1~
PYPrUM, B3SIThISI U3 HAOIIOAEHUI BOEHHO-TOCTIUTAIbHOMN
NpaKTUKU U BocnoMuHaHuii 0 Kpumckoii BoitHe 1 KaB-
Ka3CKOM 3KCIIeIUIINI» OIIPEACIIIT BOMHY KaK «TpaBMaTH-
YECKYIO SMUIeMIIo». OTJISIIBIBasCh Ha ICTOPUIO, BOSGHHBIC
NEVCTBYS, TPUHOCS OOLLIKE pa3pyllIeHNs U Tpareauio B ce-
MbIO KaXk/IOTO paHEHOTO U YOUTOr0, CTUMYJIUPYIOT pa3BU-
TUE TEXHUKU U... MEAULMHBI. MaccoBoe MOCTyIJIeHUE
pPaHEHBIX 3aCTABJISIET MEPECMOTPETD MOAXOAbI K OpraHu3a-
LMW BHYTPEHHEN pabOTbl MEAULIMHCKOTO YUYPEXIAECHUS.
ITo cnoBam toro xxe H.W. ITuporoBa, «Ha BOliHE IJIaBHOE
He MeIWIMHA, a agMuHHUCTpanus» [37]. OCHOBBIBasIChH
Ha pa3paboTaHHbBIX MPEAIIECTBEHHMKAMU TPUHLIMIIAX Op-
TraHU3alWU U JIEYEHUS] PAHEHBIX C MOBPEXACHUSIMU TIEpU-
(beprueckrX HEPBOB U COOCTBEHHOM OIIBITE OKa3aHMUS
MEAULUMHCKON MOMOIIM, Mbl TTOCTAPAJIUCh CUCTEMATHU-
3UPOBATh AJITOPUTMbI TUATHOCTUKU, JI€YEHUSI U Mapli-
pPYTU3allMKU MALlMEHTOB COOTBETCTBYIOIIEH KAaTETOpUU.
MHTEeHCHMBHOE pa3BUTUE B MOCIAEAHUE ACCATUIETUSI KaK
nuarHoctndeckux (Y3U vepBoB, MP-Heliporpadus), Tak
¥ JIe9eOHBIX (HOBBIC IIperapaTsl IS JeIeHUs 00IH, TIPO-
TUBOCIIA€YHbIE KOMITO3ULIMU, CEIEKTUBHBIE OJOKAIbI
non Y3-HaBUTallMeil) METOIMK 3aKOHOMEpPHO TpeOyer
MX WCIOJb30BaHUSI MPU OKa3aHUM MOMOIIMA PAHEHBIM
¢ 60€BbIMU MOBPEXAEHUSIMU HEPBOB. HOBbIE TMarHOCTH-
YEeCKHE BO3MOXHOCTHU TO3BOJWUJIN ONpPEAesiTh TOUYHbIE
MOKa3aHUs K PEKOHCTPYKTUBHOMY OIEpaTUBHOMY BMe-
111aTeJIbCTBY B paHHEM Tleproje. Mbl UMeeM BO3MOXHOCTb
Hab1101aTh HE MAaCCOBBIN, HO 3aMETHBI MOTOK PAHEHbIX,
KOTOPBIM OMEepaTUBHOE BMELIATEIbCTBO B pAaHHEM MEPU-
ole He BHITOTHUIOCh. OHM TOCTIUTAIM3UPYIOTCS Ha pe-
KOHCTPYKTHBHYIO OIlepaIinio yepe3 S—12 Mec rmocie paHe-
HUS, YK€ MMesl BBIpaXXCHHYIO MBIIICYHYIO aTpoduio,
KOHTPAKTypbl CYyCTaBOB, 3a4acTyl0 BCE 3TO Bpems 0e3-
YCIIELIHO OOPSICh C 00JIEBBIM CUHIPOMOM.
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Baxneimmm a71eMeHTOM HOBOIM KOHUEMIMN OKa3a-
HUS TTOMOIIY PaHEHBIM C TTOBPEXISHUSIMU TTIepudepuue-
CKMX HEpBOB, Ha Halll B3IJIsI, SIBJISIETCS HEOOXOAUMOCTh
TECHOI'0 B3aMMOIEMCTBUSI HEUPOXUPYPTrOB U HEBPOJIOIOB
Ha BCeX 3Tanax JIeYeHUsT ImocTpagaBiuero. Takasi CBSI3b,
BO-TIEPBBIX, JOKa3ajia CBOIO 3(P(PeKTUBHOCThL B JICUCHUU
HEBPOITaTUYECKO 00N y MTOCTPagaBIIMX JAHHOM KaTero-
pun. Bo-BTOpHBIX, 32 paHHUM PEKOHCTPYKTUBHBIM BMEIIa-
TEJIbCTBOM CJIEIyeT paHHee BOCCTAHOBUTEJIbHOE JIeYeHIE
noj HabJIroAeHueM Bpada-HeBpoJiora. HabmoneHue 3a na-
LIMEHTOM He TOJKHO MPEKPaIiaThesl U ITOCe BBIMTUCKU €TO
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BBeneHue. HelponnactnyHoCcTb KOpbI FONIOBHOMO MO3ra SIBMISIETCSA YHUKaNbHLIM HEHOMEHOM, VMEIOLLWM He TOMbKO BYHAAMEHTabHOE, HO U Kin-
HWUYECKOE 3HaYEeHME B HEBPOIOTUN W HEMPOXUPYPTUN.

Llenb vccnenoBaHust — aHanu3 AaHHbIX NUTepaTypbl 0 PEHOMEHE HEMPONIACTMYHOCTV MO3ra YeNnoBeKa Npu pasnmnyHbix 3abonesaHusx 1 Gak-
TOpaX, BWSIOLLMX Ha HEro.

Martepuanel u MeToabl. AHanus nutepatypel B cucteme PubMed BbinonHeH no nowcky cnos “neuroplasticity”, “cortical plasticity” n “glioma
surgery”. B paboTe B KauecTBe WINIOCTPALLMIM UCTIOb30BaHbI HECKOMBKO KIMHUYECKMX MPUMEPOB U3 NPaKTV KM aBTOPOB.

Pe3ynbTaTbl. Ha 0CHOBaHMM [aHHbIX MTEpaTypbl B CTaTbe NPUBOASITCA OCHOBHbIE BUAbI HEMPOMAACTUYHOCTY B 3aBMCMMOCTM OT TUMA
MaTon0rMYecKoro NPoLLeCcca; IOKanM3aLumMm KOPTUKanbHbIX 30H, y4acTBYIOLLMX B GOPMUPOBaHMM HEMPONNACTUUHOCTY; MOSHOTLI BO3ME-
LLLeHWA yTPaueHHOW MO3roBoi hYHKLMW; BpEMEH BO3HUKHOBEHMS GEeHOMEHa; CKOpPOCTV pa3BWTUs NaTonorMiyeckoro npouecca. Noka-
3aHa ocobas pofb COXpaHHOCTV TPaKToB benoro BellecTBa B obecneyeHnUn HeponnacTMYHOCTH. [0Ka3aHo KMHUYECKOE 3Ha4eHWe
[.aHHOr0 (heHOMEHa A1 HEMPOXMPYPriMM Ha NPUMepPe BHYTPMMO3TOBbIX OMyX0sei, NOKaNM30BaHHbIX B GYHKUMOHABHO 3HAYMMBbIX 30HaX
r0fI0BHOrO MO3ra.

3aknioyeHune. HemponnacTMYHOCTb KOpb FOIOBHOMO MO3ra Hambonee xapaKkTepHa NS «MeAeHHbIX» NaToN0rMYeCcKUX NMpoLeccoB, TaKmx
KaK rMIMOMbI HU3KOW CTEMEHM 3MI0Ka4eCTBEHHOCTM, B OT/IMYME OT «ObICTPLIX» MPOLLECCOB, TAKUX KaK 3/10KaYeCTBEHHbIE OMyXONK, TPABMbI,
MHCYNbTHI. PeyeBble 30HbI KOpLI FOI0BHOO MO3ra bonee NoABEPKEHBI MNACTUYHOCTY, YeM [iBUraTesbHbIe (33 UCKIOYEHNEM AOMONHM-
TeNbHOM MOTOPHOM 06/1acTy). B MexaHW3Mbl KOMMEHcaLmMmM MOryT BKIIOYATLCA 30HbI KOPbI, PACMooXKeHHbIe Kak BOIM3M oyara nopaxe-
HWS, TaK M Ha OTAANEeHWM, B TOM 4YnCne KOHTpanatepasnbHoe noywapue. QeHoMeH HeMponnacTMYHOCTM NOMOraeT KOMMEHCUPOBaTb
(GYHKLMM NOPaXEeHHBIX Y4acTKOB KOPbI FOI0BHOrO MO3ra Kak npw pasBuTUM 3aboneBaHns, Tak M Npy BbINOMHEHUM MHOMO3TamHbIX
HEMpOXMPYPrUYecKmUX BMeLLaTenbCTB. Bo3MOXKHOM NepcneKT1BOM SBMSAETCA TEXHONOMMS TPAHCKPAaHMANbHOW MarHUTHOM CTUMYNALMW
A5 yNpaBAeHus HeponnacTMYHOCTLIO KaK NPy OMyXONEeBbIX, Tak W NPy HEOMYXONEBLIX MOPAXEHWAX FONIOBHOMO MO3Ta.

KntoueBble cnoBa: HEIZpOI'IJ'IaCTW-IHOCTb, KOpa rojioBHOro Mo3ra, TPaKThbl benoro BeLLeCTBa, M1oMa

[ins umtnposanms: fopsaios C.A., byknmnna C.b., Macnosa H.H. 1 ap. ®eHoMeH HeliponnacTMYHOCTM Kopbl FOSIOBHOMO Mo3ra YesioBexa. Helpo-
xupyprust 2025;27(2):142-53.
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Phenomenon of cortical neuroplasticity in humans
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Background. Neuroplasticity of the brain cortex is a unique phenomenon. It has both scientific and clinical significance for neurology and
neurosurgery.

Aim. The aim of this study is to analyze literature data on human brain neuroplasticity in various diseases and describe factors affecting it.
Materials and methods. Analysis of literature presented in the PubMed database was performed using searches for words “neuroplasticity’,
“cortical plasticity” and “glioma surgery”. Several clinical cases from the authors’ practice are used as illustrations.

Results. Based on literature data, the article presents the main types of neuroplasticity depending on: type of pathological process; location
of cortical zones participating in neuroplasticity formation; level of compensation of lost brain function; time of phenomenon development;
rate of pathological process development. The special role of preservation of white matter tracts in neuroplasticity is highlighted. Clinical
significance of this phenomenon for neurosurgery is demonstrated using the example of intracerebral tumors located in functionally important
parts of the brain.

Conclusion. Neuroplasticity of the brain cortex is predominantly characteristic of “slow” pathological processes such as low-grade gliomas
in contrast to “fast” processes (such as malignant tumors, injuries, strokes). Language areas of the cortex are more susceptible to plasticity
than motor cortex (except the supplementary motor cortex). Areas neighboring the lesion, as well as distant areas including the contralateral
hemisphere, can contribute to compensation mechanisms. Phenomenon of neuroplasticity helps to compensate functions of the affected cortex
both during disease progression and multistage neurosurgical interventions. Transcranial magnetic stimulation is a promising technique
for managing neuroplasticity in tumors and other types of brain diseases.

Keywords: neuroplasticity, cerebral cortex, white matter tracts, glioma
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BBELEHUE

Co BpemeH otkpoituii [Tons bpoka n Kapna Bepauke
B HEBPOJIOTUH TOCIOICTBOBAJA TCOPHS Y3KOTO JOKAIM-
3anoHu3Ma. [1o3Xe B CBSI3M ¢ MHOTOYMCICHHBIMU pabo-
tamu H. Duffau (Mounense, ®pannust), M. Berger
(Can-®pannuucko, CIIA) u npyrux mcciemoBaTeleit,
3aHUMAIOIINXCS XUPYPrueil ormyxoeit ¢pyHKIIMOHAIBLHO
3HAYMMBIX 30H TOJIOBHOTO MO3Ta, JaHHAs KOHIICITIINS
crasia MeHSITbes. [IoHsATHE HePOIIaCTUIHOCTH TTOApa-
3yMeBaeT KOMIIEHCATOPHBIE BO3MOXHOCTH KOPBI TOJIOB-
HOTO MO3Ta MPH Pa3IMYHBIX TOBpeXIeHIIX. K HUM MOX-
HO OTHECTHU «MEIJIEHHBIE» U «OBICTPBIE» ITOBPEXICHUS.
«BBICTpBIC» — MHCYIIBT, TPaBMBI, 3JI0Ka4eCTBEHHBIE OITy-
xomu u ap. K «MemieHHbIM» MMOBPEXIEHUSIM OTHOCSIT
OITyXOJIM HU3KOM CTEeTICHU 3JI0KAYeCTBEHHOCTH, TIPEXKIIEe
Bcero rimoMEI (low-grade gliomas, LGG).

YCI0BHO HEMPOIUIACTUYHOCTh MOXKHO pPa3IeInuTh
II0 JIOKaJM3allu¥ Ha mepu(oKaJbHYI0 (BOKPYT OdYara)
¥ C BOBJICUCHMEM OTIAJEHHBIX 30H MO3Ta KaK B HIICH-, TAK
¥ B KOHTpAJIaTepaJbHOM ITOTYIIapUH.

Iexs ucciegoBanuss — 0030p JUTEPATYPHl O THITAX
HEHPOIIaCTUIHOCTH KOPBI MO3Ta IIPU PA3INIHBIX €€ T10-
BPEXICHUSIX, BO3MOXHOCTSIX TUATHOCTUKH 3TOTO (heHO-
MeHa M UCHOJb30BaHNH B KIMHUICCKOM ITPaKTHUKE.

B Tabn. 1 mpuBoasiTCs JaHHBIE O pa3JIMUHBIX BUIAX
HEMPOMIACTUIHOCTH B KOpPe TOJTOBHOTO MO3Ta 4ejlo-
Beka [1].

Table 1. Types of brain neuroplasticity

Bua HelipomacTHIHOCTH

ITo Temmy pa3BUTHS
IIaTOJIOrM4YE€CKOTO
npoiiecca

Rate of pathological process
development

I1o BpeMeHM BO3HUMKHO-
BE€HUA
Time of development

ITo Tonorpadun
KOMITEHCATOPHBIX 30H
Topography of the
compensatory zones

ITo xommneHcauuu
HEBPOJIOTUYECKOTO
nedunura

Compensation of neurological
deficit

Tabnuua 1. Buabl HelponnacTMYHOCTV FONIOBHOTO MO3ra

Tum He#POIIACTHIHOCTH

«BBICTpBIE» U «MeIJICHHbIC»
TIATOJIOTUYECKUE TTPOLIECCHI
“Fast” and “slow” pathological
processes

«OcTpasi» U «OTCPOUYECHHASI»
HEUPOIUIACTUYHOCTb.

IIpen- u ocaeonepaioHHast
HEUPOIUIACTUYHOCTh

“Acute” and “delayed” neuroplasticity.
Pre- and postoperative neuroplasticity

TlepudoxanbHast (BOKPYT 30HbBI
MOBPEXICHNS ) /OTIaeHHAS

B UIICUJIATEPAJIbHOM IOIYIIapUH,
KOHTpaJIaTEPAILHOM ITOJIyIIa-
PHUU — 34 CUET TOMOJIOTOB

Perifocal (around the affected
area)/distant in the ipsilateral
hemisphere — due to homologs

TTonHast KoMmeHcalMs1/Hemo-
Hasli KOMIIEHCalusd

Complete compensation/incomplete
compensation

143



TOM 27

Vol. 27

2025

HENPOXNPYPI'US

0630p nutepatypel | Literature review

Russian Journal of Neurosurgery

HEAPONIACTUYHOCTb W BO3PACT

BaxkHbIM acIeKTOM HEMpOIIACTUMHOCTU TOJIOBHOTO
MO3ra SIBJISIeTCS BO3pAaCT nalueHTa. MI3BecTHO, YTO B JA€T-
CKOM BO3pacTe I1ocie rTeMuchepoTOMUU Y IALIMEHTOB OT-
MeYaeTcsl XOpollasi KOMIIEHCALUs BblMageHUs (PYHKIIMiA
nonyiapust. @yHKIIMOHAIbHAS FeMUCHEPOTOMUST WIIU XU -
pypruyeckoe oTceyeHue Oe0ro BelecTBa U KalJI030TO-
MUSI IIPOBOSTCS B CIIy4asiX TSKEJION U TPYIHOU3IEYMMOI
SIWIEIICUU. YIMBUTEIBHO, HO HECMOTPsI Ha IOC/Ieonepa-
LIMOHHbIE HAPYILIEHNSI, BKJIIOYast TeMUIAPE3 U TeMUAHOII -
CHUI0, MALIMEHThI YACTO CIIOCOOHBI B 3HAYMTEIbHOM CTele-
HU BOCCTAHOBUTb KOTHUTHBHBIE M CEHCOMOTOPHbIE
(GyHKUMK B OOJTOCPOYHOI IMEPCIEKTUBE, MCIIOJIb3Ys
ocTaBlieecs mnosyiiapue [2]. B To e BpeMst Y B3pOC/IbIX
MMAIlMeHTOB KOMIICHCATOPHBIC BO3MOXHOCTH TOJIOBHOTO
MO3ra BCJEACTBUE HEMPOIIACTUYHOCTH 3HAYUTEIBHO
CHIXEHBI, [10 CPaBHEHUIO C AeTbMU. OIHAKO MMEOILHECs
MHOIOYMC/IEHHBIE ITYOIMKALIMKU B JINTEPATYPE ITOCBSILLIEHbI
M3YYEHUIO KaK CaMoro (peHoMeHa HeMpOoIIaCTUMHOCTU
IPU Pa3JIMYHBIX HEBPOJOTMYECKMX U HEUPOXUPYPrUde-
CKUX 3a00/1eBaHUSIX, TAK U CII0OCOOaM BO3IEMCTBUS Ha He-
r0, B YaCTHOCTU C IIOMOILIbIO TPAHCKPAHUATBHOM MATHUT-
Hoit crumysstiin (TMC) [3].

«MEIJIEHHbBIE» OYATOBbIE NMOBPEXOEHUA

I0JIOBHOIO MO3TA

M3ydeHne BOIPOCOB HEHPOIUTACTHIHOCTH KOPHI MO3-
ra KpaifHe BaXXHO IUISI «MeJICHHBIX» TIPOIIECCOB B TOJIOB-
HOM Mo3re, HarmpuMep B xupypruu LGG (muddys3Hbie
oMbl Grade 1—2). CpenHsiss CKOPOCTh POCTa 3TUX OITy-
XOJIeit cocTaBisieT 10 4 MM B roa. Ha Hee BiImstroT pasmmd-
HbIe (DAKTOPBI, TAaKME KaK META0O0IM3M 1 KPOBOTOK B OITy-
XOJI!, TUCTOJIOTMYECKUIA TTOATUTI, HATMY1Ee OepeMEHHOCTH
y >keHIIUH [4]. Kak mpaBmio, JaHHBIE TTAIIMEHTHI HE MMe-
0T 0YaroBOTO HEBPOJIOTMUYECKOTO Ae(HUIINTA 3a CYCT BhI-
COKOIT BO3MOXHOCT! KOMIICHCAITNY ITOBPEXKICHHBIX OITy-
XOJIBIO YYaCTKOB M03Tra. B TmomasisrorieM OOJBIIMHCTBE
clly9aeB €IMHCTBEHHBI HEBPOJIOTHUYECCKUIT CHUMIITOM
Y IaHHBIX TTALIMEHTOB — MapOKCHU3MaJIbHASI CUMIITOMATHKA
B BHIIE pa3IMIHOTO BUAa (POKAIBHBIX W/ MY TeHEePaT30-
BaHHBIX TIPUCTYIIOB 3a CUET pa3IpakeHMsT PacTyIIei OImy-
XOJIBIO TTOJIeXXAIIell KOPhI MO3Ta. 3a CUeT MEIJICHHOTO
YBEJIMYEHMST OIYXOJIA B pa3Mepax IMPOUCXOIUT KOMITCHCA-
st (QYHKIIMOHAJIBHBIX 30H, 3aTPOHYTBIX PACTYIIEH TIH-
oMoIi. MHOTOYMCIIEHHBIEC TIPUMEPHI CMEIIeHHST (YHKITO-
HaJIbHBIX 30H MOTOPHOM M pedeBOil KOPHI Y MAIlMEHTOB
¢ LGG onmcanwr B myonukamuu H. Duffau [5].

«BbICTPbIE» O4YATOBBIE MOBPEXIEHNA

r0/10BHOI0 MO3TrA

K «ObICTpbIM» 04arOBBIM MOBPEXAEHUSIM TOJIOBHOTO
MO3ra OTHOCSIT [JIMOMBI BBICOKOM CTEIIEHU 3JI0KAYe€CTBEH-
HocTu (high-grade gliomas, HGG) (Grade 3—4), meTa-
CTa3bl, MHCYJIbTHI, Y€PEITHO-MO3rOBbIe TPaBMbI. 3a CYET
OBICTPOrO Pa3BUTUSI IIATOJIOIMYECKOIO IIPOLIECCa KOMIIEH-
CcaTOpHbIE BO3MOXHOCTM KOPBI MO3ra He YyCIIEBAalOT

pa3BUThCS. Y JAHHBIX MALIMEHTOB MPOSIBJICHUS 3a00J1eBa-
HHUS HOCAT XapaKTep HEeBPOJIOTMYECKUX BBIMTaneHUI
3a CUET OYAroBOi CUMITTOMATHKM MTOPaXKeHUS M pa3pylie-
HUS y9aCTKOB KOPHI MO3ra M MOJIeXallero 6ejoro Be-
1eCcTBa.

KNACCUOUKALLMA HENPOMIACTUYHOCTU KOPbI MO3rA

M0 BPEMEHM BO3HWKHOBEHUA

OTHOCHTETEHO BPEMEHH OTIEpalliy Pa3IdJaioT Mpe-
OIepallMOHHYI0, MUHTPAOIepallMOHHYIO 1 TToceorepan-
OHHYIO HelpoIutacTUYHOCTh [1]. Brigensiior «ocTpyo»
M «OTCPOUYCHHYIO» HEMPOTUIACTUIHOCTh KOPBI Mo3ra. [1pu-
MEPOM «OTCPOUYECHHOI» HENPOIUIACTUYHOCTHU SIBIISIETCSI
XUPYPTAYECKOE YIAJICHUE PELUANBA TJIMOMBI TOJIOBHOTO
MO3ra, KOrzia B Te4eH1MEe HEKOTOPOro BpEMEHU OT MOMEH-
Ta IePBOI OIepallii MEHSIETCS JIOKAIM3ausl (DYHKITNO-
HaJIbHBIX JIBUTATEJbHBIX WJIM PEYEBbIX 30H KOPbl MO3Ta
Mo JaHHBIM (QYHKIIMOHAJTBHOW MarHMTHO-PE30HAHCHOM
toMorpaduu (pMPT) wmm npssMoit CTUMYISIIUA KOPBI.
B yactHocTH, B pabote J.A. Barcia u coaBT. moka3zaHo pas-
BUTHE MJIACTUYHOCTU peueBOii KOphI B 30He bpoka nocie
napuMajbHOIO YJAaJleHUsSl OMyXOJM W YCTaHOBKU CyO-
IypaJIbHOTO 3JIEKTpOAa — rpyaa sl CTUMYJISILIMU KOPbI
(c 1enpI0 MHAYKIUKA HEWPOIJIACTUIHOCTH) B TEUCHHE
25 cyT ¢ mocaenyloeit ITOBTOPHOM orepauyeil yaajaeHus
omyxoiu [6]. Mexmy 2 pe3eKunsiMK ObLIO ITOKa3aHo Gop-
MUPOBaHUE HEMPOIJIACTUYHOCTH PEUEBBIX 30H KOPbI C MO-
mouipio Metona GMPT. B To ke BpeMsd ToJiydmia cBoe
pa3sBUTHE KOHUEMILMS ABYXITAllHOU XUPYPTrUU TJIAUOM
(byHKIIMOHAIBPHO 3HAYMMBIX 30H TOJIOBHOTO MO3Ta ¢ boJee
IUTUTEIIBHBIM MHTEPBAJIOM MEXIY 2 pe3eKInsIMU. JlaHHBIC
HaOJI0EHUS MOCTYXKWUIM OCHOBAHUEM [JISI BbIACICHUS
NBYX3TalTHOW XUPYPrUU TIMOM (PYHKUIMOHAJbHO 3HAUM-
MBIX 30H TOJIOBHOTO Mo3ra [4]. Hapsimy ¢ aTM omnmcaHbI
MHOTOYMCJIEHHBIE CITy9al «OCTPOit» HEUPOTIaCTUYHOCTH
KOpbI MO3Ta C UBMEHEHUEM JIOKAIM3alUN (PYHKLIMOHAJIb-
HBIX 30H JI0 Y MOCJ€E YAAJIEHUS OMYXOJU BO BpeMsl OJHOM
onepanuu [7]. B yacTHOCTH, OnMCaHO U3MEHEHNE PaCIiO-
JIOXKEHMSI KOPKOBBIX PEUEBBIX U IBUTATEIbHBIX 30H TOJIOB-
HOTO MO3ra A0 1 MocJe YAaJIEHUsT OMyX0JU BO BpeMsI OJl-
HOI 1 TOH Xe orepaluy ¢ TIOMOIIbIO0 MEeTOAa OUITOJISIPHOM
MPSIMOM 2JIEKTPUYECKON CTUMYJISILIMA MO3Ta.

KNACCUOUKALLMA HENPOMIACTUYHOCTM KOPBI

M0 JIOKAJIU3ALWM OTHOCUTENTbHO O4ATA MOBPEXAEHNUA

[Toka3aHbI MOATUIIBI HEMPOILIACTUYHOCTH C BOBJIEYE-
HMEM COCEIHUX YYaCTKOB KOPbI FOJIOBHOIO Mo3ra: 1) psi-
JIOM C 30HOIi MopaxeHusl, 2) KOpbl Ha OTOAJIEHUU B IIpe-
JieJIax OHOTO MOJIyIIapKs U 3) KOPbI IPOTHBOMOJI0XHOIO
nosrymapus [4].

AKTHBaIMA KOPBI MO3Ta BOJIM3H 09Ara MOBpPeKIEHHS

VYnaneHwe MOTMOJHUTEILHOW MOTOPHOM o00JlacTh
(IMO) y manmeHToB ¢ TJTMOMOM MOKET ITPUBOIUTH K Te-
MHMaKWHE3NU U MyTU3MY (T. €. K cuHapomy JIMO) B 6mm-
JKaileM MocjeonepauuoHHoM nepuoie. OmHako K 6 Mec



0630p nutepatypel | Literature review

HENPOXNPYPI'US

Puc. 1. llepsuynas MomopHas kopa (M1); npemomopHas kopa u donosHUMesbHas
MomopHas Kopa (supplementary motor area, SMA) 201108H020 Mo32a; Kopa neped
npemomopHol Kopoli Ha MeduasbHol nosepxHocmu 06Hol donu (preSMA); npemo-
mopHas dopcansHas kopa (PMd); npemomopHas eeHmparnsHas kopa (PMv); 3adHss
yuHaynspHas kopa (RCZp); nepedrss yuxaynspHas kopa (RCZa); kaydaneHas yuHey-
nspHas kopa (CCZ) [8]

Fig. 1. Primary motor cortex (M1); premotor cortex and supplementary motor area
(SMA) of the brain; cortex in front of premotor cortex on the medial surface of the
frontal lobe (preSMA); premotor dorsal cortex (PMd); premotor ventral cortex (PMv);
posterior cingulate cortex (RCZp); anterior cingulate cortex (RCZa); caudal cingulate
zone (CCZ) [8]

y MOAABJISIOLIETO OONbIIMHCTBA alueHTOB (6ojee 90 %
B HEKOTOPHIX UCCIICAOBAHMSX) HAOIIOMACTCS TIOJTHOE He-
Bposiormdeckoe BocctaHoBieHue [9]. Cuaopom JIMO xo-
POIIIO OTMICAaH B OTEUECTBEHHOMU 1 3apYOeKHOI TUTEpaTy-
pe [10] u sIBIISIETCSI IPUMEPOM HEHPOTUTACTUIHOCTH KOPBI
MO3ra BOJIM3H 30HBI TTOBpexkaeHUs (puc. 1).

KpoMe MOTOpHBIX 30H OIMMCAaHO TaKXKe BKIIIOUCHUE
JMTAHHOTO BUAA HEMPOIUIACTUYHOCTH IJIS TJIMOM, JIOKAJIH -
30BaHHBIX B 30Hax bpoka [11—14] u Bepnuke [15, 16],
peMOTOPHOI KOpHI [17].

B pabore M. Benzagmout 1 coaBT. onucaHa pe3eKLus
OTYXOJIV B CEPUH, BKITIOYAIOIIEH 7 TIIMOM, PACTIONIOXKEHHBIX
B 30He¢ bpoxa. ¥ maHHBIX MalMeHTOB MO pe3yJbTaTaM
GMPT BoisiBIIeHA aKTUBALIKS B OKPYXKAIOIIMX 30HAX, BKITIO-
yasi IPEMOTOPHYIO KOpY, OpOMTO(MPOHTAIBHYIO KOpY
1 OCTPOBOK. JlooTepalioOHHBIN HEBPOJIOTHUSCKUI Oehr-
Ut orcyrctBoBai [11]. HeiiporuiacTuuHOCTh MTO3BOJIMAA
0e3011acHO yIaINTh INIMOMBI B 30He bpoka 6e3 HeBpo1oru-
yecKoro aeduiira. CxomHble HAOMIOOCHS OBUTHA OITMCAHBI
B pabotax V. Lubrano u coasr. [12] n A. De Benedictis u co-
aBT. [18]. OgHaKo ocTaeTcs TUCKYTabeTbHBIM MUHUMAITh-
HBII IIOPOT CHJIBI TOKA, Ha KOTOPOM CJIeAyeT OCTaHABINBATD
pPE3eKINI0 OMYXOJHM B INIyOMHE, a TaKKe pPacCTOSHUE
OT (DYHKIIMOHAIBHOI 30HBI KOPHI 10 KPasi 30HBI PE3EKIINH,
ITOCKOJIBKY TIPY CJIMIIIKOM OJIM3KOM MOIXOAE XUPypra K Ko-
pe MO3ra WX IIPOBOISIIHMM ITYTSIM ITOBBIIIIACTCS PUCK HE-
BPOJIOTMYECKOTO TepUIINTA M3-32 BOBMOKHOCTH Pa3BUTHS
mepr¢OKaTHEHOTO OTeKa MJIM UIIIEMUH BO BpeMsI 3Tara re-
MOCTa3a WM B ITOCJICOIIePAIIMIOHHOM TIepHOJIE.

Russian Journal of Neurosurgery

YuacTue KOHTPAIATePATbHOTO MOTyHIAPHS

B MPOLeCCax HeHPOIIACTUIHOCTH

OnHa 13 TpeobIagaloIIuX TEOPHUl COCTOUT B TOM,
YTO KOHTpaJaTepaJbHOEe MOIyIIaprue KOMIICHCUPYET I10-
BpEXICHNE, pa3BUBas HOBbIC (MJIM YKPETUISISI CYIIECTBY-
rommme) pyHkumoHanbpHbIe ceth [19]. Tak, T. Traut u coaBr.
MIPOBEJIM MarHUTHYIO SHIedanorpaduo BCEro Mo3ra
y 73 manneHTOB ¢ TIMOMOI B MOMEHT ITOCTAaHOBKM JTHAar-
HO3a W TIOBTOPHO MOCJIE ONepalliy B MOMEHT pEIIINBA.
OHM 0OHAPYKWIN CpeaHee N3MEHEHME MHICKCA JIaTepalb-
HocTu Ha 29 % (KOJIMYeCTBEHHbII MoKa3aTellb JOMU-
HUPOBAHUS JICBOTO ITOJIYIIApUs B 00pabOTKe pedn), ITo
yKa3bIBaeT Ha CIOBUT IVIOOAIBHOM SI3BIKOBOM (DYHKIINK
B CTOPOHY KOHTpaJIaTepabHOro Toayinapus [20].

B pabore C.Bb. BykiimHoi# 1 cOaBT. OIMCaHO BHISBIIE-
HHE 30H aKTUBAIIMX B BUIIE ITPABOITOIYIIAPHBIX TOMOJIOTOB
30H bpoka n Bepunke nnipu GMPT B quHamuke g0 1 roma
y IMALIMEHTOB C IJTMOMaMHU, PACITOJIOXKEHHBIMM BOJIM3U 3THX
30H [21]. Y 16 u3 20 nccaenoBaHHbBIX OOJIBHBIX OTMEYEHO
TIOSIBJIEHME ABYCTOPOHHMX OYaroB aKTWBALMK (30HBI Bpoka
¥ BepHIKe 11 X TOMOJIOTH B TIPaBOM TOJIyIIapun) (puc. 2, 3).
Ouaru aKTUBaIlMK B OTBET Ha peueBbIc HATPY3KH TP BBI-
nojHeHn GMPT BBISBISUINCH Y HEKOTOPBIX MAIIMEHTOB
ellle 0 oIepalii W COXPAHSUIMCH IIPU MCCIeA0BaHNI

Puc. 2. [lpumep dsycmoporHel akmusayuu 3046l bpoka y nayuesma c dobpoka-
uecmeeHHol 2/1uomoli siegoll 8ucoyHol donu [21]: a — YYHKYUOHAILHAS MA2HUMHO-
pe3oHaHcHas momozpaghus (oMPT), mecm Ha cocmasieHue npednoxceHuli no npeds-
se/1seMbiM cywiecmaumesnsHeiM 00 onepayuu; 6 — ¢MPT, mecm Ha 2eHepayuio
cywecmeumerbHbIX No npedssesiseMsiM GykeaMm depes 6 Mec nocsie onepayuu;
8 — ¢MPT, mecm Ha cocmassnieHue npedsoxceHull no npedsseseMbIM Cywecmau-
meJibHbIM Yepes 6 Mec nocsie onepayuu; 2 — ¢MPT, mecm Ha 2eHepayuio cywecm-
8uMeJIbHbIX N0 npedsssnsemMsiM bykeam depe3 12 Mec nocse onepayuu

Fig. 2. Example of bilateral activation of the Broca’s area in a patient with benign
glioma of the left temporal lobe [21]: a — functional magnetic resonance imaging (fMRI),
sentence production test based on presented nouns prior to surgery; 6 — fMRI, test for
noun generation based on presented letters 6 months after surgery; 8 — fMRI, sentence
production test based on presented nouns é months after surgery; 2 — fMRI, test for
noun generation based on presented letters 12 months after surgery
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10 1 roma, XxoTs y 2 MalMEHTOB KaK [0, TaK U IOCJIe OIle-
paluy pedyeBhIX HapylleHUI He ObL10. B TO Xe Bpems
y 4 MallMeHTOB Jaxe ¢ rpyooii adasueit Ha poHe UmeMun
Oo4Yaru aKTUBAaLIMU B IIPABOM MOJIYIIAPUU HE BBISBISUIMCD.
Peub B TOI WIM MHOM CTEIIEHN BOCCTAHABIMBAJIACH Y BCEX
MaLKXEeHTOB, HECMOTPSI Ha HAJIMYKE UM OTCYTCTBUE 04aroB
aKTHUBAIIMM B IIPABOM MOJIyIIapuu. Takum oOpa3om, 1o-
JIydeHHBbIE B 9TOI paboTe JaHHbIE IIPEXIe BCEro yKa3bl-
BalOT HA OCOOCHHOCTH MHAMBUAYAJbHOI OpraHM3alliu
PEUYEBBIX CUCTEM Y Pa3HBIX MALIMEHTOB, BISIBJISIEMbIX C IO~
MOILIBIO KOHKPETHBIX PEYEBBIX HATPY30K, HO (PYHKIIMOHAIb-

Puc. 3. [Ipumep dgycmoporHeli akmusayuu 30H bpoka u BepHuke y nayueHmku
€ MemacmasoM PaKa SUYHUKA, GKCUG/IbHbIG cpe3 Ma2HUMHO-Pe30HaHCHOU moMo-
2pacpuu 8 T1-pexcume c KoHmpacmuposaHuem [22]: 1, 2 — 30Hbl bpoka; 3, 5 — 30HbI
BepHuke; 4 — 3ambl/104HAs KOPA; 6 — ONYX0JTb C BbIPAHEHHLIM KOHMPACMUPOBAHUEM

Fig. 3. Example of bilateral activation of Broca’s and Wernicke areas in a female
patient with ovarian cancer metastasis, axial section of T1-weighed contrast-enhanced
magnetic resonance imaging [22]: 1, 2 - Broca’s areas; 3, 5 — Wernicke areas;
4 — occipital cortex; 6 — tumor with marked contrast

Tabnuua 2. OakTopbl, BAUSIOLLME Ha PA3BUTIE HEMPOMIACTUYHOCTU KOpbI TONIOBHOM0 Mo3ra

Table 2. Factors affecting brain neuroplasticity development

HOe 3HAYCHME 30H aKTHBALIMY B HEIOMUHAHTHOM ITOJY-
mapuu octaysioch HeoueBUAHBIM. OgHako P.E. Turkeltaub
¥ COABT. IIPY MU3YYSHUHU IPABOIIOJIYIIAPHBIX TOMOJIOTOB
pPEUYEeBBIX 30H OBIJIO YCTAHOBJIEHO, YTO MHTHMOMPYIOIIAS
TMC B KOHTpaJIaTe pAIbHOM ITOTYIIIaPUU IIPUBOIUT K HE-
MeIJICHHOMY YJIYYIIEHUIO SI3bIKOBO# (pyHKIMHU [23]. Tem
He MeHee (DYHKIIMOHAJIbHASI POJIb aKTUBAIIMM CYOIOMM-
HAHTHOTO ITIOJIYIIapHsl TOJJOBHOTO MO3Ta M €€ 3HaYeHHUE
IJIsI TIPOTHO3a HEBPOJIOTUYECKMX (DYHKIIUI OCTAIOTCS
IIO KOHIIA eIlle He N3yYeHHBIMH.

C MCIIoNTb30BaHNEM CUCTEMATHYECKOTO MYJIBTUMOIAITb-
HOT'0 MOIXO0Ia ¢ 0COOBIM YITOPOM Ha BOJIOKHA OeJIOro Bellle-
cTBa OB pa3paboTaH aTiIac HEMPOIUTACTUYHOCTH [24], KOoTO-
PBII JaeT YHUKAJIbHYIO MH(MOPMAIUIO 1T XUPYPITIECKOTO
TUTAHUPOBAHMS ¥ MOXET OBITh TTOJIC3¢H IS TIPOTHO3MPOBa-
HIS BEPOSITHOCTH BBI3MOPOBJICHNS (B 3aBUCMOCTH OT TOTIO-
JIOTUH TIOPaXXEHUsI) TIPY Pa3INIHBIX HEBPOJIOTUIECKIX CO-
CTOSTHUAX. DTO MOXET MUMETh pellarolnee 3HaUYCHUE IS
BBISIBJICHHS TIAIIMEHTOB, HYKIAIOIMNXCS B KOTHUTUBHOM
peadINTALINY, U UTSI TIPEIOCTABICHNST COOTBETCTBYIOIIIETO
yxona [24]. B To ke BpeMsI OCTaroTCsI HEM3BECTHBIMU (DYHK-
IMOHAJIbHAS POJTb aKTUBALIMK CYOIOMUHAHTHOTO ITOJTyIIA-
PHSI TOJIOBHOTO MO3Ta M €¢ 3HaUeHe ISl ITPOrHO3a HEBPO-
JoTmIecKnx (pyHKIMiA. B Tabi. 2 mpuBOASTCS HEKOTOPEIE
(bakTOpHI, BIMSIONINE HAa Pa3BUTHE HEMPOILIACTHYHOCTH.

KOMIMEHCATOPHbIE ®YHKLIMWX NMOPAXEHHOW KOPbI

r0/10BHOM0 MO3TA OTHOCUTESTbHO HEKOTOPBIX

NOKANM3ALNIA

Peopranusaist KOpbl MO3ra IpU MeJIEHHO IIPOrpec-
cupyloImux Iponeccax (Hanpumep, mpu LGG) nenaer
BO3MOXHBIM OOLIMPHBIE PE3EKLIUU OMYXO0JIeH, Ka3aBIINX-
cs1 paHee HeornepabeIbHbIMMU.

®akTop IIpumevyanue HcToynnk
Bospact [MaumeHTH! 1eTCKOro Bo3pacta MMEIOT GOJIbILIYIO BEPOSITHOCTD
Age Pa3BUTHS TTACTUYHOCTH [2]

Children have higher probability of plasticity development

CKOpPOCTb pa3BUTHS MATOJIOTMYECKOTO
mpollecca
Rate of pathological process development

Jlokanu3zanus ouara mopaxxeHus
Location of the lesion

COXpaHHOCTb TPAKTOB oeJioro BE€LIECTBa
TOJIOBHOTO MO3ra
Preservation of white matter tracts

BoBneueHre KoHTpaaaTepajabHOIO
MOy IIaApUs
Involvement of contralateral hemisphere

«MenneHHbIe» TIpoliecchl bosiee 3(P(HEKTUBHBI B pa3BUTUH I1JIa-
CTUYHOCTH, YeM «OBICTPBIC»
“Slow” processes are more effective in plasticity development than “fast”

PeueBbie 30HBI KOPBI MO3Ta, TOTIOJTHUTEIbHAS MOTOPHAsI 00J1acTh
OoJjiee IIOABCPXKEHA INIACTUYHOCTHU, YEM IIEPBUYHASA ABUTaTC/IbHAasA
KOpa roJIOBHOro Mosara
Language areas of the cortex, supplementary motor area are more susceptible
to plasticity than primary motor cortex

JI1s pa3BUTHUSI HEWPOIIACTUYHOCTU TPAKThI OEJ10T0 BEIECTBA
JIOJIKHBI OBITh MUHTAKTHBI
White matter tracts must be intact for neuroplasticity development

JlaHHBIE O BOBJIEYEHUM KOHTpaJIaTePaIbHOTO MOIYIIapUs U eTO
BJIMSIHAM HA HEUPOIUIACTUYHOCTh IPOTUBOPEYNBBI
Data on involvement of the contralateral hemisphere and its effect
on neuroplasticity are contradictory

(4]
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Huxe npuBeneHbl MpUMepPbl HEKOTOPBIX JOKaTU3aLUi
U1 BO3MOXHOCTHU HEHPOILJIACTUYHOCTH.

3ona bpoxa (domunanmmuoe noaywapue). Iloxazana
BO3MOXHOCTb B HEKOTOPBIX CJIyYasix pe3eKUUu TPUaHTy-
JISIPHOM U OIEPKYJISIPHON YyacTeil HUXKHel JIOOHOM U3BU-
JIMHBI JOMWHAHTHOTO MoJiylapusi 6e3 pa3Butus ada3uu.
D10 OBIBaeT BO3MOXHO BCJICICTBHE KOMIICHCAIIUNA BEHT-
paJbHOIl NPEeMOTOPHOM KOpOi#l (Tae HaXxoaWTCs 30HA
ApPUTUKYJSILIMU peuur), NpedpoHTaIbHOU AopcaibHOM
JlaTepajJbHO KOpOW, KOPO OCTPOBKOBOI I0OJIM, OpOM-
TaJbHOM YaCTbI0 HUXKHEH JTOOHOUW M3BUIMHBIL. JlaHHBIE
0 BO3MOXKHOI KOMITEHCAllMU TTOpaKeHUs1 30Hbl bpoka ro-
TBepxkmatoTcs amracoM 700 3IeKTpUIeCKUX CTUMYJISIIUN,
COIJIaCHO KOTOPOMY OHa, 10 MHEHMIO aBTOPOB, HE SIBJISIETCS
KOHEYHOM TOYKOM peueBoit pyHKIMH [25].

3ona Bepnuxe (domunanmmuoe noaywapue). Kom-
TeHCaIs SI3BIKOBOI (DYHKIIVH IIPY JIOKATA3AIIAN TITMOMBI
B 3aJHEBEPXHEN 4acTM TOMMHAHTHON BUCOYHOU OO0
B MECTE COCAUHEHUS C HDKHENA TEMEHHOU HOJTbKOW MOXET
JIOCTUTaThCsI 30HOM CynpaMapriHaibHOM U3BWIMHbI, TPUAH-
TYJISIPHOM YacTblO HYKHEU JJOOHOIM M3BUJIMHBI (Ha OTIajie-
HMHM), 2 TAK’KE BOBJICYCHIEM IPOTUBOITOIOXKHOTO TTOJTYIIAPHST
C MIOMOILLIBIO YIAJIEHHBIX CETEN MOCPEACTBOM JUIMHHBIX aCCO-
LIMATUBHBIX TPAKTOB MO3ra X MO30JIMCTOrO Tejia [26].

Cercomomopras Kopa siBysieTCs eMUHON CUCTEMOIA C TTe-
PEKPBITHEM CEHCOPHBIX M MOTOPHBIX yHKIMi. [ToHsATHE
O «PUTUIHOCTH» IIEPBUYHOM MOTOPHOM KOPBI, OCHOBAHHOM
Ha roMyHKyryce [TeHdmina, mist HepOoIIaCTUIHOCTH, BO3-
MOXHO, cienyeT nepecMoTpeTh. [Ipe- u mocTieHTpaibHblE
W3BWIMHBI MOTYT B3aIMHO TIePeKpPHIBaTh (PYHKIIUU APYT
npyra. Tak, CTUMYJISILMS TTPELEHTPAIbHON U3BUJIMHBI MO-
JKET BbI3bIBaTh YYBCTBUTEJIbHBIE OLIYILIEHUS, U HA00OPOT,
CTUMYJISILUSI MOCTUEHTPAIbHOU W3BUJIMHBI MPUBOIUT
K MBILLIEYHBIM COKPAILIEHUSIM B MPOTHUBOMOJIOXHOM MO0~
BUHE TeJia. B 3Toi 30HE BBISIBISIIOTCSI MEXaHU3MbI ObICTPOI
TUIaCTUYHOCTH [27, 28] 1 6oJee InTenbHOM [29], KoTopas
TpedyeT rofbl mocjie onepanyu. Takxke yoenuTeabHO MoKa-
3aHa BO3MOXKHOCTb PE3EKLIMY MEPBUUYHON MOTOPHOI KOPbI
MOTOPHOI 30HbI TMLa. HecMoTpst Ha mpexoasiumii nape3
MBI U1, IBYCTOPOHHEE MOJIYILIAPHOE MPEACTABUTENb-
CTBO 3TUX (PYHKIIMI OOBSCHSIET HEBPOJOTMYECKUE YITyU-
1LIEHKWE Yy BCEX MALlMEHTOB.

Jlonoanumeavnas momophnas obaacms. AHaTOMO-
¢dyHKIMOHaNbHOEe 3HadeHe JIMO nmoapoOHO OonmMCcCaHO
B pa3IMIHBIX TyOIuKanusx [4, 9]. Pesexius maHHOI 30-
HbI MOXET NMPUBOAMUTD K TPAH3UTOPHBIM CUMIITOMAM aKu-
HE3WU, MyTU3Ma (TIpU PE3EKLUIX C JTOMUHAHTHON CTO-
POHBI), KOTOPBIE PETrpecCUpyioT B CpoKM ot 10 mHeit mo
HECKOJIbKMX HEZleJIb MOCJIE ONEPaTUBHOIO BMEIIATENbCT-
Ba MPU YCIOBUM WHTEHCUBHOI peabunurauuum [30].
B mannom ciryyae @M PT 1mmoka3biBaeT ak TUBALIMIO TOTTOJ -
HUTEJIbHOW MOTOPHOM M MPEMOTOPHOI KOPbI MTPOTUBO-
nosioxkHoro nonymapud [31]. OngHako 0ojiee neTaabHOE
o0ciienoBaHre MOKa3blBaeT HapylleHre OMMaHyaJlbHOM
JNIBUTATEJIbHOW KOOPAMHALIMU U CIOXHbBIX IBUTATEIbHbBIX
aKTOB y TaKMX ITAIIMEHTOB. DTO MMeeT 0C000e 3HAUCHME,
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HampuMmep, A1 My3bIKaHTOB (IIMAHUCTOB) U IIPeICTaBU-
TeJeit Apyrux npodeccuii, rae BaxHa GMMaHyalbHask KO-
opauHauus [32].

Bepxuaa memennasa doavka. Pesexiunst KOpbl BepX-
Heil TeMEHHOH ITOJIbKK MPUBOAUT K TPAH3UTOPHOM aTaK-
CUHM, CUHIPOMY IPOCTPAHCTBEHHOIO UTHOPUPOBAHUS
B paHHEM MOCJeonepaluoHHoOM nepuoae. CUMITOMBI
perpeccupyioT Mpy BBHIIOJIHEHUM PeabMIMTALMOHHBIX
nporpamm [4, 33, 34].

POJIb TPAKTOB BEJIOM0 BELLLECTBA MO3TA

B OBECMEYEHWUMN HEMPOMTACTUYHOCTK

Tpynna AJIMHHBIX aCCOLUMATUBHBIX MyTEN OEI0ro Be-
11I€CTBA TOJIOBHOTO MO3ra 00pa3yeT «MUHUMAaJbHbIA KOH-
HEKTOM», OOIIYI0 CTPYKTYpPY, KOTOpasi IeMOHCTPUPYET
OYE€Hb HU3KYI0 MEXWHIWBUAYAIbHYIO M3MEHYUBOCTb
Y MUHMMAQJIbHBIM TTOTEHLMAN TIJIACTUYECKONA KOMITeHCa-
nuu. B uenom 06110 00HAPYKEHO, YTO B OTJIUYME OT KOPbI
MO3ra, CTPYKTYpPhI 6€J10T0 BellecTBa (0OCOOEHHO MPOEKIIM-
OHHBIC 1 aCCOIIMATUBHBIC TPAKTHI) IIPEACTABISIOT COOO
OCHOBHO€ OTpaHMYEHUE IJIACTMUYECKOTO MOTeHIMaaa
C HU3KUMU MHJEKCaMM TIacTUIHOCTH [24]. CrienoBaTelib-
HO, OIlpenesIeHNe XapaKTepa WHMOWIBTPALIMUA OITyXOJIU
B KPUTUYECKKE TPAKThI O€JI0r0 BEILIECTBA SIBISIETCSI HE00-
XOAMMBIM LIArOM ISl TPOTHO3UPOBAHMST OXKUIAEMOM CTe-
MEHU PE3EKIMU C XMPYPTrUUECKOU TOUKY 3pEHUS U OXKH1-
JaeMOTO CHIDKECHUS HEMPOKOTHUTUBHBIX (DYHKITUI TTOCIIE
omnepaluy WiIv AydyeBoi Tepanuu. B psime pabotr ObLIO
MOKa3aHo, YTO B3aUMOOTHOILIEHWE TPAKTOB O€JI0Tro Bellie-
CTBa U BHYTPUMOSTOBbIX OITYXO0JIEW MOXKET ObITh Pa3IMUHbIM
¥ BKJTIOYATD JIECTPYKIIVIO BOJIOKOH, MX MH(DMIIBTPALIAIO, IVC-
JIOKAIIMI0, peXe — paclleryieHe BOJIOKOH MYyYKOB, a TaK-
Ke pasHble BapuaHTHl ux codetaHuii [35]. BcnenctBue
3TOro KapTMpOBaHWE MPOBOMASIIUX MyTel BO BpeMs yaa-
JICHUS OITYXOJIEH SIBJISIETCSI BAXKHOM, aKTYaJIbHOM U CJIOXK-
HOM 3aJadeil, B KOTOPOM €CTh A0 KOHIIA HEePEIICHHbIE
BOIIPOCHI, B YaCTHOCTU MTOPOTOBbIE 3HAYEHMS CHJIbI TOKA,
Ha KOTOPbIX HEOOXOIMMO OCTAHABAUBATb PE3EKLIMIO OITy-
XOJIU.

IToBpexneHre TpakKToOB O€JIOro BellecTBa 4acTo
MPUBOAUT K CTOMKMM HEBPOJIOTUUECKHUM HAPYLICHUSIM.
KoHHekTOM HeoOXoauM IJisl HEMPOIJIACTUUHOCTH, T.€.
MOJKOPKOBAsi CBSI3b HE TOJIKHA ObITh MOBPEXAEHA XUPYP-
TMYECKUM ITyTeEM, YTOOBI N30eXKaTh OCIOXHEHU [4].

POJ1b HEMPOMJTACTUYHOCTIN B HEMPOXUPYPTUN.
MOBTOPHbIE KPAHMOTOMMW B CO3HAHUU
C USMEHEHUMEM JIOKAJTM3ALUMW PEYEBbIX/
OBWUTATEJTIbHbIX 30H KOPbI MO3TA. KOHLENLMA
CTAXKWPOBAHHOW ([BYX3TAMHOW) XUPYPIW ONYXONEN
OYHKLMOHAJIBHO 3HAYMMBbIX 30H I0JIOBHOIO MO3TA
Llensio xupyprudaeckoro BmemiareiaberBa pu LGG
SIBJISIETCS MaKCHUMaJbHasl CTeleHb pedekuun. OmHako
TIOJTHOE yHaJIeHWe OIYXOJU He BceTda BO3MOXKHO, €CIIU
IJIMOMa 3aTparuBaeT (PYHKIIMOHAJIBHO 3HAUYMMBIC 30HBI
KOpPHI TOJIOBHOTO MoO3ra. B ¢Bsa3u ¢ 3tTuM pa3paboraH
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MHOTO3TAITHBIA XUPYPTUUECKUIA TTOAX0 (CTaXKNPOBaHHAS
XUPYPTUsI) K KPUTUIECKN BaXKHBIM O0JIACTSIM TOJIOBHOTO
MO3Tra, KOTOpPBIe KJIACCHYECKH CUMTAIOTCSI HEeoIlepadeb-
HBIMH, YTO TTO3BOJISIET ONITUMHU3NPOBATH O0BEM PE3CKIINH,
n30erasi Ipy 3TOM ITOCTOSTHHOTO HEBPOJOTMYECKOTO JIe-
¢umrTa B IpoMeXyTKe MEXIYy ABYMS olepanusMu [4].
YT0oOBI MMPOAEMOHCTPHUPOBATh TaKYIO TUIACTUIHOCTD, UC-
noJib3oBaHa KoMouHauusa GMPT u uHTpaonepaioHHO-
T'0 KapTUPOBAHMS 10 ¥ BO BPEeMSI OTiepaliii C THTEPBAJIIOM
B HECKOJIBKO JIET Y MAIIMeHTOB, KaXXIbIil 13 KOTOPHIX TIe-
peHec Mo 2 OTHENbHBIC PE3eKIMH TIUOMEBI, PacIIOO-
KEHHOI B JIEBOI TOMMHAHTHOI MPEMOTOPHOM O0JIACTH.
B TedyeHMe HECKOMBKHUX JIET HAOMIOACHUS TOCHIE TIepBOit
orepanuy o6a MamMeHTa He MMeJI HEeBPOJOTMIECKOTO
nedunmTa. 310KaYeCTBEHHOM TpaHcdopMauy He Tpo-
n301u10. OCHOBBIBAsICh HAa CBOEM OIIBITE PAOOTHI C STUMU
MMaIieHTaM1, aBTOPHI IIPEAIIOIOXIIIH, YTO B CITydasiX He-
ITOJTHOTO yIaJIeHUs TJIMOMEI CJIeAyeT pacCMOTPETh BO3-
MOKHOCTb IIOBTOPHOM OIlepalliy 10 e¢ aHATUTACTHIECKOM
TpaHC(OPMAIINH, YTO CTAJIO BOZMOXHBIM O1aromapsi pe-
OpraHM3al1 MO3Ta IOCJIe IIEPBOT0 XMPYPIUIECKOTO BMe-
matenbeTBa [17]. Ha mo3gHux addexrax HelipornaacTuu-
HOCTH KOpPHI 0a3mpyercs KOHICIIINS MHOTOXODOBOI
I MHOTO3TAITHOM XUPYPTUH OITyXOJIe (DYyHKIIMOHAIBHO
3HAYMMBIX 30H Mo3ra [4].

Pesexuusg LGG, unduasTpupyomnieil GyHKIIMOHATb-
HO 3HAYMMBIC 30HBI TOJIOBHOTO MO3Ta, CTAHOBUTCS BO3-
MOXHOIT Oyaromapsi MeXxaHN3MaM HEWPOIUIACTUIHOCTH,
WHIYIPYEMBIM OITyXOJIeBBIM pocToM. IToTeHman mepe-
OpaJIbHOI TUTACTUYHOCTH JOJITOS BPeMsT HEIOOIICHUBAJICS
1 TIO3BOJISIET IIPOBOIUTH MACCHUBHBIC PE3CKIINU B (DYHKIIM-
OHAJIFHO 3HAYMMBIX 30HaX TOJIOBHOTO MO3Ta, HE BEI3BIBAS
OCJIOXXHEHMIA [4].

MOHWUTOPUHT MEXAHW3MOB HEMPOMTACTUYHOCTK

KOPbI 0JTOBHOIO MO3TA C MOMOLLBKH)

®YHKLMOHAJIbHOA MATHUTHO-PE30HAHCHOW

TOMOIPAGUN

DyHKUMOHATBHAS MATHUTHO-PE30HAHCHASI TOMOTPa-
(us SBISIETCS ISTKOMOCTYITHBIM MHCTPYMEHTOM JIJIST TIPS -
OITepalITMOHHOTO KapTUPOBAaHMUS MO3Ta, KOTOPBIIT MOXKHO
BKJTIOUATH B MPeIoIIepalliOHHOE TUIAHUPOBAHWE Y TAIlH-
€HTOB C TJIMOMaMH TOJIOBHOTO Mo3ra. Hambomee 3Ha-
YyuTeNbHBIMU IIpeumylnecTBamu GMPT saBasirorcs ee
HEMHBA3UBHOCTbh, ITUPOKAS TOCTYITHOCTh, ITOJIyICHHE
aHATOMUYECKUX M300pakeHWiT M1 BOSMOXKHOCTD ITOBTOPE-
HUSI ICCIIeIOBaHMS B TMHaMUKe. Kpome Toro, mHTepecHOM
BO3MOXKHOCTEIO SBJISIETCS KCITOIb30BaHUE TTOCTICIYIOICH
GMPT 1151 O1IeHKM 3BOJTIOINH TTACTUYHOCTH TOJIOBHOTO
MO3Tra y TAIIMEHTOB ¢ TJIMoMaMu. TeM He MeHee MCIIONb-
3oBaHue PMPT nmeeT HEKOTOpbIe MUHYChI, B YACTHOCTHU
HEIOCTAaTOYHO BBICOKAsI YYBCTBUTEIILHOCTD M CIICIIM(DII-
HOCTh B CPAaBHEHMU C MPSIMOM 3JICKTPUIECKOU CTUMYJISI-
el Kopsl rojoBHoro mo3ra. OgHako ¢MPT umeer
OOJIBIIION MOTEHIINAII JJISI HOBBIX METOIOB TMArHOCTUKU
1 JIedeHus riodacTtoM [36].

Huxe mpuBeneH KIMHWYSCKUN IIpUMep IallueHTa
n3 pabotel H. Duffau 1 coaBT., TOKa3bIBaIOIINIA pa3BUTHE
«OTCPOYCHHOI» HEHPOIIAaCTUIHOCTH Y TTAIlMEHTA C T~
OMOI1, pacIoN0XXeHHOM B JIEBOI JIOOHOM 10J1e BOIM3H 30HbI
Bbpoka [37]. I1pu nunamuueckoit MPT 6b110 0TMEUEHO
HMCUYE3HOBEHNE 30HBI aKTUBAIIUY PEYH, YTO TIO3BOJIMIIO BI-
TTOJTHUTH TTOBTOPHYIO OIlepalinio depe3 4 rona (puc. 4).

HEAPOMNMACTUYHOCTb KOPbI FO/I0BHOM0 MO3rA

N TPAHCKPAHUAJIbHAA MATHUTHAA CTUMYNALNA

Bonpimme nepcneKTUBE OTKPBIBACT IIPUMEHEHUE ME-
toma TMC. Ilpu ero UCOAb30BAaHUU aBTOPHI CMOTJIU
KOJIMYECTBEHHO M KauyeCTBEHHO IIPOJEMOHCTPUPOBATH
IUTACTUYHOCTh MO3Ta y TalnMeHToB ¢ riarnoMamiu [38]. Kak
OBLIIO MOKA3aHO paHee, Y MAIlMeHTOB ITOCJIE WHCYJIBTa
(B wacTtHOCTH, Tipu JeuyeHun adazum) TMC moxer
MMeTb KaK BO30YKIalolee, TakK ¥ TOPMO3SIIee IeCTBIE
Ha CTUMYJIHUpyeMble HelipOHBI KOpHl. PeaabHbIe Mexa-
HU3MBI peOpTaHM3allni, BEI3BaHHBIC BO30YXKIAIOIINM
u TopMmo3aiuM aeiictBueM TMC Ha pa3iaudHbBIC HEl-
POHHBIE CETH, SIBJISTIOTCS IIPEAMETOM OUcKyccuit. OmgHa-
KO CJIOXHBIC B3aUMOICHCTBHUS MEXIY MIICHIaTePallb-
HBIMH, KOHTpaJaTepaIbHBIMU W MEXKIOJIYIIapHBIMU
CBSI3SIMHA MOTYT OBITH MOIYJIMPOBAHBI IJIsI OOJIETUYCHMUS
¢dyHKIMoHanbHOM KomneHcanuu [39]. IIpu stom 3dh-
¢exr TMC He orpaHMIMBACTCS TOJIBKO CTUMYJIMPYEMOI
obnacTthio. IloMuMo BO30OyXaaroliel CTUMYISILIUU
Y9aCTKOB KOPHI MO3ra BO3Ji¢ 30HBI OBPEXICHMS BO3-
MOXXHO IIPOBEICHHE TOPMO3SINEeid HU3KOYACTOTHOU
TMC Ha KoHTpallaTepaJdbHO CTOPOHE, B YaCTHOCTHU
TOMOJIOTOB PEeUEBHIX 30H IJISI 00JIETYCHISI BOCCTAHOBIIC -
Husa adas3uu mmocie nHeynera [40].

OCHOBBIBasICh Ha TIpeABAPUTEIBHBIX PE3yIbTaTaX MC-
monb3oBaHusa TMC 11pu MHCYIIBTE, MOXHO pacCMOTPETh
BO3MOXHOCTh IIPUMEHEHNSI METOAUKHY y MAIIMEHTOB, TIC-
PEHECIIIMX OIepalfio Ha TOJJOBHOM MO3TE B CBSI3H C IJIM-
OMaMU, B JOMOJIHEHNE K (PYHKIIMOHAIBHON peadwinTa-
i [41]. HageXXHBIM 1 OCYIIECTBUMBIM OPUTMHATBHBIM
TepareBTUICCKIM PEIIeHEeM B TTOBCETHEBHOM KIIMHIYC-
CKOI1 MPaKTUKE MOXKET CTaTh pa3padoTKa KOHKPETHBIX
npotokonoB TMC, HallpaBJIeHHBIX Ha BRITECHEHHE (DYHK-
IIMOHAIBHBIX 30H M3 00JIaCTH POCTa TIIMOMBI MITH €€ OCTaT-
KOB. JIeficTBUTEIbHO, B OTJIMYME OT MALIMEHTOB ¢ adha3ueit
TOCJIe MHCYJIBTa, ¥ KOTOPBIX OBLIO TPEIIOKEHO MCITOTb-
30BaTh MHTHOMpylomylo TMC Ha mpaBoM MONYLIAPUH,
OCHOBHAS 1IeJTb CTUMYJISIIINA Y TTAIIMEHTOB C OITyXOJISIMU
TOJIOBHOTO MO3Ta — BOBJICUCHME TOMOJIOTOB (DYHKIIMO-
HaJbHBIX 30H KOHTpaJlaTePaIbHOTO ITOIYIIapus, KOTO-
pbIM, 110 MHeHIIO A. Coget 1 COaBT., MOXET ITPUHAIJIEKATh
KJTI0YeBasi pOJIb B BOCCTAHOBJICHUM TTOCJIE TIEPBOI OoTepa-
muu [42]. OgHako Mmoka ocraeTcs HesscHbIM, Kak TMC
BIIMSICT HA POCT OITYXOJIH.

®akTUIeCKH, YTOOBI YBEIUUUTh O0BEM pPE3eKIINU
BO BpeMsI TOBTOpHOI1 ortepatini, TMC MOXHO HCITOIb30-
BaTh IJIsl MIOMaBJIeHUS MepudepUIecKUX KPUTHICCKUX
Y9aCTKOB (PYHKIIMOHAJBHBIX 30H U BBITECHEHHS HUX
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Puc. 4. [lpumep «omcpoyeHHol» HeliponnacmuyHocmu pedyesoll Kopel 8 30He bpoka y nayueHma ¢ pesekyuel 2/1UOMbl HU3KOU CMeneHu 3/10Ka4ecCmeeHHoCmuU 8 /1egol
J106HoU doste: 80 8pems nepeoli onepayuu onyxob yoaneHa He NOSHOCMbH, OaHHbIE (YHKUUOHATbHOU MA2HUMHO-Pe30HAaHCHOU MoM02paghuu NOKA3bI8AOM GKMUBAYUI0
peyesoli 30HbI bpoxa psdoM c 30Holi pesexyuu. Yepe3s 4 200a daHHAS 30H UHAKMUBLPOBAJIACY, 0NYX0Nb yoaneHa nosHocmelo. 30Ha akmusayuu pequ (besas cmpesika);
UHMPaoNepayuoHHas 31eKMPUYECKas CMUMYJISYUS KOPKOBOU 30HbI PeyU (%esmas Cmpesika); CMeweHue 30H6l GKMUBauuU peyu (ceemsio-3e/1eHas CMpesiKa) 0MmHOCUMmesTs-
HO nepsuyHOL JIOKAU3AYUU NPU NOBMOPHOU 0NEPayuU; MOMOPHbIE 30HbI 20/108H020 M0320 HO CHUMKAX (YHKUUOHA/IbHOU MA2HUMHO-pe30HaHCHol moMozpaguu (memHo-
3enieHas cmpesnka) [5]

Puc. 4. Example of “delayed” neuroplasticity of language cortex in the Broca’s area in a patient with resection of low-grade glioma in the frontal lobe: during the first surgery,
the tumor was not resected completely, magnetic resonance imaging data after the first surgery shows activation of the Broca’s area near the resection zone. After 4 years, this
zone inactivated, tumor in this area was resected fully. Speech activation zone (white arrow); intraoperative electric stimulation of the cortical speech zone (yellow arrow); shift
of the speech activation zone (light green arrow) relative to the primary location during the repeat surgery; motor zones of the brain on functional magnetic resonance images

(dark green arrow) [5]

3a Mpeaesbl pacIpoCTpaHEHUST OITyXOJIU B 30HE XUPYPIri-
YeCKOro BO3IEHCTBUS MOCJe TIepBOM pe3eKUun, TAe yaa-
JIEHHWE OMYXOJIH OBbII0 TIpepBaHo. CleayIommM BOITPOCOM
B TIEpCIIEKTHBE MOXET OBITh Mcnonb3oBaHe TMC ¢ 1e-
JIBIO YCKOPEHUSI HEMPOIJIACTUUHOCTU M ONTUMU3ALUU
o0beMa pe3eKLUU IITMOM, 3aTparuBaloInX KpUTUIECKIE
HEWpPOHHBIE CETH, ellle A0 MepBoii onepamuu [43]. K co-
XaJIeHUI0, He y BCeX IMalMeHTOB HaOI0JaeTcsl OTBET Ha
TMC. IIpruyrHEI 3TOTO SABJIECHUS 10 KOHIIA HESICHBI M Tpe-
OyIOT JajbHEHNIIMX UCCIeOBAHMIA.

OBCYXOEHWE

Mej1eHHO POrPecCUpyIOLIe MOPaXKEeHKS TOJIOBHOTO
Mo3ra (Harpumep, LGG) MHIyIMpPYIOT IpolecChl HEMpo-
IUIACTUYHOCTU B KOPE FOJIOBHOIO MO3ra KakK PsiIoM € 30HOi
MOPaKeHMs, TaK K Ha OTHAIEHUU. DTO ITO3BOJISIET BBIIOJI -
HSITh PEe3eKIMU OMyXojell B (YHKIMOHAIFHO 3HAYMMBIX
30HaxX KOPbI TOJIOBHOI'O MO3ra, paHee Ka3aBLUMXCSI He-
pe3ekTabebHbIMU BCIIEACTBUE TOCIIOACTBA (uaIocobun
JIOKaIM3alMoHu3Ma. B HacTosiiee BpeMsl B JIUTEpaType
MpeACTaBAeHbl MHOTOYMCIEHHbIE IIPUMEPHI YCIIELIHBIX
pe3eKInii IJIMOM, BOBJIEKAIOIMX KaK peYeBbie, TaK 1 pa3-
JIMYHBIE IBUTATeIbHbIE 30HBI KOPbI TOJIOBHOIO M0O3ra 6e3
BBIPAKEHHOTO IEPCUCTUPYIOLIETO HEBPOJIOTUYECKOTO JIe-
¢uuuTa [4]. BoccraHoBneHue peueBoit (PyHKIIUM TTOCTe
pe3eKLUM IIMOMBI B (DYHKIMOHAIbHO 3HAYMMBIX 30HAX
rOJJOBHOI'O MO3ra — OOBIYHOE SIBJI€HUE, U B JIUTEPAType

CYIIECTBYET HECKOIBKO KOHKYPHUPYIOIINX TEOPHIT OTHOCH-
TEJTBHO TOTO, KaK 3TO MPOucXonuT. CyIIeCTBYIOT TCOPUU
WHOWIBTpAIIN TIMOMOI KOPKOBBIX PEUEBBIX 30H M ITPOBO-
ISIINX CYOKOPTUKAIBHBIX ITyTEH, TTOBPEXXKACHUS 3TUX 30H
BCJICIICTBHE OTIEpaTUBHOTO BMEIIATEILCTBA, a TAKKE ITOCTIE
aIbIOBAHTHOTO JiedeHus [44].

Peopranmzanust pedm MOXeT HpPeACTaBIsITh CO0O0i
aIaNTUBHBIN (PeHOMEH, KOMITCHCHPYIOIINI MHBA3UIO OIIy-
XOJIM B TOMWHAHTHOE Tojiymapue. OgHako QYHKIINO-
HaJIbHBbIC M3MEHEHUS, JIeXKaIIe B OCHOBE SI3BIKOBOI IIJTAC-
TUIHOCTH, C TEUCHUEM BPEMEHH OCTAIOTCSI HEM3BECTHBIMMU.
INokazaHo ycuieHIEe MEXXITOMYIITApHBIX M TIPABOCTOPOHHUX
CBSI3€i1 C yYaCcTHEM T'OMOJIOTOB SI3BIKOBBIX 00JacTeit [45].

OyaroBbie TOPAXXKEHUS TOJIOBHOTO MO3Ta MOTYT IIPH-
BOIMTH K MOP(OIOTHIECKUM 1 (PYHKIIMOHATBHBIM W3-
MEHEHMSM B €TO OTHAJICHHBIX 00JacTsIX, HaIlpUMep
B KOHTpajaTepaJbHOM moiymapuu. [Ipu mocreneHHOM
TpOrpecCUPOBaHNY 3a00JIeBaHUS (PYHKIIMOHATBHAS KOM-
TIeHCALNS ¥ CTPYKTYPHAS TDIACTUIHOCTD TUX 30H OKa3bl-
Batotcs 6onee apdektuBHbIMU. 1o cpaBHennio ¢ HGG
npu LGG HabmogaeTcsl TCHASCHIINS K MEIUIECHHOMY POCTY,
OHM MeHee MHBA3MBHBI U UMEIOT MEHBIITYIO CTeTICHB KJIe-
TOYHOI WMHGWIBTpAlMK U Tpoiudepannu. Hamporus,
HGG, ocobenno IV crenenn (rimmo61acToMBI, acTpo-
LIMTOMBI), pacCTyT HAMHOTO OBbIcTpee. B mcciemoBaHmsx
IMoKa3aHo, 9TO CyIecTByeT 10-KpaTHas pa3HUIIA B CKO-
poctu pocta: LGG pacTtyr nmpumepHo Ha 4 MM/TOI,
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a HGG — npumepHo Ha 3 MM/Mec [46]. DTa pa3HuLa
obecIieurBaeT JTYYIIyI0 MOIEITb IS M3y4eHUS 3TOM Ipo-
01eMbl.

ITo cpaBHeHMIO ¢ TareHTamMu ¢ HGG, manmeHTsI
¢ LGG umenm 6oee BRICOKYIO CTEIICHb BOBICUCHHOCTH
KOHTpAaJaTepaJbHOTO IOJYIIapHsI B pedeBhle (DYHKIIUM,
o gaHHbIM S. Krishna u coasr. [44].

30HBI TOJIOBHOTO MO3Ta 3a IpeAeIaMi yJdacTKa I10-
BpeXIeHMs (BKITI0Yas MO3XKEJI0K) YIACTBYIOT B peopra-
HU3aIn1, obecrieunBas 0ojiee neTaabHOE IIpeacTaBiie-
HHUe 00 M3MEHEHMUSIX, CBSI3aHHBIX C IIJIACTUYHOCTHIO,
B SI3BIKOBOM CETH TIpHU TiioMe. Kimaccmaeckue Tokanmsa-
IIMOHUCTCKIE MOIEIN, KOTOPhIE YTBEPKIAIOT, YTO BCE
BUIBI IOBEACHUSI 1 KOTHUTUBHBIC (DYHKIIUHM MOTYT OBITH
JIOKQJIN30BaHBI B OTPAaHNYEHHBIX O0JIACTSX KOPHI, TIO CYTH,
HMCKJTIOUAIOT CYIIeCTBOBaHUE TuTacTUIHOCTH [4]. C mpyroii
CTOPOHBI, 00JIee COBPEMEHHBIEC CETEBbBIC TCOPUH, TIPEATIO-
JIararouiye, 9To nHhopMalns oopadaTeiBaeTCs KOPKOBHI-
MM TIOJISIMU WY y3JIaMHM, (POPMUPYIOIITMY THHAMITICCKIE
CBSI3M, KOTJa aHCaMOJI HEMPOHOB Ha KOPOTKOE BpeMsI
CHHXPOHM3UPYIOT CBOIO AESTEIBHOCTD, IIPEAJIaraloT ajlb-
TepHATUBHBIN MexaHN3M. B cOOTBeTCTBHMM ¢ 3TOM Teopueit
(byHKIIMOHANIBHAS CETh MOXET YCIICIITHO IIPOMTH peopra-
HU3AIAIO B YCJIOBUSX TTOBPEXICHUS TTOTOOHO aBUaKOM-
IMAaHWUSIM, KOTOPBIE MOTYT IPUCIIOCOOMUTHCS K HEOXKMIAaH-
HOMY 3aKpPBITHIO a3pOIIOpTa, IepecTpanBasi COCTMHEHMS
noJietoB [47]. OgHako is peanu3anuy heHoMeHa Heli-
POIUTACTUYHOCTA KOPKOBBIX 30H HEOOXOAMMa COXpaH-
HOCTb COEAMHEHNI MEXIY Pa3TMYHBIMUA YYaCTKAMH KOPBI
(T. . OEJIOTO BEIIIECTBA).

3AKJTHYEHUE

PazBuTHe HeipOILUIACTUYHOCTH MOXHO pPa3IelIuTh
I10 3a00JIEBaHUAM IIPU «MeIeHHBIX» TIpolieccax (LGG),
Korjga oHa HaubOosiee 3(pheKTUBHA, U MPU «OBICTPHIX»
IpoIrieccax, KoTaa ee pa3BUTHE 3aIla3abiBaeT (MHCYJIBTHI,
TpaBMa, 3JI0Ka4eCTBeHHEBIe oyxonn). Hanboee adpdek-
TUBHBI TIpoliecchl HeiiporutacTuyHocT mpu LGG. Dd-
(eKTH HEHPOIUTACTUYHOCTH MOXKHO pa3leIuTh 110 Bpe-
MEHU BO3HUKHOBJIEHUS Ha «OCTPBIE» U «OTCPOYEHHBIE»,
Ipel- U MOCAeOoNepallnOHHbIE, ¢ MTOJHOW M HEITOJHOM
KOMITeHcanuei HapymeHHBIX QyHKIWA. [To mokamm3anum
HENPOIUTACTUIHOCTH MOXKET OBITh pa3iesieHa Ha repudo-
KaJbHYIO0, OTHAJICHHYIO B IIpeAeiaxX UIICHIaTepaIbHOTO
ITOJTyIIapHs ¥ OTHAJICHHYIO ¢ BOBJIEYeHEM KOHTpaIaTe-
payibHOTO MoJTymapusi. PedeBbie 30HBI KOpHI 1 30Ha JIMO
0oJiee TUIACTUIHBI OTHOCUTEILHO TIEPBUYHOIT MOTOPHOM
KOpHI. PoIb HEMPOTIAaCTUYHOCTH B HEBPOJIOTMHI COCTOUT
B BO3MOXHOCTH BOCCTAHOBJICHUS YTPAaYeHHBIX (DYHKITUIA

MOCJIE OYAaTOBBIX ITOPaXeHWIT MO3ra CaMOIIPOU3BOJILHO
WM B pesynbrare npuMmeHennss TMC.

Poitb HelpOILTaCTHIHOCTH B HEMPOXUPYPTUM 3aKITIO-
YaeTcsa B XOPOIIEeM BOCCTAHOBIICHUU IIPHM OITePAILUSIX
B IMO m HEKOTOPBIX APYTHX JOKAIM3ALMSIX, BKIIIOJAs
IBUTATEJIbHBIC W PeYEBBIC 30HBI KOPBI. DTO SIBIISICTCS Oa-
3MCOM TSI KOHIICTIIIMY MHOTOSTAITHOM XUPYPTUH OITyXO-
JIei (PyHKIIMOHAIBPHO 3HAYMMBIX 30H MO3Ta (TIpeXIe Bce-
ro C BOBJICUCHHEM KOPBI MO3ra, BKJIIOYasl 30HBI bpoka
u BepHuKe, B MEeHBIIIElH CTEIIEHN — CEHCOMOTOPHYIO KOPY).
DTO maeT BO3MOXHOCTD BHITIOJTHSITH MACCUBHBIC PE3CKITNT
OTIyXOJieli BOJIM3U WU HETTOCPEACTBEHHO B (DYHKIIMOHAITb-
HO 3HAYMMBIX 30HAX TOJIOBHOTO MO3ra 0e3 Cepbhe3HOTO
HEBPOJIOTUIECKOTO AeDuIInTa.

D dexThl HEMPOIITACTUIHOCTA BO3MOXHBI TOJIHKO
TP COXPAaHHBIX TPaKTax O0eJIoro BelllecTBa Mo3ra. Pa3pu-
THE ¥ TUI HEHPOIUIACTUIHOCTH 3aBUCSIT OT MUCXOMTHOTO
COCTOSTHMST MEXIIOJTIIIAPHOM aCUMMETPHH, THIIA IIaTOJI0-
TMYECKOTOo TIpoliecca W ero jjokanuianuu. Hawmmyqmme
3 dEKTH HEeNPOILUIACTUIHOCTH BBHIPAXXEHHBI B IETCKOM
BO3pacrTe.

MEPCNEKTUBDbI

B Oynyuiem HeoOxonmMmo pa3paboTaTb HOBbIE METO-
IIBI JICYCHUS C OCHOBHOM 1I€JTbIO YMEHBIIICHHUST MUTPALTUN
kieTok LGG B CTOpOHY TpakKTOB O€JIOTO BEIEeCTBa,
YTO 3HAYMTEIbHO OTpaHUYMBAET ITOTCHIIMAI TIJIaCTHY-
HocTH [48].

Crenyroniast IepcreKTHBa 3aKII0YaeTCs B YIIYIIICHUHN
WISHTU(UKALIMN MEXaHU3MOB IJTACTUIHOCTH C IIOMOIIBIO
MYJIBTUMOIATBLHBIX MHCTPYMEHTOB OOBbEKTUBHOM HEHPO-
BU3yaIM3auy (HalpuMep, CTUMYJI3aBUCUMOM MarHUTHO-
pe3oHaHcHO# ToMorpacdvm wi GMPT B coCTOSTHIM ITOKOST)
¥/WIM HEMHBAa3MBHOTO KapTUPOBAHUS MO3ra (Harpumep,
¢ omorieio TMC). Takue mepcreKTHBBI MOTYT ITOMOYE Bpa-
YaM ONTUMU3NPOBATh CPOKH BbIOOPA JICUCHHSI.

Eme omHa mepcrnekTrBa 3aK/II0YaeTCs B YCHJICHUU
HEeWPOIUIACTUYECKNX PEOpPraHMU3aInil 3a CYET IIPEOm0-
JIeHnsT (PyHKIIMOHABHBIX OTPAaHUYCHMI, TIPEICTaBICH-
HbIX KOHHEKTOMOM. [IJI1 HOCTUXKEHUST 3TOW LU He-
00XOIMMBI IaJbHEHINNe NCCAeIOBAHNUS, U3yJalolne
MEXaHU3MBbI, JeXallue B OCHOBE PEMOJEIUMPOBAHUS
ceTell, 0COOeHHO M3MeHeHNe (QYHKIIMOHAILHOU CEeTH
B CTOPOHY OTIAJICHHBIX UTICUJIATepaIbHBIX MM KOHTpPA-
JlaTepaqbHbIX 30H MO3Ta, U TUHAMUKY KOHGMUTYypalun
HEWUPOHHBIX ceTeil [49], 4TOOBI peKOMEeHI0BaTh MOTCH-
OUaJIbHBIE TPOTOKOJBI HEMPOMOIYISIINU (HAIIpUMeED,
MOBTOPSIOIINECS TPaHCKpaHUAJbHBIC CTHUMYJISIIAN
C IIOCTOSTHHBIM TOKOM) [50].
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[eMUdaLmManbHbIA CNa3M: OLEHKA TAXECTH
3ab011eBaHMSA M COMYTCTBYHLLMX HapYyLLEHWIA
(0630p nMTEpaTyphbI)

KoHTaKTb!: M.A. Akynos, B.H. liumaHckui, B.K. Mowaraes, C.B. TaHawwuH, B.0. 3axapos
Mwuxann AnbbepToBny
Axynos
Makulov@nsi.ru

@AY «HayuoHaneHsIl MeduyuHCKUL uccedo8amestsCKull ueHmp Helipoxupypauu uM. akao. H.H. bypoeHKo»
Mutsdpasa Poccuu; Poccus, 125047 Mocksa, yn. 4-51 Teepckas-fAmckasi, 16

BeeneHue. lfeMudaumantHbiii cnasm (MC) npeacTaBnseT coboi XpoHMYECKOe COCTOSHWE, KOTOPOE CYLLECTBEHHO BIWSIET HA KAUECTBO KU3HM
naLmeHToB. B HacTosLLee BpeMs OTCYTCTBYIOT CTaH/apTU3MPOBaHHBIE LUKaMbl AN OLEHKM CTENEHU BbIPAXEHHOCTV AaHHOTO 3aboneBaHus
W BIMSIHUS Ha KAYeCTBO XXU3HW KaK NpK XMPYPruyeckoM, TaK U Npy KOHCEPBATUBHOM NIeYeHUH.

Llenb paboTbl — aHanM3 AaHHbIX IMTEPATYPbI MO CYLLIECTBYIOLLMM B HACTOSILLIEE BPEMSI MHCTPYMEHTaM OLIEHKM cTeneHu TsawecTn [OC, kayecTsa
YU3HW TaKMX NALMEHTOB M 3QHEKTUBHOCTU NeYeHns AaHHOM NaTonormm.

Matepuan n MeTozbl. [Tovck onybMKOBaHHBIX JaHHbIX MPOBOAMIM B 3M1EKTPOHHBIX ba3ax AaHHbIX MEDLINE (PubMed) n PUHLL (eLIBRARY).
PesynbTarbl. [IpoaHanM3mnpoBaHbl MMEKLLIMECS HA CEMOAHSALHUI eHb LWKabI, X OCHOBHbIE AOCTOMHCTBA U HefocTaTku. LLIKanbl, oLeHMBat0-
Lwpe TaxecTb FOC: bannbHo-perTMHIoBas LLKana, WKana Tan, Wkana obLiero knnHuyeckoro enedatnenuns (CGI-S), wkana Chong ans oLeHKu
F®C, wrana ougHKy FAC (HSGS). LLKans!, oLeHMBaloLLME KauecTBO #M3HK NavmeHTos ¢ FOC: HFS-7 Cohen, HFS-30. MIHCTpYMeHTHI, oLieHBa-
toLme 3 EKTUBHOCTb BACKYIAPHON AEKOMMPECCUM: KacCuUKaLms oLeHKK onepatneHoro nedenuns FPC, wrana N. Shorr. Mpeactasnexbl
JaHHble nccnepoBaHnin (bonee 50 y4acTHUKOB), B KOTOPLIX MPUMEHSAIUCD BbILLENEPEUMCIIEHHbIE LKA,

3akuouenue. [1ns cbopa Hanbonee NonHOM MHGOPMALMM O COCTOSIHUM MALMEHTOB PEKOMEH[IYEM UCMOSb30BaTb HECKOMbKO MHCTPYMEHTOB
oLeHKu Bcex acnexTos MOC.

KntoueBble coBa: reMudaLmanbHbiid cnasM (MPC), oLeHKa TAXeCTV 3ab0eBaHms, LWKaa OLEHKM, OLieHKa KayecTBa MM3HM DONbHbIX, BAaCKY-
NApHas [IeKOMMpeccys, aHanMTYecKiii 063op NnuTepaTypsl

[nsa umtnposanus: Akynos M.A., LLnManckmi B.H., Mowataes B.K. v ap. leMudbaumansHbIi cnasM: oLeHKa TSKeCTV 3aboeBaHnsa 1 conyTCT-
BYIOLLIMX HapyLLeHI (0630p nuTepatypsl). Hepoxmpyprina 2025;27(2):154-60.

DOI: https://doi.org/10.63769/1683-3295-2025-27-2-154-160

Hemifacial spasm: assessment of disease severity and associated impairments (literature review)

M.A. Akulov, V.N. Shimansky, V.K. Poshataev, S.V. Tanyashin, V.0. Zakharov
N.N. Burdenko National Medical Research Center of Neurosurgery, Ministry of Health of Russia; 16 4" Tverskaya-Yamskaya St Moscow 125047, Russia

Contacts: Mikhail Albertovich Akulov Makulov@nsi.ru

Background. Hemifacial spasm (HFS) is a chronic condition that significantly affects patients’ quality of life. Currently, there are no standardized
scales to assess the severity of this condition and the impact on quality of life in both surgical and conservative treatment.

Aim. To highlight the currently existing tools for assessing HFS severity, as well as the quality of life and the effectiveness of treatment of this
pathology.

Material and methods. A search of published data in electronic databases MEDLINE (PubMed) and RSCI (eLIBRARY) was performed.

Results. The main advantages and disadvantages of currently available scales for assessing the severity of HFS (score-rating scale, Tan scale,
Clinical General Impression Scale (CGI-S), Chong scale for assessing HFS, Hemifacial Spasm Grading Scale (HSGS)), quality of life of patients
with HFS (HFS-7, Cohen scale, HFS-30 scale), as well as the effectiveness of vascular decompression (classification of assessment of surgical
treatment of HFS, scale proposed by N. Shorr) were analyzed. Data from studies including more than 50 participants in which the above scales
were used are also presented.

Conclusion. It is advisable to use several instruments to assess all aspects of HFS in order to obtain the most complete information on the
patients’ condition.
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BBELEHUE

ITeMudanuansuseiii criasm (I'PC) xapakTepusyercst
OIMHOCTOPOHHUMM TOHMIECKUMH U (MJIM) KIIOHMIECKIMU
COKpAICHUSIMH MBI, THHEPBUPYEMBIX MIICHIATEPATh-
HBIM JIULIeBBIM HepBoM [1]. laHHOe 3a0o1eBaHue HAOII0-
nmaercs y 10 u3 100000 yesroBex [2] 1 B OCHOBHOM 00YCJIOB-
JICHO HEMPOBaCKYJISIPHOM KOMIIPECCHEl JTUIIEBOTO HepBa
[3]. Hecmotpst Ha TO, uTo T'DC cunraeTcs 1oOpokKadecT-
BEHHBIM 3a00JIEBAaHMEM, OH IIPEICTABIISICT COOOI XPOHM-
YeCKYI0, IPOrpeCcCUPYIONIYIO AaTOJIOTHIO, IIOTEHIINATBHO
MIPUBOISIIYIO K MHBAJIUAN3AINHY 1 CYIIECTBEHHOMY Hapy-
meHuo KadectBa Xu3HM (K2K) mpu HecBoeBpeMeHHOM
neuennu. Yacro I'PC HenmpaBWIBHO TMATHOCTUPYIOT, UTO
B MEPBYIO OUYepedb CBSI3aHO C HAIMYHMEM APYTUX pac-
CTPOICTB — HEPBHOTO THIKA WIH Ojiepapociiazma, Coapy-
KECTBEHHBIX IBIDKCHHMI (CMHKWUHE3WH) B OTHAJICHHOM
Iepuoae IMopaxkeHUs JIUIEBOro HepBa, KOTOPHIE MOTYT
nmutuponsath ['OC.

B 2019 1. J. Sringean 1 coaBT. OITyOJIMKOBAJI CCTEMA-
THYECKHI 0030p KIIIOYEBBIX CUMIITOMOB Pa3IMIHBIX I1a-
TOJIOTHIA, COITPOBOXIAIONINXCS HAPYIICHUSIMU TBYDKCHUMA
JINIIa, KOTOPBIE MOTYT IIOMOYb B MOCTAHOBKE AMAarHo3a.
K HUM OoTHecm oTcyTcTBUE ITpr3HaKa baGMHCKOTO, BBI-
paxeHHBIN Oiiedhapocma3M, M30JMPOBAHHBIE CITa3MBI
MBI HIDKHEH 9acTH JIWIa, BOBJICYCHUE B TIATOJIOTMIEC-
KW TIPOIIECC IPYTUX TPYIII MBIIIIII, OCTPOE HadajIo 3a00-
JIeBaHUS, OBICTPOE IIPOrPECCUPOBAHIE, OTEK OKOJIOYIITHOMN
XKeJe3sl U ap. [4].

Dtnonorust FOC moxer O6bITh pazmmyHa. Tak, T.C. Yaltho
u J. Jankovic cooO1umin, 4To Haubosee yactoii (10 62 %)
B BBIOOPKE 13 215 manmeHTOB MPUYNHOM MOCTyX1Ia Iep-
BUYHAS, WM UONOIIATHIEeCKasl, IIPUpPoaa 3a00IeBaHMUSI.
W3 Hux y 6 4eloBeK JaHHbIE HEPOBU3YaInU3aLMOHHBIX
HCCIICIOBAaHU TO3BOJIMIIN IIPEIIIOIOXUTh paclIipeHne
KaKOI-TM00 apTepUU M COCYIMCTYIO KOMIIPECCHIO JIUIIC-
BOT'0 HEPBA, OMHAKO aBTOPHI BCE PABHO KJIaCCU(DUIIMPOBAIII
STHU CITy4an KaK UANOIIATIICCKIE, TTIOCKOJIBKY COCYIMCTAsT
9TUOJIOTUS HE OblIa oATBepkAeHa [5]. B uccnenoBaHuu
Y. Herrero-Infante 1 coast. (2021) yacToTa MIMOIIATH -
yeckoro I'dC cocrabuia 63,2 % [6]. B ucciaenoBanum [7]
BCEM MallMeHTaM OBLIO IIPOBEICHO aHTHOIrpadmIecKoe
HCCIIeI0BaHNE, TTO3BOJISIONIECe XapaKTepU30BaTh COCTOSI -
HHUE COCYIUCTO-HEPBHBIX ITYIKOB, IIO3TOMY aBTOPBI CUM-
Tam ['®C BTOPUIHBIM IT0 OTHOIIEHHIO K COCYIMCTHIM
AHOMAJIMSM Y ITAIIMEHTOB C BBISIBJICHHBIMU TP BU3YaIIH-
3alIAY IPU3HAKAMU CMEIeHUs U (M) CIaBICHUS JIUIIC-
BOro Hepsa (mo 18 JemoBek), oTBeprass HeoIlpeaeIeHHBIC
JMAaHHBIC O HAIMYKNH SKTaTUICCKH PaCITUPEHHBIX COCYIOB,
He BeoylIMX K KomIipeccun Hepsa [6]. UTto kacaercs

JIOKAJIU3al COCYOUCTOM MATOJIOTHH, OHA OTIMIACTCS
B Pa3JIMIHBIX UCCICAOBAHMAX, HO OOBITHO Y MAIIMEHTOB
¢ I'DC game Bcero mopaxaroTcsl BETBU IIepeaHEN 1 3aTHEi
HIDKHMX MO3TOBEIX apTepuii [§], pacItonokeHHbIC Ha pac-
CTOSTHUH OT II03BOHOYHOM apTepuM, KOTOpasi B MCCIIEHO-
Bannu Y. Herrero-Infante u coast. (2021) Opl1a Hanbotee
YaCTO BEAYIIMM K KOMIIPECCUM COCYIOM [6].

BaxHO OTMETUTD, YTO CMHKWHE3WU, KOTOPBIE 9acTO
omunboyHo mpuHUMaIOT 3a TPC, MOryT OBITH OJHUM
13 cuMnToMoB noctrnapanutndeckoro ['MC. Tak, C. Co-
losimo u coaBT. (2006) COOOIIMIN O PACIIPOCTPAHEHHOCTH
CUHKUHe3ui 10 43 % y nauueHToB ¢ nepBudHbIM TDC,
B ciydasax BropudHoro I'd®C — mo 58 % [9]. Daekrpo-
MuorpaduIecKoe NcciaeqoBaHNe MOXKET OBITH ITOJIE3HO
IUIST OOHAPYXKEHUS CHHKUHETUIECKIX MBIIIIEYHBIX COKpa-
IIeHWIT, KOTOpBIe He Bcerma Jierko oeHuTh [10]. Hanbo-
Jiee OUCBUAHBIM pa3IMdreM MEXIY IMallieHTaMu ¢ UIHUO-
natrndeckuM ['OC n manmeHTaMu, IIepeHeCITNMUI HapaInd
Benna, MoxeTr OBITH HATWYKE B IIEPBOM CIIydae HEKOH-
TPOJIUPYEMBIX (BO3HUKAIOIINX CIIOHTAHHO) ITOAePTUBAHUIA
JINIIEBO MYCKYJIaTyphI, TOTAA KaK IIPU MOCTIIapaINTH -
YeCKOM CHUHIPOME CHHKMHE3UM BO3HHUKAIOT TOJIBKO IIPU
MHMMYECKOM 3KCIIPECCHUM, a B TTIOKOE HE HAOIIOMAIOTCSI.
Hnst TDC xapakTepHO HEIPOM3BOJBbHOE BOSHUKHOBEHHUE
OYCHB YACTBIX, CJIOKHBIX M JUINTEILHBIX CTIOHTAHHBIX pa3-
psimoB [11].

MeHee pacIpocTpaHeHHBIMUI, HO HEe MEHee BaXKHBIMU,
KakK COO0IIAIOCh paHee B IuTeparype [5], mpencTaBisitoTcs
I'®C, BroprdHbIie IO OTHOLICHUIO K CTPYKTYPHBIM MHTpPa-
WJIY SKCTpaKpaHUAIbHBIM ITOPAXKEHUSIM, TAKIM KaK OITyXO-
JI ¥ BOCTIAJIUTEJIbHBIC 3a00IeBaHMsI. MBI curTaeM BaKHBIM
He 3a0BIBaTh 00 3THX STUOJIOTHSIX 1 IIPOBOIUTH HEHPOBHU3Y-
aM3allMOHHbIC MCCIeqoBaHMus BceM maieHTaMm ¢ TPC,
XOTSI HEKOTOPBIE aBTOPBI CIMTAIOT MHAYE B CBSI3W C HU3KOM
pacIpoCcTpaHeHHOCTBIO YKAa3aHHbBIX TPUYMH [12].

Ha ceromusuramii 1eHb O0TYTUHAYCCKUM TOKCUH TH -
ma A (BTA) cuutaeTcst 3pheKTUBHBIM 1 6€30ITaCHBIM M-
TOJOM TIEPBOIl JTMHUM jedeHus [13] Hapsmy ¢ Xupypru-
YeCcKO MUKPOCOCYIMCTOU IeKoMIIpeccueii. B Tedenue
nepBbeIX 7—14 cyT mocne mHbeknuu BTA mo3Bonser
YMEHBIINTD CTETICHb BRIPAXKEHHOCTH NMEIOIIMXCST Y 00JTb-
IIMHCTBA HAIIMEHTOB CUMIITOMOB [P C ¢ MUHUMAaTBLHBIM
YHCJIOM KPaTKOBPEMEHHBIX HEXXeJaTebHBIX SIBJICHUI,
TaKUX Kak jaroTajibM, ITo3, nucdarus u ap. [14]. IIpo-
IOJDKUTEILHOCTD ACICTBYS IIpeIrapara B CpeIHEM COCTaB-
Js1eT 0KoJ10 90 cyT, Iocie Yero MalreHTHl ITOIyJaloT I10-
BTOPHBIN Kypc UHbeKLMM [15].

KayecTBOo XK13HM NanueHTOB ¢ reMuGaniaIbHbIM CAa3-
MOM. XPOHIUYECKOE ITOPAKEHIE JINIIEBBIX MBIIII B CJTydae
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I'DC yacTo MPUBOIUT K HAPYIICHUSIM COLIMATBHBIX (DYHK-
muit. B TSOKeNBIX cIydasix CHMIITOMBI 3a00J1IeBaHUSI MOTYT
BIMSITh Ha 3peHUE, PeYb U KOHIICHTPAIIUI0 BHUMAHUSI.
Takme poOIeMBl HEM3MEHHO BIIUSIIOT Ha YIOBICTBOPEH-
HOCTP IMAIlMeHTa Pa3IMIHBIMM acIieKTaMM CBOEH XKM3HU
[16]. KauecTBO XXM3HM — BaXKHBIN IMOKa3aTe b UCX0Aa ITPU
XPOHMYECKUX 3a00JIeBaHUSIX, KOTOPHIN ITUPOKO MCITOJIb-
3yercs B nccnenmoBanusx [17]. [Mockonbky numa ¢ I'OC
Yale CTpagaloT U3-3a SMOIMOHAIBHBIX M IICUXOJIOTUIEC-
KHUX IIpo0JIeM M3-3a XapaKTepa 3a00JIeBaHMs, a He OT (b1~
3MYECKON MHBATUAN3AIIAN, OOIIMe Kbl orleHKH KoK
MOTYT He oTpaxath ImojHoro Bausiausg ['@C Ha maHHBIN
acnekT xu3Hu. CymecTtByeT psaa cneunduaHbix mist FOC
BaJIUIM3MPOBAHHBIX IIIKAJI, OXBAaTHIBAIOIINX BaXKHBIC
st marueHToB acnekTol K2K, omHako B Poccun K2K naH-
HOM KaTerOpyM IMAIleHTOB PEIKO OIICHUBACTCS U aHAIH-
3UPYETCS, XOTSI 3TOT MMOKa3aTeIb OUYCHb 3HAYMM.

Llesnp pabOTHI cOCTOSIIAa B aHAIM3E JaHHBIX JIATEPaTy-
PHI TIO CYIIECTBYIOIINM B HACTOSIIIIEE BPEeMSI MHCTPYMEH-
TaMm orieHKH cTerieHn TsokecTn [PC, KK takmx marmeH-
TOB 1 3((PEKTUBHOCTH JICUCHHST JTaHHOM MaTOJIOTHH.

MATEPUAN N METO[bI

B snekrponnbix 6azax naHHeIX MEDLINE (PubMed)
u PUHII (eLIBRARY) oTt6mpanm TeKCThI, OITy0IMKOBaH-
Hble B mepuon 1990—2024 rr. J1J1s1 TTorcKa pycCKOSI3bIIHBIX

Otbop uccnenosanuit B B / Selection of studies in DB

« MEDLINE (PubMed) (n = 284)
« eLIBRARY (n =51)

cTaTeil Mo TeMe MCIIOIb30BallM CIISAYIOIINe KIIIOUCBBIC
clIoBa: «reMUpalMaIbHBIN CITa3M», «Ka4eCTBO KU3HN»,
«IIIKAJIBI» , «<OTIPOCHUKM» , «BACKYJISIPHAS IEKOMITPECCHSI».
[Tpy HaMMUIMM HECKOJIBKMX ITyOIMKALINIA, TTOCBSIIIEHHBIX
Pa3HBIM 3TallaM OTHOTO M TOTO e NUCCIIeI0BaHMsI, BEIOM-
panu rociaeaHIow padory. Mckimounim u3 BEIOOPKU ITy-
OJIMKAUK OTHAEIbHBIX HAONIOMeHMI, MCCIeqOBaHNS Ha
XKMBOTHBIX, a TAKXKE CTaTbU C MPEeIBAPUTEIHHBIMU WA
NyOIUPYIOLIMMU pe3yibTaTaMU ucciiefoBaHUi. BeiOupanu
IIKAJIbI, KOTOPBIE MCITOJIb30BAIMCH B KPYITHBIX MCCIIEI0-
BaHmax. CXxeMaTUYHO TPEICTaBIIIN IIPOIIECC 0TOOpa MC-
clemoBaHM Ha puc. 1.

PE3YJIbTATHI

B Hacroseit padote mpeacTaBlieHbl Bce HaiileHHbIE
TIPY MIOJITHOTEKCTOBOM aHaJIM3€e CTaTeH IITKaJIbI, P TTIOMO-
11 KOTOPBIX olleHnBaoT TskecTh [DC, KK nmanmeHTOB
C JaHHBIM 3a001eBaHreM U 3(P(PEKTUBHOCTD JICUESHUS.

1. ITIkasI 1j151 OLEHKH TS2KeCTH reMr(panmuaIbHOro
cnasma u oneHku 3¢)¢GeKTHBHOCTH KOHCEPBATUBHOTO
Jiedenusi (0OTYIMHOTEPATIVIN)

BannbHO-peiiTHHrOBas MKajga. DTO MPOCTOI U TIOHSIT-
HBIIT MeTOI OlleHKM TskecTu TedeHuss [PC, B KoTopoM
MAIMeHTOB MPOCST OLIEHUTD CIIa3MBI I10 IITKasie oT 1 (Jrer-
kue) mo 10 (tsokensie). Illkana mpocTa IjT HOHUMAHUS

Mnendmkaums /
Identification

. Wckniouenve aybnupyiowwmx nybnmukaumii (n = 28) /
- Exclusion of duplicate publications (n = 28)
Y
-§ My6nukauum nocne yaanexms ayénukaros (n = 307) /
§ Publications after removal of duplicates (n = 307) UcknioueHHble ny6amKaumm (Nocie NpocMoTpa Hassakui v pesiome) /
& Excluded publications (after inspection of titles and abstracts) (n = 243):
% * A3bIK He PYCCKUIA, He aHrmidckuid / language not Russian, not English (n = 53)
é_ <  KJMHUYeckwii cnyyaii (n = 102) / clinical case (n = 102)
© « nucbMa B pefakumio (n = 4) / letters to the editor (n = 4)
« Te3ucbl KoHdepeHumii (n =7) / conference abstracts (n=7)
- v « apyras TeMatuka (He [®C) (n =77) / other topics (not HFS) (n =77)
S
% lMonHoTeKcToBLIN aHanu3 (n = 64) /
& Full-text analysis (n = 64)
§' WcKnioueHHble ctatbu (n = 16) / Excluded articles (n = 16):
o
e < « be3 onucaHus pesynbTaToB NpuMeHeHus Wwkan (n = 9) / without description of application
of the scales (n=9)
= \J * NpenBapuTenbHble peynstatsl (n =7) / preliminary results (n = 7)
é WccnepoBanua ¢ oueHKon Taxkectn TOC u KX (n=48) /
E Studies with evaluation of HFS severity and QoL (n = 48)
=
=

Puc. 1. bnok-cxema ombopa nybnukayuli 015 aHanumMuyYeckozo 0630pa UHCMPYMeHMOo8 OUeHKU CeneHu MSXecmu 2eMugayuansHo20 Cna3md, Kayecmaa HCU3HU Nayu-
eHmMo8 U agekmusHocmu NedeHus daHHolU namosnoeuu. b/l — 6aza danHeix; [OC - 2emugayuaneHeiii cnasm; KX — kayecmeo xcusHu

Fig. 1. Flowchart of publication selection performed for analytical review of the instruments for evaluation of hemifacial spasm severity, patients’ quality of life, and effectiveness
of treatment of this pathology. DB — database; HFS — hemifacial spasm; QoL — quality of life
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¥ IIpUMEHEeHUsI, HO MOXeT He B ITOJTHOM Mepe OTpaxkaThb
COCTOSTHME TTallMeHTa (He aHAJIM3UPYeTCsl YacTOTa U UH-
TEHCHUBHOCTH c11a3MoB) [18].

IIIkana Tan. OueHuBaeTcs creneHb Tskectu [OC
mo 5-6ayutpHOI cucteMe [19]: 0 — HopMma; 1 — Jrlerkoe Ha-
pyIIeHNe TMOBCEIHEBHOM aKTMBHOCTU; 2 — YMEPEHHOE
HapyIlIeHNe TOBCETHEBHOM aKTMBHOCTH 03 PacCTPOMCT-
Ba (DYHKIINM JIMIIEBOTO HEPBA; 3 — YMEPEHHOE HapYIIICHIE
IMOBCEIHEBHOM aKTUBHOCTU ¢ (PYHKIIMOHAIBLHBIMUA Ha-
pYIICHUSIMH; 4 — IIOJIHASI yTpaTa TPYIZOCIIOCOOHOCTH.
IIIkana He TTO3BOJISIET OLIECHUTh YACTOTY M MHTEHCUBHOCTD
CIa3MOB.

IIIkana o6mero Kamandeckoro nevariennsa (CGI-S).
IMpencrasasier coboii 7-6amabHyto mKany (1 — 3M0poB,
7 — TsSKen000bHOM), pa3pab0TaHHYIO HAa OCHOBE OIThITa
KJIMHULIMCTA B KOHKPETHOI MOMYJISIIIUK narueHToB [20].
JanHas mIKaja Io3BOJISIET KIacCU(PUIIMIPOBATh TSKECTh
3a00JIeBaHUsI, HO HE CTCIICHb BBIPAXKEHHOCTHU M TSKECTH
I'®C, Tak kaKk pa3zpadoTaHa IJIs pa3TAIHBIX 3a00JIeBaHII
¥ He YYUTHIBaeT KIMHUIeCcKHe ocooeHHOoCTH [DC.

IMIkana Chong mis ouenku reMup)anaIbHOTO CHa3Ma.
IIpencrapisieT coboii 6ojlee KOMIUIEKCHBINT MHCTPYMEHT
¥ OIICHMBAeT KaK 4acToTy M MHTeHCUBHOCTh [ DC, Tak
¥ VX BIMSTHUE Ha TTIOBCETHEBHYIO AESITCIBHOCTD MaIlCHTA.
3naueHms ot 0 (HeT crma3moB) 10 4 (CHJIBHBIC CITa3MBI,
KOTOpBIE 3HAYNTETLHO MEIIAIOT ITOBCETHEBHOM e TEITb-
HocTH). [laHHas IIKaia mo3BoJjisgeT cchOpMUPOBATh OoJee
MMOAPOOHYO KaPTUHY COCTOSTHUS ITAIIMEHTAa, HO BHIITOIHE-
HUE 3TOH OLIEHKM MOKET 3aHATh O0JIbIIe BpeMeHH [21].

IIIkana onenkn remMudanuaabHoro cnazma (HSGS).
Ente omamM 1IpoBepeHHBIM MHCTPYMEHTOM CITyKuT «I11ka-
JIa olleHKM remudanmanbHoro cmasma» (HSGS) [22] —
00BEKTUBHAS, OBICTpas U HameXKHasl, OLICHUBAIOIIAS JIO-
KalIu3annio, 4actoty M nHTeHcuBHOCTh 'DC. OnHako
HSGS He mo3BossieT oxapaKkTepr30BaTh BIUSHIE 3a001e-
BaHWS Ha TTOBCETHEBHYIO aKTMBHOCTH ITallCHTA.

CiemyeT yYUTHIBATh, YTO BCE TTEPEUMCIICHHBIC BBIIIIE
IIKaJIBl OTPaXXamT TOJIBKO KJIMHUYECKUE ITapaMeTphl,
Ho He oneHnBaioT K2K, cBI3aHHOE CO 3M0pOBbEM, OTHAKO
JTaHHBIN ITOKAa3aTe/Ib KpaifHe BaXKeH IIPU OIICHKE TCUCHUS
I'®C 1 KoHTpOJIEe YCIIENTHOCTH TEPaITHH.

2. ITIkajm! 1151 OIIEHKH Ka4eCTBA JKU3HH MAIIMEHTOB

¢ reMu(panMaIbLHbIM CIA3MOM

HFS-7. Onpocuuk Baymausuposad E. K. Tan u coasr.,
anpecoBaH manueHTaM ¢ I'PC mag caMOCTOATSIbHOU
ouenku K2K. IIkana HFS-7 conepxut 7 BOIpocoB, Kaca-
JOIIMXCS TIOBCEAHEBHOM AesaTenbHOCTH (. 1—3), a Tak-
K€ SMOIMOHAIBHOTO 0JaromoayYrsl U CTUTMATU3aLNU
(. 4—7) [19]. OmHaKO OIMPOCHUK UMEET CYIICCTBEHHBII
HEIOCTAaTOK: OTBETHI HA BOIIPOCH JAIOTCS HE IO BU3Yalhb-
HO-aHAJIOTOBOM, a MO KAaTerOpuaJbHOW KJIWHUYECKOU
IIKaje. XOTs OlleHKA MAlleHTOB IIPY IOMOIIN KIIMHIUYE-
CKMX IIIKAJT TTO3BOJIMJIA pa3inyuTh [18, 23] 0oTyamHOTEepa-
MU0 1 TUTAIe00 B IBYX KOHTPOJIMPYEMBIX MCCIICIOBAHMIX
¢ ygactueM mnanueHToB ¢ I'PC, ocTaeTcs MO MEHBIICH

Mepe COMHUTENIbHBIM, OyneT im HFS-7 nocraTouno uyB-
CTBUTEJEHBIM HMHCTPYMEHTOM JIJISI OOHAPYKEeHUS HEOOIb-
WX OTJIMYMI, CBSI3aHHBIX C Pa3IMIHBIMU BapHaHTaMU
JICYCHMUSI.

IIIkana Cohen. CrienimanabHO pa3padboTaHa ajis OLEeHKU
prustHusa [DOC \a KOK, BKITIOUaeT BOIIPOCH, CBSI3aHHBIC
¢ GU3MIeCKNM TUCKOMMOPTOM, SMOLIMOHATIEHBIM CTPEC-
COM, HApYIICHNSIMY B COITMATBLHOI 1 ITpodecCnoHaTbHOM
xu3Hu. OneHku BappupyooTca ot 0 (I'®C He BAMSET
Ha KayecTBO Xu3HU) mo 100 (MakcmMalbHOE BIMSIHUE
I'®C na K2K). OTa mkanxa MoXeT IpeaoCTaBUTh LIEHHYIO
nH@opmalmio o bonee mpokom BiusgHUN ['OC Ha XKU3HDb
MauueHToB [24].

IIxama HFS-30. B 2004 E.K. Tan u coasr. [19] nccie-
JIOBaJIA BAIMITHOCTh M HAAEXKHOCTDH OIIPOCHUKA CAMOCTO-
atenbHOM omeHKM K2K, CBA3aHHOro cO 340pOBBEM
(HRQOL), B ciaygasx I'DC. [TamuenTsr ¢ [OC camocTto-
SITEJIBHO OTBEYAJI B OOIIEH CI0KHOCTH Ha 30 BOIIPOCOB,
pasmeJeHHBIX Ha 7 TIOMIIKAI: MOOWIIBHOCTD, ITIOBCEIHEB-
Hasl IesITeIbHOCTD, SMOIIMOHAIBHOE OJIarOITOIyIHe, CTHT -
MaTH3amus, COlMalbHasI MOIACPKKA, TO3HAHME, O0IIIe-
Hue. Bce MyHKTHI OLIEHUBAIMChH MO 5-0aJJIbHOM 1IKaje
ot 0 (oTBeT «HUKOTIa») M0 4 («BCerma»).

HccnenoBanue [19] Bximovano 80 manuentos ¢ [OC
B Bo3pacte 56,3 £ 11,1 roma. 3HaueHnsT KO3POULIMEHTOB
ICC (BHYTpUKIIaccoBOI1 Koppeasiiun) u o Kponbaxa co-
craBuim 6osnee 0,7 17151 OOJBIIMHCTBA ITyHKTOB W MOIIIKAT
HFS-30. ABTOpHI MCClIeIOBaHUS BBISBUIN 3HAYUTEJIBHYIO
MTOJIOKHUTEIBHYIO KOPPEeNSIuio cTereHn Tsokectu ['PC
C OLICHKaMM TI0 TToAIIKaaaM. PerpeccnoHHBII aHaIM3 Bpa-
YeOHOM OLICHKU peaKIIMy Ha OOTYIMHOTEPAUIO TIPU 13-
MEHEHUM TT0Ka3aTesieil OT MCXOMHOTO YPOBHS, a TaKXKe
CaMOCTOSITEJIPHOI OIIeHKM IAallMEHTaMU CBOETO COCTOSI-
HUS Mocje OOTYJMHOTEepallny 1T0Ka3aj 3HAYNUTEbHYIO
Koppessauo. MccnenoBaHue IpoaeMOHCTPUPOBAIO Ba-
JIMITHOCTh, HAIESKHOCTh Y YYBCTBUTEIIFHOCTD OITPOCHMKA
HFS-30 [19]. OnHako aHKeTa UMeeT psiJ HeTOCTATKOB:
CJIIIIKOM JJIMHHASI, HE BCE BOIIPOCHI KOPPETUPYIOT C TS-
XKECThI0O KIIMHUYECKON KapTUHBI WJIM TOYHO OTPaXKaroT
peakumio Ha JeyeHue. KpoMe Toro, TMCKpUMHUHAHTHAS
BAJIMIHOCTh MEXIY IPYIITON MAIlMEHTOB Y KOHTPOJIbHOM
rpymmnoii, a Takxke koppensuusg HFS-30 ¢ obmieit mkanoit
K2K He n3yyanucs.

Kaxkmast 13 pacCMOTPEHHBIX ITKaJI OLIEHKN KayecTBa
Ku3HU nanneHToB ¢ [P C nMeeT CBOM CHIIBHBIC U CJIa0bIe
CTOPOHBI, ¥ BHIOOP IITKAJIBI MOXKET 3aBHUCETh OT KOHKPET-
HBIX LIeJIeH UCCIIeIOBaHMS.

3. IIIkajs! 1151 onleHKH () heKTHBHOCTH BACKYJISAPHOI

JIEKOMIIPECCHHA

B Hacrosiiee BpeMsl OTCYTCTBYET eAUHast cucTeMa
olLleHKHU 3G (HEKTUBHOCTU BACKYJISIPHON TEKOMITPECCUN
y nayeHToB ¢ ['PC. Cpeny MHOTHX METOIOB KOJTUYECT-
BEHHOM OLIEHKM OOJIErYeHUST MMEIOLIMXCSI CUMITTOMOB
HauboJiee YacTo UCIIOJIb3yeTCs moKa3aTelb (%) ocTaTtou-
HbIX COKpallleHUIi ITocIe onepauuu (tadi. 1).
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B nccrenoBanusix 1mo oneHkKe 3 OeKTUBHOCTH XUPYP-
TUYECKOTO JICUCHUS] 9aCTO TAKKe MCITOIb3yeTCs ITKaja,
npemnoxkeHHass N. Shorr u coast. (1985), n3HaganbHO
IMpeaHa3HaYeHHAs VISl MMAllMeHTOB ¢ Ojiedhapocma3MoM.
IIkana comep:xuT 4 MyHKTa, KaXKIbIii U3 KOTOPBIX OTpa-
KaeT TMHAMUKY UMEIOIIeHCST CUMIITOMATUKA B ITOCTIe-
oIepalMoHHOM nepuoze [26]:

* A — mosHOE BhI3HopoBieHne, cuMnToMbl [DC mon-
HOCTBIO UCUE3JIH, PEIMANBEI B KOHIIE TIeproIa HaOJTio-
JIEHUS OTCYTCTBYIOT;

* b — yacTYHOE BBI3NOPOBJICHNE, YaCTOTA ¥ AMILINTY-
JIa MBIIIIEYHBIX COKPAIIEHN 3HAYUTEITHHO YMEHBIIIH -
JINCH B TEYCHHE TTOJTYTO/IA TTOCIIE OTIepaIIiy;

* C — orcyrcrBue auHamMuku, cuMmirToMmbel I'DC ocra-
JINCh Ha TIPEXXHEM YPOBHE Uepe3 1 Tof Imociie JIeUeHUsT;

* D — permuouB, CHMIITOMBI HOSIBJISUTMCH CHOBA (TIOCIIE
WX NCYC3HOBEHMS B pe3yJIbTaTe Ollepamnn), 0e3 mpu-
3HAKOB YJIyUIIICHUs B TedeHHe | Toma Imocjie BMela-
TEJIbCTBA.

B crathe H. Kobata u coast. (1998) mpoananusupona-
HbI MCXOIbl XUPYPrUYECKOTO JiedeHUsI 36 MalueHTOB
¢ 'dC, katamHe3 — 2 roga. Pe3ynbraThl onepaTUBHOTO
BMEIIIATEeIbCTBA KIIACCU(UIIMPOBAHBI aBTOPAMU I10 4 Ka-
TETOPHSIM: OTJIWYHBIN (ITOJTHOE UCUYE3HOBEHUE CIIa3MOB),
XOPOIINi (HAJIMIMe HEYACThIX M HEBBIPAXKEHHBIX CITa3MOB
MYCKYJIaTypBI BOKPYT IJIa3a), TI0X0# (MUHUMAJILHBIA pe-
Ipecc CIa3MOB WJIM €TO OTCYTCTBHE) U peunanB [27].

OBCYXIEHUE

Knmanyeckas omenka ['PC compskeHa ¢ psiooM
CIIOKHOCTEM, 0COOEHHO B KOHTEKCTE OIICHKHU CTEIICHU
TSDKECTH U BIMSHUS JAHHOTO CHHApPOMA THIepOYHKIINN
JmieBoro HepBa Ha K2K. BTo Bo MHOTOM CBSI3aHO C TEM,
YTO IO HACTOSIIIETO BpeMEHU HE OBLJIO CO3MaHO eAMHOE
PYKOBOJICTBO I10 THarHocThKe u oieHKe ['DC, mosTtomy
1151 TIojTHOLIeHHOTO n3ydeHus BiustHUs [DC Ha KK nc-
cllemoBaTeNISIM IIPUXOIUTCS MCIIOJb30BAaTh HECKOJIBKO
OIPOCHUKOB M IIIKAJI.

B HeckoabkuX MccaeqoBaHUAX 1o jedeHuo ['OC
¢ momoupio BTA 3a mocnennue 20 neT ObIT pa3padboTaH
PSI MTHCTPYMEHTOB OLIeHKY 3(D(HEKTUBHOCTH jedeHus [19,
28]. OmHaKo TUIOXask BOCIIPOU3BOAMMOCTh M OTCYTCTBHE
CTaHIAPTU3NPOBAHHON OIICHKY CUMITTOMOB OTpaHUYMBA-
JIM KIMHWYecKoe TTpuMeHeHue mkan npu ['OC [19, 28,
29]. Takue orpaHMYEHMS 3HAYMTEIIHFHO TIOBJIMSUIA Ha CpaB-
HEHNE WUCCIIeIOBaHNI, OIIEHUBAIOIINX BIUSHUEC OOTYIIH-
HoTeparmuu Ha tedyeHue ['DC. Ha ceromHsSImIHWUI IeHD
He ObLIO 10Ka3aHO, YTO KaKasi-JIM0O 1IKaja MOXET ObITh
IMoJie3Ha B KAa4eCTBE CTAHAAPTU3MPOBAHHOTO METOZA
otreHKH Tsekectd ['PC u 3 GeKTUBHOCTH OOTYIMHOTEPA-
MY, TIPOBOAMMOM MTaHHOM KaTeTOpWU MallMeHTOB [28].
CymecTByloIie IKaJdbl UMEIOT TaKWe HeIOCTaTKH,
KaK OTCYTCTBHE OOBEKTUBHOTO OIMMCAHUS CUMIITOMOB,
HeIOCTaTOYHAsI CTaHIAPTU3ALMSI ITPOIIETyPhI OLIEHKH, OT-
CYTCTBHE YETKOTO OIpeAceHUSI YaCTOTHl PEIMIMNBOB
u crerieHu TspkecTy [ DC. CylecTBeHHBIM OrpaHUYeHUEM

Tabnuua 1. OueHKa onepaTvBHOMO JieyeHwst reMubaumanbHOro cniama [25]

Table 1. Assessment of surgical treatment of hemifacial spasm [25]

Onenka

(cTeneHb) XapakTepucTHKa

TortanbHOe yay4diieHue, pe3yasrat — 100 %.
[MalueHT MOJHOCTBIO YIOBIETBOPEH
0 pe3yabTaTaMu JedeHUst
Complete recovery, 100 % result. Patient is completely
satisfied with treatment results

CyOToTaibHOE YIydIlIeHUE, pe3yIbTaT —
100—90 %. Penkue u HeGObILINE CIIA3MbI
MpU CTPEeCCOBBbIX cuTyanusx. [lauueHT noBosieH
1 pe3yabraTaMu JICYCHUA
Subtotal recovery, 100—90 % result. Rare and slight
spasms in stressful situations. Patient is satisfied with
treatment results
YactruHoe yinyuiieHue, pedyiasrar — 90—50 %.
2 [NauueHT HEmOBOJIEH PE3yIbTATOM
Partial recovery, 90—50 % result. Patient is not satisfied
with the result
HeycnienrHast onepanusi, pe3yiabraT —
50 % v HUXe, BILUIOTH 0 OTCYTCTBUS. [lalieHT
3 coxasieeT 00 ornepanuu
Unsuccessful surgery, 50 % or lower or absent result.
Patient regrets the surgery

SIBJISIETCS BKJIIOYEHUE B BalMIALMOHHOE MCCJIeI0BaHue
nauueHToB He Toabko ¢ 'DC, Ho U ¢ 6iedapocazMom
[28]. Do cux mop He MOJIHOCTBIO TIpeAcTaBieHa MHGOpMa-
LIS O YYBCTBUTEIbHOCTH U CIELIM(DUUYHOCTH UMEIOILIUXCSI
LLKaJI, OLIEHEHHBIX Ha OOJIBIIMX BHIOOPKAX IALIMEHTOB
cI'dC.

ITpu uCronb30BaHUM IIKAJI BaXHO YYUTHIBATH CIIO-
COOHOCTbD MAalLMeHTa [IOHUMATh U 3arl0JIHSITh AHKETY, a TaK-
K€ BO3MOXHOCTD IIKaJIbl OTpaxaTh Te acmekTol [DC,
KOTOPBIE HaM0OoJIee BAXKHBI IJIS1 OLIEHKU COCTOSTHUS ALy -
€HTa W BBIPaOOTKY 1elieii iedeHnst. KpoMe Toro, omeHka
YIIy4llleHUsI OOBIYHO IMPOBOAUTCS IMOCPEACTBOM aHAIM3a
pa3an4uii pe3yabTaToB 1IKajl 0 U I1OCje JeUYEeHMsI, KOTO-
pble CUMTAIOTCSI 3HAYUTEIbHBIMU. B Oosbllieit yacTu uc-
CJIEIOBAaHUI HE UCTIOJIB3YIOTCS «KPUTHUECKME PA3ITAYUS»,
OCHOBaHHbIE Ha (pOpMaJIbHBIX [T0KA3aTEISIX HAAEXKHOCTH,
WIH, 110 KpaliHei Mepe, He YCTaHABIMBAIOTCSI IIOPOrOBBIE
3HAYEHUSI JJIs1 OLEHKHU YIydIIeHUS.

HecoBepieHcTBa Kaxmoi 13 mKaa (M OIPOCHUKOB)
C YCIIEXOM KOMIICHCHUPYIOTCS X OMHOBPEMEHHBIM IIPUME-
HEHUEM, ITIO3TOMY B UCCJIEIOBAHMSIX ISl IOJTHOTHI OXBaTa
TAKOM CJIOXHOM MaTOJOTMU U MOJYYEeHUsT KaYeCTBEHHBIX
CTATUCTUYECKUX JAHHBIX BAaXHO 3aJeiCTBOBATb MaKCH-
MaJIbHOE YUCJIO MHCTPpYMeHTOB orieHKH [DC. C yueTom
JAHHBIX OTOOPAHHOM JIUTEPATYPhl Mbl CUMTAEM LIEJIECO-
00pa3HBIM KCTTOIb30BaHMe Takux 1Kai, Kak GCI, Cohen,
Chong, HFS-30 u Tan, a¢@eKTHBHOCTb TIPUMEHEHUS KO-
TopbIx 1pu pabote ¢ [DC gokazaHa JIMTETbHBIM OIIBITOM
MHOIUX HccliegoBateneil. Micxonst u3 Halllero OIbiTa
M YYUTHIBAsE JOCTATOYHO BBICOKYIO 4YBCTBUTEIbHOCTb
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MepeuYrcIeHHBIX MTHCTPYMEHTOB OLIEHKM, MBI PEKOMEHTY-
€M IIPU BBIOOPE LIKAJT IJIsI OLIEHKHM COCTOSIHUS MAllMeHTOB
¢ 'D®C ocHOBBIBaThCSI HA yIOOCTBE CIIeIUANIMCTa U €TO
OITBITE B UX TIPUMEHEHUH.

Elie pa3 otMeTMM HEOOXOAUMOCTb pa3pabOTKU ear-
HOM IIKAJIBI TSI OLleHKY cTteneHu TsokecT [DC, yauTsi-
Balollleil HanboJiee BaKHbIe IBUTATEILHbIE HAPYIIEHUS
n KK nanuenTos. Takas mikasna gojiskHa ObITh OCHOBaHa
Ha 00bEKTUBHBIX KPUTEPUSIX U 00eCIIeunBaTh ONITUMAJIb-
HYIO HaZeXXHOCTb pe3yJIbTaTa.
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OcobeHHOCTM AMarHOCTMKM ba3sanbHOW SIMKBOPEN
Yy NaLMEHTOB C TAXENON YepernHO-M03roBov TpaBMoU

KoHTaKTbI: [.B. Powwmna', U.M. Togkos" 23, A.A. Tpunb"2, A.U. Kpiokos*, E.B. fapoB*
[apbs BuktopoBHa

PouumHa
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'TBY3 «HayuHo-uccnedosamensckull uHecmumym ckopol noMowu um. H.B. Cknugocosckozo [lenapmamerma
3dpagooxpaHerus 2. Mocksei»; Poccus, 129090 Mocksa, bonewas Cyxapesckas n., 3;

2QA0Y BO «Pocculickuli HaUUOHAeHbIG ucciedosamensckul MeduyuHeKul yHusepcumem umeru H.U. [upoeosax»
Mut3dpasa Poccuu; Poccus, 117997 Mocksa, yn. OcmposumsiHosa, 1

3IbY3 «Mockosckuli MHozonpoghuneHbill KnuHUYecKul yeHmp «KommyHapka» [enapmamesma 30pasooxpaHeHust
2. Mockaei»; Poccusi, 108814 Mockaa, yn. CoceHckuli Cmat, 8, cmp. 3;
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BeepneHue. YacToTa nocTrpaBMatuyeckom basanbHoi nmkeopen ([BJ1) npu nepenoMax ocHoBaHws Yepena coctaBnseT 33—40 %, passutie
BHYTPMYEPEMHbIX THOMHBIX OCAOXHEHWIA NpU 3TOM cocTosiHUM HabnopaeTcs B 10-37 % cnyyaes, a ypoBeHb NETafbHOCTU MOXKET [0CTUMaTh
30 % paxe npw NpoBefeHUM aHTUbaKTepuanbHoM Tepanuun. CRoXHOCTb AnarHoCTUKY ba3anbHon nukeopen (BJ1) y NaLMeHToB ¢ TAXenow
YepenHo-Mo3roBoi Tpasmor (YMT) obycnoBnmMBaeT psf NPUUMH — HEBO3MOXKHOCTL cOopa Xanob co CTOPOHbI NaLMEHTa C YrHETEHHBIM YPOBHEM
60[pCTBOBaHUS; 3aTPYAHEHHOCTb YKIMAKM NaLMEHTOB 1S NPOBEAEHNS MHCTPYMEHTANbHOM AUArHOCTUKM 3a CYET COUETaHHbIX MOBPEXAEHHI;
HaXOX[EHNe Ha MCKYCCTBEHHOW BEHTUNALMM NErKMX; MAaCKUPOBKa UCTEYEHUS NIMKBOPA M3-33 reMOPParMyecKoro xapakTepa OTAeNsemoro
13 NONOCTW Hoca.

Llenb pabotbl — 0630p 3B HEKTUBHOCTY Pa3NMYHBIX AUArHOCTUHECKWX METOLO0B W anropuTMOB ANA BbisiBAeHUs BbJ1, a Take X NpUMEHUMOCTY
B ciyqasx YMT ¢ Nofo3peHVeM Ha MPOHMKAIOLLWMM XapaKTep.

Pe3ynbTaThbl. BbisiBNEHbI 0CHOBHbIE CAIOXKHOCTY AnarHoCT1Ky bJ1y peaHMMaLmMoHHbIX NaLLMeHTOB, CBA3aHHbIE C psAOM NpobneM npu BeiNoHe-
HWW MHBA3WBHbIX METOL0B HeVpOBM3yanu3aLmmn 1 cbopa NMKBopen Ans nabopaTtopHOM AMarHOCTUKM Mo CrieundryeckuM MapKepaM Liepe-
BpocnuHanbHOM KMAKOCTW, a TakxKe C OTCYTCTBMEM (IyopecLienHa, pa3peLleHHOro A1s MHTpaTeKanbHoro NPUMEHEHNS Ha TeppUTOpUK
Poccuitckoit Oeepaumn. YCTaHOBEHO, UTO B CIyUasX TAXENOr0 COCTOAHMA NalMeHTa Hanbonee MHHOPMATUBHBIMU METOfAMM ANArHOCTU-
KM CRy®aT KOMMbloTepHas ToMorpadms rofoBHOr0 Mo3ra U1 IMioKO300KCWA3HbI TECT, @ B Cly4ae COMHUTENbHBIX Pe3ynbTaToB — pagwmo-
HYKnMAHas umctepHorpadws. Mocne noaTsepxaeHus b1 pekoMeHayeTcs 3HAOCKONMYECKas PeBM3Ks NOAOCTM Hoca U, Npu Heobxoamumo-
CTW, NNAcTVKa JIMKBOPHOM BUCTYNbI.

3akntoyerne. lpefcTaBneHHble AaHHbIE NOAYEPKMBAIOT HEODXOAMMOCTb AanbHEMLLMX UCCNE0BAHWA U YTOUHEHWS AMArHOCTUYECKUX anro-
PWUTMOB C LieNblo MOBBICWTL TOYHOCTL BbiABNeHnA [1BJ1y nauwveHTos ¢ Taxenon YMT.

KntoueBble cnoBa: nocTTpaBMaTuyeckas basanbHas IMKBOpes, YepenHo-Mo3roBas TpaBMa, MKO300KCUAA3HbIN TecT, beTa-2-TpaHcheppuH,
beTa-trace-npatenH, KT ronosHoro Mo3ra, MPT ronosHoro Mo3ra, KT-uuctepHorpadus, MPT-umctepHorpadms, paanoHyKMaHas LmMcTepHo-
rpadws, hnyopecLemMHoBbLIN TeCT
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Background. The frequency of traumatic cerebrospinal fluid (CSF) leaks in fractures of the skull base is 33-40 %, intracranial purulent
complications occur in 10-37 % of cases, and mortality rate is 30 % even with antibiotic therapy. The difficulty of diagnosing CSF leaks in patients
with severe traumatic brain injury is caused by several factors: impossibility of gathering complaints from a patient with decreased alertness;
difficulty to position a patient for instrumental diagnostics due to concomitant injuries; artificial ventilation; cerebrospinal fluid leak being masked
by hemorrhagic secretions from the nose.

Aim. To review the effectiveness of various diagnostic methods and algorithms for detection of cerebrospinal fluid leak and to access their
feasibility in cases of potentially penetrating traumatic brain injury.

Results. The study identified the main challenges of diagnosing cerebrospinal fluid leaks in intensive care patients, including difficulties
in performing invasive neuroimaging methods, challenges in collecting nasal secretions for laboratory detection of CSF-specific markers, and
the absence of fluorescein approved for intrathecal use in the Russian Federation. It was established that in severe cases, the most informative
methods are brain CT and glucose oxidase test with radionuclide cisternography recommended in cases of uncertain results. Upon confirmation
of cerebrospinal fluid leak, endoscopic nasal cavity revision and, if necessary, CSF fistula repair are advised.

Conclusion. The findings emphasize the need for further research and refinement of diagnostic algorithms to improve the accuracy of traumatic
CSF leak detection in patients with severe traumatic brain injuries.

Keywords: traumatic cerebrospinal fluid (CSF), CSF leak, traumatic brain injury, glucose oxidase test, beta-2 transferrin, beta-trace protein,
computed tomography of the brain, magnetic resonance imaging of the brain, computed tomography cisternography, magnetic resonance
imaging cisternography, radionuclide cisternography, fluorescein test
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BBELEHUE

IMoctTpaBMaTnueckas 6a3anbHas mukBopes (ITBJI)
y MAllMEHTOB C TSXKEJIOW 4epeImHO-MO3rOBOM TpaBMOM
(UMT) ocraeTcsa akTyarbHOI1 mpobiiemoii. B cTpykTy-
pe UYMT mnpoHukKamwIue mepejoMbl OCHOBaHUS dyeperna
BcTpevaloTcst ¢ yactoToir o 3 % [1]. Yactora I1BJI
IIPpY HEKOTOPBIX BUIAX IIEPEIOMOB MOXET COCTaBIISIThH
33—-40 % [2—7], pa3BuTHE BHYTPUYEPEIHbIX THONHBIX
OCJIOXHEHMI1 IIPU 3TOM cOCTossHUM mocTuraet 10—37 %,
a ypoBeHb JeTaabHOCTH — 10 30 % maxe mpu MpoBeIeHUU
aHTUOaKTepuaabHOM Tepanuu [8—11].

Cnoxuocts nuarHoctuku [1BJI y manmeHTOB ¢ M30-
JIMPOBAaHHOM U coueTaHHOM Tsekenoin YMT, Haxoasiiuxcs
B peaHUMAlLIMOHHOM OTAEJAEHUHU, YACTO 0OYCIOBJIEHA He-
BO3MOXHOCTBIO COOpATh XKaJIOOBI CO CTOPOHBI MallMeHTa
W3-3a YTHETCHUS MX CO3HAHUS, TPYTHOCTSIMHM YKJIAIKU
TaKMX IAIMCHTOB ISl TIPOBEACHNS MHCTPYMEHTAIBHOM
IWATHOCTHKM, a TaKXKe Mpo0IeMoil Bepu(pUKaIun UCTe-
Kalollei n3 Hoca nepedpocnHambHoM XxuakocT (LICXK),
3aMacKMpPOBAaHHOM Ha3aJIbHBIM CEKPETOM, KOTOPBIA
Bcieactesue YMT umeeT remopparuyeckuii xapakrtep.
Vnnunenue cpokos BoisiBiieHuUs [1BJI mpuBoauT K MOBBI-
IICHUIO PUCKa Pa3BUTHUS THOMHOTO MEHMHTHUTA, (hOPMH-
PpOBaHUIO JIMKBOPHOI hucTynsl (JIDP) 1 yxymimeHUo Ipo-
THO3a IS MalleHTA.

Hns BersiBieHNs 6a3anbHOU TuKBoper (BJI) ncmons-
3YIOT METOOBI HEMPOBU3YAIN3aLINHU 1 JTaOOpaTOPHBIC aHA-
JIN3EI, TIO3BOJISIONINE JIOKAIN30BaTh Ie(PeKT OCHOBAHUS
yeperna, MO3TOBBIX 00oouek u Bepuduumponath LICXK
B Ha3aJIbHOM cekpete. [laHHas paboTa ITOCBSIIeHa 0030PY
3G GEeKTUBHOCTU PA3TAIHBIX TMATHOCTUIECKUX METOIOB
1 aJITOPUTMOB 1151 BEIsIBIIeHUs BJI, a Takke UX IpUMEHM-

MOCTH Y IAlIMEHTOB C MOI03PCHUEM Ha IIPOHUKAIOIIMIA
xapaktep YMT.

OUATHOCTUYECKME METOLbI

1. JIaGopaTopHas THATHOCTHKA MOCTTPABMATHYECKOM

0a3aJIbHO¥ JINKBOPEH

1.1. I'moko300kcuaa3nelii Tect. IlepBoe 1aboparop-
HOE MCCIeIOBaHNEe, KOTOPOE MOXKXHO BBHIIIOJTHUTH B paM-
KaX CKpMHUHTA Yy MMallMeHTOB ¢ TTogo3peHueM Ha BJI, —
rmoko3ookcunasHeiii Tect (I'OT), KoTopslit OCHOBaH
Ha BU3yaJbHOM IIOJIYKOJMYECTBEHHOM OIpeIeIcHUN
TJIIOKO3BI B HA3aJIbHBIX BBIACICHUSIX C IOMOIIBIO TECT-
MMOJIOCOK. M3BeCTHO, YTO B HOPME COIepKaHUE TTI0KO-
351 B Ha3aJIbHOM CEKpeTe IIPUMEPHO B 2 pa3a HIIKE, YeM
B LICXK [12—15]. HareceHHBII ¢pepMeHT (TTI0KO300K-
cuaas3a) Ha CEHCOPHBIN 2JIEMEHT TECT-IIOJIOCKH, OKHUC-
JISIET TJTIOKO3Y, B pe3yJIbTaTe YeTro 00pa3yroTcs TIIOKOHOBAsI
KHCJIOTa U ITepeKUCh Bogopona. [locaeaHsIsi COBMECTHO
C UMEIOIIEICST Ha CEHCOPHOM 3JIEMEHTE IMIEPOKCUAA30M
OKHCJISTIOT XpOMOTEH, IIPpHOOpeTAIOIINA crienndude-
CKYI0 OKpacky (puc. 1), ”HTEHCUBHOCTb KOTOPOU 3aBU-
CHT OT KOJIMIECTBA 0Opa3oBalleiics epeKCH BOIOPOIa,
a 3HAYMT, OT COAEPXKAHUS IIIOKO3BI B OTACISICMOM M3
nojocTu Hoca [14, 15].

B pytuHHOI1 npakTuKe quarHoctnyeckuii meron FOT
MIPUMEHNM 3a CYET YI00CTBa, HU3KOI CTOMMOCTH, OBIC-
TPOTHI TTOJTYYeHUSI Pe3ysIbTaTa v IIPOCTOTHI MCIOIb30Ba-
HUS TeCT-TT0J0cOoK. OTHAKO OH MOXKET IaBaTh JIOXKHBIC
pe3yabTaThl Ha (pOHE IPYTUX COCTOSIHUM, HE COITPOBOXK-
natommmxcsa ucredeHrem LIC2K. PedepeHc 3HaueHmiA cIie-
nuduaHocTH Koseonercs or 0 1o 45 %, 4yBCTBUTEINb-
HoctH — ot 80 mo 100 % [12—15].
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Puc. 1. [noKo300KcudasHbIli mecm: oKpawugaHue mecm-nosocKu npu 83aumodel-
CMeuU ¢ IUK8OPOM (C/1e8a) U OMCymcmeue OKPAWUBAHUS 8 C/1y4de HOPMAsIbHO20
HA3a/16H020 cekpema (cnpasa)

Fig. 1. Glucose oxidase stick test: test strip staining due to interaction with
cerebrospinal fluid (on the left), no staining after interaction with normal nasal
secretion (on the right)

I[To pesympratam wucciaemoBanms D. Steedman
u M. Gordon [14], B 26 % ciy4aeB IJ110K03a Oblia OOHA-
pyXeHa B Ha3aJIbHOM M CJIE3HOM CEKpeTax B KOHTPOJIbHOM
TpyIIIe MalMeHTOB 0e3 COIyTCTBYIOIIMX 3a00JIeBaHUIA.
[ToBrIIICHHOE CcOmep:KaHME TIIIOKO3BI PETUCTPUPYETCS
B CMbIBaX BEPXHMX JIBIXaTeIbHBIX ITyTEH IMAIIEHTOB C Ta-
TOJIOTHEN, He CBI3aHHOI ¢ nctedeHreM LICXK, Hammpumep
IIPU OCTPOM KaTapajJbHOM Ha30(apHUHTUTE, CaXapHOM
nuabete I u Il TunoB, HaxOXIeHUU NALMEHTOB HA UCKYC-
CTBEHHO BEHTWJISALNM Jierkux [14—16].

BpemeHHy0 TUITepIIIMKEMIIO MOKET BBI3BaTh BHYTPH -
BeHHoe BBefeHue 20 % pacTBOpa AEKCTPO3bl WIKM IPUEM
75 MT IITIOKO3BI IEPOpaibHO, Kak nokasanu D. Wood 1 co-
aBT. [15]. B Takux cinyyasix ri10Ko3y B Ha3aJIbHOM CEKpeTe,
Taxke Mocie MpeKpalleHUsT BBEACHUS WU IIpueMa, pe-
TUCTPUPOBAIM Ha MpoTskeHuu 10 MUH Ha ypoBHe 6,7—
9,7 MMOJTb /1.

CHmXeHHe KOHIeHTpalny Toko3sl B LICXK mposo-
UPYIOT WHTPAKpaHUATbHBIC OCIOXHEHUS, YTO MOXKET
ITOBJIEYB 32 COOOI MOSIBJICHNE JIOXKHOOTPHUIIATEILHBIX Pe-
3ynbTaToB 'OT, 0coOeHHO Y MallMeHTOB ¢ MPOAOJIKAIO-
wmeiicst BJI [12—16].

[NepeuricieHHOE MMeEET OOJIBIIOE 3HAYCHUE: PA3BUTHE
BHYTPUYEPEITHBIX OCJIOXXHEHWI, SIBICHUSI OCTPOT'0 BOCTIa-
JICHUSI CIIM3UCTOM O0O0JIOUKHM BEPXHMX IbIXaTCIbHBIX ITy-
Tell, TUMEPIJIMKEMUS, CIAEAbl COCTOSIBIIETOCSI HOCOBOTO
KPOBOTEUCHUST IIPUCYTCTBYIOT B ocTpoM Itepuone UMT,
YTO CTAaBUT IT0A COMHeHMe ncnonb3oBanue ['OT kak ca-
MOCTOSITEJIBHOTO JJaDOPaTOPHOTO METOMIA MJIST TIOATBEPXK-
JIEHUSI IUarHo3a.

1.2. BoigBienne Oera-2-TpaHcdeppuHa B HAa3aJbHOM
cekpere. bera-2-TpaHcheppuH — 3TO criennOUISCKUI

Russian Journal of Neurosurgery

0eJIOK, CHHTE3UPYEMBIi KIIETKaMU MSITKOM MO3TOBOI 000-
JIOYKHU (JIENTOMEHMHKCA) U COCYOUCTHIMM CIUICTCHUSIMU
MyTeM AecanmHaumm 6eta- 1-dpakuun. bera-2-tpancdep-
PHH TIO3BOJISIET ¢ BBICOKOM TOYHOCTBIO M 3(P(PEKTUBHO-
CTBhI0O HEMHBA3MBHO JIMAaTHOCTUPOBATH JUKBOPEIO, ITO-
CKOJIbKY OH OTCYTCTBYET B OMOJOTHMUECKUX KUIKOCTSIX,
TaKMX KaK KPOBb, CJIe3a, Ha3aJIbHBIN CEKPET.

OmnpeneneHre ypoBHS JaHHOTO Oejika B HAa3aJIbHOM
CEKpeTe — «30JIOTOM CTaHAapT» Ja0OpaTOPHON IUarHo-
ctuku mkBopeu B CIIIA u eBpomeiickuii crpanax. Cyiie-
CTBYIOT pa3Hble BapHMaHTHl BepU(HUKALIMU JTUKBOpPA MPU
ITOMOIIIM 3TOTO MapKepa, 0eTa-2-TpaHchepprHa: U30-
sieKTpruIecKast POKyCHpoBKa, UMMYHO(MDUKCALINSI, CYJIb-
dar-snekTpodope3 ¢ UMMYHOOJIOTTMHTOM. BHe 3aBrcu-
MOCTH OT cHocoba BepudUKAOUM TO0Ka3aTeln
YYBCTBUTEIbHOCTH COCTaBIIsiOT OT 87 mo 100 %, cneuu-
duunoct — ot 71 10 94 % [12, 17-21].

Temrmepatypa 1 BpeMsI 9KCITIO3HIIMU HE OKAa3bIBAIOT
BJIMSTHUS Ha IyBCTBUTEJIBHOCTD TECTA, UTO IMTO3BOJISIET M-
arHoctupoBaTh bJI maxe mpu MaoM KOJIM4YeCTBE Ha3alb-
HOTO CeKpeTa U B TeX CIIydasiX, Korma cOop OTHeIsIeMOro
He00X0AUMO ITPOBOIUTD B TEUEHHE HECKOJIbKUX CYTOK [16,
19]. Beicokue TToKa3aTeIM IyBCTBUTECIBPHOCTU U CICIIH-
¢maHOCTH, a TAKXKe HEMHBA3MBHOCTD M HEOOJIBIIAS CTOM-
MOCTh — OCHOBHBIE IIPENMYIIECTBa OeTa-2-TpaHcdeppu-
HoBoro Tecra [12, 17, 18, 21, 22].

OmHaKoO BO3MOXKHO ITOJIYICHHE JTOKHOIIOJOXUTEThb-
HBIX Pe3yJIFTATOB y OOJIbHBIX TeITaTUTAMM, TeIllaTO3aMM,
AJIKOTOJIbHBIMM LIMPPO3aMU TIEYEHH B CBSI3U C MMEIOIITM-
csl HapylleHHeM aKTUBHOCTH TIIIOKO3MITpaHCOepassl
1 TIOSIBJIEHMEM B KpoBHM OeTa-1- u 6eTa-2-TpaHcdepprHa
B BBICOKMX KOHIIEHTpanusax. JIOXXHOOTpHIIATeIbHBIE pe-
3yJIBTATHI TECTA MOTYT OBITH OOYCIOBICHBI IIPUCYTCTBUEM
B BEPXHMX JBIXaTEeJIbHBIX IYTAX Streptococcus pneumoniae
[21, 22].

1.3. BoigBiienne 6eTa-trace-npoTenHa B HA3aJbHOM Ce-
kpere. [Ipoctarnanavn D-cuHTasa, uiu 6eta-trace-npo-
tenH (6eta-TP, ot beta-trace protein, beta-TP), Berpatda-
TBIBAEMBIA KJICTKaMHM JICIITOMEHWUHKCA, MPUCYTCTBYET
BO BCEX Cpelax opraHM3Ma, HO HauOOJIbIast ero KOHIIEH-
tpauus ooHapyxeHa B LICK (ot 9,4 no 32,6 mr/1, B cpen-
HeM 16,6 mr/i), uro B 34 pa3a Bblllle, YeM B CHIBOPOTKE
KpoBu [23]. Ha ceromHsImHmii 1eHb 0 HAIMYUK TTPUMECU
JINKBOpa B HA3aJbHOM CEKpeTe M BBIICJICHUSAX M3 Ha-
PYXHOTO CITYXOBOTO IIPOXOIa CBUACTEIHCTBYIOT TOJBKO
BBICOKHE KOHIIeHTpanuu — Beime 1,31 mr/m [20, 21, 23].
[Ipu BeISIBIEHNN MapKepa B KOHIIeHTpanuu a0 1,1 Mr/n
HUCCIENYIOT COOTHOIIeHMEe KOHUeHTpauuu Oeta-TP
B LICK u mnasme [20, 21, 23—25].

Tect Ha 6eta-TP, mo cpaBHEeHMIO ¢ 6eTa-2-TpaHChep-
PHUHOBBIM TECTOM, 00JIamaeT eIle OObIICH YyBCTBUTEb-
HOCTBIO U crielrpuuHOoCcThIO (87 1 100 % cOOTBETCTBEH-
HO), OHAKO OH He CTOJIb LUMPOKO AocTyIeH [20—26].

Texnuueckas cinoxxHoCTh auarHoctuku bJI mist onipene-
JIEHHSI 3THUX MapKepoB (beta-2-TpaHcdepprHa u 6era-TP)
3aKJII0YAETCSI B COOpe HA3aIBPHOTO CEKPeTa y MAIlMeHTOB
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peaHNMALIMOHHOTO OTHEJICHNS, HAXOISIIMXCSI B TOPU30H -
TaJIbHOM IIOJIOKeHUM. [TOMUMO 3TOro, KOHIECHTPAIIHS
6eta-TP B nepudepndeckoii KpOBU MOXET ITOBIUATDH Ha
JaJIbHENILIYIO0 MHTEPITPETALIMIO PE3YJIbTaTOB IUArHOCTUKU.
B 3T0i1 cBsI3u cneayet u3berath BbiMoJHeHUs OeTa-TP-
TeCTa IPU COCTOSTHUAX, KOTOPBIE N3MEHSIOT COACPKaHIE
6eta-TP B kpoBu n LICXK, — moyeyHol HEAOCTATOUHOCTH,
OakTepraJIbHOM MEHMHTHUTE, KOTOPBIC YaCTO XapaKTEePHBI
IIJIST peaHUMAIITMOHHBIX OOIBbHBIX TTPU YCYTYOJICHUM TI0JIH -
OpraHHoOM AMC(HYHKIMHA, YTO 1OKA3aHO B psIAe UCCIeI0Ba-
HU [22, 24-26].

2. MacTpyMeHTAIbHAS IHATHOCTHKA

2.1. KomnbioTepHasi Tomorpacgusi roJIOBHOTO MO3ra.
LleHHBII MeTON IS ACTAPHON BU3yalU3allui KOCTHBIX
CTPYKTYpP CBOIa U OCHOBAaHMS Yepella — KOMITbIOTepHas
toMorpacdus rorosHoro mosra (KT I'M), a kpome Toro,
NOCTYNHBINA, HEMHBA3UBHBIN, OBICTPHIII M HEIOPOroii,
He TpeOyrommii akTuBHOTO ncteueHus LICXK mist Busya-
JIN3aIUHA KOCTHOTO neeKTa.

Onenka n3oopaxenuit KT '™ B MyJIbTAIIZIaHAPHBIX
MMPOeKINAX, a Takke B 3D-pexkoHcTpykium (puc. 2, 3)
ITO3BOJISIET HAM0O0JIee TOYHO JIOKAIM30BaTh JID u craHm-
pOBaTh MIPEACTOSIIIIee XUPYPTUIECKOe BMEIIaTeIbCTBO |3,
7-9, 12, 27—30]. YyBCTBUTEILHOCTDh W CIEHN(PUIHOCTD
KT I'M, 110 pa3HbIM JaHHBIM, COCTaBISAIOT 84—95 u 57—
100 % coOTBETCTBEHHO, a BBHISIBIEHUE eqUHUYHON JID
y TAIIMEHTOB C MOJIOXUTEIbHON B3aMMOCBSI3BIO MEXKIY
PpacIiojIoKeHneM KOCTHOTO nedeKTa U KIMHUYECKOM Kap-
trHOoM nctedeHus LICXK ycTtpaHsgeT HeOOXOAMMOCTb B 10-
MMOJIHUTEJIbHOM BU3yanmu3aunu [12, 27—-31].

Penrrenonornueckue npusHaku JIPO va KT I'M:

* medeKT KOCTU C BKCCYIaTOM B OKOJOHOCOBBIX Ma3y-
Xax, UMEIOIINM ITUIOTHOCTB 110 XayHCHUIILY, XapaKTep-
Hyto st LICXK;

* medeKT KOCTH CO CKOIICHMEM BO3IyXa B IOJIOCTHU
Yyeperna;

* 3KCTpaKpaHUAJIbHOE IIPOIa0NPOBAaHIE MATKOTKAHHO-
ro oopazoBaHuUsI.

Henocrarku nnarnoctuyeckoit KT I'M [29—31]:

* HEBO3MOXHOCTH BepH(PUIINPOBATH ITOBPEKICHIE TBEP-
JIOI MO3rOBOI OOOJIOYKH, OTKYZIa OTMEJAeTCsI NCTede-
aue LICXK, B ciryyae manmeHTa ¢ MHOXECTBEHHBIMH
KOCTHBIMHM Je(peKTamu;

* CJIIOXKHOCTh AP DepeHIMPOBKN CKOTUICHWIT Ha3aJIb-
HOTO CeKpeTa 1 INKBOPa B aHATOMUIECKIUX O0IACTSIX,
rae HaOIogaeTCsT NCTOHYCHUE KOCTHOM CTPYKTYPHI
(cuToBHMIHAS TJIACTUHKA PEIIeTIATOrO JaOMPUHTA).
HexoTopbie aBTOPHI TSI IIOBBIIIEHMS YyBCTBUTEILHO-

CTH UCCJICIOBAaHMS PEKOMEHIYIOT UCIIOIB30BaTh KOMOM-
Hauuio KT I'M u MarHMTHO-pe30HaHCHOM ToMorpadpumn
rojoBHOTO Mo3ra (MPT I'M) [29, 32—37]. CoBmecTHOE
HCIIOIb30BaHE METOIOB ITO3BOJISIET IIOBBICUTDH IyBCTBH -
TeabHOCTh 10 93—100 % [28—31].

2.2. MarHuTHo-pe30HAHCHASA TOMOTpadus roJIOBHOrO
mo3ra. [{luarHoctuyeckuii Mmeton MPT I'M Gosnbliie Bcero

TMOAXOIWT JUISI BU3yaJdW3alliy MSITKUX TKaHEl W IaTo-
JIOTUYECKNX oOpa3oBaHMil (3HIEDaT0- 1 MEHUHTOZH-
nedanolene, XoJIecTeaTOMbI, OMYXOJIW) MPH OICHKE
B T2-B3BemeHHOM m300paxeHnu (puc. 4), He TpebOyeT
WHTPATEKaJbHOTO BBEICHMS KOHTPACTHOI'O BEIIECTBA.
C nomompio MPT I'M MOXHO BU3yau3upOBaTh KOCBEH-
HBbIC IPU3HAKNA BHYTPUYEPEITHOM rurepreH3nu. Criemm-
¢uunocts MPT I'M coctasisier 89—100 %, uyBCTBUTEIIb-
HocTh — 45—100 % [28, 31, 38, 39]. Ongako MPT I'M
ycrynaet KT I'M B Bu3yalim3auuu KOCTHBIX CTPYKTYP,
YTO TpeOyeT COYeTaHUS STHX AUATHOCTUICCKUX METOIOB
C 1LIeJIbI0 00JIee KaueCTBEHHOM M TOYHOM MHTEPIIpETAIINT
PE3YJIBTaTOB MCCIICIOBAHNS.

2.3. KT-mucrepuorpadus. Bepudukaius mecra ucre-
yenus LICXK ¢ momompro KT-mucrepHorpadmu (KTLIT)
3aKJTI0YAETCST B MHTPATEKAIbHOM BBEICHNY KOHTPACTUPY-
FOIIero MoacomepKaliero rmpenapata. [lomamast skcTpakpa-
HHUAJIEHO Yepe3 OCTeOMypalIbHBIN Te(eKT, KOHTPACTHOE Be-
IIECTBO YIyYIIIaeT €r0 BU3YaTN3alldIo, TTOBBIIIAS TOYHOCTD

Puc. 2. CHumku komnetomepHol momozpaguu (KT) 2onosHo20 Mosza, 3D-pekoH-
CMPYKYUs: 8UOHsI NOCMMpasmMamuyeckue degekmel Kocmeli uYe8020 cKesema,
€800a U OCHOBAHUS Yepena (cmpesiKu)

Fig. 2. Computed tomography images (CT) of the brain, 30 reconstruction:
posttraumatic defects of the bones of the facial skeleton, vault and skull base (arrows)
are visualized

Puc. 3. KT 20/108H020 M0320: 0 — MS2KOMKAHHbIU PeXuM: 8UGHA NopaHUedanuqeckas
Kucma no6Hol obnacmu (cmpenku); 6 — KOCMHbIL pexcuM — gbisiensemcs nocm-
mpasmMamuyeckul depekm 3adHeli cmeHku npaeoli 106Hol nasyxu (cmpesku)

Fig. 3. Brain CT: a - brain mode: porencephalic cyst of the frontal area is visualized
(arrows); 6 — bone mode: posttraumatic defect of the anterior wall of the right frontal
sinus is visualized (arrows)
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Puc. 4. MazHumHo-pe3oHaHcHas momozpaghusi 20108H020 Mo32a, T2-u300paxceHus:
MeHUH203HUedaoyesne 1aMepanbHo20 KAPMAHa /1egoll KAUHOBUOHOU nasyxu
(cmpenku)

Fig. 4. Magnetic resonance imaging of the brain, T2-weighed images:
meningoencephalocele of the lateral recess of the left sphenoid sinus (arrows)

Puc. 5. KT-yucmepHozpadgus: susyanusupyemcs KocmHblli depekm 8 obnacmu
JilamepasibHO20 KAPMAHa npagol KAUHoBUAHOU nasyxu (cmpesku)

Fig. 5. CT cisternography: bone defect of the lateral recess of the right sphenoid sinus
(arrows) is visualized

IWATHOCTUKM (puc. 5). [JJaHHBIN THAarHOCTUYECKHIT METOM
WMEeT BaXKHOE IS THTAHMPOBAHUS XUPYPTAYECKOM TaK-
TUKU MPEUMYILECTBO INEPeN APYTUMU B CIydasXx MHOXe-
CTBEHHBIX 1e(heKTOB OCHOBAHMUS Yeperra, KOTna NCTUHHYIO
snokamm3auuio JI® yctaHoBUTh HEBO3MOXKHO [27, 31].
YysctButenpbHocth KTILI Bapwupyercsa ot 33
1o 100 %, cneunduaHocts cocrasisietr 94 % [27, 31, 33,
39, 40]. YyBCTBUTEILHOCTb METO/A BHIIIIE B CITydac aKTHUB-
Hoit BJI, yeM HeaKTUBHOI TMKBOPEH, OMHAKO €CTh TAHHBIC
J.A. Stone 1 coaBT. [27] 0 HEBBICOKHMX ITOKA3aTENISIX YYBCT-
BUTEIbHOCTH (He Gojiee 48 %), B TOM 4KCIIe Y MALIMEHTOB
¢ aktuBHBIM ucteueHueM LICXK. ITpu HebombIIMX neeK-
Tax TBepHOil MO3TOBOIT 00010UKH (<2 MM) IIPOIICHT BBISIB-
nenust BJI rakxke HeBbicok — 33 % [27, 31, 33, 39, 40].
Henocratku metoma KTLI:
* MHBA3WBHBIN XapaKTep UCCACIOBAHUS;
* TIOBBIIIICHHAS 1032 O0IyIeHUS M3-3a MHOTOKPATHOTO
CKaHUPOBAHMUS,
* OCJIOXKHEHUS, CBSI3aHHBIC C IIPOBEACHUEM MALIMEHTY
JIIOMOTLHOU ITYHKIIMY U WHTpaTeKaIbHON MHCTUII-
JISIIMM fioIcofepIKaIero mpermnapara.

Russian Journal of Neurosurgery

Bo3MoxXHBIe pUCKU, CBA3aHHBIC C MHTpPaTeKallb-
HBIM BBEICHHUEM KOHTPACTHOTO Ipeliapara, — T'OJIOB-
Hasi 00Jib, TOIITHOTA, PBOTA, CyIOPOTH, Pa3BUTHE HE-
BPOJOTUIECKOTO Ae(UIINTA U CePAeIHO-COCYIMCThIC
Hapymenus [27, 31, 33, 39]. [IpumeHeHne NHBa3UB-
HBIX KOHTPACTHBIX METOIOB HEHpOBU3yanM3alluu
u KTLTI, B yacTHOCTH Yy peaHMMAaLMOHHBIX OOJBLHBIX,
KpaliHe 3aTpYOHUTEIbHO, TOCKOJBKY IIPU €ro IMpoBe-
IeHUHU HEOoOXOMMMO ITO3MIIMOHMPOBaHME MallMeHTA
B noJioxkeHuu TpeHaeneHOypra.

2.4. Paguonykmmanas nucrepHorpacdus. Briepsoie pa-
nroHykmmHas muctepHorpadust (PLIT) Obpura mpmMeHeHa
B KaueCTBE IMArHOCTUIECKOTO MeToma 6oee S0 jieT Ha3a.
JanHas MeTooMKa COIpsKeHa ¢ MHTpaTeKaJIbHBIM BBE-
neHueM pamnodapmmpenapata (POIT) — 111-wHaus nim
99-TexHEemusI, TOCJIe Yero OLCHUBAIOT pacIIpeacsIicHe
POII B cybapaxHOMIATEHOM IIPOCTPAHCTBE C PA3TIHBI-
MM MHTepBajaMU B TeueHUe 24—48 4 B raMma-Kamepe
[34—36]. B rmoocTh HOCA MIJIM HAPYXXHBII CIIyXOBOM ITPO-
XOII TIalIMEHTAa MOCJIe MHTpaTeKaIbHOro BBeacHus POII
TTOMEIIIAIOT TAMITOHBI, KOTOPBIEC MCCIICIYIOT Ha MHTEHCUB-
HOCTb paIiOaKTUBHOTO U3TyJYCHUS 110 OKOHYaHUHU MCCIIe-
npoBanwms [27, 34—36]. Dkcrpasasaumio POIT Ha tammoHax
BBIABIAIOT Npu uctedyeHUn L[CXK. Pe3ynbrat mpoObI 1o-
JIOXKUTEJIBHBIN, €CJT Ha CHUMKAX BUIHBI IMKBOPHEIE «I0-
pOXKM», a akTuBHOCTH PDII B Tammnonax B 1,5—2 pa3za
BBILIIE, YEM B CHIBOPOTKE KPOBU (puc. 6).

IIposenenre MeToma onpaBmaaHo B ciaydae JID, BEISIB-
neHHoit no pedyasraraM KT I'M, nockonsky PLI nox-
tBepxxaaeT ucredeHue LICXK. B HacTos1Iee BpeMs mpuMe-
Henue PLT orpaHmdeHoO 1Mo mpuYrMHaM €eT0 MHBa3UBHOCTH,
HaJIM4MUs pPaguOaKTUBHOTO HW3JIYUYEHUS U BBICOKOU

Puc. 6. PaduoHyknudHas yucmepHozpagus: omcymcmeue XapaKmepHsix UK8op-
HbIX «00pOXceK» npu pacnpedeneHuu paduodapmnpenapama Yepe3s 24 4 nocse e20
8gedeHus (ompuuamesnbHelil pe3ynemam)

Fig. 6. Radionuclide cisternography: absence of characteristic cerebrospinal fluid
“tracks” after distribution of the radiopharmaceutical 24 hours after its administration
(negative result)
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cTouMocTH. BMecTe ¢ TeM B ciTyyae aKTUBHOM, MHTEHCUB-
HOM JTUKBOpPEH WX MHOXECTBEHHBIX Ae(EKTOB OCHOBA-
Hug yepena Busyanmusanus JID mpu momonu PIT moxker
OBITH 3aTpyIHEHA 3a cueT 3¢ dekTa ruriepcBedeHUs. YyB-
crButenbHOCTh PLIT™ HaxoguTesa B nunamnasone 76—100 %,
crienduaHocts — 100 % [27, 34—36].

IIpoBenenue PLII mpu pparHocTnyeckKom MOMCKE Ha-
3aJIbHOM JIMKBOPEW YaCTO COIMPSIKEHO CO CIOXHOCTSIMM,
0COOCHHO Y TTAIIMEHTOB PeaHMMAIIMOHHOTO OTIEJICHUS,
BBUAY HEBO3MOXKHOCTH JIJTUTEILHO HAXOIUTHCS B BBIHYXK-
JIEHHOM ITOJIOXKEHUH JieXa Ha KUBOTE.

2.5. MarHuTHO-pe3oHaHCHAs mucTepHorpadus. JtoT
METO TIPUMEHUM TSI TIOATBEPKICHUS M OIPEACICHMS
noxkamm3aunu JI® 3a cuet yernenus curdana LICK u mo-
nmaBiaeHus GOHOBBIX curHanoB [31, 39, 41]. MarHuTHO-
pe3oHaHcHas nucrepHorpadust (MPLI) mo3BomsieT mo-
JIyIUTh TaK Ha3bIBa€MBIC MUEJIOYpOTpaMIecKe — CUIBHO
B3BellleHHBIC T2-1300paxkeHNs (C MOJABIICHUEM CUTHAJIA
ITOOKOKHO-XAPOBOI KJIETYATKH U TTaPEHXIMBI TOJIOBHOTO
MO3Ta), 3a CYeT MHTPATeKAIBHOTO BBEICHNS KOHTPACTHO-
TO BellleCcTBa, HAIIPUMep TadoJIMHUS, M XapaKTepU3yeTCsT
KOPOTKHMM BPEMEHEM 3aXBaTa 1 BHICOKMM pa3pelleHueM
[31, 32, 37-39, 41].

Huskas Ba3kocts ragoanHus u cxonHas ¢ LHCXK rtot-
HOCTh 00€CTICUMBAIOT JIyYIllee paclipeae/ieHre B cyoapax-
HOMIAJBFHOM IIPOCTPAHCTBE IO CPABHEHUIO ¢ fiomconep-
XKalllMMU TIpernaparaMu, KOTopble ucnoiab3yoT aass KTLT
[37]. TamonuHuMit ocraeTcd B cybapaXHOMIATBHOM IIPO-
CTpPaHCTBE 10 24 4, 9YTO MO3BOJISICT BU3YaIU3UPOBATh HE-
ITOCTOSTHHYIO JINKBOPEIO, a TAKKE BBISIBUTD O00JIee MEJIKIE
(<3 MM) ocTeoaypaibHble AedekTs [32, 36, 37, 39]. Uys-
crButesnbHOCTE MPII cocrasisier okono 94 %, cnieun-
duunocts — 100 % [31, 32, 39, 41].

IMpusnaku BJI Ha T2-uzo6paxennsx MPLT [39]:

* COOOMIAIONINIACS C IKCTpaKpaHUAILHBIM IIPOCTPAHCT-
BOM JIMKBOPHBII «CTOJIO»;

* TPBDKEBOE BBIISTYMBAHNE, CBSI3AHHOE C BEIIIECTBOM
TOJIOBHOTO MO3Ta (3HIIedaTolIeIe WM MEHIHTOLIETIC).
Tem He MeHee CYIIECTBYIOT CIIOPHBIC MHEHUSI O 0e3-

omacHoctu MPLT B cBS3U ¢ JaHHBIMU O HAKOIUIEHUU
TalOJIMHUSA B BEIIECTBE TOJIOBHOTO MO3Ta M1 OTCPOYECHHBIX
IMOCJIEACTBHUSAX, YTO TpeOyeT pasyMHOTro, HEPYTHHHOIO
npuMeHeHus1 JaHHoi metomuku. IlpoBenenue MPLT
Yy HAlMEHTOB PeaHNMMAIIMOHHOTO OTIEJICHUsI, HECMOTPSI
Ha BBICOKHE IT0KA3aTeI YyBCTBUTEIBHOCTY 1 CIICITU(PII-
HOCTH, KpaifHe 3aTPYTHUTEIBHO B CBSI3U C €0 BpeMsi3a-
TPaTHOCTHIO M HEOOXOTMMOCTHIO aMarHUTHOTO aIllapara
IIJISI UICKYCCTBEHHOM BEHTUJISIIIAM JICTKHX.

2.6. DiayopecuenHOBBI TECT. DHIOIIOMOATLHOE BBE-
nIeHue yopeciienHa moMoraet naeHTudunponats JIO
IIPY TPOBEACHUM 3HIOCKOIIMYECKOTO MCCICIOBAHUS
WIN WHTpaomepalunoHHO. C IOMOIIBI0 JaHHOTO METOa
JI® gunarHoctupyetcst B 46—100 % cinyyaes [37, 40, 42,
43]. Ucteuenmne LICXK moaTBepxKmaeTcss B Xoae MpIMOit
WHTpaonepalMOHHOMN BU3yaIM3alMu (piyopeclierHa B 1no-
JIOCTH HOCA TI0CJIe MHTPaTeKaIbHOTO BBEICHMS.

®nyopecnienHoBI TecT (PT) MMeeT HEBBICOKYIO CTO-
MMOCTD 1 TIO3BOJISICT OILICHUTH PE3YJIbTaThl B PEXKMME Pe-
ajbHOTrO BpeMeHnu [37, 40, 42—44]. OnHako iryopecleH
HEHPOTOKCHYCH U MOXKET IMIPUBOINTH K PA3BUTHIO apUT-
MWH, CyIOpPOTaM, IOBPEKICHUIO YePEITHO-MO3TOBBIX HEP-
BOB, BILTOTb JIO JICTAJIBHOTO MCXOa, TIO3TOMY IIJIST ITPEIOT-
BpallleHNST HEBPOJIOTMIECKMX OCIOKHEHUI peKOMEHIYIOT
WHBEKIINN C HU3KOM KOHIIEHTPAIUEe 1 MaJIBIM OO BEMOM.
B aT0i1 cBSI3M B HemaBHUX pabOTaxX MCCeAOBATEIH TIPEI-
T10J1araloT T0303aBUCHMYIO CBSI3b MEXXITy BBEeICHUEM (PIIyo-
peciierHa 1 arnomnTo3oM HeitpoHoB [40].

K coxanenuro, B ceptuduiimpoBaHHbIX B Pocchiickoii
Denepamnuu mipenaparax diryopeciierHa MHTPaTeKaIbHbIN
CITI0c0o0 ero BBeIEeHHUs BOOOIIE He MPeaCTaBIeH B aHHOTA-
LMY K IIPUMEHEHUIO.

B cBonx nccaenosanusx R. Keerl u coast. [37] mipo-
JIIEMOHCTPHUPOBAIN 0e30ITacHOe BBeAcHME (hIyopecIienHa
0,55 % B mosuposke 0,5—2,0 ma (2,5—100 mr). O6bem
0,1-5 mn 5 % dayopecueuHa, pazpegeHHoro B 0—10 mia
I CXK nmanyenTa, TakKe He BbI3BaJ ocioxXHeHuit [37, 40,
43]. UntparekanbHoe BBeaeHue 500—1250 Mr cripoBo1n-
pPOBaJIO Tape3 HIDKHUX KOHEYHOCTEM, SIMMICIITHICCKUIA
MPUCTYT U JIeTaNIbHBIN ucxox [37, 40, 43].

C y4eTOM ONHMCAHHBIX BO3MOXKHBIX OCJIOXHCHMU
TP MHTPaTeKaJIbHOM BBeIeHUHN (hIyopeciienHa, IIpuMe-
Henne PT kpaliHe OmacHO M MOXET OBITH OIpPaBIAHO
TOJIBKO B CiIydae Hed(P(PEKTUBHOCTH APYTUX HHCTPYMEH-
TaJbHBIX METOIOB AMATrHOCTUKHM (TIPU ITOATBEPXKICHHOM
JTabOpPaTOPHBIMU METOIAMU JIUKBOPEE).

OrmmcaHHBIE BHIIIIE METOIBI U MX CPABHUTEIIHHBIC Xa-
pPaKTepUCTUKU NpUBeaeHbI B Tabu. 1. [IpeacraBieHHbIe
naHHble noaTeepxaalT, uto KT I'M, no cpaBHeHUIO
¢ MPT I'M, o6nanaeT Goiee BbICOKOI YyBCTBUTEILHOCTBIO
IIJIST BBISIBIICHUS 1e(heKTOB OCHOBAHMSI Yyeperia, HO MeHb-
e crietm@uuHocThio; yyBcTBUTEAbHOCTD KTIIT, MPIIT,
PUI u ®T gna seignenns JIP Beicoka, a crienuduy-
HOCTh Gsu3ka K 100 %. OmHako y MHCTPYMEHTAIbHbBIX
METOIOB €CTh M HEAOCTAaTKN — WHBA3WBHOCTH, BHICOKAS
CTOMMOCTh M PHUCK OCJIOKHEeHMi1. JlTabopaTopHBIe MCCIe-
nmoBanus 1y Bepudukanmu LICXK B BeneneHusx obana-
0T BBICOKOM 4yBCTBUTEIBHOCTEIO. [Tpn aToM 'OT 3Haun-
TeIbHO YCTyIaeT TecTaM Ha OeTa-2-TpaHcheppuH
u 6eta-TP mo mmokazateio crieuGUIHOCTH, HO OCTAeTCs
OoJree IenIeBbIM, JOCTYITHBIM 1 ITPOCTBIM B IPUMEHEHMH.
Taxk, nasa ipoBenennst [OT gocTaTOYHO MOTPY3UTH TECT-
IIOJIOCKY B MCCIIemyeMyio cpeny (Ha3aJlbHBIN CEKpeT),
a i1t TeCTOB Ha OeTa-2-TpaHcdepprH 1 6eta-TP TpebyeT-
cs1 cOOp OTHEJIIEMOTO M3 ITOJIOCTU HOCA B TIPOOMPKY.

AJTTOPUTMbI OAWATHOCTUKNA

Ha cerogHAmHWKE IeHb CYMIECTBYET HECKOJBKO
anropurmoB nuarHoctuku BJI. B 2002 1. J.S. Zapalac
MU COaBT. BIIEPBBIC IPEIIOXUIN IBYXATAITHYIO CXEMY:
1) BersiBeHne mpumecu LICXK B HazampHOM cekpere;
2) ompeneneuaue nmokanusanuu JIP [45]. C yueTroM crie-
IUGUIHOCTU U CPABHUTEIBHOM CTOMMOCTH METOIOB
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Table 1. Comparative characteristic of diagnostic methods for cerebrospinal fluid leak
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XapakTepucTHKa MeTOAA

Hcrounnk
Metoa THarHOCTHKHA JIMTEPATYPbL
Crnenuguny- YyBcTBUTE -
HOCTb, % HOCTb, % Henocra
MerToab! HeiipoBU3yaIM3AIMU
JlyueBas Harpy3ska, cioxHas nuddepeHuu-
KomnbloTepHas ToMorpadus 57100 84-95 POBKa MSITKOTKAHHBIX CTPYKTYP [5,7-9, 12,
Computed tomography Radiation exposure, difficult to differentiate 27-31]
soft-tissue structures
MarHuTHO-PE3OHAHCHAH CioxHasi BU3yaJlu3alusi KOCTHBIX CTPYKTYP [28, 31,
ToMorpadus 89—100 45—100 ot oo o :
N . Difficult to visualize bone structures 38, 39]
Magnetic resonance imaging
WHBa3UBHOCTD, JIyuyeBasl Harpy3Ka, He IMoJIxo0-
KOMIEIOTEpHEs HHCTEPHO - IIAT JJ1sT HermocTostHHOM BJI [27, 31, 33,
rpadust 94 33—-100 Invasive. radiation exposure Litable fi 39. 40
i G nvasive, ra mllo'n exposure, unsuitable for , 40]
= ’ discontinuous CSF leak
]\/II/IEICI“T};I/I”}F{I-(I)(F)—I;G&?I;):aHCHaH Bricokasi CTOMMOCTD, CJIOXKHAST BU3yaIU3alUsT 131,32
I p p 100 65—94 KOCTHBIX CTPYKTYP N
Magnetic resonance e D o ) 36—39, 41]
Lo Hogh cost, difficult to visualize bone structures
cisternography
MHBa3uMBHOCTD, JTydeBasi Harpy3Ka, BbICOKast
PapvoHykinnHas LucTepHO- i i
rpadust 100 76—100 CTOMMOCTD, TUTETBHOCTD TIPOBCICHIA [27, 34—36]
: . S Invasive, radiation exposure, high cost, time
Radionuclide cisternography c
consuming
. WHBa3MBHOCTb, MHTPATEKAIbHBIN CITOCOO
(DHYQPSQHSMHOBMH 1Sl 100 73—100 BBEIIEHUSI HE OIMCaH 137, 40,
Fluorescein test P o S . 42—44]
Invasive, intrathecal administration is not described
JIaGopaTopHbIie METOIBI
DIIOK(‘)SOOAKCI‘/L[IB.C?HHI/I TECT 0—45 80—100 Huszkas CH‘CHI/F(;)IfI‘-IHOCTb [12, 14—16]
Glucose oxidase test Low specificity
6eTa—2—Tng§f1)eppMH 71-94 87100 Huzxkas JOCTYITHOCTh [12, 16-22]
beta-2-transferrin Low availability
Bl T 87—100 91-100 — «— [20—26]

OeTa-trace protein

JoKa3zaHo, 4To OeTa-2-TpaHcdeppuH u 6eta-TP — Han-
0oJiee TOCTOBEPHbIE MApKEPHI J1s1 BepUPUKALIMU JIMKBO-
peu; KT I'M — onTuManbHBIi METO/, TIO3BOJISIIOIII BbI-
aBUTh Jokamu3anuio JI®; KTII — wnHaubGomee
TTOAXOASIITAI METO, €CJIH IO 3TOTO OBLIO IBA OTPUIIATEIIb-
HBIX pe3yJIbTaTa B JaO0paTOPHBIX TECTAX.

B 2008 . K.M. Lloyd u coasr. [6] rpemIoxXuian NHyIO
IMOCJIETOBATEIbHOCTD. [IpemIokeHHBIIT UMU aJTOPUTM
OIMHMCHIBACT PA3IMIHBIC TUATHOCTUICCKIE IYTH B 3aBUCH-
Moctu ot atnojoruu bJI u uncia nedekToB. [lepBriM 3Ta-
nom BepudpuumpytoT LICXK mocpencTBoM Tecta Ha GeTa-
2-tpaHcdeppuH. I1pu MoI0XUTEIFHOM pe3ybTaTe TecTa
Ha BTOPOM 3Talle IIPOBOASAT HEMHBA3WMBHBIC METOIBI HEii-
poBu3yanu3anuu. [IppMeHeHe NHBa3UBHBIX METOIMK
PEKOMEHI0BAHO TOJILKO MallMeHTaM C OTPULIATE]bHbIM
pe3yasratoM KT I'M, ripu ycJI0BUM aKTUBHOTO UCTEYSHUS

L CXK n Hamuuum 60Jiee 0gHOTO AedeKTa OCHOBAHUS Ye-
perma.

B 2016 . G.M. Oakley u coasr. [46] mpoBesin aHATU3
1 MOJICpHU3AIMIO aJITOPUTMa, ormrcaHHoro J.S. Zapalac
U COaBT. [45], 1 peKOMeHI0BaJIU, ITOCe MOJTYyYEeHUS 10~
JIOXKUTENLHBIX Pe3yJbTaTOB TecTa Ha OeTa-2-TpaHC-
deppuH u BeigBneHUs nedexra Ha KT I'M, mpoBoauth
minactuky JI®. B cnygae HegocTaToOuHO MHMpOpMa-
uuu mnociae KT I'M maumenram mposoauau MPIT
(2-s1 cTyTrieHp TMAarHOoCTUKM). MICTIOb30BaHNe MHBA3UB-
HBIX MeTonuK HelvipoBuayanusauuu (P, KTITI) cBo-
I K MUHUMYMY M3-3a 3HAUUTEIbHBIX 3aTpaT, PUCKOB,
HU3KOM YYBCTBUTEJIBHOCTH, a TAKKe OTHOCUTEIBHO HE-
OOBIINX ITPEUMYIIICCTB.

HoBblil anbTepHAaTUBHBINM AMArHOCTUYECKUIA aro-
putM cchopmynuposanu F. Constanzo u coaBrt. [43]. Bcem

16/
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MMaIeHTaM ¢ OMHOCTOPOHHUMU O€CIIBETHBIMHU IIPO3pad-
HBIMU BBIICJICHUSIMY CJIEAYeT BBITTOJHSTH SHIOCKOIIMYIE-
ckoe ucciegoBaHue nojoctu Hoca, KT I'M u MPT I'M.
B cywae orpuiiaTeIbHBIX pe3yJIETaTOB HYXKHO ITIPOBECTHU
aHaJIM3 Ha3aJbHOTO ceKpeTa Ha Oera-2-TpaHcdeppuH
nnu 6eta-TP. Ecnmu onpenennuts 6eta-2-TpaHcdeppuH
B Ha3aJIbHOM CEeKpeTe HEBO3MOXKHO, peKOMEHIIYeTCS 9H-
JMOCKOMMYECKUI OCMOTP MOJIOCTH HOCA ¢ MHTPaTeKajIb-
HbIM BBelneHueM 5 % duyopecuenHa. OTpuLaTeibHbie
pe3yabTaThl BCEX MMArHOCTMIECKUX MCCICIOBAHMIA CITy-
KaT IToKa3aHNeM K BBEICHMIO UTIPATPOITHST OpoMuUIa MH-
TpaHa3aJbHO B TeUeHME 2 HEll C TTOCeAYIONIeii OIIeHKOM
IMHAMUKN COCTOSTHHUSI.

3AKJTOYEHME
Bepudukamus mocTrpaBMaTUIecKoil 0a3aabHOM JIn-
KBOpEU Y peaHMMAIIMOHHBIX OOJIPHBIX C TSKEIOM Yepert-
HO-MO3TOBOI TPAaBMOM TIPEICTaBISIET IIPOOJIeMY, 00yCIOB-
JICHHYIO PSIIOM TIPUYMH:
1. CJIOXXHOCTBIO YKJIAAKH ITallMeHTOB IJIS TIPOBEICHUS
KT-umcrepHorpaduy WM MarHUTHO-PEe30HAHCHOM
HucTepHOrpadum;
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MecTo npoBeeHHs1: TOCTHHUIA « ACTpaxaHCKas» (AcTpaxaHs, yi. YIbsHOBBIX, 6/ CBepmiosa, 10)

. Kondepenuns «Jleuenne snuiiencun. MyabTHAMCUMIUINHAPHBIH MOAX01»

Jarb1 npoBexeHus: 27 oktsa0ps 2025 roxa

MecTto npoBeaenusi: actutyt ¢pynkunonansHoi Heiipoxupypruu. ®T'BHY Hayuneiii neHTp HEBponoruu
(Mocksa, Bonokonamckoe mocce, 1. 80)

. Helipo®ect (KoHKypc KIMHAYECKUX HAOTI0IeHU )

Jdatel npoBeaenusi: 06—07 Hos6ps 2025 roga
Mecto npoBenenusi: Konrpecc-nentp Llentp Mexmyrapoauaoit Topronn ExarepunOypra
(ExarepunOypr, yn. KyitObimesa, a.44/1)

. V cbe3n Acconanyu MHTEPBEHUIMOHHOTO JedeHusi 6o (ANJIB),
IV c¢be3n HanmonanbHoro odmecrsa Heiipomoay sinnu B Poccun (HOHP)

Jatel npoBeaenusi: 06—07 nexabpst 2025 roga
Mecto npoBeaenusi: PI'BY «DIIMH» ®MBA Poccun (Mocksa, yi. OCTpoBHTSHOBA, 1. 1, cTp. 10)

. Kondepenuus «PeKOHCTPYKTHBHAS HEHPOXUPYPrUs»

Jdatel npoBegenus: 08 nexadbps 2025 roma
Mecto npoBenenusi: actutyT pyaxknmonansHol Heripoxupyprun. ®I'BHY Hayussrii ienTp HeBpoiorun
(Mockaa, Bomokomnamckoe mocce, 1. 80)

. VI Bcepoccuiickuii ¢be3/l 10 JeTCKOH HeHPOXUPYpPruu

Jarbl npoBenenus: 10—12 nexadps 2025 roga
Mecto npoBenennsi: PTAY «HMMUL weitpoxupypruu um. ak. H. H. Bypaenko» Munsapasa Poccun
(Mockaga, yi. 4-ast Teepckas-SAmckas, a. 16, Konrpecc-ieHTp, 3 3Tax)

Caiit Accounanuu ueiipoxupypros Poccuu: https://ruans.org
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