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Anmartsl, Pecybnuka Kazaxcran

AHHOTALUA

3a0oJieBaHus MMOJIOCTH pTa, TaKHE KakK MapoJOHTO3, Kapuec 3yOOB U pak IOJIOCTH pTa,
ABJIAIOTCS 3HAUUTEIbHBIMU IIPOOJIEMaMU 3/IpaBOOXPAaHEHUS, KOTOPbIE BIUSIOT HE TOJBKO Ha
3/10pOBbE MOJIOCTH PTa, HO U Ha BECh OpraHu3M. TpaJuIIMOHHbIE METOb! TUATHOCTUKU YacTO
BBISBJIAIIOT 3TU 3200JI€BAHUS TOJBKO HA MO3JHHUX CTAJHAX, YTO OTPAHUYMBAET BO3MOXKHOCTU
geyeHuss U ero ucxopn. llosBneHue OuomapkepoB — OHOJIOTMYECKUX MOJIEKYJ,
O0OHapy’KUBAaEMbIX B OMOJIOTHYECKUX MKHMJKOCTSIX, TAKUX KaK CIIIOHA M KMJIKOCTb J€CHEBOU
60po3ab! (GCF), — oTKphIBaeT MHOI0OOEIIAOIINE BO3MOKHOCTH /111 paHHEH HEMHBAa3UBHOU
JUArHOCTHKHU, MPOTHO3HPOBAHUS U TNEPCOHAIM3UPOBAHHOIO JiedeHHs. B a3tom 0030pe
paccmaTpuBaeTcsi pojb OMOMapKepOB B IMarHOCTUKE 3a00JIEBaHUI MOJIOCTH pTa C YIIOPOM Ha
UX CIIOCOOHOCTH BBISIBJISTH MATOJIOTUM HA PaHHUX CTaIusAX. buoMapkepbl CIIOHBI, TaKUe Kak
6oratsie nponuHoM Oenku (PRP) u mukpoPHK (miRNA), yxxe nposiBunu ceOs B BbISIBICHUU
pHcKa Kapueca M IUIOCKOKJIETOYHOrO paka moiocTH pra Ha panHeidl craguu (OSCC).
buomapkepst GCF, takue kak cootHomeHrne RANKL/OPG u IUTOKHHBI, TO3BOJISIOT Bpayam
OTCJIEKUBATh MPOTrpecCUpoBaHUe 3a00JE€BaHUN MAapOJOHTa M HACTPauBaTh IUIAHBI JEUCHMUS.
WHTerpanust BBICOKOIIPOM3BOAUTENBHBIX TEXHOJOTUH M MCKYCCTBEHHOIO WHTEIUIEKTa B
UCCIIEIOBaHMUsI OMOMapKepoB emie OoJsbllle MOBBILACT TOYHOCTh JUATHOCTHKU U
NepCOHAIN3UPOBaHHbIA yxon. llenp gaHHOro o0030pa COCTOMT B aHAIM3€ U JETAIbHOM
00CYXICHUHU UCTIOJB30BaHMS COBPEMEHHBIX OMoMapKepoB 3aboneBanuii mosocTu pra. Ocoboe
BHUMaHue yJensercs OnomMapkepam CIIOHbBI U KHUIKocTH AecHeBor 6opo3nbl (GCF), kotopbie
NPEJCTaBISIIOT COOOW MEPCHNEeKTHBHBbIE HWHCTPYMEHTHI JUIsl JTMAarHOCTHUKU — PA3IUYHBIX
NaTOJIOTUH, BKJIIOYAsi OHKOJIOTMYeckue 3a0oneBaHust. DTH OHMOMapKepbl 00J1aal0T BHICOKUM
NOTEHIMAJIOM [yl PAaHHETO BBISBICHUS, MOHUTOPUHIA MPOrPECCUPOBAaHUS 3a00JEBaHUN U
OLIEHKU (PPEKTUBHOCTH TEPATIEBTUUECKIX BMEIIATENbCTB.

KiroueBble cjioBa: OMOMapKepsl; CII0OHA; pakK MOJIOCTH pTa; Kapuec; MUKpoPHK

BBeaenne. 3710poBbe MOJIOCTH PTa HEPA3PHIBHO CBA3AHO C OOIIMM OJIaronoiyuneM BCEero
opranusma, a 3abojieBaHMsI MOJIOCTU PTa CIIOCOOHBI BIMATH HE TOJBKO HAa KayeCTBO >KU3HU
YeJ0BeKa, HO M Ha ero cucremHoe 31opoBbe [1]. Takue cOCTOSHHS, KaK MapoJOHTO3, paK
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MOJIOCTH PTa M Kapuec 3yOOB, SBISIOTCS OJHHMHU M3 CaMBIX PAcIPOCTPAHEHHBIX MPOOIeM co
3I0pPOBBEM TOJIOCTH PTa BO BCEM MHUPE U MPEICTABIISAIOT COOOH CYIIECTBEHHbIE TPOOIEMBI JIIS
cucteM 3napaBooxpaHeHus [2]. IlomMuMO CBOEro JIOKaJbHOTO BO3JCHCTBHS, MHOTHE
3a00JIeBaHMs TOJIOCTU PTa CBSI3aHBI C CUCTEMHBIMU COCTOSIHUSIMH, TaKUMHU KakK CEpJedHO-
COCYIUCTHIE 3a00JIeBaHus, TUa0eT U pecupaTopHble HH(EKINH, YTO O JYEPKUBACT BAXKHOCTh
HOJIJIEPXKAHUS XOPOILIETO 3I0POBbs MOJIOCTH pTa [3].

HecmoTpst Ha nOCTH)XKEHUS B OOJIACTH CTOMATOJIOTHYECKOW TOMOIIH, TPaIUIIMOHHBIC
METO/bl JMArHOCTHKHU, TaKHE KaK KIMHHYECKas OILEHKAa, PEeHTreHorpadus W BHU3yalbHas
OIICHKA, HMMEIOT OTrpaHHYCHHs. OJTH METOJbl OOBIYHO IIOJIATAalOTCs Ha HaOIroIaeMble
KJIMHUYECKHE CHUMIITOMBI, YacTO BBIABIsIS 3a00JIeBaHUS TOJNBKO HA TMO3JHUX CTaIusX.
Hanpumep, pentrenorpadust MOKET HE BBISIBUTH PaHHUE MPU3HAKU MOTEPU KOCTHOH MacChl
WIA aHOMAJIUU MATKUX TKaHEW NpU TMapOJOHTHTE, MOKAa HE TMPOM30HAET 3HAYUTEIHHOE
noBpexaeHue [4]. AHaJIOrM4HO, paK MOJOCTH PTa Ha PAaHHEH CTaJUU MOXET OCTaBaThCS
0eCcCUMIITOMHBIM M HEOOHApY)KUBACMbIM, MOKa HE mepeiaer B Oosiee Tsokesbie GpopMmbl [5].
Takast 3aep)Kka JIMArHOCTHMKH MOXXET TPUBECTH K YIIYIICHHBIM BO3MOXHOCTSIM PaHHETO
BMEIIIATENILCTBA M 00Jiee KOHCEPBATUBHOTO JICUCHHsSI, YTO TOJYEPKHBACT HEOOXOIMMOCTh
0oJiee TOYHBIX M PAHHUX TUATHOCTHYECKUX HHCTPYMEHTOB [6].

B mocnemnue roApl BBIABICHHE UM HCIIOJIB30BAaHHE HOBBIX OHOMAapKepOB CTaJH
MHOT000CMIAIONINM pyOeKoM B JHArHOCTHKE, MPOTHO3MPOBAHUHU M JICYCHUH 3a00JCBaHUIN
MOJIOCTH pTa. bromapkepsl — 3TO OMOJIOTHYECKUE MOJIEKYIIbI, KOTOPhIE MOXHO OOBEKTUBHO
WU3MEPUTH U OLIEHUTb, KAK HHIUKATOPHI HOPMAJIBLHBIX HITH ITATOJIOTHIECKUX ITPOIIECCOB, a TAKKE
OTBETOB Ha TEpareBTHYSCKHE BMeMaTeNnbcTBa [7/]. DTH OMOMapKepbl MOTYT MPEIOCTaBHTh
LEHHYI0 HMH(pOpMaIMi0 0 MaTO(U3NOJOTHUECKUX MeXaHU3Max 3a0oJieBaHUI MOJOCTH PTa,
npeiarasi HOTeHIMaN Juisi Oosee paHHeH, 0oJjiee TOYHOW ¥ HEMHBAa3UBHOM JuarHocTuku [8].
buomapkepsl, 0OHapyKEeHHBIE B pa3IMYHBIX KUAKOCTSIX OPraHU3Ma, TAaKUX Kak CIIIOHA, KPOBb
U KHUIKOCTh JecHeBoil Oopo3abl (GCF), peBONIOIMOHU3UPYIOT MOAXO0J Bpayel K T'MTHeHe
nojioctH pta [9].

3HaYeHrne paHHEW JAMArHOCTHUKH 3a00JI€BaHUH MOJIOCTH PTa HEBO3MOXKHO MEPEOIICHUTH.
Takue cocTOsIHHSA, KaK MapOJIOHTO3 U PaK MOJOCTH PTa, Pa3BUBAIOTCS OECCUMIITOMHO, YaCTO C
HEOONIBIIMMY CHUMIITOMAMH WM 0€3 HUX Ha paHHUX cTramusx. K Tomy BpeMeHH, Koraa
HOSBISIOTCS KIIMHUYECKUE CHUMOTOMBI, TaKHe Kak 00jb, OT€K WJIM KPOBOTOUMBOCTH JIECEH,
00JIe3Hb yXKE€ MOXKET BbI3BaTh HEOOpAaTUMbIE MOBPEXAECHUS TKaHEH IOJIOCTU pTa WK
Meracta3upoBath B ciyuae paka [10]. PanHee BbIsiBICHHE HE TONBKO MpEIOTBpaIaeT
nporpeccupoBaHue 3a00JieBaHUs, HO U CHIDKACT HEOOXOIMMOCTh B MHBA3UBHOM JICUYCHUU U
yIAydIIIaeT pe3yabTaThl IeueHus marueHToB [11].

[lepcoHanm3MpoOBaHHBIA yXOJ — e€Ille OJHA HOBas TCHICHIHWS B CTOMATOJIOTHH, TIE
TUTaHBI JICYCHHS TTOJOUPAFOTCS WHAWBUIYAIBHO Ha OCHOBE T€HETHUECKUX, OMOIIOTUIECKUX U
9KOJIOrnYecKuXx (akTopoB pucka [12]. buomapkepbl HrparOT HEHTPAJIBHYIO POJIb B 3TOM
nepexoie K IepCOHATM3UPOBAHHOMY yxoAy. OHHM MO3BOJSIOT BpadaM OILICHHUBATh PHUCK
pa3sBUTHS Yy TMAalMEHTa OIpEeeHHBIX COCTOSHUM, OTCIEXHBATh MPOTrPECCUPOBAHUE
3a00sIeBaHHs M OIICHUBATh d((EKTHUBHOCTH JIeUeHUsI ¢ Oomnblneil TouHocThio [13]. B oTiamune
OT TMOAXOJa «OJWH pa3Mep NOAXOAUT BCEM»  TPAJUIMOHHOW  CTOMATOJOTHH,



BECTHUK KA3HMY Ne4 (71) — 2024

ISSN 2524 - 0684 e-ISSN 2524 - 0692

NIEPCOHAM3UPOBAHHBIA yXOJ, OCHOBAaHHBII Ha OMOMapKepax, MO3BOJSIET MPOBOJUTH OoJee
IeJICHANpPaBICHHbIE BMEIIATEIbCTBA, KOTOPbIE MOTYT MOBBICUTH 3(P(HEKTUBHOCTH JICUCHUS U
COKpaTUTh HEHYKHbIE Iporeypsl [9].

B stom 0030pe paccmarpuBaeTcs pa3paboTka U NMPUMEHEHHE HOBBIX OMOMAapKEpOB B
oOnact 3a00JIeBaHMI MOJOCTH pTa U cTOMATONOTUU. OH MOAYEPKUBACT UX BAXKHYIO POJIb B
paHHEH JIMarHOCTHKE, TPOTHO3UPOBAHHUHU U TUIAHUPOBAHUH JICUCHHS PA3JIMIHBIX 3a00JICBaHUI
MOJIOCTH PTa, B YaCTHOCTH 3a00JIeBaHHMI MapoJOHTa, paka IOJOCTH pTa W Kapueca 3yOOB.
PaccmarpuBasi, Kak 3T OMOMapKephl MOTYT YIYYIIUTh CHCIU(DUIHOCTh H YyBCTBUTEIBHOCTh
JIMAarHOCTUKH, ATO OOCYXJCHHE TOJYEPKHBACT HX MMOTCHIUAI IS T[PeoOpa3oBaHUs
npoHIAKTUIECKOH MTOMOIIN U YIYUIICHUS TePAeBTUYECKUX PE3YJIbTaTOB B CTOMATOJIOTHH.

buomapxkepul 3a601e6anuil nonocmu pma

bromapkepbl — 3T0 6MOJIOTHYECKHE MOJIEKYJIbI, KOTOPbIE MOXHO OOBEKTUBHO U3MEPUTD
U OLIEHUTb, KaK HHAMKATOPbl HOPMAJBHBIX (DU3MOIIOTMYECKUX IPOLIECCOB, IMAaTOI'€HHBIX
W3MCHCHUII MM OTBETOB Ha TepareBTHYecKue BMemarensctBa [14]. B obnactu 3aboeBaHmit
MIOJIOCTH pTa OMoMapKepsl 0COOEHHO LIEHHBI, TOCKOJIbKY OHU MPEIaratoT TOUYHbIE, U3MEPUMBIC
JAHHBIE O COCTOSHUHM OOJIe3HH, YTO TO3BOJISIET HPOBOJUTH OOJ€€ PAHHIO U TOYHYIO
JIMarHOCTHUKY, OIIEHKY MPOTPECCHpPOBaHMUs 3a00JIeBaHMs U IPOTHO3UPOBATh TEPATICBTHYECKUE
orBeThl [15]. DTH MOJEKyJIbl MOXXHO OOHAPYXHTh B PAa3IMYHBIX JKHJIKOCTSX OpPTraHU3Ma,
BKJIIOYAs CIIOHY, MKMIKOCTb jecHeBod Ooposasl (GCF) u kpoBb, 4TO oOOecmeyuBaer
HEMHBA3MBHbIC WIM MUHMMAJIbHO MHBA3MBHbIE MHCTPYMEHTHI JUI AMArHOCTHKU U JIEUCHUS
npo0GJieM co 310pOBbeM MoJiocTu pra [12].

B mnocnenuue roxmbl uccienoBaHWs B O0JACTH  30pPOBbS  TOJOCTH pTa OBLIM
COCPEIOTOUEHB Ha BBISBICHHMH HEWHBA3WBHBIX, BBHICOKOCTIEHM(UYHBIX W YYBCTBHTEIHHBIX
OromMapKepoB, KOTOPBIE MOTYT OBITh MCIIOJIb30BaHBI IS TMAaTHOCTUKU TAKUX COCTOSHUH, KaK
NapoJIOHTO3, paK TMoJIOCTH pra W kKapuec 3y6oB [9]. Kpome Toro, Omomapkepsb
IIPOIEMOHCTPHUPOBAIH TOTEHIMAT B BBISIBJICHUH CHCTEMHBIX COCTOSHHM, CBS3aHHBIX CO
3/I0pOBbEM MOJOCTH PTa, TAKUX KaK JUA0ET U CepAeyHO-COCYIUCThIE 3a00JIeBaHMsI, UTO €Ille
0oJblIe MOAYEPKUBAET B3aWMOCBSI3aHHYIO MPUPOAY 370POBbs MOJIOCTH PTAa U CHCTEMHOIO
3710poBbsl . [lockonbKy 3a00€BaHus TOJIOCTH PTa YAaCTO MPOTEKAIOT OECCUMITOMHO HAa PaHHUX
CTaJUsX, UCCIIEIOBAaHUs OMOMapKEepOB UMEIOT OOJIbIINE MEPCHEKTUBBI Ul MTpeodpa3oBaHus
TOT0, KaK BpauM BBISBISIOT U JIeUaT 3TH COCTOsTHUSA [8].

Bromapkepbl B CTOMATOJIOTHH MOXHO KJacCH(UIIMPOBATh Ha OCHOBE WX (DYHKIIHH:
JIMarHOCTUYECKUE, MPOTHOCTUYECKUE M MPeAUKTUBHBbIC [16]. DTH Kareropuu He SIBISIOTCS
B3aWMOHWCKITIOYAIOIIUMHE, TIOCKOJIbKY MHOTHE OHOMapKephl MOTYT BBIOJHATH HECKOJBKO
poJiell B 3aBUCUMOCTH OT KOHTEKCTa, B KOTOPOM OHH IpUMeHstoTcs. Hampumep, 6nomapkep,
yKa3bpIBAIOIIMI Ha AaKTUBHOE BOCHAJCHHE NpPU MAPOJOHTUTE, MOXET TaKkKe IOMOYb
npejcKa3aTh IMPOrpecCUpoBaHUE 3a00JIeBaHUS MM CIYXHTh MEPOM TOro, Kak MarUeHT
pearupyert Ha jeueHue [17].

JlnarHocTuueckue OMOMapKephl  HUCMONB3YIOTCA I OOHApy>KeHHs  HaJIM4uus
3a00JIeBaHUsI HA paHHEH CTaJMH, 9acTO JI0 MOSBICHHUS KJIMHUYECKHX CUMITOMOB. B o0mactu
3I0OPOBBSI TIOJIOCTH pTa ITH OMOMAapKephl TO3BOJISIOT HA paHHEW CTaJWH BBISBISITH TAaKHe

3
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COCTOSIHUS, KaK TMHTHBUT, MApPOJOHTUT, Kapuec 3y0OB U pakK IMOJIOCTH PTa, YTO MO3BOJSET
POBOIUTH 00JIce CBOCBPEMECHHBIC U AP PEKTHUBHBIC JieueOHbIe BMelIaTeabcTBa [18]. Boispiss
CyOKIMHUYECKHE W3MEHEHMs, TaKuMe Kak BOCIAJCHHE WIM paspylleHHe TKaHEeH,
IMarHOCTHYECKue OMoMapKephl MpeIaraloT MOIIHBIA HMHCTPYMEHT JJIsi TPOAKTUBHON
cToMaroJiornyeckoit nomouu (Pucynoxk 1).

Bocnanenue sBasercs OTIMYUTENBHOM 4YepTOM MapoJOHTUTA, U JAUArHOCTUYECKUE
Ouomapkepsbl, Takue kak uaTepierkud-1p (IL-1B) , pakrop Hekposa omyxomu -anbda (TNF-a)
1 MaTPUKCHBIE MeTa/utonporenHassl (MMP) MmoryT Ob1Th 00Hapy»xeHbI B cirore win GCF [19].
[ToBbIlIEHHBIE YPOBHU 3THX OHMOMAapKEpPOB YKA3bIBAIOT HAa MPOAOJDKAOIIEECs paszpyllieHHe
TKaHEe 1 UMMYHHBIE PEaKIIH, YTO TIO3BOJISIET IPOBOANTH PAHHIOIO JHATHOCTHKY €IIe 0 TOTO,
KaK MPOSBATCS KIIMHAUYECKUE MTPU3HAKH, TAKHE KaK PElecChs IeCEH WIH KPOBOTEUCHHE. DTO
o0yerdaeT paHHEe BMEIIATEIbCTBO, KOTOPOE MOXKET MPEJOTBPATUTH JajbHEUIIee
MOBPEXICHUE TKAHEH U TIOTEPI0 KOCTHOM MacCHI.

Jliia ninockokiierounoro paka nonoctu pra (OSCC) buomapkepsl, Takue kak MuUKpoPHK
(MmiRNA), obHapyKeHHBIE B CIIIOHE, MTOKa3aJk ce0s1 MHOTOOOCIIAIOIIMMHI B KaY€CTBE PAHHUX
nuardoctudeckux uHankaropos [20]. Hekoropsie miRNA, takue xak MiR-21, u30bITOYHO
SKCIIPECCUPYIOTCS Y MAIlUEHTOB C PAKOM IMOJIOCTH PTa U MOTYT OBITb OOHAPY>KEHBI B CIIOHE
3aJI0JIF0 JIO TMOSIBJICHUSI BHIMMBIX MOPAKEHUH WM cUMITOMOB [21]. PaHHee BbIsBICHHUE C
MOMOIIII0 TaKUX OMOMAapKEpOB IMOBBIIIAET MOKA3aTENH BBDKUBAEMOCTH, IO3BOJISIA BpadyaM
HAuMHATh JICUCHHUE PaHbIIIe, KOTAa 00JIe3Hb OoJiee yrpaBisiemMa.

[IporHoctuyeckne OHOMapKepsl JAarOT TPEACTABICHHE O BEPOATHOM TEYCHUH
3a0oneBanua. OHM TMOMOTAOT TpeAcKa3aTh HCXOIbI 3a00JeBaHUs, Hampumep, OyIer Ju
COCTOSTHUE OBICTPO MPOTPECCHPOBATH, OCTABATHCS CTAOUIBHBIM WU PELUINBUPOBATEH MOCIE
gedenust [22]. D10 0COOEHHO BaKHO MPH TakuX 3a0O0JICBaHUAX, KaK pakK IMOJOCTH pTa U
NapoJIOHTO3, TJie MPOrPECCUPOBAHNE MOXKET 3HAYMTEIbHO PA3IMyYaThCs Y Pa3HbIX Jrojael. B
ciyyasx OSCC onpeneneHHble Te€HETUYECKHE M MOJIEKYJISIpHBbIE MapKephl, Takhe Kak
METHIMpOBaHWE pl6 WM CBEPXIKCIPECCHS PELenTopa JMHISPMAIBHOr0 (akTopa pocra
(EGFR), cimyxkar mporHoctudyeckumu Ouomapkepamu [23]. DTu OHOMapkepbl MOMOTalOT
npeJcKa3aTh BEPOSTHOCTh METACTa3UPOBAHUS, PEIMINBA WIH BBDKUBAHUS, ITO3BOJISISI BpayaM
COOTBETCTBYIOIIUM  O0pa3oM  aJanTHpOBaTh CTpaTernd JedeHus. [lammeHtam ¢
OTpe/ielIeHHBIMU OMOMapKepaMM BBICOKOTO PUCKa MOXKET OTpeboBaThesl O0Jiee arpecCUBHOE
JedeHue u OoJee TIaTeabHoe HAabMoIeH!e, B TO BpeMs KaK MalieHTaM ¢ MapKepaMu HU3KOTO
pHICKa MOTYT OBITh TOJIE3HBI O0JIee KOHCEPBATHBHBIE OAXO0IBI [24].

JIns manueHToB ¢ MapoOJOHTHTOM Takue Onomapkepsl, kak oTHomeHne RANKL/OPG
(uraHg perienTopa akTUBaTopa saepHOro (akropa kamma-B/ ocTeompoTerepuH) ciyxat
NPOTHOCTUYECKUMH HMHIMKaTopaMu pe3opOimu koctu [25]. TloBblmieHHOE OTHOIIICHHE
RANKL/OPG B GCF yka3piBaeT Ha MOBBIIIEHHYI0 aKTUBHOCTh OCTEOKJIACTOB U MOTEHIIUAJ
JUIS TalibHEHIeld TOTepH KOCTHOW MAacChl, HampaBlisisi Bpadeld K Oojiee MHTCHCHUBHOM
MapoJOHTATBHON TepaIvuu JJIsi OCTAHOBKH MPOTPECCUPOBAHUS 3a00IeBaHUS.

[Iporuoctuyeckne GMOMapKepsl JarOT MPEACTaBICHUE O TOM, HACKOJIBKO BEPOSTHO, UTO
NalMeHT OTPearupyeT Ha OIpeesIeHHYI0 Tepanuio. B konTekcTe 3a0oiaeBaHui OJIOCTH pPTa
3TH OMOMapKepbl OCOOCHHO IMOJIE3HBI JUIsl TIEPCOHANIN3UPOBAHHOTO TUIAHUPOBAHUS JICUCHMUS,
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rapaHTupys, 4YTO MAalUEHTHl Moiy4yaT HambOojee 3(PGEeKTUBHOE JICUEHHWE Ha OCHOBE HUX
WH/IMBUIYaJIbHBIX OMOJIOTHUECKUX peakuuii. Hanpumep, npu pake mojocTH pTa MyTallul reHa
TPS53 MoryT Ciy’>KuTh MPOTHOCTUYECKUMHU OMOMapKepaMu IJIsi OTBETA HA PAIUOTEPAIIUIO WK
xumuorepanuio [26]. [TauenTs! co cnenudpuueckuMu Mytanusimu B rene TP53 moryT mioxo
pearupoBaTh Ha OOBIYHBIE METOJBI JIEYCHHS, YTO YKa3blBaeT Ha HEOOXOJUMOCTb
AIIbTEPHATUBHBIX METOJIOB JICYCHUSI, TAKMX KaK HIMMYHOTeparnus [27]. AHaIOrH4HBIM 00pa3oM,
OroMapkepbl, Takue Kak skcrpeccus PD-L1, MoryT npencka3aTh, HACKOJIBKO XOPOIIO MAlUEHT
MOYKET pearupoBaTh Ha UHTMOUTOPbI MMMYHHBIX KOHTPOJIBHBIX TOYEK, HOBBII KJacC METOA0B
JIEYCHUS paKa.

Kpome TOro, mporHocruyeckue OHOMapKepbl TaKKe TOJE3HBl B  JICUCHUH
NapoOHTAIBHBIX 3a00eBannid. Hanpumep, Hamuue onpeneneHHbIX BUI0B OAKTEPHiA, TAKUX
kak Porphyromonas gingivalis u tpenmonema denticola B moajaecHeBOH MUKPOOHOTE MOXKET
IpeJcKa3aTh BEPOSTHOCTh OTBETA MALMEHTA HA TPAIUIIMOHHYI0 MEXaHUYECKYIO0 OUHUCTKY WIIN
HOTPEOHOCTh B JIOMOJHHUTENBHON aHTUMHKPOOHON Tepanuu [28]. BbIsBiss MalueHTOB,
KOTOPBIM ~ MOTYT  OBbITh  TIOJE3HBI  OIpEJEeJICHHbIE  TepaleBTHUYECKUE
IPOTHOCTUYECKHE OHOMapKepbl IOMOTAIT MEPCOHATM3UPOBATh IAPOJAOHTOIOIMUYECKOE

JICYEHUE, YIyqllas pe3yJIbTaThl.

CTpaTeruu,

[lnarHocTuyeckme
61omapKepbl

MporHocTuyeckue
bromapKepbl

lpeanKTMBHbIE

bu Kepbl Kapu
R — OMapKepbl Kapueca

Wntepnenkuy-1B (IL-1B)
®dakrop Hekpo3a onyxonu (TNF-a)
MarpuKcHble MeTafzIonpoTeHHasbl

PaHHAA AMarHOCTHKA NapOAOHTUTA U
BOCMANIEHWA A0 NOABNEHNA KTMHUYECKUX
CHMITOMOB.
(O6HapyXeHue CyORNMHUYECKUX
M3MEHEHHI B TKAHAX JIECEH U KOCTEH.

B03MOMHOCTb PaHHEO BMElIaTeNbeTBa U
NPoGUNAKTUKM.
HeuHBa3nsHbiH cbop (catoHa, GCF).

RANKL/OPG (cooTHowenue)
Mertuanposatue reHa p16
Ceepxakcnpeccun peuientopa EGFR

TporHo3MpoBaHxe NPorpeccupoBaHua
NapofoHTHTa.
OLieHKa BEPOATHOCTH PeLiAUBa UK
MeTacTazos Npu pake nonoctu pra (0SCC).
ApanTauma TepanesTHYEcKuX cTpatervii. ||

Jlyuwwias nepcoHanu3aLmA NeveHns.
B03MOXHOCTb NPOrHO3WPOBaHUA
[BOATOCPOHHOTO MCX0AA.

MyTauuu resa TP53
Jkcnpeccun PD-11
baktepuu Porphyromonas gingivalis u
Treponema denticola

OnpepeNeHne YYBCTBUTENLHOCTH K
Tepanuu, Takoi Kak paauoTepanua unu
XMMMOTEpanuA A4 paKa no/ocTH pra.
TIpOrHO3MpOBaHKe OTBETa Ha
aHTMMHKPOGHYIO TEPANHIO NPH
NapoACHTHTE

Tomolib B BbIGOPE HAWYULIEro METoAa
NIeYeHus.
Onpeaenexune HeobxoaumocTv Gonee
arpeccMBHOM Tepaniu unu
[ONONHUTE/bHBIX METO/I0B IeHeHNA.

[ponuH-o6orauieHHbie Genku (PRP)
[HCTaTUHbI
Amunasa CioHbl

PaHHAA AMarHOCTMKA Kapyeca myTem
OLEHKY CIOCOGHOCTH K pEMUHEpaNn3aLyui
W aHTHMUKPOGHOM 3aLLHTDI.

Cnoco6HOCTb NPEACKa3aTh pa3BHTHe
Kapueca Ha paHHUX CTausX.
EblCI'paR W HEUHBA3WBHAA AUATHOCTHKA
yepes aHa/Iu3 CNoHbI.

Cniona Kaxk OuazHocmuyecKuii WUHCHMpyMenm

Pucynok 1. buomapkepsl 3a001eBaHUH TTOJIOCTH pTa
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OnHuM u3 Haubosee MHOrOOOEHIAOIMX U MPeoOpa3yroUX JOCTUXKEHUH B 00JIacTH
JIMAarHOCTUKY 3a00JI€BaHUH MOJIOCTH PTa SIBJISICTCS MCIIOJIb30BAaHUE CIIIOHBI B KAYECTBE CPEIIbI
i oOHapyxeHust 6rnomapkepoB [29]. CiroHa — 3TO ClIOKHAsT OHMOJIOTHYECKAs KUIAKOCTb,
coJepalias MUPOKUN CHEKTp OENIKOB, (PEpMEHTOB, TOPMOHOB, AHTUTEN, DJICKTPOJIUTOB U
Jake HyKJIenHOBBIX KucioT, Takux kak JIHK u PHK [30]. Ee cocraB oTpaxkaeT kak MECTHbIC
COCTOSIHUSA ITOJIOCTH PTa, TaK U CUCTEMHOE 3/10pPOBbE, YTO JEJIACT €€ UeaIbHbIM KaHI11aTOM
JUIs HEWHBA3MBHBIX JIMarHOCTUYECKUX Lesed. B omiMume OT TpajMIMOHHBIX METOJOB
JIMarHOCTUKH, KOTOPbIE YacTO TpeOyIOT 3a00pa KpoBU, OMOINICUY TKaHEH nin peHTreHorpapum,
cOop cmoHBI TpocT, Oe30o0ie3HeH H dKoHOMHYeckH dddektuBer [31]. Dro gemaer
JMarHOCTUKY Ha OCHOBE CIIOHBI OCOOCHHO BBITOJHOW JJISi PYTMHHOTO CKPMHHHTA, 4aCTOTO
MOHMTOPHMHTA U PAHHETO BBISBICHUS 3a00JI€BaHUI MOJIOCTH PTa.

buomapkepbl Ha OCHOBE CIIOHBI TNPUOOPETAIOT BCE OONBIIYIO MOMYJISPHOCTH B
MCCIIEIOBAaHMSX 3/I0POBbS IMOJIOCTH PTa, MOCKOJIBKY OHU IPEAOCTABISIOT Maccy HHpOpMauu
0 (U3HOIOTHYECKUX U MATOJOTMYECKHX COCTOSIHUSIX opranusma [32]. Takue coCTOsHUS, KaK
[apoJIOHTO3, PaK IOJIOCTU PTa , Kapuec 3yOOB U Jake CUCTEMHbIE 3a00J€BaHUs, TAaKUE Kak
nraleT, MOXKHO KOHTPOJIUPOBATh U AMarHOCTUPOBATH C TOMOILBIO aHAJIM30B HA OCHOBE CIIFOHBI
[33]. DToT HeMHBa3UBHBI MOJX0/] K IUATHOCTHKE HE TOJIHKO MOBBIIIACT KOM(MOPT MALUCHTA,
HO M OTKPBIBAE€T BOZMOXKHOCTH JJIs1 00JIee paHHETO BBISIBICHUS U 00JIee epCOHATN3UPOBAHHBIX
crparerui neuenus [34].

3aboneBaHus MAPOJIOHTA, TAKKE KAK THHTUBUT U APOJIOHTHUT, SBIISIOTCS XPOHHUECKUMHU
BOCTIQJIUTEIBHBIMA COCTOSIHUSIMH, KOTOpBIE TOPXAIOT IOAJIEPKUBAIOIINE TKAaHH 3y0OB,
BKJIFOYAsl JICCHBI M QJIbBEOJIAPHYIO KOCTh [35]. DT 3a0osieBaHMs SIBISIOTCS PE3yJIbTaTOM
CJIO)KHOTO B3aUMOJAEUCTBUS MEXAYy OaKTepHadbHOW HHQEKIHed W HUMMYHHBIM OTBETOM
X035iMHA. XOTd KJIMHUYECKHE TNPHU3HAKH, Takhue Kak KPOBOTOUMBOCTH JIECEH, O0Opa3oBaHME
KapMaHOB M TOJABM)KHOCTh 3yOOB, OOBIYHO MCIOJB3YIOTCS Ul TUArHOCTUKM 3a00JeBaHUN
NapoJIOHTA, ’TU CUMITOMBI YaCTO MOSBIISIOTCS MOCIIE TOT0, KaK yXe MPOU301I0 3HAYUTENIHOE
NOBpEXJCHHE TKaHel. Vcrmomp3oBaHHe OHMOMAapKEepOB CIIOHBI IIO3BOJIIET OOHAPYKHTH
3a00JIeBaHNe HAa PAaHHUX CTaIWsX, Tpeasiaras IMPOAKTHBHBIA MOIXOA K NPEIOTBPALICHUIO
pa3pyLICHUS TKaHEH.

CrroHa colep>KUT HECKOIBKO OMOMapKepoB, KOTOPHIE MOTYT OTPaKaTh BOCIIAIUTEIBHOE
COCTOSIHUE TOJIOCTH pTa M o0ecreynBaTh KPUTHUYECKU BaXHYIO WH(POpPMAIMIO O MaTOreHese
3aboneBanuii maponoHTa [32]. BeIsBIsis 3TH MapKepsl, Bpayd MOTYT OLICHHBATh aKTUBHOCTh
3a00J1eBaHNs, KOHTPOJIUPOBATH X0/ JICUEHHUS U Ja)ke POTrHO3UPOBATh PELUIUB 3a00JIeBaHus,
TaKue KaK IIUTOKUHBI 1 MaTPUKCHbIE MeTayutonporenHassl (MMIT).

[uTokuHBI — 3TO HeOOoNbIIME OETKH, YIaCTBYIONIME B Mepeadye CUTHAIOB KIETKAMH,
0COOCHHO BO BpeMsi MMMYHHbIX peakimii [36]. B koHTekcTe 3aboiieBaHMi MapoOaOHTA
MPOBOCTIAJIUTEILHBIE ITUTOKWHBI , Takue Kak wuHTepinekuH-1B (IL-1B) , dakrop HEekposa
onyxomu -aiba (TNF-o) u wunTepneiikun-6 (IL-6), wurparoT UEHTpaJIbHYIO pOJIb B
OIIOCPEIOBAaHUH BOCHAMTEIEHOTO OTBETA, KOTOPBI PUBOJMT K pa3pyleHuto Tkaneit [37].

[ToBbllIeHHBIE YPOBHU 3THUX LIMTOKMHOB B CIIIOHE HANPSAMYIO KOPPETUPYIOT C TSKECTHIO
Bocnanenus mapojgonra [38]. Hampumep, IL-1B crumymupyer BbIpaOGOTKY (epMeHTOB,
KOTOpPbIE pa3pylIalOT BHEKJIETOYHBIH MAaTPUKC, CIIOCOOCTBYS pa3pylIEHUIO TKAaHH JECHBI U
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anbBeossipHoit Koctu [37]. TNF-0 — ere oauH MOIIHBIA MEAMATOP BOCHAICHHUS, KOTOPBIH
MOKET yCHJIMBaThb MMMYHHbBIC PEaKkIMd W NPUBOJUTH K pe3opOuuu koctu [39]. Usmepenue
3TUX LUTOKUHOB B CIIIOHE 00ECIIEUMBAET KOJIMYECTBEHHYIO MEPY TEKYIIMX BOCHAIUTEIbHBIX
IPOIIECCOB, TO3BOJISIS BpayaM OLIEHUTH TSDKECTh 3a00JI€BAHUS M COOTBETCTBYIOLIUM 00pa3oM
aJanTUpOBaTh BMEIIATENCTBA. B 4aCTHOCTH, TECTUPOBAHUE CIIFOHBI HA 3TU IIUTOKUHBI MOXKET
IIOMOYb Pa3IMYUTh AKTUBHBIC U JIATEHTHbIE (JOPMBI APOJAOHTHUTA, TAPAHTUPYS, YTO JIEUEHHE
HaIPAaBJICHO HA IPABWIBHYIO LIEIIb.

Marpukcuable MeTaiuonporenHassl (MMII) — 3T0 cemelicTBO (epMEHTOB, KOTOPHIC
PacCIIEIUISIIOT Pa3JIMYHble KOMIIOHEHThl BHEKJIETOYHOIO MAaTpHMKCa, TaKME KAK KOJIJIareH M
anactud [40] (Tabmura 1). MMII umeroT periiaroiiiee 3HaUCHUE JIJISI PEMOICITUPOBAHUS TKAHCH,
HO CTaHOBSITCS BPEIHBIMH IIPH YPE3MEPHOM IKCIIPECCUU BO BPEMSI XPOHUUECKOI'O BOCTIAJICHHUS,
Kak 3T0 HaOIroaeTcs mpu 3a0oieBaHUsAX napooHTa [41].

MMP-8 1 MMP-9 ocobGerHO BaXHBI B KOHTEKCTE 3abosieBaHmii mapogonTa. MMP-8
(Takke H3BeCTHas KaK KoOJUulareHas3a-2) B OCHOBHOM BbIpaOaThIBaeTCsi HEHTpopuiaMu u
y4acTByeT B pa3pyIICHHH KOJUIATCHOBBIX BOJIOKOH B COCIMHHUTENBHBIX TKaHsix [42].
[ToBbiuieHHble ypoBHU MMP-8 B cilOHE TECHO CBs3aHbl C AaKTHBHBIM 3a00JieBaHHEM
NapOZIOHTa, OTpaxkasi MPOJOJDKAIOIIEECS pa3pylIEHUE COCOUHUTENBHBIX TKaHEH U
anpBeossipHoit koctu [43]. AnanormuneiM oOpazom, MMP-9 yugactByeT B HAerpamanuu
0a3aibpHOI MEMOpaHbI U CBsI3aHA C IIPOrPECCUPOBaHKEM 3a00sIeBaHmii TapooHTa [42].

Hannuue BpicOkux koHueHTpaunii MMII B CilfOHE CIIyKUT HaJECKHBIM MHIUKATOPOM
paspyleHusl TKaHEell MapoJioHTa, MO3BOJISISI BpayaM HE TOJIBKO JUAarHOCTUPOBAaTh AKTHBHOE
3a00JIeBaHNEe, HO U OTCJIEKMBATh PEAKIMIO HA TaKW€ METOJbl JIEUEHUS, KaK CKEUIMHI U
BhIpaBHHBaHUe KopHeil [44]. Hanpumep, cHmkenne ypoBHst MMII B ciitoHe moclie Tepanuu
MOJKET YKa3bIBaTh Ha YCIEIIHOE BMEIIATENBCTBO, B TO BPEMS KaK IIOCTOSIHHO BBICOKHE YPOBHU
MOT'YT YKa3bIBaTh Ha HEOOXOAUMOCTh OJIee arpeCCHBHOMW MITH JOTIOIHUTEIbHOU Tepanuun [42].

Ipo6aemsbl 1
buomapkep Onucanne IIpenmymecrsa
OrpaHNYCHUs
benku, koTopbie ITonnepxka
Konebanus ypoBHs
IIOMOTal0T CBSI3bIBaTh LEJIOCTHOCTH
IIposun- . PRP 3aBucsr ot
KaJbIMi U pocdar SMAaJIH.
ol0orameHHbIe 0eJIKH NUTaHWS U
TS Pannsas
(PRP) THTHUEHBI TIOJIOCTH
peMHUHepaIn3auu JTUarHOCTHKA
Ta.
SMaIH. Kapueca p
HeGomnpime Pannsis Tpebyercs
Hexkoaupyromue PHK, | auarnoctuka paka CTaHapTU3aLUA
MuxpoPHK PYio . P P
(MIRNAS) BIIUSIIOLIME HA MOJIOCTH PTa. METOJI0B aHAJINA3A.
skcrnpeccuto TeHoB B | [IporHoctuueckass | Beicokue 3aTpaThl
PaKOBBIX KJIETKaX. LEHHOCTb. Ha TECTBHI.
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AHTUMUKpPOOHBIE ITognepxka
MIETITU/TBI, €CTECTBEHHOM CHmKeHre YpoBHS
[I0JIaBJISIOLIUE POCT 3aIUTHI OT MOXET 3aBUCETH OT
I'mcraTunbl
MaTOr€HOB, TAKUX KaK Kapueca. 00IIero COCTOSHUS
Streptococcus OO6nHapyxeHue 3I0POBBSI.
mutans. [1aTOrE€HOB.
TouHble noKazarenu Bricokas
[TpoBocnanuTenbHbIE
BOCHAJIUTEIbHBIX BapraleIbHOCTh
HuTokuHbBI OeKH, urparouye .
IIPOLIECCOB. YpOBHEM.
(manpumep, IL-1p, KJIFOYEBYIO pOJIb B
Pannss Tpebyercs TouHas
TNF-a) BOCHAJICHUU
JIMarHOCTHKA WHTEpIpeTaIus
[apOJOHTA.
MapoIOHTHUTA. TAHHBIX
Xoporo Tpebyrotes
DepMeHTHI, P peby
KOPPEIUPYIOT C MOBTOPHBIE
MatpukcHbie pazpyuiaroiue . Yo . P
. aKTUBHOH cTraguei U3MEPEHUS IS
MeTaJI0ONPOTEeHHA3bI BHEKJIETOUHBIH .
MapoJIOHTHUTA. TOYHOU OIEHKH.
(MMP) MaTpHUKC (Hampumep,
MonuTOpUHT MoryTt konebarbcs
MMP-8, MMP-9).
JICUCHHUS. 110 BPEMEHHU.

Taoauna 1. buomapkepsl CJIIOHBI JAJI51 CTOMATOJOTUH

Cnionnbsie 6uomapkepwl kapueca 3y606

Kapuec 3y60B, 00bIYHO N3BECTHBIN KaK «pa3pylieHue 3y00B», IBISETCS OJHON U3 CaMbIX
pacmpoCTpaHeHHBIX MPOOJIEM CO 3I0pPOBbEM TMOJIOCTH pra Bo BceM wmupe [45]. Dto
MHOro(akTopHoe 3a00JieBaHHEe, KOTOPOE BO3HUKAET B pe3yibTaTe JeMUHEpATH3alU 3yOHOH
IMalld M3-3a2 KUCIIOT, BbIpa0aThiBaeMbIX OakTepusiMu B 3yOHOM Hanete [45]. Dtu Gakrepun
METa0OIM3UPYIOT YTIIEBOJIBI M3 PAllMOHA, BhIpAOAThIBas OPraHMYECKHE KHUCIIOTHI, KOTOpBIC
cHIKaroT pH B poTOBOI1 cpeie, YTO B KOHEUHOM UTOTE MPUBOJUT K pa3pylIeHHIO dManu. Eciamn
€ro He JICYNTh, Kapuec MOXKET MPOTPECCHPOBATH 10 TMOPAXECHUsS TEHTWHA M ITYJIBIIBI, YTO
noTpe0yeT WHBAa3WBHBIX METOJIOB JICYCHHUS, TAKUX KaK TNIOMOMpPOBaHHE, JICYCHHE KOPHEBBIX
KaHAJIOB WIM yjajeHue 3y0oB [46]. [ToaToMy «paHHee BbISBIECHHE Kapueca 3yOOB» HMeEET
pelaroree Ui TIpelOTBpAIEHUs]  IPOTPECCUPOBAHMS
HE00X0IMMOCTH 00Jiee CIO0KHBIX CTOMATOIOIMYECKUX BMEIIATEIbCTB.

CrronHa, ecTecTBEHHas! )KMIKOCTb B MOJIOCTH PTa, UTPAET BAXKHYIO POJIb B MOJIEPKaHIH

3HA4YCHHUC 3a00JIeBaHUS )51

3I0POBBS TIOJIOCTH PTa, Oyhepu3yst KUCIOTHI, CIIOCOOCTBYSI pEMUHEPATN3AIMK U BHICTYIIas B
Ka4yecTBe 3alUThl OT maTtoreHoB [47]. HegaBuue 1ocTHKEHUS B MCCIIEJOBAHUN OMOMapKepOB
MIPOJIEMOHCTPUPOBAIIM, YTO OMOMApPKEPhI CIIOHBI MPEIaraloT MHOTOOOCIIAIONTUN MOIX0 K
paHHEH JUarHOCTHKE Kapueca 3y0oB [34]. Dt GMOMapkepsl MOTYT JaTh MPEACTaBICHHE O
pUCKE Kapueca Yy UeJOBEKa,
npoUIAKTHIECKHE CTPATErHH J0 TOTO, KaK KIMHUYECKHE CUMITOMBI CTaHYT OYEBHIHBIMH
[48].

4TO HO3BOJEICT PCain30BaTh IMEPCOHATIU3UPOBAHHBIC



BECTHUK KA3HMY Ne4 (71) — 2024

ISSN 2524 - 0684 e-ISSN 2524 - 0692

Heckonbko KOMIIOHEHTOB CIIOHBI OBIIM HMICHTH(QHUIUPOBAHBI KaK IOTEHIMATbHBIC
Ouomapkepbl ais oueHKH pucka kapueca [49]. K HuM oTHOcsTCS (epMeHTBI, Oelku U
OTIpeieIeHHbIE BU/IbI OaKTepUil, KOTOPBIE OTPAXKAIOT BOCIIPUUMYUBOCTE CPEJIbI IOJIOCTH PTa K
pa3ButHio Kapueca [49].

CaronHas aMmina3a — 93TO (EpMEHT, KOTOPBI WIpaeT LEHTPaJIbHYIO pOJIb B
pacIIeIUICHUH YTJIEBOJOB, MIPEBpallas Kpaxmaibl B 0ojiee MpocThie caxapa, KOTOphIE 3aTeM
CTAQHOBSITCSl MCTOYHMKOM MUINM Juisi Oaktepuid nosoctu pra [50]. [ToBbimieHHBIH ypOBEHb
CIIIOHHOHM amMuJIa3bl CBS3aH C MOBBIIICHHBIM PHCKOM Pa3BHTHS Kapueca 3y0oB. CBS3b MEX1y
aMMJIa30i W PHCKOM pa3BUTHs Kapueca B IEPBYIO OdYepelnb OOYCIOBJIEHA €€ POJbI0 B
yIy4YIIEHUU MeTa0oIM3Ma yIriIeBOIOB, YTO CIIOCOOCTBYET POCTY KapHEeCOT€HHBIX OaKTepHii, B
4acTHOCTH, Streptococcus mutans u BuaoB Lactobacillus [51]. Bosee Bbicokuii ypoBeHB
aMIJIa3bl B CITFOHE YCKOPSIET PAaCIICIUICHHE MTUIIEBBIX KpaXMaioB Ha (pepMEeHTHpYeMbIe caxapa,
KOTOpBIC KAPHECOTCHHbIC OAKTEPUU MOTYT METa0OIM3UPOBATh C 00pa3oBaHUEeM KHCIOT [52].
OTH KHCIOTHI CHUKAOT pH B cpesie moinocTu pra, 4TO NPUBOJMT K JEMUHEPAIH3aUU SMaIH.
MOHHTOPHHT yPOBHS CIIIOHHON aMHJIa3bl MOXKET IOMOYb IIPE/ICKa3aTh PUCK pa3BUTHUS KapHeca
y 4elioBeKa, 0OCOOCHHO Y MAalMEHTOB C TUETOH, OoraToi yrieBogaMu. [1oBBIIIEHHBIH YpOBEHB
aMMIIa3bl MOXKET CIYXKHTh MPEAYNPEKAAONIMM MPU3HAKOM TOTO, YTO JUISi CHWIKCHHUS PUCKA
pa3BUTHS Kapueca HEOOXOAWMBI HW3MEHEHHs B palMOHE IUTAaHWUS WIA YCUJICHHBIC
npopIIAKTHIECKAE MEPHI, TAKHE KaK JIeUeHHE (PTOPHIAMHU.

JlBa HanOoJee 3HAYMMBIX BHJIa OAKTEPHiA, yJ4aCTBYIOIIUX B 00pa30BaHUH KapHueca, — ITO
Buzbl Streptococcus mutans u Lactobacillus [53]. DTu GakTepuu CUUTAIOTCS KIFOUYEBBIMU
OnomapkepaMu Kapueca 3yOOB M3-3a WX alUJOTCHHBIX W allUIypHBIX CBOHCTB, TO €CTh OHHU
IPOIBETAIOT B KUCIION CPEZie U CIIOCOOCTBYIOT NabHEMNIIeMy IPOU3BOACTBY KHCIOTHI [54].

Streptococcus mutans sIBIsIeTCS OCHOBHBIM (DPaKTOPOM BO3HHMKHOBEHMs Kapueca 3yOoB
[53]. O npunumaer kK MOBEpXHOCTH 3yOOB, 00pa3yst OWOIUIEHKH (3yOHOM Hanmer) u
MeTabonu3upys caxapa ¢ oOpa3oBaHHEM MOJOYHON KuCioThl [55]. KucnoTHeie moGo4HbIe
IOPOAYKTHl 3TOTO Tpolecca (epMeHTaru CO3AA0T  Cpenay, ONarompusTHYIO s
JIeMUHepanu3anuu 3Manu. Hannaue BhICOKMX ypoBHEH Streptococcus mutans B CIIFOHE TECHO
CBSI3aHO C TIOBBIMIEHHBIM PUCKOM DPAa3BUTHSA Kapueca. PyTHHHBIE aHaIM3bl CIIOHBI MOTYT
KOJIMYECTBEHHO OMPEIeIUTh YPOBHU S. mutans , YTO MO3BOJISIET BpayaM BBISBIISTH MAIIEHTOB,
HaXOJISAIINXCSI B TPYIIIE PUCKA, 10 00pa3oBaHus mojocteii [56].

B 1o Bpems kak Streptococcus mutans UrpaeT BaXKHYIO pOJb Ha PaHHUX CTaAMIX
dopmupoBanus kapueca, BuAbl Lactobacillus Gomnbinie BOBIEYEHBI B MPOTPECCUPOBAHHE
kapueca [57]. Lactobacillus mporgeTaroT B KHCJIOH cpelie, KOTOpasi CO3aeTcs 0 Mepe TOro,
KaK Kapuec mporpeccupyer B Oojee riybokue ciou 3yda. MX mpucyrcTBue B OOJIBIIOM
KOJIMYECTBE B CIIFOHE YacTO CBSA3aHO C 00JIee Cephe3HBIMHU MOPAKEHUSIMH U PACIIPOCTPAHECHHEM
Kapueca Ha AeHTuH [58].

[Tomumo ¢epmeHTOB CitOHBI M BUIIOB OakTtepwii, pH ciaioHbl u ee OydepHas eMKOCTh
SIBJISIFOTCS. KPUTHYECKMMHU JETepMHHaHTaMu pucka kapueca [59]. CnocoOHOCTH CITIOHBI
HEUTpanu30BaTh KUCIOTHI M MOJIEPKUBATh CTa0MIbHBIA pH B MOJOCTH pTa MMEeT BaKHOE
3Ha4YeHHE JUIA MPEIOTBPAILECHUS JeMUHEPATU3alii U CONEHCTBHSI peMUHEpaTu3alui 3yOHOH
smamu [60]. IlocrossHHO HU3KMH ypoBeHb pH CIIOHBI MOXXET YKa3blBaTh Ha Cpemy,
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ONaronmpusATCTBYIONIYI0 DPa3BUTHIO Kapueca, TIIOCKOJBbKY OH OTpakaeT JUIMTENbHOE
NPUCYTCTBUE KHUCIIOT, BbIpaOaThIBAEMBIX KapHeCOreHHbIMH Oakrepusimu [61]. Drta kucnas
cpezia criocoOCTBYET AeMUHEPATH3aluy dMaIH.

/Ipyzue nomenyuanvhovie Ouomapkepsl CiloOHbl

HoBble nccnenoBanus npo1oibKaoT 3ydaTh pa3IMyHble KOMIIOHEHTHI CIIFOHBI, KOTOPbIE
MOTYT CIIY)KHTh IICHHBIMUA OMOMapKepamy JUisi OLICHKH pHcKa kapueca 3yooB [47]. Ciona,
OyAy4H JIErKOJIOCTYIHOM OMOJIOrMYECKON KHUJKOCTBIO, MpeAJaracT HeMHBa3UBHbIE CPE/ICTBA
Ui OOHapyKeHUs] OMOXMMMUYECKUX M3MEHEHMH M MHMKPOOHOro aucOanaHca, CBA3aHHOIO C
pasBuTHEM Kapueca. Huke NpUBEICHBI XapaKTEPUCTHUKH HEKOTOPBIX U3  KIFOYEBBIX
OroMapKepoB CIIOHBI, BKJItoUas 6enku 6oratsie nponuHoM (PRP), ructatunst u np.

benku 6orareie nponuaoM (proline-rich proteins, PRP), npencrasisitor coboii 6obiioe
CEeMEUCTBO CIIOHHBIX OEJKOB, BBIPA0ATHIBAEMBIX OKOJIOYIIHBIMH W  TOJYEIIOCTHBIMU
xerne3amu. PRP BakHbBI I moaAepKaHus [ETOCTHOCTH sManu [62]. OHM UrpaloT BaKHYIO
poidb B CBA3BIBAaHMM Kambliusg U QocdaTa, JBYX MHUHEPAIOB, HEOOXOAUMBIX JUIs
pemuHepanuzauuu  smanu.  CosnaBas  3amuTHBIE - Oapbep, PRP  mpeporBpamiaror
JIeMHUHEPAIN3alMI0, BBI3BAHHYIO KUCIIOTaMH, BbIpabaThIBA€MbIMU B pe3yJibTaTe META00IM3Ma
Oakrepuii [63].

bonee nuzkue ypoBHu PRP B ciroHe MOTyT yka3plBaTh Ha CHHIKEHHYIO CIIOCOOHOCTH K
BOCCTAHOBJICHHIO 5Malld M TOBBIIICHHYIO BOCIPUMMYMBOCTh K Kapuecy 3yOoB [64].
MOHUTOPHHT 3TUX YPOBHEH MOKET MOMOYb BBISIBUTH JIFOJICH ¢ 00Jiee BHICOKUM PHUCKOM, YTO
MO3BOJIMT  TNPOBOAWTH  IEJICHANPABICHHBIE MPOMWIAKTUYECKHE MEphl, TaKHE Kak
peMuHepan3auoHHas Tepamnus [65].

I'ucTaTuHBI — 3TO aHTUMUKPOOHBIE MENTH/IbI, 00J1aat0IINe CIOCOOHOCTBIO MOAABIAT
POCT aTOT€HOB MOJIOCTH PTa, BKJIIOYAs CTPENTOKOKKH (mutans) KOTOPbIE SBISIOTCS OCHOBHBIM
(akTopoMm, crnocoOCTByrOIMM Kapuecy 3yOoB [66]. B JomomHeHWe K CBOUM
aHTHOAKTEpUAIEHBIM CBOMCTBAM, TMCTATHHBI TIOMOTAIOT TOJIEPKUBATh 3/I0POBhE TKAHEMH,
CIOCOOCTBYS 3a)KHMBJICHUIO paH U MOJYJIMPYs BOCIMaJeHHE B 0J0CTU pTa. CHUKEHHE YPOBHS
TUCTaTHHA B CJIIOHE MOXXET IMOCTaBUTH IO YIrPO3Yy €CTECTBEHHYIO 3alllUTy IMOJOCTHU pTa OT
KapUeCOreHHbBIX OaKTEepHii, TEM CaMbIM YBEITUUMBAs pUCK Kapueca [67]. X ucromienne Moxer
OBITH MAPKEPOM CHIDKEHUS! aHTUMHKPOOHOM aKTUBHOCTH B CpeJie MOJIOCTH PTa.

CekperopHblii uMMyHOr10OynuH A (IgA) sBisiercs mpeobiafarolMM aHTUTEIOM B
CIIFOHE, WIpasi PELIAOIIYI0 POJIb B IMMYHHOM OTBETE Ha MAaTOreHsl mosoctd pra [68] . On
IIOMOTAeT HEUTPAIU30BaTh KapUECOTeHHBIe OaKTepUH, MpeJoTBpalias MX aJIre3uro K
MOBEPXHOCTSM 3y0OB, UTO SIBJIIETCS KPUTUUECKUM 3TAllOM B 00pa3oBaHUM Kapueca. Boicokue
YPOBHU CIIFOHHOTO IgA CBfA3aHBl C HaJAEKHOM HWMMYHHOM 3alUTOM OT KapHUECOTE€HHBIX
MHUKPOOPTaHU3MOB, TOTJAa KaKk HU3KHE YPOBHH MOTYT OTpakaTh OCIAOJCHHBIA WMMYHHBIN
OTBeET, JieJias Jitojiel 6ojee CKIIOHHBIMU K Pa3BUTHUIO Kapueca.

Cnwonnvie ouomapkepst paka noiocmu pma

10
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Pak mosoctu pTa, B 4aCTHOCTH IJIOCKOKJIETOUHBIN pak nonoctu pra (OSCC), sBusercs
cepbe3HOi Mpo0IeMOil MUPOBOTO 3APABOOXPAHEHUS, COCTABIISAA 3HAUUTEIIBHYIO OO CIIy4acB
paka rojoBbl U Imed. HecMoTps Ha mocTukeHus B obnactu jedenus, nporHos s OSCC
ocTaercsi HEOJaronpusTHbIM, B OCHOBHOM H3-3a TOrO, 4TO 3a00JIeBaHME YacTo
JMAarHOCTUPYETCS Ha TMO3IHUX CTaausX, Korja jiedeHue menee 3¢ddexruBno. IlsTunernss
BbDKMBaeMOCTh Npu OSCC 3HAYUTENBHO BBINIE, €CIU 3a00IeBaHUE OOHAPY)KEHO HA paHHEH
CTa/Iu{; OJJHAKO MHOTHE CIy4yau OCTAIOTCA HEIUArHOCTUPOBAHHBIMHU JI0 TEX IMOP, MOKA paK HE
MPOrPECCUpPyeT, 4YTO MOAYEPKHUBAET HEOOXOAUMOCTh OoJiee HAAEKHBIX, HEHHBA3HUBHBIX
JUAarHOCTHYECKUX HHCTPYMEHTOB [69].

TpaauumoHHBIE METOJBl JUATHOCTHKH, TAKHE KaK BU3YaJbHBIH OCMOTp M OHMOICHS
TKaHe#l, yacto He mo3BOJs0T BhIABUTE OSCC Ha paHHUX CTaAusX, Korja OH Haubosee
nojnmaercst yedeHuto [70]. DTu MeToapl TakKe WHBA3HBHBI, JAOPOTH MU YacTO TPEOYIOT
CHEeIMaIM3UPOBAaHHBIX 3HaHWM. B mocnenHue roabl CIOHHBIE OHWOMAapKephbl CTalH
MHOT000€IIIafoIIell HeMHBAa3UBHOM aabTepHATHBOW [uiss panHero BbisiBacHuss OSCC [71].
CrroHa npecTaBigeT co0oii 6oratyro cpeny A oOHapyKeHUs OMOMapKepoB, MOCKOIbKY OHA
COJICP)KUT PA3NIUYHBIE MOJIEKYJISIpHbIE KOMIIOHEHTHI, Bkitouas Oenku, JIHK, PHK wu
METabO0JIUThI, KOTOPbIE MOTYT OTPaKaTh HAIMYME 3JI0KAYECTBEHHBIX HOBOOOpa3oBaHuil [47].
AHanu3upys ONpeleleHHble OHOMapKepbl B CIIIOHE, Bpaud MOTYT YIYYIIUTh paHHEE
BblsiBiIeHHe OSCC, NoTeHIMaIbHO CHUYKAsl MOKAa3aTeNId CMEPTHOCTH U yJydllasl pe3ysibTaThl
JICYCHUS MAIMEeHTOB [72].

Heckonbko kareropuii OMomMapKepoB CIIOHBI MPOJEMOHCTPUPOBAIM MOTEHLUMAT IS
yinyumenusi auarHoctukn OSCC  (Tabmuma 2). Cpenu Hambosiee TEPCHEKTHBHBIX —
MukpoPHK (miRNA) u natrepus! metunupoBanus JJHK, kotopbie 06a naroT npescrapieHne
0 MOJICKYJISIPHBIX MEXaHH3MaX, YIIPABJISAIOIINX POrpeccupoBaneM paka [73].

MukpoPHK (MuPHK) — sT0 HeGomnbime Hexkoaupyromue monekynsl PHK, xotopsbie
PEryIUPYIOT DJKCIOPECCHI0 TEHOB, CBs3biBasich ¢ uHpopmanuonnoit PHK (MPHK) wu
npeoTBpalias TPAHCISIUIO onpeaeneHHbIx reHoB [73]. Hapymenue perymsiun mukpoPHK
OBLTIO CBSI3aHO C HIMPOKHM CIEKTPOM BUIOB paka, Bkimodas OSCC, rae oHM BIUSIOT HA
KJIIOUEBBIE IPOLIECCHI, TaKMe KakK Mpoiudepanus KIEeTOK, AU(PepeHnupoBKa, arnonTo3 U
meractasupoBanue [74]. Heckombko wmukpoPHK Obutn uaeHTH(OUIMPOBAHBI B CIIOHE
naueHToB ¢ OSCC, 4ro mnoka3ajao NEpPCHEeKTHMBHOCTbH B KadyeCcTBE IUArHOCTHUYECKHUX U
POTHOCTUYECKUX OnoMapkepos [75].

Cpenu Haunbonee uzydeHHbix miRNA, miR-21 cBepxakcnpeccupyercst mpu pa3inyHbIX
Buaax paka, Bkmouas OSCC. OH JneiicTByeT Kak OHKOIEH, CIIOCOOCTBYS BBDKHBAHUIO U
npoiaudepalnuy pakoBbIX KJIETOK, BO3JEHCTBYS Ha I€HBI-CYNPECCOphbl OMyXoJieH, Takhe Kak
PTEN u PDCDA4. IloBsimiennsie ypoBaE miR-21 B ciirone koppenupyroT ¢ Hammauem OSCC,
YTO JIeJIaeT €ro LIEHHBIM OMOMapKepOM JUIsl PAHHETO BBISBIICHUSI.

B otimmume or miR-21, miR-125a gacro mogasnsercs npu OSCC [76]. Cuuraercs, 4to
sTa mMiRNA gelcTByeT Kak cCylpeccop ONyXoOJeW, peryaupysi I'eHbl, y4acTBYIOIIHME B
NPOTPECCUPOBAHUH KIIETOYHOTO IUKIIA U anonTo3e [77]. Huskue ypoHu miR-125a B cirone
cesa3aHbl ¢ OSCC, um ee OTCYTCTBHME MOXET YKa3blBaTb Ha HAJIWYHUE 3JI0KAYECTBEHHOCTH.

11
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O60benuHenue miR-125a ¢ apyrumu OuoMapkepaMyd MOXKET YIYYIIUTh JUArHOCTHYECKYHO
CHeU(UIHOCTD.

Eme OJIH MHOT000CTIAIOIIU T onomapkep, miR-31, KakK MPaBUIIO,
cBepxakcnpeccupyercsi B OSCC u yuacTByeT B perysisiliid MUTPAllMU 1 MHBAa3HU KIETOK [78].
[ToBeimennsle ypoBHU mMiR-31 B ciroHe CBsi3aHBI ¢ 0oJiee arpecCHMBHBIMU (OpMaMHU paka
MOJIOCTU pPTa, M €ro MNPHUCYTCTBHE MOXET IOMOYb BBISIBUTH NAI[UEHTOB C PUCKOM
MeTacTa3upoBaHus WK peruansa [79].

Oo6napyxenue miRNA B ciroHe npeyiaracT HEeMHBa3UBHBIHN, OBICTPBIA U SKOHOMUYECKH
s dextunbiin criocod ckpuauHra OSCC, 0COOCHHO B IPYIIax BBICOKOTO PHUCKA, TAKUX KaK
norpedutenu Tabaka u ankorois. McciaenoBaHus mokaszaiu, 4TO 0ObEAMHEHUE HECKOIBKHX
miRNA B AMarHoCTHYECKOW IMaHeI MOXKET MOBBICUTH TOYHOCTh OoOHapyxenus OSCC.
Hanpumep, 0but0 mOKazaHo, yto maHeab miR-21, miR-125a u miR-31 mo3Bonser oTanyarh
nareHToB ¢ OSCC oT 310pOBBIX JIFOJIEH C BBICOKOM YyBCTBUTEIBHOCTHIO M CHIEIM(PUIHOCTHIO,
YTO JIeJaeT €€ MOIIHBIM HHCTPYMEHTOM JIJIsl panHei auarnoctuku [80].

Metunuposanue JJHK — 310 snurenernyeckas Moaudukanus, mpu KOTOPO METUITbHAS
rpynna go6asmisiercs k mojiekyne JJHK, kak npaBuio, k octarkam iuto3uHa B CpG- ocTpoBkax
. [Ipu pake o6p1yHO HaOMIOAAIOTCS abeppaHTHBIC MATTEPHBI METHIIMPOBAHUS, UTO MPUBOAUT K
[IOJIaBJICHUIO TCHOB-CYIIPECCOPOB ONYXOJeH M aKTHBAIMU OHKOreHOB [81l]. DTH u3MeHeHHs
METWJIMPOBAHUSI MOXXHO OOHApyXHUTh B JKUAKOCTAX OpraHM3Ma, BKJIIOYAs CIIOHY, YTO
o0ecrieuynBaeT HEMHBA3UBHBII METO/] BHISIBJICHUS paka Ha panHel cragun (Tabmuma 2).

I'en pl6 — »3T0 wu3BECTHBIH CyIpeccop OMyXoJiel, Y4YacTBYIOLIUMN B PpEryasuuu
kieroyHoro 1ukia [82]. [Ipu mHOrux Buaax paka, Bkirouas OSCC, mpomotopHas 001acTh pl6
CTaHOBUTCS TMIIEPMETHIIMPOBAHHOH , UTO MOJABIISIET €ro HKCHPECCHIO U TO3BOJISIET KIETKaM
OeckoHTposbHO enuThest [83]. O6Hapyxkenue runepmerinrpoBanHoro pl6 B JTHK cironsl
nokasaio ce0st MHOroo0emaomum B kayectse panHero ouomapkepa OSCC. B uccrnenoBanusix
y nauueHToB ¢ paHHel craaueit OSCC HaOar01a1MCh MOBBILIEHHBIE YPOBHH METUIMPOBAHUS
pl6 B ciroHe, YTO MO3BOJISET MPEANONIOKUTH, UTO 3TOT OMOMapKep MOKHO MCIOJIb30BaTh IS
PaHHETO BBISBJICHUS JI0 TOTO, KAK CTAHYT OYEBUIHBIMU KIIMHMYECKAE CUMITOMBI [84].

MGMT  (O-6-mermnryanun-IHK  meruntpanchepasza) sBusieTcs  emie  OJHHM
CYIPECCOPOM OITyXOJIeH, KOTOPBIN 4acTo runepmermiupyercs npu pake [85]. MGMT wurpaer
BaXHyl0 posb B BoccTaHoBieHuu JIHK, a ero monaBneHue mocpeacTBOM METUIMPOBAHUS
yBEIIMYMBACT  BOCIPUUMYHMBOCTh  KJIeTOK Kk  myrammsm  [85].  IlpucyrcrBue
runepmetruinpoBanHoro MGMT B citoHe ObLITO MCCIIEI0BaHO KaK MOTEHIMATIbHBIN OnoMapKep
OSCC [86]. O0obenunenne metnupoBanuss MGMT ¢ npyrumu OnoMapkepaMu, TAaKHMHU Kak
p16, MOXET MOBBICUTH TOYHOCTH TMArHOCTUKH, OCOOCHHO MNP Pa3IMUEHUH 37TI0KaYECTBEHHBIX
HOBOOOpPa30BaHMM OT JOOPOKAYECTBEHHBIX COCTOSTHHI.

I'en DAPK (mporewHKHHA3a, acCOIMUPOBAHHAs CO CMEPTHIO KIJIETKH) YYacTBYET B
aronTo3e, ¥ ero runepMeTUIMPOBAaHKUE CBSI3aHO C PAa3IMYHBIMU BUJaMH paka, Bkitoyas OSCC
[87]. Tosbiuennsie ypoBuu MmetmnupoBanuss DAPK B JIHK ciroHbl HaGmoganuch y
narueHToB ¢ OSCC, 0c0OEHHO C 3amylIeHHBIM 3a00JieBaHUEM. JTOT OMOMapKep MOXKET He
TOJILKO 1oMo4b B quarHoctike OSCC, HO ¥ B MOHUTOPUHTE IPOTrpecCUpOoBaHMsl 3a001eBaHHS
¥ OTBETA Ha JICYECHHE.
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I[Tomumo miRNA u merunupoBanus JIHK, ciaroHHbIE O€TKM M IUTOKWHBI TAaK)KE MOTYT
CIIy’)KUTh OMOMapKepaMu paka rmojiocty pra. Hanpumep, noBbllIeHHbIE YPOBHH HHTEPICHKIHA-
8 (IL-8) u dakropa Hekpoza onyxonu-anbda (TNF-a) cesazaner ¢ OSCC, otpaxas
BOCHAITUTEIBHYIO PEAKIIUIO U MUKPOOKpYXeHue omyxoiu [88]. 3MepeHue 3TuX IIUTOKMHOB B
CJIIOHE MOXET NPEJOCTaBUTH JONOJHUTEIBbHYIO WH(OPMAIHMIO, TIOBBIMIAS JTUATHOCTUYECKHE
BO3MOYKHOCTH MOJICKYJISIPHBIX OnomMapkepoB, Takux kak miRNA u merunupoBannas JJHK
[89].

[IpumeHeHue CIIOHHBIX OMOMapKepOB MPU pake IMOJIOCTH pPTa BCE €llle HaXOAMUTCA Ha
pPaHHMX CTaIMIX, HO €ro MOTeHIMAal 3HauuTeNeH. [1o Mmepe pa3BUTHS UCCIIeIOBaHUI, BEPOSTHO,
OynyT pazpaboTaHbl NUArHOCTUYECKUE TMaHENH, OOBEIUHSIONINE HECKOJIBKO OMOMapKepoB,
takux Kak MukpoPHK, wmapkepsr mermmupoBanus JIHK u Oenku, a7 MOBBIIICHUS
YYBCTBUTENBHOCTH W crenuduanoctu odHapyxenuss OSCC. Kpome TOro, JOCTHKEHHS B
BBICOKOIIPOM3BOJIUTENIbHBIX ~TEXHOJNOTMSIX, TaKMX KaK CEKBEHHMpPOBAaHUE CJEAYIOLIETO
MOKOJICHUSI U MPOTEOMHKA, MO3BOJIAT OOHAPYKUTh HOBbIE OMOMAapKephbl, UYTO elie OoJbIie
paCIIMPUT JAMATHOCTUYECKUE W MPOTHOCTUYECKUE BO3MOKHOCTU TECTHUPOBAHUS HAa OCHOBE
cimroHbl. KnmnHuvecke ucbITaHus Tak)Ke He0OXOIUMBI JIJIsl OATBEpKaAeHUS 3 (HEKTUBHOCTH
CIIFOHHBIX OMOMapKepOB B OOJBIINX, pa3HOOOPa3HBIX MOMYIsALUAX. biarogaps ycTaHOBICHHIO
CTaHJAPTU3UPOBAHHBIX IPOTOKOJOB A cOopa, oOpabOTKM M aHajgu3a CIIOHBI ITUPOKOE
BHEJJPEHUE ITUX OMOMapKEPOB B KIMHUYECKYIO IPAKTUKY MOXET CTaTh PEAJIbHOCTHIO.

IIpo6aembl u
buomapkep Onucanue IIpenmymecrea
OrpaHuYeHus!
He6onpimme Panuss Bricokas croumocTs
HEKOJUPYIOIIHE JIMAarHOCTHKA paka aHanms3a.
PHK, Bnustomiue Ha IIOJIOCTH pTa Tpebyercs
9KCIPECCHIO TCHOB, (OSCQC). CTaHIapTH3AIHS
MuxpoPHK
. CBSI3aHHBIX C [IporHoctuyeckas MeTOoJ10B cOopa u
(miRNAS)
PaKOBBIMU LEHHOCTb. aHayu3a.
nporeccamu (miR- Bricokas OrpanuueHHas
21, miR-125a, miR- YyBCTBUTEIBHOCTh JIOCTYITHOCTh B
31). U CTIeHU(UYHOCTb. | HEKOTOPBIX PETHOHAX.
TpebyroTcs noporue
ONUreHETUYECKNE nabopaTopHbIe
OGHapyxeHue
W3MEHEHUS, METO/IbI.
3JI0Ka4€CTBEHHBIX
MeTtunupoBanue CBSI3aHHBIE C . Bo3moxHBI
M3MEHEHUH Ha
JAHK (p16, OTKJTFOUEHHUEM TEHOB- JIO)KHOMOJIOKUTEITbHBIE
AQHHUX CTaJIMSX.
MGMT, DAPK) CYIIpeccopoB b pe3yabTATHI IPH
. [Iporno3upoBanue
OIlyXO0JIeH uepes BOCTIAJICHUSX WU
pHUCKa METacTa30B.
METUIIMPOBaHUE. J0OpOKaueCTBEHHBIX
COCTOSIHUSIX.
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Huskas
CHEUPUIHOCTH
IIpoBocnianurenbHbIE IToka3zarenn (noBbIIIEHNE YPOBHEH
0eJIKu, OTpakarolue BOCTIQJICHUS U U APYTHX
HuTokuHbI .
BOCHIAJIUTEIbHYIO OIlyX0JIEBOH BOCIIAIUTENIbHBIX
(nanpumep, IL-
8. TNF-a) peaKIuIo U aKTUBHOCTH. 3a00JIeBAHUSAX ).
_a o
' OITyXOJIEBYIO Jlerko u3mepsitorcest | KonebGanust ypoBHen
AKTUBHOCTb. B CIIIOHE. MOT'YT 3aBUCETh OT
0O0IIIEr0 COCTOSTHUS
3JI0pOBBSI.
Hosrle
Komnbuessie IIEPCIIEKTUBHBIC Henocrarouno
HEKOUpYIoIIne MapKepsl A7 KJIMHUYECKUX JAHHBIX
Hupkyaspusie | PHK, yuactByromue paHHen JUISL TIOBCEMECTHOIO
PHK (circRNAs) B peryJisiiuu JIMArHOCTHKHU. MIPUMEHEHUS.
9KCIPECCHU T'€HOB, Crioco6HOCTb Jloporue MeTo bl
CBSI3aHHBIX C PAKOM. | MPEICKa3aTh OTBET aHayu3a.
Ha TEepaIuio.
Huskas
benku, BeIIEaIEMBIC
Cneuuduunsie Uit | 4YyBCTBUTEIBHOCTDH Ha
OIlyXO0JIEBBIMU
Bbeaku PaKOBBIX IIPOLIECCOB | PAaHHMX CTAIMSIX paka.
KJICTKaMM, KOTOpbIE
(manpumep, OemnKu. BozmoxHbIE
MOTYT OBITh
Cyfra 21-1) Jlerkast u ObIicTpast | JIO)KHOMOJIOKUTEIHHBIE
oOHapy’KeHbI B
JUAarHOCTHKA. pe3yJbTaThl IPU
CIIIOHE.
BOCHAJICHUSX.

Ta6auna 2. CriroHHbIe OMOMapKephl paKa MoJ0CTH PTa

Kuokocmu oecnesoit 60po3owvt (GCF)

Kunkoctu necHeBoit 0oposnbl (GCF) sBiseTcs BaxHOW OHMOJOTHYECKON Cpeou,
UCTIONB3YeMOHN Ui OOHApyXeHHs OMOMapKEpOB, CBSA3aHHBIX CO 3J0POBHEM TOJOCTH PTa, B
YaCTHOCTH, TNPU JHArHOCTHKE W MOHUTOpHMHTre 3aboseBanuii mapogonta [90]. GCF
NPEJICTaBIsIET COOON CHIBOPOTKOMOIOOHYIO JKHUAKOCTh, KOTOpAsi BBIIEISETCS W3 JCCHEBOU
00po3apl WM MApOJAOHTAIBHBIX KApMaHOB, OKpYyXaromux 3yObl. OHa COAEPKUT CMech
UMMYHHBIX KIJIETOK, ()épMEHTOB, IUTOKUHOB U JPYT'MX MOJIEKYJ, YTO MO3BOJSIET MOIYYUTh
NPEJICTaBICHNE O MECTHBIX BOCHIAIUTEIBHBIX 1 UMMYHHBIX PEAKIMIX B TKaHAX MMapOJOHTA.

Cnocobnocts GCF oTpakaTb IMMYHHBIH OTBET X031MHA U pa3pylIeHne TKaHel aenaer
€ro IICHHBIM HEWHBA3WBHBIM JUArHOCTUYECKAM HWHCTPYMEHTOM. Ty JKHUAKOCTh MOXHO
coOMpaTh JIETKO ¥ MHOTOKpPAaTHO, TMpemiaras TpPaKTUYHBI METOJ MOHHTOpPWHTA
IpoTpeccupoBaHmsl 3a00JeBaHUs M OTBETA Ha JICYCHHE C TeUCHHEM BpeMeHH. KiroueBbiMu
o6unomapkepamu B GCF sBistitoTcst octeokansiuH, C-konueBoi tenonentua (CTX), penentop
aKTHBATOpa JMraHaa syepHoro ¢paxropa kammna B (RANKL) u ocreonporerepun (OPG) [91].
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Ocreoxanbiin U1 CTX sBisitoTCs 001IETTPU3HAHHBIMA MapKepaMy MEeTa00JIiM3Ma KOCTEH,
B YaCTHOCTH, OOHOBJICHHMS KOCTHOM TKaHH. B KOHTekcTe 3aboyieBaHMI MapoJOHTa
NOBBIIIEHHBIE YPOBHH 3TUX OnomapkepoB B GCF yka3pIBalOT Ha aKTUBHYIO PE30pOLINI0 KOCTH
— KJII0YEBOM Npu3HAaK mHapoJoHTUTa. OCTEOKANbIIMH — 3TO HEKOJUIAr€HOBBINH OEJIOK,
OoOHapy>KEHHBII B KOCTSAX M JICHTHUHE, YacTO CBSI3aHHBIN ¢ (pOpMHUpOBAaHHEM KOCTHOH TKaHU.
Onmnako npu 3a0oneBaHusAX mapojaonTta ero npucyrctsue B GCF ykaspiBaeT Ha HapyIICHHBINA
Metabonu3m koctei. CTX, moOOYHBIM TPOIYKT Jerpajallid KoJUlareHa, O3HadyaeT pacraj
KoJutareHa u pe3opOuuio koctu [92]. MOHUTOPUHT 3THX OMOMApKEpOB MMO3BOJSET BpadyaM
OLICHMBATh AKTUBHOCThH 3a00JI€BaHMs, CTENEHb MOTEPU KOCTHOW TKaHU U 3P(PEKTUBHOCTH
BMEIIIATENILCTB, HANpABICHHBIX HA OCTAHOBKY WJIM OOpalmieHHe BCISATh pPa3pyLICHUs
HapoJOHTA.

bananc Mexy penentopoM akTuBaTopa Jurasa siaepHoro gakropa kanmna B (RANKL)
u ocreornporerepuHom (OPG) mmeer pemiaromiee 3HAYCHHE U1l PETYJALMH aKTUBHOCTH
0CTeOKIIacTOB U peMojenupoBanust kocteit [93]. RANKL criocobetByeT auddepeHumayu u
AKTHBAIIUU OCTEOKIIACTOB, KJIETOK, OTBETCTBEHHBIX 3a pe3opOuuto kocteil. OPG aelicTByeT Kak
peuenTop-puManka, KoTtopelii cBsi3biBaeTcst ¢ RANKL, He paBas emy cTUMynIMpoOBaTh
OCTEOKJIACTHI M, TAKUM 00pa3oM, UHTUOUPYS PE30POIIUI0 KOCTEH.

[ToBeimenHoe cootHomeHne RANKL/OPG B GCF wacro Habmomaercs y Jonei c
MapOJOHTUTOM, OTpa)asl MOBBIIIEHHYI0 aKTUBHOCTb OCTEOKJIACTOB M YCKOPEHHYIO MOTEPIO
KOCTHOH Macchl [94]. DTO COOTHOIICHWE CUUTACTCS HAJCKHBIM HHIUKATOPOM TSDKECTH
napogontuta. OrciexxuBanne u3MeHeHud B cootHomeHnn RANKL/OPG moxer momoyb
KOHTPOJIMPOBATh  MPOTPECCUpPOBaHHE  3a00JIEBaHUS W ONEHUBATH  A(P(HEKTHBHOCTH
TepaneBTUUECKUX CTPATErnii, HAIPaBJICHHBIX HA BOCCTAHOBJIEHUE OajlaHca MeX 1y pe3opOoruei
U GOpMHUPOBAHUEM KOCTHOM TKaHU.

[ToMrMO TpaAMIIMOHHBIX MAapKEpOB, HCCIEAOBATENU IOCTOSIHHO HICHTU(UIUPYIOT
HoBble Ouomapkepsl B GCF, kxoropble MOriau Obl yIydyIIUTh I[OHMMaHHE MEXaHH3MOB
3a00JIeBaHUI MTAPOJIOHTA U MOBBICUTH TOYHOCTh JUArHOCTUKHU. HekoTopble U3 HUX BKIIIOYAIOT
[IPOBOCIAJIUTEIILHBIC LIUTOKUHBI, MAaTpUKCHBIE METAJLIONPOTEUHA3BI (MMID),
munononucaxapuast (JIIIC). Hanpumep, unrepneiikun-1p (IL-1B), pakrop Hekpo3a omyxonu-
anbga (TNF-o) 1 unrepreiikui-6 (IL-6) urparoT BaKHYIO pOJib B BOCHIAIUTEIBHON PEaKiluy.
[ToBeimennsle ypoBHM GCF yacTo KOppenupyroT ¢ pa3pylIEeHHEM TKaHEH M aKTUBHOCTBHIO
3a00JeBaHNs, U YPOBHSAMHM MaTpHuUHBIX MeTauionporenHas (MMP), oTBeTcTBeHHBIX 3a
Jerpaaamuio BHekneTounoro Matpukca [95]. Tloseienusie yposan MMP B GCF, ocobenHO
MMP-8 1 MMP-9, cBsi3aHbI ¢ pa3pylieHueM TkaHel napojonTa. Jlunonomucaxapua (LPS) kak
KOMITOHEHT KJIETOYHBIX CTEHOK Oakrtepuii, LPS MoxeT cTuMynupoBaTh HMMYHHBIN OTBET, U
ero npucyrctBue B GCF MoxeT yka3bIBaTh Ha OakTepUaJbHYIO MHBA3WI0 U MH(EKIUIO B
TKaHsX mapojonra [96].

Ucnonb3oBanne OuomapkepoB GCF B KIMHMYECKOHM NpaKkTHKE IpearacT
HEHHBA3UBHbIN, SKOHOMUYECKH PPEKTUBHBIN coco0 OOHApYKEHUS paHHUX HW3MEHEHHH B
TKaHSX [1apOJIOHTA JI0 TOr0, KaK IPOU30MIET 3HAUUTEIbHAS TOTEPSI KOCTHOM TKAHU WM IPYTHE
HeoOpaTHUMBbIe MOBPEXACHHUS. AHanu3 O6romapkepoB MOJKET HaIpaBJIsATh
NEPCOHAIN3UPOBAHHBIE IUIAHBI JIEUEHUS, ONTUMU3UPOBATH TEPANEBTUUYECKUE PE3YJIbTAThHl U
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CHIKaThb HEOOXOIMMOCTh B 00Jiee MHBA3UBHBIX JUATHOCTHYECKUX IPOLEIypax, TAKMX Kak
Ouoncus Wi peHTrenorpadus.

KomOunupyst neckonpko OuomapkepoB GCF, Bpaum MOryr NOJY4YHTH MOJHOE
NPEJCTAaBICHUE KaK O BOCHAJIUTENbHBIX, TaK M O KOCTHO- pE30POTHUBHBIX aCHEKTax
3a001€BaHUN IAPOJOHTA, 4YTO IIO3BOJIUT JIy4llle IIPOTHO3MPOBATH IIPOrPECCUPOBAHUE
3a00J1€BaHUs M KOPPEKTUPOBaTh JIEUEHHE C YYETOM WHAMBHUIYaIbHBIX OCOOCHHOCTEH
HALUCHTA.

Oo6cy:xnenune

HccnenoBanne u nMpuMEHEHHE HOBBIX OMOMAapKEpOB IMPHU 3a00JEBAHUSX IMOJIOCTH pTa
MIPEACTABISIET COOOM 3HAUMTEBHBIN IIAr BIEpe]l KaK B TUArHOCTUYECKOW TOUYHOCTH, TaK U B
MepCOHANIM3AIMU CTpaTteruil jedueHus. [10CKOIbKy 310pOBbE MOJOCTU PTa TECHO CBS3aHO C
CUCTEMHBIM 3/I0POBbEM, MOTEHIMAT OMOMAapKepOB Ui OOECIeYeHHUs PAaHHEro BBISBICHUS,
MOHHMTOPHHTA MPOTPECCUpPOBaHUS 3a00NieBaHUS M PYKOBOJACTBA  TepareBTUYECKUMU
BMEIIATENILCTBAMU OTKPHIBAET HOBOE H3MEpPEHHE B MOIXOJE Bpauell K OXpaHE 30pPOBbS
nosoctTu pra. B 3ToM 00CYyXIE€HHMH OCBEIIAIOTCA KIIOUYEBBIE ACMEKThl JIOCTHXKEHUN B
UCCIJICIOBAaHNH OMOMapKEepOB, C YIIOPOM Ha WX pPOJIb B JICUCHUHM 3a00JICBAaHUU TMApOOHTA,
Kapueca 3yOOB M paka MoJOCTH PTa, a TAK)KE WX 3HAYCHHUE JIJIsl IEPCOHATTM3UPOBAHHOTO yXO/a.

OpuuM u3 Haubojee yOeIUTENbHBIX IPEUMYLIECTB HCIIOJIb30BAaHUS OHOMapKepoB
cmonbl U GCF sBnsercs ux crnocoOHOCTh 0OHApPYXUBATh 3a00JIEBAHUS HA PAHHUX CTAUAX
[97]. TpaauumoHHBIE METOABI TUATHOCTUKU YACTO MOJIAral0TCs Ha BBISIBICHUE KIMHUYECKUX
CUMIITOMOB, KOTOPBIE MOTYT MPOSIBUTHCS TOJIBKO MOCIIE 3HAYUTEIBHOTO MOBPEXKACHUS TKaHEH.
Hanpumep, 3a0oneBanus mapoJoHTa W Kapuec 3yOOB MOTYT MPOTPECCHpPOBATH B TEUCHHE
JUTUTEIBHOTO BPEMEHHU, MPEXKIE YeM KIMHUYECKUE NMPU3HAKH CTAaHYT 3aMETHBIMHM, U B 3TOT
MOMEHT TIOBPEXJCHHE MOXeT ObITh HeoOpaTuMbiM. Pak momoctu pra, 0coOEHHO
MJIOCKOKJIETOUHBIN pak monoctu pra (OSCC), yacTo ocTaeTcsi HEAMArHOCTUPOBAHHBIM, TTOKA
HE JIOCTUTHET TO3IHEH CTaJnH, 4TO PE3KO CHUXKAET BEDKUBACMOCTh mopaxkeHHbIX jnll [98]. K
TOMY BPEMEHH, KOT/Ia TPATUIIMOHHBIE METO/IbI IMATHOCTUKH, TAKUE KaK PEHTTeHOTrpadus uin
Ouoricusi, MOTYT OBITh YTPAaueHBI BO3MOXKHOCTH JJI1 KOHCEPBATUBHOTO JICUCHUS.

buomapkepbl mpeanmaraloT CMEHY NapaJurMbl B 3TOM KOHTEKCTe. BpisaBisis
MOJIEKYJISIpHbIE U3MEHEHMS, CBSI3aHHBIE C BOCMAJICHUEM, Pa3pyIlIeHHeM TKaHeld U MUKPOOHBIM
nucbamaHcoM, OMOMapKephl MO3BOJISIIOT BpauaM BMENIMBATHCS HA CaMbIX PaHHHUX CTaJMsIX
3a00JIeBaHUs, /0 TOTO, KaK HACTYMHT HeoOpatumoe moBpexaeHue. [Ipu mapogoHTHTE
ouomapkepsl, Takue kak IL-1B, TNF-o u MMP B cmone wm GCF, otpaxator
MIPOJIOJDKAOIIEECS pa3pyIIeHUe TKaHEH eIlle 10 TOTO, KaK CTaHYT OYeBUIHBIMH KIMHUYECKHE
CHUMIITOMBI, TAaKH€ KaK PEIeccus JeCeH, 00pa3oBaHNe KapMaHOB WJIM KPOBOTOUYMBOCTD JICCEH.
AmnanmornuHbIM 00pazom, Hasmure octeokanbiinaa, CTX u coornomenne RANKL/OPG B GCF
MOTYT CHTHaJM3UpOBaTh 00 aKTUBHOM pe3opOIHMH KOCTH, oOecreunBas paHHUN
MpeAYNPEXAAIOIINI NIPU3HAK MPOTPECCUPOBAHUS MTAPOIOHTHUTA.

B cnysae OSCC cmtonnbie miRNA, Takume kak miR-21 u miR-125a, npemmarator
HEWHBA3UBHBIN METOJI OOHAPYKEHHS paka Ha MOJEKYJISIPHOM YPOBHE, 33/I0JIT0 JI0 MOSBICHUS
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BUJIMMBIX TIOpakeHuit win cumnroMoB [99]. Takoe panHee 0OHapy)KEHHE MOXKET 3HAUMTEIILHO
YIAYYIIATh TTOKA3aTeNId BBDKHUBAEMOCTH, MTO3BOJISISL POBOAMUTDH Oosiee paHHee U 3P (PEKTUBHOE
nedeHue. Kpome TOro, mcrnosib3oBaHue OHMOMAapKepoB B paMKax PYTHMHHOI'O CKpPUHMHIA,
OCOOCHHO JJIsI TPYIII BBICOKOTO pUCKa (HAIIpUMEp, KyPHIIBITUKOB U TIOTPEOUTENCH aIKOToIs),
MOET IpenoTBpaTuTh nporpeccupoanue OSCC 10 MO3AHUX CTAIUN, PAAUKAIBHO YIIy4Illas
pe3ysbTaThl JIEYEHUS NAILIMEHTOB.

Ilepexox K NEepPCOHAIM3UPOBAHHOMY YXOAY SIBJISETCS BaXKHOM TeHIEHIMEH B
COBPEMEHHOM MeIUIMHE, U 310pPOBbE MOJOCTH pTa HE SBJISIETCS UCKIOUeHHueM. bruomapkepsl
UTPalOT  PEUIAloNIyld0  posib B OOECIEYEeHMHM 3TOro  IMepexoja,  IpefocTaBiiss
MHAMBUAYAJIN3UPOBAHHBIE CBEACHUS O PUCKE 3a00I€BaHUs NallMEHTa, €r0 MPOrPECCUPOBAHUMI
U peaKkuu Ha JieyeHre. BmecTo Toro 4ro0sl nmosiararbesi Ha MOJAX0/ «OAMH pa3Mep MOAXOIUT
BCEM», Bpaud TeNepb MOTYT aJalNTHPOBaTh CBOMU CTPAaTErMM JI€UYEHUS K YHUKAJIbHBIM
OMOJIOTUYECKUM MTPOIIISIM CBOUX MAI[IEHTOB.

AHanoru4Ho, npu kapuece 3y00oB OMOMapKepbl, TaKHMe KaK YpOBEHb aMUJIa3bl CIIOHBI,
KosimyecTBO Streptococcus mutans U OydepHas eMKOCTb, MOTYT HH(POPMHPOBATH 00
UHIUBUIYAJIBHBIX NpOo(UIAKTUYECKUX cTparerusx. [lanueHTy ¢ NOBBIIMIEHHOW amuia3on
CJIIOHBI M BBICOKMM YpPOBHEM S. mutans MOTyT MOMOYb JHETUYECKME M3MEHEHUs U Ooee
arpeccuBHasi (TOpUIHAS Tepamus Ui TMPOTUBOACHCTBHS IMOBBIIIEHHOMY PHUCKY Pa3BHTHUS
kapueca. OTcnexxuBas 3TH OWOMAapKepbl, Bpayd MOTYT IPOBOJHUTH IleJICHANPABICHHBIC
BMEIIATENILCTBA, KOTOPHIE HE TOJBKO PEMIAIOT CYIIECTBYIOUIHE IMPOOJIEMBI CO 310POBBEM
IIOJIOCTH PTa, HO U MIPENOTBPALIAIOT JajbHEIIee IPOrpecCUpoBaHue 3a00IeBaHUS.

IIpu pake monocTu pra NpEeAUKTUBHBbIE OMOMapKepbl, Takue kKak myrauuu TP53 u
skcnpeccusd PD-L1, MoryT onpenensaTe penieHus O JEUYEHUH, BBISBIIAS MMALIUEHTOB, KOTOPHIE
MOTYT IJIOXO PEarupoBaTh Ha TPAJUIIMOHHBIE METOIbI JICUEHUS, TAKUE KaK paauoTepanus uin
XUMHOTepanus. 9Ta UHGopMaIysi HO3BOJISIET UCCIIE0BATh aTbTEPHATUBHBIE METO/IbI JICUEHUS,
TaKkue KaKk MMMYHOTEpaIus, TEM CaMbIM MOBBIIIAs IAHCHI HAa YCHEIIHbIE PE3YJIbTAThI.

Ob6nacTh uccnea0BaHns OMOMapKePOB CTPEMUTEIBHO Pa3BUBAETCS, UEMY CIIOCOOCTBYIOT
JIOCTUKEHUS B 00JIACTH BBHICOKOIIPOU3BOIUTENBHBIX TEXHOJIOTUH, TAKUX KaK CEKBEHUPOBAHUE
cinenyromero mokoieHuss (NGS), mporeomMuka ¥ TPaHCKPUIITOMHUKA. OTH TEXHOJOTUH
MO3BOJIMJIM MCCIIEA0BATENSAM UACHTU(PUIIMPOBATh HOBbIE OMOMapKephl ¢ O0bIIEH TOUHOCTHIO
u Oosiee OBICTPBIMU TeMIIaMH, YeM Korga-iubo mpexzae. Vcnons3zoBanue NGS mozBosser
npoBouTh KomruiekcHoe npodunupoanue PHK, JIHK u GenkoB ciiroHbI, BBISBISAS HOBBIE
MOJIEKYJISIpHbIE MHILEHU JUIs JUArHOCTHKH 3a00JieBaHMN MOJOCTH pPTa. AHAJIOTMYHBIM
o0pa3oM, NpPOTEOMHKAa MOXET HWAECHTU(PHUIMPOBATH OHMOMapKeppl Ha OCHOBE OEJIKOB,
YYaCTBYIOIIME B BOCIAJIUTENIBHBIX M HMMYHHBIX peakUusax, Mpenjaras najbHeillee
MOHMMAaHHE MEXaHU3MOB 3a00JIeBaHUA.

[To mepe oOHapyxeHHsI OOJbIIEr0 KOJMYECTBA OMOMapKepOB CTAHOBHUTCS Bce Oojee
OUYEBUJHBIM, YTO HU OJIMH OMOMapKep HEe MOKET J1aTh MOJIHYIO KapTUHY 3aboneBanus. Bmecto
aTOro Oynayliee 3a MaHeIsIMH OMOMapKepoB — KOMOHMHALMSAMHU HECKOJIBKHUX OMOMapKepoB,
KOTOpbIE BMECTE MpeIaraoT 06osiee HaJeKHYI0 U TOUHYIO OIIEHKY COCTOSHUI 3a00JeBaHuUs.
Hampumep, Obuto mokazaHo, uro coueranue miR-21, miR-125a u miR-31 mnoBslmaer
qyBCTBUTEIBHOCTH U crieriupuuHocTs 0OHapyxeHust OSCC 1o cpaBHEHHIO C HCIIOJIb30BaHHEM
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JT000r0 U3 ATUX OMOMAPKEPOB MO OTAEIBHOCTU. AHAIOIHYHO, PU 3a00JIeBaHUAX MApOIOHTA
OLICHKA KaK BOCHAJMUTEJIbHBIX LUTOKMHOB, TaK M MapKepoB OOHOBJIEHHS KOCTHOH TKaHU
oOecrieunBaeT OoJiee MOTHOE MOHUMaHUe aKTUBHOCTH M ITPOTPECCUPOBAHUS 3a00JICBaHHS.

XOTS NEepCHeKTHBBl TUArHOCTUKM HAa OCHOBE OMOMapKepOB U MEPCOHATU3UPOBAHHOTO
yX0Jla OYEBUIHBI, HEOOXOAMMO PEUINTh HECKOJIBKO MPOOIIEM, MPEKIE YeM ITH HHCTPYMEHTHI
CMOTYT OBITh IIUPOKO BHEAPEHBI B KIMHUYECKYIO MPakTUKy. OAHONH M3 OCHOBHBIX MpoOiIeM
ABIISIETCS CTaHAapTH3anus coopa, o6padorku u aHanuza citonbl U GCF. Paznuuus B Metomax
coopa 00pa3loB, YCIOBHUSX XpaHEHHs MU AHAIUTUYECKUX METOJAaX MOTYT IPHUBECTH K
HEIOCJIEI0BATEIbHbIM  PE3yJIbTaTaM, 4YTO  3aTPyAHSIET  YCTAHOBJIEHHWE  HAJIEKHBIX
JMarHOCTUYECKUX KpUTepHeB. bonee Toro, mHTepnperanus JaHHBIX OMOMapKepoB TpeOyer
BBICOKOI'O YPOBHS 3HAHUMN, U KIMHUIMCTHI JOJKHBI Oy1yT MPOMTH 00y4eHHE UCII0Ib30BaHUIO
3TUX HOBBIX IMarHOCTUYECKUX UHCTPYMEHTOB.

3akiroyeHnue

WuTerpamuss 6MoMapkepoB B CTOMATOJIOTUIO MPEIaracT pPEBOJIIOLMOHHBIA CIABUT B
CTOpOHY OoJiee paHHEH, TOYHOH U MEePCOHATM3UPOBAHHOM JUArHOCTUKH U JieueHHsl. CIIIOHHbIE
u GCF-Ouomapkepbl, B YaCTHOCTH, OOECIIEYUBAIOT HEMHBA3WBHBIE, 3KOHOMHUYECKH
3¢ PEeKTUBHBIE METO/IBI BBISIBIICHHUS 3a00JI€BAHUH MMOJIOCTH PTa, TAKUX KaK MapoIOHTO3, KapHec
3y0OB U pakK IMOJIOCTH PTa, IO TOTO, KaK KIMHUYECKHE CUMIITOMBI CTAaHYT OUYEBUIAHBIMH. DTOT
C/IBUT B CTOPOHY JIMarHOCTHKH Ha OCHOBE OMOMapKepOB pacIIupseT BO3SMOXKHOCTH Bpavei 1o
aJIanTanuy NpoQUIAKTUYECKUX U TEPANIeBTUYECKUX CTPATETHH, YITydIas pe3yJIbTaThl JICUCHHUS
NAIMEeHTOB U CHIKasi HEOOXOAMMOCTD B O0JIee MHBA3MBHBIX BMEIIATEIbCTBAX.

Ilo mepe mnpomoKeHHs MCCIENOBaHUN pa3paboTKa JUATHOCTHYECKUX IaHeNeH,
00BEeTMHSAIOMINX HECKOJIBKO OMOMapKepoB, Takux kak MUKpoPHK, mapkepsl meTunupoBanus
JHK u mnpoBocnanuTenbHble IMTOKUHBI, MMEET OOJIbLIION MOTEHIMAaN JUIsl TOBBILICHUS
YyBCTBUTEIBHOCTH U  CHEHU(GUUHOCTH OOHapyXeHus 3a00JieBaHMM MOJOCTH  pTa.
BrICOKOTIPOM3BOIUTENFHBIE  TEXHOJOTHH, TaKWe KaK CEKBEHHPOBAHUE  CIIEAYIOIIETO
MOKOJICHUSI W TIPOTEOMHKA, IIO3BOJIAT B JaJbHEWIIEM OTKPHIBaTh HOBBIE OHOMapKephl,
oOorammasi TMarHOCTUYECKHE U MPOTHOCTHYECKHUE BO3ZMOKHOCTH TECTOB HAa OCHOBE CIIOHBI U
GCF.

B 3aximoueHue, npuMeHeHHe OHOMAapKEepOB B CTOMATOJIOTMH 3HAMEHYeT co0oil
3HAYUTEIbHBIM Mporpecc B 00JacTH CTOMATOJIOTMYECKOTO 3/I0pOBbs, C MMOTEHIHAIOM
3HAYUTEIBHOTO CHIKEHMs TIJ100adbHOro OpemeHM 3alojieBaHMi MojiocTH pra. PaHHee
BBISIBJICHHE, MEPCOHAIM3UPOBAHHbIEC IJIAHBI JICYEHUS U IIeJIeBble MPOPHUIAKTHUECKUE MEpHI
OyAyT uUrpath KIHOYEBYIO POJb B yIAYUIICHHUH PE3YyJIbTaTOB CTOMATOJIOTUYECKOTO 3/I0POBBS U
o0ecrie4yeHnd TOro, 4YTOOBI MAlMEeHTHl MoJiydyaiaun Haubonee 3(PPEeKTUBHYIO MOMOIIb,
QIaTITUPOBAHHYIO K MX MPO(UIISIM pHCKa.

3arnageiBasi BIEpea, MOXHO CKa3aTh, YTO WHTETPAIMs HWCKYCCTBEHHOTO HHTEIUIEKTA
(M) u wmammuunoro obyuenus (MO) B wuccrienoBaHuss OHMOMapKepoB HMEET OOJBIION
noreHuan. Aaroputmsl M MoryT aHam3upoBaTh CIIOKHBIE HAOOPHI TaHHBIX OMOMapKepoB,
BBISIBJISISL 3aKOHOMEPHOCTH M KOPPETISIIUU, KOTOPbIE MOTYT OBITh YIYIIEHBI TPATUIIUOHHBIMU
AHAJTUTUYECKUMH METOJIaMH. DTH TEXHOJIOIMU MOTYT MOBBICUTH IUAarHOCTUYECKYIO TOUHOCTh
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naHesielt OMoMapKepoB, O3BOJISIS IPUHUMATh PEUICHUSI B PEXKUME pEaIbHOr0 BpeMeHH U OoJiee
TOYHO IUIAHUPOBATH JiedeHue. Kpome Toro, Ucrnonb30BaHUE AUATHOCTUKU HA MECTE OKa3aHUs
nomomu (POC) MoxkeT BBECTH TECTHpPOBAaHHE Ha OCHOBE OMOMAapKEepOB B IMOBCEIHEBHYIO
KJIMHUYECKYIO MpakTuKy. [lopratuBHbIEe YCTpOIiCTBA, CIOCOOHBIE OOHAPYKUBATH OMOMapKEPHI
cmtonbl u GCF npsiMo y Kpeciia, TpOU3BEayT PEBOJIOIHUI0 B CTOMATOJIOTHYECKON MOMOIIH,
MPEOCTaBIsAs HEMEUICHHYI0 JHAarHOCTUYECKYH0 HWHGOpMallMio, TMO3BOJISAS MPUHUMATh
pelleHus O JICYEHUH B TOT K€ JIeHb U COKpallas HeoOX0UMOCTb B MOCIEAYIOIUX BU3UTAX.

Konduauxkr uarepecon

Me1 3asBisieM 00 OTCYTCTBHH KOH(IUKTa HHTEPECOB.

Bkiax apropos

Pazpabotka konuemniuu — Heicanosa baxsiT JKakeHoBHa, CanueB Tumyp My auHOBHY.

Hcnonuenue — Kameroa Axmapan bopan6aesna, Taymsik Hypcapa, Horaesa Mapan I"a3u3oBHa
O06paboTka pe3ysbratoB - Kapkabaesa Kapisiram Omup3akoBna, Py3yanunos Typeraii, Horaecea Mapain
I'asuzoBHa

HayuHast untepnperanyst pe3yinbTaTtoB — YTenbepreHoB Anubek Jlaynerosud, Taynsik Hypcap
Hanucanue cratsu - HeicaHoBa baxsiT XKakeHoBHa, Cannes Tumyp MyHauHOBHY.

3asBiAeM, 4TO JaHHBI MaTepuan paHee He ITyOJIMKOBAJICS M HE HAXOJUTCS HAa PAaCCMOTPEHHH B JIPYTHX
U3JaTENbCTBAX.
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NEW BIOMARKERS FOR DIAGNOSTICS OF ORAL DISEASES:
LITERATURE REVIEW

B.Zh. NYSANOVA, R.I. KULMANBETOV, A.B. KAMETOVA,
T.B. RUZUDDINOV, A.D. UTEPBERGENOV, K.O. KARKABAEVA,
M.B. TLESHEV, N. TAUPYK, M.G. NOGAEVA, T.M. SALIEV

Kazakh National Medical University named after S.D. Asfendiyarov, Almaty, Republic
of Kazakhstan.

Abstract

Oral diseases such as periodontal disease, dental caries, and oral cancer are significant
public health problems that affect not only oral health but also the entire body. Traditional
diagnostic methods often detect these diseases only at late stages, which limits treatment options
and outcomes. The advent of biomarkers, biological molecules found in biological fluids such
as saliva and gingival crevicular fluid (GCF), offers promising opportunities for early non-
invasive diagnosis, prognosis, and personalized treatment. This review examines the role of
biomarkers in the diagnosis of oral diseases, focusing on their ability to detect pathologies at
early stages. Salivary biomarkers such as proline-rich proteins (PRPs) and microRNAs
(miRNAs) have already shown promise in identifying the risk of dental caries and early oral
squamous cell carcinoma (OSCC). GCF biomarkers such as RANKL/OPG ratio and cytokines
enable clinicians to monitor periodontal disease progression and customize treatment plans.
The integration of high-throughput technologies and artificial intelligence in biomarker
research further enhances diagnostic accuracy and personalized care. The aim of this review is
to analyse and discuss in detail the use of modern biomarkers of oral diseases. Particular
attention is paid to salivary and gingival crevicular fluid (GCF) biomarkers, which are
promising tools for the diagnosis of various pathologies, including cancer. These biomarkers
have high potential for early detection, monitoring of disease progression, and evaluation of the
effectiveness of therapeutic interventions.

Keywords: biomarkers; saliva; oral cancer; caries; microRNA
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AYDbI3 AYPYJIAPBIHBIH JUATHO3bBIHAAT'BI ')KAHA BUOMAPKEPJIEP:
9OJIEBU IOJIY

b.2K. HBICAHOBA, P.1. K¥JIMAHBETOB, A.b. KAMETOBA,
T.b. PY3VIJIMHOB, o.1. OTEIIBEPI'EHOB, K.O. KAPKAGAEBA,
M.b. TUIEILIEB, H. TAVIIBIK, M.I'. HOFAEBA, T.M. CAJIMEB

C.A. ActhenausapoB areiHgarbl Kazak yITTBIK MeIWIIMHA YHUBEPCUTETi, AJMATHI K.,
Kazakcran Pecny0iaukachl.

Tyiiingeme

[TapooHT aypysl, TiC Kapueci )K9HE aybl3 KYbICHIHBIH KaTEpIIi iCITi CUAKTHI aybl3 KYBICHI
aypy/iapsl aybl3 KYBICHIHBIH JICHCAYJIBIFbIHA FaHAa eMec, OYKUI JeHere acep €TETiH MaHbBI3/IbI
JICHCAYJIBIK Tpo0eManapsl OONBIN Ta0bUTaAbl. J{OCTYPIi AMArHOCTHKAIBIK 9icTep KobiHece
OyJ1 aypynapasl TEK COHFBI K€3CHJIC aHBIKTAWIbI, OYJI eMey MYMKIHIIKTEpi MEH HOTHIKECIH
niekTeiini. buomakepnepaid maiina Gomybl - CiieKel >KOHE KbI3bUT MEKTIH KPEBUKYISPIBIK
cyitbIKThIFbI (GCF) CHSAKTBI IeHE CYHBIKTHIKTAPbIH/Ia Ke3eCETiH OHOIOTUsUIBIK MOJICKYJIIaap -
epTe WHBA3UBTI €MeC AMAarHOCTHKa, OO0JDKay KOHE JKeKe eMmjey YILIIH HepCHeKTHBAJIbI
MYMKIHJIIKTEp YChIHaAbl. bys monyaa ayel3 KybICBIHBIH aypyJlapblH JAMAarHOCTHKalayaFbl
OroMapKepJIep IiH PeJIi 3epTTeNe i, OJIap IbIH NAaTOJOTUSHBI €pTE Ke3CHIe aHBIKTAY KadiieTiHe
Hazap aynapeuiansl. [Iponunare 6ait mporennuep (PRPS) sxone MmukpoPHK (MuPHK) cusikTs
cijekeil OmoMapkepiiepi TiC KapHeCiHIH JKOHE epTe CaThLAAaFbl aybl3 KYBICBIHBIH CKaMO3JIbI
xacymanbik kapruHomackiHblH (OSCC) kaymin anbikTalThiHBl KopceTiireH. RANKL/OPG
KaThIHACHl JkKoHe mHTOKMHIEp cuskrel GCF Omomapkepiiepi KIMHHIKCTEPre MapOJIOHT
aypyJlapblHBIH JaMybIH OakbllayFa jKoHE eMJIey KOCHapJiapblH COMKECTEHAIpyre MYMKIHJIIK
6epeni. JKorapbl eHIMI TEXHOJIOTUSIIAD MEH KacaH bl MHTEJUIEKTTI OMOMapKep/i 3epTreyre
O1pIKTIpY TMArHOCTUKAJIBIK JAQJJIIKTI )KOHE KeKe KYTIMJII OJJaH opi skakcapTabl. by momysiH
MaKcaThl - aybI3 KYBICBIHBIH aypyJiapbl YIIiH Ka3ipri OnomMapKepiaepiH KOJIAaHbIIYbIH erKeil-
TEKEIIT Tajaay KOHE TaJIKbuIay. OPpTYPJIi MATOJIOTHSIIAP/IbI, COHBIH 1IITTHE KaTepJIi ICIKTeP/Il
JUArHOCTHKAIAY/AbIH MEPCHEeKTUBAIbl KYpalJapblH OUINIPETIH ClaeKeld MEH KbI3bLI MEKTIH
KPEBUKYJSAPIBIK CYHBIKTHIFBIHBIH (GCF) Onomapkeprepine epekiie Hazap ayaapbuiajibl. by
Omomapkepiiep epTe aHbIKTay, aypyIblH JaMybIH OaKbplIay jKOHE TEpareBTIK apaiacylap.IbiH
TUIMJUTITIH OaFaliay YIIiH )KOFapbl dJIeyeTKe He.

Tyiiinai ce3nep: Ouomapkepiep; ciiekel; aybl3 KybICBIHBIH KaTepii iCiri; Kapuec;
MukpoPHK
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CKOJIMO3/IbI TY3ETYJE HEHPOHABUT AIIUSIIBIK JKYHEHI ’KOHE
HNHTPOIIEPALIUAJIBIK KOMIIBIOTEPJIIK TOMOI'PA®TDBI KOJLIAHY

J.OK. ECTAH %2, C.C. ABJIAJIMEB !, .A. CATUHOBA !, T.A. HACUMOB !,
K.M. EJIJAIIIBAEBA ¢, 1.T. BAUTOB *

1 Akamemux H.)K. BarenoB areiHaarsl ¥JITTBIK FHUTBIME TPABMATOJIOTHS KIHE
opTorneauns optaibiFbl, Actana, Kazakcran
2 Kaparanaer Mequnaa yauBepeuteTi, Kaparanabl, Kazakcran

Tyiiingeme

Kipicne. OMbipTKa AeopMalsChIHBIH KeH TaparaH Typl, 1aMy ce0eli aHbIKTalIMaraH
UMOTIATUSUTBIK CKOJIMO3 O0JbIn TaObiIaabl. KeH TapayblHa KapaMacTaH, OYTiHT1 KYHTe JIeHiH
JopirepiepMeH KaObUTaHbII KATbINITACKAH KYUETIK eMIeY 9/1ici KOK.

3eprTeyain makcatbl. Keyne xxoHe 0e1 OMBIPTKAIAPBIHBIH 3-4-TI11 TopeKeri CKOJIMO3bI
O6ap HaykacTapia JeQOopMalUsHbl ~XMPYPTUsUIBIK TY3€Ty Ke3iHA€ KOJIJaHbUIAThIH
MHTPAOIIEPALMSUIBIK KOMITBIOTEPIIIK ToMOrpadmner OipiKTipiireH HaBHTAIMSUIBIK SKYHEHI
KOJIJJaHY/IbIH HOTHIKEJIEPIH KOPCETY.

Matepuanzap meH Jmictep. 3epTrey OapbIChIHIA MEAWIIMHAIBIK KYXKATTap, OHBIH
IIIHAE OHepalsUIbIK  XaTTaMajap MeEH JIMarHOCTUKAJBIK IIapajaplblH HOTHXKeJepi
capayiaHibl. AJIBIHFAH JIEPEKTEP/li CTATUCTHKAHBIH CUIIATTAMAJIBIK SHICTEPiH KOJIIaHy apKbLIbI
Oasuanelk. 3eprreyre Ko60 sxikremeci OoibiHIIA 3-4 nopekesi OMBIPTKAHBIH CKOJIHO3BI
Hemece Ku(pOocKkoino3bl Oap HayKacTap KarbIicThl. Haykactapawl ipikTey OapbIChIHIA, TEK
UMONATUSIIBIK OMBIPTKA JAe(opManuschl aHBIKTaJFaH HayKacTap FaHa Kipriziiaai, Oacka
negopManusuIapsl aHBIKTAFaH HayKacTap 3€pTTEYACH IIbIFapbULAbl. bapiblk HaykacTapaaH
(omapibIH aTa-aHACBIHAH HEMECE 3aH/1bl OKUTIHEH) jka30alia pyKcat ajlbIH/bl.

Horu:kesiep MeH Ttankbliay. OMBIpTKaHbIH ckoinno3bl Oap 11 men 20 xac
apaibIFbIHIAFbl 37 ajaMfa JKacalfaH OIEPallUsSHBIH HOTIDKENEpIH Tajjay >Kypri3iiul.
OMBIpTKa 1e(hopMaliisIChIHBIH CKOJINO03/1bI KUCHIFbIHBIH OpHAJIACybl OOMBIHIIA Keye OeTIMIHIH
oMbIpTKa aedopmanusicel — 21 anamaa, keyne-Oen nedopmanusicel — 10 >xarmaiina, Gen
OemimiHIH Aedopmanusacel — 6 HaykacTa aHbIKTaAbl. HaykacTapJplH oprala >kxac Mesiepi
16,3+2,3 Gonabl. bapneirel 456 TpaHcHeIUKYIAPIIbl OypaHIa OpHATHUIIBL.

KopbITbIHABI. OMBIPTKaHbIH CKOJIHO3]bI (KU(OCKOINO03bI) 1ehOpMaLlUsAChIH TY3€TYy/Ae
TPaHCHENUKYISAPIABIK ~ OypaHanap/el  OpHaTyla MHTPAONEpAlMsUIBIK  KOMIIBIOTEPIIIK
ToMorpadxa KipiKTIpUIreH HaBUTAIMUIBIK JKYyHesnepal KOJJAaHyAblH OoJlallarbl YIIKEH KoHE
MYMKIHJIT1 KOFapbl. Anaima, oJicTiH KbIMOAT OONybIHAa OaillaHBICTBHI, €MiMI3NiH OapibIK
ayMarbIH/a KOJIJIaHBICKA €HT13y MYMKIH eMec.

Tyiiinai ce3aep: ckomo3, OMBIPTKA Ae()OPMAIUSACHIH TY3€eTY, HeHpOHABUTAIUS

Kipicne. Ckonmno3 ombIpTKa OaraHbl JeOpMalUsACBIHBIH KEH TaparaH Typi. Typii
aBTOPJIAP/IBIH aKmaparTapbl OoWbiHma 1-2%-Fa neifinri xwuinikre keseneceni [1] skoHe maiima
6oy cebenTepi aidyaH TYpJli, COHIaM-aK jkacka OaiaHBICTBI epeKIIenikTepi ae ke [2, 3].
Herisri emzaey Typi XUpyprUsIBbIK TY3€TY OIEpaIUsACHl JKOHE Kaszipri TaHjaa OMEepPaIMsUIBIK
emziey OapbIChIHJA TPAHCHEIUKYJSAPIbl KYpbUIBIMIAp KeHiHeH KojaaHaasl [1]. Mynnai
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KYpbUIFbUIAPbl  KOJIJAHYJBIH AapTHIKIIBUIBIKTAPBl AegopMalusra YIIbIpaFraH OMBIPTKA
OaraHBIH YII Ka3bIKTBHIKTA TY3€TY MYMKIHAITiHIH OOJYBI jKOHE TY3EJT€H KUCAIOAbl MBIKTAIl
ocxkity [5]. CoHbIMEH KaTap allKbIH ACTOPCHUSIIBIK dCEP/IiH 0O0JIybl MEH OIepalusiaH KeHiHTi
aCKpIHYNAp/JbIH ~ a3arobl.  AJjaiijla  TPaHCHEAUKYISAPIBl  KYPbUIBIMIAPIbl  OPHATYBIH
KHUBIHIIBUIBIKTAPhI a3 eMec. MaceleH, CKOIM03bl 0ap agamaapaarkl OMbIPTKAIAPIbIH 10PCalibl
KOHE  BEHTpPAJIJbl  KYPBUIBIMAAPBIHBIH ~ AHATOMHUACHIHBIH ~ KOHE  aHTPOIIOMETPHSIIBIK
OJIIIEMIEPIHIH alKbIH 63repylHeH OO0JIATHIH TEXHHUKAJIBIK KUBIHIBIKTAp [4, 5]. Xupyprusuibik
emziey Ke3iHAeri eH YJIKEH Kayill TPaHCHEAUKYIAPIJIBIK KOHCTPYKIMSHBI OpHATY OapbIChIHIA
JKYJIBIH MEH OHBIH KYPBUIBIMJBIK OOJIIMIEPIHIH 3aKbIMIIATybl HOTHI)KECIHE, KaliTa KaJlbIiHA
KEJIMEUTIH HEBPOJIOTHSUIBIK ACKBIHYJIAPABIH JaMmybl [5, 6]. 3epTreymijepiH MamiMerTepi
OolibIHIIIa HEBPOJIOTUSIIBIK Oy3bUIbIcTap 0,2%-n1an 1,8%-Fa aeitinri xkuinikre kezeaeceni [4, 5].
ATanraH MOCENeHI ecKepe OTBIPBIN, CKOJIMO3bl Oap amamaapna, ocipece Oamamap MeH
JKacecripiMaepae, OMBIPTKaHbIH J1e(OpMalUiIChIH XUPYPTHUSUIBIK TY3€TY KayiIcCi3diri e3eKTi
JKOHE OJIi TOJIBIK IICNIUIMETeH Mocese eKeHi ailkbiH. OchiFaH OalTaHBICTBI, COHFBI Ke3Jepi,
TPaHCIIEAUKYIAPIbl  OypaHAanapabl OpHATydaH JaMHUTBIH KayioTep MEH bIKTUMAal
ACKBIHYJIAp/Ibl a3alTy MaKCaThIH/IA KOHE OMBIPTKA OypaHJalapblH TYPBIC UMIUIAHTALUSIIAYFa
MYMKIHIIK OCPETiH KaHa TEXHUKAJIBIK KypaJlap MEH TeXHOJIOTHsIap nakaa 6osa 6acrasl [5,
6]. KeiiGip FanpIMaap CKOJIMOTHKANBIK AeGOpPMALMSHBI TY3€Ty YIIiH omepamus Ke3iHie
AIEKTPOHABI ONTUKAJBIK TYpACHIIPYIIiHI, KoMIbIOTepaiK ToMorpadTsl (KT), HaBUTALMSITBIK
Oarjapiamanapibl, JK€Ke IMPOTOTUNTEY TEXHOJIOIMsUIapblH maiganaHaasl [5, 6]. backa
XUPYprTap Kayinci3aikTi KaMTaMachl3 €Ty VIIIH JKOHE TPaHCHEAMKYISPIBIK OypaHaanapibl
IYpPBIC OpHATyFa KON JKETKI3y MakcaTblHIa pOOOTTHI TEXHOJOTHUS MEH Y3MIKCi3
HEHPOMOHHUTOPUHITI aCCUCTEHT PETiHJIE MalJaaHbIl TY3€Ty OlepalisuIapbiH jKacayabl KOH
kepeni [6]. Kelibip aBTOpiap HaBHTAIUSUIBIK KYPBUIFBIHBI KOJJIAaHY aCKBIHYJApIbIH €H a3
KaymiMeH HJIMOMATUSIIBIK CKOJIMO3[a OMBIPTKAHBIH KHCAIOBIH THIMI TY3€Tyre MYMKIHJIK
Oepeni nmenm Mmomimaedal [6]. CoHbIMeH KaTtap omepamus  OapbIChIHIA — Y3JIKCI3
HEHPOMOHHUTOPHUHT KYPTi3y HEBPOJIOTUSIBIK AaCKbIHYJIApJbIH aJAblH anajabl JereH
TYKBIPBIM/IBI JKacaisl [6].

bipkatap 3eprreyuriepaiH IiKipiHIIE, HayKacka oIepaunusra JAediHrl Ke3eHje
IMAarHOCTUKANBIK opbiHAa skacamraH KT akmaparrapblHa HaBUTALMSUIBIK — CTaHIUSHBI
O1piKTipin, KeHiH TpaHCIEAUKYISAPIBIK OypaHianapabl opHaTy Oipiiama TeMeH JQJIIKKe He,
Oyn kel okarmaimapma — OypaHfamapiasl  MMIUTAHTAlMsUIayFa — apHAlFaH — KO3FaJIbIC
TPACKTOPHUSCHIHBIH AYPHIC KacaaMayblHa, KEHIHT1 Ke3eHe ONapIbIH JYpPhIC OpHalacrayblHa
okeneni [7]. bys oxmicTeMeH1 KonjiaHy Ke3iHJie eeyil KaTeHlH naijaa 00aybl OMbIpTKaJIapablH
KEHICTIKTIK KaThIHACTApbl apachlHAAaFrbl aWBIPMAIIBUIBIKIICH TYCIHIIpLIEai, OJ omeparus
KE31HJIe OIepalrsUIbIK YCTENIeriT OMBIPTKAHBIH KO3FallbIC CETMEHTTEPIiHIH KYpPBUIBIMAAPHI
apacblHIarbl KaThIHACTApJAbIH e3repyl HoTWkeciHae maiina Oomaner [7].  Keiibip
3epTTEYIIUIEPIH TYKBIPhIMBbIHA COWKEC, Olepalusara JCHIHT1T KOMIBIOTEPIIiK ToMorpadus
HETi31HAEe ONTUKAIBIK HABUTAIMSHBI MalalaHy/la >KaFrbIMChI3 aCIeKTUIEpIiH ocepiH
TOMEHJIETY VIIIH TIpeK HYKTEJEepiH aclanThlK OMBIPTKA aliMarblHa KIPETiH OMBIPTKaJIapAblH
JOpCANIBI KA3bIKTHIK OOMBIMEH Kyprizy KaxeT [5, 7]. Jlerenmen, Oysl omicCHaAMAaIbIK TOCIT
XUPYPrUSUIBIK apanacyAblH Y3aKThIFbIH alTapibIKTall apTTeipybl MyMKiH [4, 7]. Ocelnaiimia,
CKOJIMO3[IBI METaNl KYPBUIBIMIAD KOMETIMEH TY3eTyA€ XUPYPTHSUIBIK apaiacy YakKbIThIH
y3apTiay, KOHCTPYKIMSUIAPAbIH IYPHICTBIFBI MEH OEpIKTIrH KaMTaMachl3 €Ty Ka3ipri yakbITTa
3aMaHayu BepTeOpOIOTHsIHBIH MAaHBI3/Ibl XKOHE ©3€KT1 Macelieci O0JIbIN TaOblIabl.

3epTTeyaiH MaKcaThl: KeyJie )KOHE O0ell OMBIPTKAIapbIHbIH 3-4-1111 JOpeKelll CKOIHO3bI
Oap HaykacTapaa JAeQopMaIUSHBI XUPYPTUSJIBIK —TY3€Ty Ke3iHA€  KOJJaHBLIATHIH
uHTpaonepauusiblk KT-MeH G1piKTipiIreH HaBUralUsUIBIK KYHEH1 KOJIIaHy IbIH HOTHXKEJIEepiH
KepceTy.
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3eprTeyain MaTepuajaapbl MeH daicrepi. 3eprreyre Koo66 xikremeci OoiipiHma 3-4
JIOpeXeri OMBIPTKAHBIH CKOJMMO3bI 0ap 11 men 20 kac apaybIFbIHIAFl HAYKACTap KAaTHICTHI,
cebeb1 xype maiiaa 60o1FaH OMBIPTKA JeGopManMsIChl )KacoCHipiM kacTa xui ke3aeceni [ 1, 5].
Byn KyMpICKa TeK MIMOMATHSUIBIK CKOJHMO3bI Oap HayKacTap FaHa KOCHULABI. CKOIMO3IIBIH
Oacka Typsepi *oHE KOCAJIKbl aypyjapbl aHBIKTAJFaH HayKacTap 3epTTeyre KaTbICIa[bl.
BapnblK KaTeIcylIbIapJaH jKOHE OJIApJBbIH 3aHAbl OKUIIEPIHEH XUPYPTUSIIBIK TY3€Ty MEH
3epTTeyre KaTbiCy OoMbIHINIA jka3z0amia Typae KeiiciM anblHAbl. OCbl aTanFaH KpUTEpHIIED
OoiipiHIIa 37 amam TOJBIK COMKEC KeJJii JKOHE OJapFa jKacajiFaH ONepalMsHbIH HOTHXKeJIepi
3epTTeyre Tajaay JKYpri3yre Heriz Ooiiapl. 3epTTey MEKeMEHIH OHMOATKAIbIK KOMHUTETIHIH
py¥KcarbiMeH xkypri3iai (xartama Ned, 19 xazan 2021 xbur). FeiabiMu )KyMbIC TIPOCTICKTUBTI
Typae 6omnsl xoHe «Akagemuk H.OK.bartneHoB aTbiHaarsl ¥ITTHIK FHUIBIMUA TPaBMaTOJIOTUS
JKOHE OPTOMEIUsl OPTANBIFBIHIA» KYPri3uiai. bapiplk Haykactapra Oip XHPYPTHSUIBIK TOII
orepanus kacajapl. XUPyprusUiblK TONKa KipreH IopirepiieplAiH eHOeK oTili, aTalFaH cala
OolbIHIIA KeM JiereHae 7 Kbpuraa acaapl. COHBIMEH Katap OapiiblK Iopirepiaep XUpyprusiIbK
OMEpaUsSHBIH OChl TYPiH MEHrepy OOWbIHIIA OUTIKTLIIKTI apTThIPy KypcTapblHAaH OTKEH.
3epTTey OaphIChIHIA MEIUIIMHAIBIK KY)KaTTap, OHBIH IMIiHAE ONEpalUsuIbIK XaTTaManap MeH
JIMarHOCTUKAJIBIK IIapaiap/AblH HOTHKeNepl capaian ipl. HaBUraiusiblk KypbUIFBIMEH dKYMBIC
ICTey/liH MHTPAOIEPAlMSUIBIK KE3EHIHIH XaTTamajapblH Kapay Ke3iHJe WIUOMATHSIIBIK
CKOJMIMO3bl 0ap HayKacTapia olepauus Ke3iHae OarjapiamalblK KamMTaMachl3 €Tyl
naiiiananyra )KyMcaliFaH YakbIT, OypaHanap/IsIH OpHAIACYbl XKOHE Oomepalysi OapbIChIHAAFbI
KaH KeTy MeJIlepi TajlgaH bl

Kympbic GapeichiHIa OapibIK HayKacTapFa OMBIPTKA KHCAIOBIHBIH LIBIFY TAOUFAaThl MEH
KO3FAJIFbIILITHIFBIH aHBIKTAY MAaKCAThIH/AA (DYHKIIMOHAIIbI TECTIIEH €Ki TPOEKIUAAAFbl OMBIPTKA
peHTreHorpaduscel kypriziiai. Kepek OonraH karnmaiiia KOMIBIOTEPIIK KoHe/HeMece
MarHutTTi-pe3oHanctel Tomorpadus (MPT) sxacanapl. Ilanmentrepai ipikTey Ke3eHIHIE
HEBPOJIOTHSUTBIK  OY3BUIBICTAp/IBIH OOJybIHA KYMOH TYBIHIAFaH >Karnaiiapia KOCHIMINA
anektpoHeipomuorpadus (QHMI') xyprizinai. Aifta keretin xaraaid, SHMI' KopbITBIHIBICHI
ooitpiaa Hemece MPT HoTHIKeciHIe HEBPOJIOTUSIIBIK OY3bUIBICTAp aHBIKTAIFAH KaF1aia, o1
HayKacTap 3epTTeyre KaTbICThIPhIIIMA/IbI.

Haykacrapra orepanus inmeH skaTKaH Kyiijie, peHTT€H HeTaTUBTI OTIepaIHsUTBIK YCTEI e
xKacal/pl kKoHE JedopMalMsIaHFaH KHUCBIKTBIK JIOFAachl OOWBIMEH OMBIPTKAJIAPJIbIH apTKbI
CYMEKTIK KYpbUIbIMIApbIHA 5KOJ ally apKbLIbl KOJI KeTKi3U1Al. OMBIpTKA CyHeriHe KeTKEeHe
€H TOMEHI1 OMBIPTKAHBIH KbIIKAH bl ©CIH/AICIHE HABUTALMUIBIK KYPBUIFBIHBIH KYPBUTBIMIAPHI
OpHATBUIIBI, KeHiH OaFgapiaMaHbIH 0acKapybIMEH KHCHIKTBIKTBIH OWBIC JKOHE JOHEC
JKaFbIHJaFbl OapibIK OMBIPTKA JEHENEpiHe TPaHCHEeIUKYISAPIBbIK OypaHianap OpHATBLIBIL.
Keneci ke3exre neopManusHbIH OMBIC KaFbIHAAFbI OMBIPTKAHBIH (DU3UOJIOTHSITBIK CaruTaIIIbI
npodwmiii 60MBIMEH MUITEH TipeK METaul KOHCTPYKLUSHBI TPAaHCTIEAUKYIISAPIIbI OypaHianapra
OpHaNaCTHIPABIK. HoTikeciHae oMmbIpTKalapia IIBIHAWBI JEPOTAIIMOHIBI MAaHEBP KaCaJIbl
KoHe aedopmManus KapThUIall  TY3eTUIN, TpaHCHEeIUKYISApibl OypaHjanap OeKiTuIAl.
KHCBIKTBIKTBIH OWBIC KaFbIHIA CErMEHTTIK JAMCTPAKIUSHBI OPBIHIAY apKBUIBI JedopMarus
IIBIHBIHBIH OJIaH dpi TY3eTUTyiH KamTamachi3 eTTik. ComaH keiiH aedopMmanusHbH JTOHEC
OeTkeill KarbIH/1aFbl OMBIPTKAHBIH (PU3MNOJIOTUSIIBIK KUCHIFbI OOMBIMEH UIJITE€H TIPEK METalIbl
CaJIbIIl, CETMEHTTIK KBICY Kacalibl. XUPYPrUsJIbIK apajacy MeTasl KYpbUIBIMBIHBIH OOWbIMEH
AyTOJIOTHSUTBIK CYWEKIIEH apTKbl CHOHIMIONE3 JKYPri3dy MEH MeTaul KypbUTBIMIApIbI
TYpaKTaH/IBIpyMEH asKTaJIbl.

3epTTey JAepeKTepi CTAaTHCTHUKAHBIH CHUNATTAMAIBIK OMICTEPiH KOJJIAHY apKbUIBI
xyprizinai. CanabIK KepceTkimTepi capanay Makcarbinaa Microsoft Excel (Microsoft Office
2010 package) Oarmapmamachl KojAaHbulabl. CHIaTTaMallbIK CTATUCTUKAHBI Tajjaay
JIepeKTepiH/ie aJbIHFaH HOTHXKeNep/iH KOpCETKIIITepi IpIKTeMEeHiH opTalla MOHIH JOHE
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CTaHJApTThl AyBITKY JAMAMa30HbIH, MaKCUMAaJJbl JKOHE €H TOMEHI1 HapaMmeTpiiepi TypiHIe
YCBIHBLIIBL.

Horu:kesiep. OwmbipTKa 1e(hOpMAlUSACHIHBIH CKOJIHO3/bl KHUCHIFBIHBIH OpHAJIacysbl
OOWBIHINIA KIMHUKAIBIK KOPiHICI Keecield 0onapl: Keyae KUChiFbl — 21 amampaa, keynae-6en
KUCBIFBI — 10 skarmaiiia, 0en KUChIFBl — 6 HayKacTa aHbIKTaNIIbl. bapibeirel 37 agam 3eprreyre
KaTbICyFa KemiciM Oepii, omapasiH 29-b1 Kbz Oana (78,4%), 8-1 yn 6anma (21,6%) Gonabl.
HaykacrapasiH oprama sxac Memmepi 16,3+2,3 kypaapl. JKbIHBICTHIK KaThIHACKI OOMBIHIIIA,
Oacka ranpiMaapasiH 3,6:1 KaTtbiHAacKa coiikec kenni. OMBIPTKAHBI TY3€TYII KYPBUIFBIMEH
oekity apanbirbl Th2-nmen LS oMmbIpTKamapbeiHa JeliH aedopMalusHbIH OpHalTacyblHa JKOHE
AyBIPJIBIK A9peKeciHe OaillaHBICTBI ©3repil TYpAbl (MUHUMAIIBI 4 OMBIPTKA, MaKCUMan sl 13
OMBIpTKaFra JieliH). bip manueHTke opHAThUIFAH TPAHCHEAUKYISIPIBIK TIPEK 3JIEMEHTTEPIHIH
caHbl oprama ecenmen 12,3+1,8 OypanmaHbl Kypajibl, eH a3bl 6 Oypanna, keOi 21 Oypanmara
neitin esrepi. JKanmbl 3epTTey >KYMBICBIH KYprizy OapbicbiHAa Oapibirsl 456 Oypanaa
OMBIPTKaFa OPHATHUIIBI. APTKbI CIIOHIMJIO3TE YIITBIpaFaH OMBIPTKAHBIH CaHBI OpTalia ecenmeH
9,5+2,65-1i kepcerTi.

XKyprizinren >xymbic OapbICBIHIA, HHCTPYMEHTAIBI CIIOHIWIONE3 aMarblHA KipeTiH
OMBIPTKAJIAPABIH KYPBUIBIMJIAPBIHBIH TIPEK HYKTEJEPiH XXoHE Iopcaljbl OCTiHIH OOMBbIMEH
TIpKEYy Ke3iH/e YakpIT CHIIATTaMalapbl Typasbl AepekTep capaianisl. Omnepamusi xacayra
JKYMCaJIFaH YaKbITThI €H allFalllKbl KECy JKacalraHHaH OacTarl, COHFBI TITICT1 OiTipreHre Aeninri
YaKBITTBl OAKBUIBIN TIpKEY KYPTi3MiK jKoHE OEKITINreH apaybIKThl MUHYTTHIK KOPCETKIIIIEeH
eInmIe/liK. AJIBIHFaH KOPCETKIIIMI3 Kenecineil: OapiblK oOIepalusHblH OpTalia YaKbITTHIK
kepceTkinmn 161,154+43,21 MuHYT; €H y3aK KacajraH TY3€Ty ONEpalHsIChIHBIH YaKbIThl 255
MUHYTTBHI KYpaJbl, aJl €H KbUIAaM >KacalfaH OMepalUsSHbIH Y3aKThIFbl 97 MUHYTTHI KYPaJbl.
CoHBIMEH KaTap 3epTTey HOTIIKENepi OOMBIHIIA HOJIIK KOOPIUHATTAp KYWECIH OpHATY YIIiH
TpeKep/ll KOCyFa KeTETiH YaKbIT OpTalla ecemneH 35+6,8 ceKyHATh Kypaabl (MUHUMAIABI — 23
CeKyH, MakcuMasibl — 60 cexyn). Onepaiust Ke31H/1€ >KYMBICTBIH OChI KE3€HIHIH TIyPBICTHIFbI
KeiHHeH OMBIPTKaJapJblH Jopcaibabl OeTi OOWbIHIIA TIPEK HYKTENEpIH aHbIKTay MXOHE
TIpKEY/ll MaliJJaJlaHbIN OpbIHAAY KE31He AQJ1K NeH KaTenepAiH 00JIMayblH KaMTaMachl3 €TTi.
Con cebenti MeTalll KYPBUIBIMHBIH TIpEK dJIEMEHTTEpl YIIiH KYPBUIBIMIBIK ©3TepreH KoHE
neopManMsUTaHFaH — OMBIpTKajlapra  OypaHfanapisl  MMIUTAHTAlMsUIayFa — apHaJFaH
KO3FAJIBICTAP/IbIH TPACKTOPHSICHIH KYpy/ia €H a3 KaTeIKKe KO KeTKI3yl KaMTaMachl3 eTTi.

Kecre 1. FruibiMu 3epTTey OapbIChIH/Ia aJIbIHFAH HET13T1 HOTHXKeEp.

Kepcerkimrep AJIBIHFAH MIHEp
Haykacrap cansl 37 naumeHt
JledopmarusiabiH opraiia kepcertkin, Ko66 omici 6oiibiHIIa 59,29° +15,3°
Tyserynen keitinri Kanaslk neopmanus, Kod6 omici 6oiibiHIIa 12,46°+8,48°
Ty3eryre )xymcanfaH yaksIT (opTalia) 161,15+43,21 mun
Tpekepai KocyFa )KyMCaJIFaH yakbIT (OpTaiia) 3546,8 cex

Kan ety memnmepi (opraria) 194,47+108,9 M

HaBuranusneik  okyienepai  KonmaHynarbl 0acTbl  MakcaT — TPaHCHEAUKYISPIIBI
OypaHjanapabl JYPHIC OPHATY apKbUIBI JaMybl MYMKIH OOJATBIH KAFBIMCBI3 HOTHDKENIEPIi
OonnelpmMay ckoHe anablH any. Ocbl cebenTi 3epTTey *KYMBICHI OapbIChIH/AA, OpPHATBUIFAaH
OypaHnanapJbplH JYpPBICTBIFBIH OaranajablK. bypaHnamapablH IOYpBICTHIFBIH Oaranay YIIH
['epToeiin-Po60MHC KiKTEMECIH KONIAHABIK [7]. ATanraH »KiKTeMere coiikec, A Iopexeni
IypbIC TpaekTopus 279 nenukynspibl Oypannanap yuriH (61,2%), B nopexeni Oypannanap -
128 xarmaiina (28,1%) Oaiikangsl, C popexeni Oypanmanap canbl 42-1 Kypaast (9,2%), D
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JIopexeni OypaHjanap TeK 7 »armaima Ke3jecTi skoHe E mopekeni OypaHnmanap Mysaem
aHbIKTaNIMazb! (cyper 1).

B A papexeci
M B papexxeci
m C papexeci

D papexeci

0,
a1.20% M E gspexeci

Cyper 1. I'eptuGeiin-Po061HC KiKTEeMeciHe ColiKec HOTHXKEep.

Mynparsl A sxoHe B nopexeni Oypannanap 89,3% sxarnaiina Kayinci3z opHanackaH Jen
TaHbUICca, OypannanapasiH 10,7% kayinTi qopesxenri 00bI Tadbiaab! (cypet 2). by sxarmaiira
ceOeniui OoiFaH eH 0acThl Mocejle — OMBIPTKA KYPBUIBIMAAPHIHBIH AHATOMUSIBIK ANKbIH
e3repicrepi, amaiga Ty3eTy OINEepalusChiHAH KEHiHT1 Ke3eH/e HEBPOJIOTHSUIBIK KOHE OackKa
Oy3bUIBICTAp OOJIMaFraH/IBIKTAaH KaliTaJlaMa XUPYPTUSUIBIK apanacybl KaKeT eTIIe/.

—

e

E.‘st;nu— Wi Orge
ot P e

A | £ o - ———

Cypert 2. XupyprusjablK TONTBIH onepaliis 6apbIChIH/Ia TPAHCIEAUKYISPIIbI
OypaHJaHbl OPHATACTBIPY COTI.

Heri3ri xkepcetkim peTinae 6actankpl aegopMainus MEH orneparusaal KeWiHT1 KaJIbIK
nedopMaIusHBIH [IIaMachl aHBIKTANIa b, ATaFaH jKafF/aaiiFa OaillaHbICThI OACTAKbI Ke3eH IeT1
nedopMaIusHeIH opTama kepceTkimi Ko66 Ooiibrama 59,29°+15,3° kypajisl, MaKCHMAaJIbI
nedopmarust emmeMi 110 rpagyctsl, MUHUMANIBL AedopMalius 45 rpaaycTsl Kypaasl (Cyper
3). Ty3ery omeparuscsiHaH KeHiHT1 opTaiia Kaaablk kepceTkim Koo Ooiipiama 12,46°+8,48°
KOPCETTI, MAaKCUMAIIBI 35-1, a7l MUHUMAJABI KAIIBIK |1 TpagycThl Kypasl (cypet 4). MyHaarb
Ty3eTy Meumepi Oactanmkpl aedOpMaIMsHBIH  OpTamia KOpPCETKIm MEH  KaJJIbIK
nedopMaIusHBIH OpTAIIaChIHBIH KaThlHACKl OoifbiHIa 78,98% kepcerti. COHBIMEH KaTap,
JKYPTi3iITeH KYMBICTa OMBIPTKAHBIH >KOFApFbl JKOHE OPTAHFBI KeyJe OMBIPTKAJIaphl YIIiH
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TPaHCHEIUKYIISAPIIBI OYpaHIaIap bl OpHATYAA albIPMAIITBUIBIKTAp OOJFAaHBIH aTal ©TKEH JKOH.
Osrepictepain Oyinail Tapanybl WAHOMATHSUIBIK CKOJIMO3 KE31HJETI OMBIPTKAAPIbIH CYHeK
KYPBUIBIMJIAPBIHBIH aHATOMHSUIBIK KOHE aHTPOIOMETPHUSUIBIK CpEKIICTIKTEepIMEH, aTarl
aliTKaHJla CKOJIMO3 JOFACHIHBIH JOHEC KOHE OHBIC JKarblHOaFbl OMBIPTKa TYOipiiepiHiH
OJIIIIEMIHIH OPTYPJIIriMEH TYCIHIIpiIe .

ROTD
8.1

9 RN,

o

Cyper 3. 16 xacap NanMeHTTIH XUPYPTUSIIBIK TY3€Tyre IeHIHT1 €Ki TPOCeKIHSIaFbI
cionuiorpadusicel. Keyze sxoHe 6en qoranapblHBIH CKOJIMOTHKAIBIK Kucato Menmepi Koo
OoiipiHIIa THiCIHIIE 69° )KoHE 50° OOMABI.

Cyper 4. 16 xacap ManMeHTTIH XUPYPTUSIIBIK TY3€TYACH KeHiHT1 €Ki MPOEKIIHsIIaFbl
conamiorpaduscel. [Tannentke 9 cermentti Kamthirad Th4-L1 oMmbeipTKanmapeiHa
TpaHCIEeIUKYISPIbI OEKiTy xkacanasl. Onepaiusaaad keitin keyae noracel Ko6o 6oiibiama 10°
XKoHe Oel Jorackl 7° Kypasbl.

EH MaHBI31bI KepceTKiTepaiH Oipi, onepanus OapbIChIHIAFbl HAYKACTHIH KOFAJITKaH
KaH Meepi, cede0l manueHTTep IiH KOIIIUIri kKacecmipiM acTa. J[eHeHIH TOJBIK KeTiTyl
OonMaraH/BIKTaH KOHE ONepanusi TEXHUKAJIbIK OpPbIHAANY >KaFblHAH KWUbIH OOJIFaHJIbIKTaH
aTajiFaH KOPCETKIIITIH MaHBI3ABUIBIFBI TEK olepanus OapbIChIHAA FaHA e€Mec, OlepalusaaH
KEWIHT1 KaJIbIHA KETy KoHE peadMINTAIMsUIBIK Ke3eHre Jie Tikened ocep eredi. Omepanus
Ke3iHJe KeTKeH KaHHbIH opTama wmemmepi 194,47+108,9 wummunmutpai  Kypajisl.
JledopMmanusiHbIH MeJILEp] YIKEH 0oJjica KoHEe HayKacKa jKacajaThlH TY3€Ty ONepalusIChIHbIH
KeJIeMi ayKbIMJIBI JieTl OoJKaHFaH jkarnaiiia ayroremorpancdy3usislk CellSaver KypbUTFbICH
KOJIJIaHBUIABL. Bysl KYpBUIFBIHBIH MakKcaThl — orepalrs O0apbIChIHIa KETKEH KaH MeJIepiH
HayKacKa KauTa Kaurapy.
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Tankpuiay. COHFbI )KbUIIAPHI CKOJIMO3]IbI XUPYPTUSIIBIK TY3€TY dKaHA TEXHOIOTHSUIIapabl
EHTI3y/IIH apKachlH/a eJeyJi e3repicTepre YIIbIPabl, OJapIblH apachlHIa HEWPOHABHUTAIUSI
epeKIlie OpPBIH aajbl. byJl ”HHOBAMSIIBIK JKYile XUpyprTepre onepanus Ke3iH/1e OMbIPTKaHbIH
AQHATOMMSUIBIK ~ KYPBUIBIMAAPBIH ~ KOFapbhl  JOJIIKIIEH  BU3yalU3allisulayFa  JKOHE
MaHUITYJSIUsIayFa MYMKIHAIK Oepemi, Oy apanacyablH THIMIUIINT MEH Kayilci3giriH
alfTapibIKTail apTThIpaabl. bypaHnanapabl OpHATYIBIH ASCTYPIIL dAicTeMeNnepi aHaTOMUSIIBIK
Oarnapiapra Herizjaenesi, OyJl OMBIPTKAHBIH TYTAaC KYPBUIBIMJAPHI MEH 1pi TambIpiaapIbIH
3aKpIMIaHy KayrimeH Katap xypeni. Kotani T. opintectepimen [8] xyprisreH 3epTreyinfe,
HEHpOHABUTALMSIHBI XUPYPIHsUIBIK eMJeyae naiiaanany OypaHianapabl OpHATy JOJIIriHE
84%-nan acTaM KOJ KeTKi3yre MYMKIHJIIK Oepelli IereH TY)KbIPhIM jkacaraH. HaBUrarusuisik
JKy#enep/i naianany >KyYJIbIH MEH TYOIpIIeKTEp/IiH 3aKbIMaHy KayIliH a3zainTasasl. Tanaka M.
et al. (2021) o3 XyMmbICTapbIHAAa HEWPOHABUTALMSIHBI MaiajgaHy Ke3iHJe HEBPOJIOTHSIIBIK
ACKbIHYJApbIH KUUTIT eoyip ToMeHIeHTiHIH KepceTTi [9]. HelipoHnaBuranusibik xyiienep
XUPYpPTKe VII OJImeMIi NPOSKIHAga OMBIPTKA Ae(opMamuschiH TY3eTyAl JKocmapiayra
MYMKIHIIK Oepeni. byn aHatoMusiiblk Oarmapbl ©3repreH CKOJHO3JbIH ayblp TYpiMEH
ayblpaThlH TAaIMEHTTEp YIIIH epeKmie MaHbp3Abpl. HelipoHaBUTranusHbel —Maigagany
OMBIPTKAJIapAbIH POTAIUSCHIH KOHE OYHIPIIK aybITKYbIH OaKbLIay/Ibl sKaKcapTaabl. Kenreren
Ka3ipri 3aMaHfbl HEHPOHABUTALMSUIBIK OJKYHENIep WHTPAONEPALHUSIIBIK KOMITBIOTEPIIK
tomorpadpusimen  (KT)  koHe  MarHUTTIK-pe30HAHCTBHIK  Tomorpadusmern  (MPT)
UHTETpalUsUIaHFaH. byl XWpyprke HakThl ONepanus yaKbITBIHAA ©3€KTi JCpeKTepil aiyra
MYMKiHZiK 6epeni. Mbicansl, P.Zhang et al 2020 sxbu1bl s)xacaran xyMbIcbiHAa O-Arm xyiieciH
YKAKChl CUTIATTAJIFaH, SIFHU aTaJlFaH JKYHEeHIH oneparus Ke3iHJe OMBIPTKAHBIH YII ©JIIIeMi
CKaHEpJIEHylH KaMTaMachl3 €TeTIHIH, O] ©3 Ke3eriHjae HaBUTalUsSHBIH [NIITH eadyip
apTTHIPATHIH/IBIFEI Typaibl MaNiMaeme skacara [10]. Conpaii-ak, HayKacTapIbIH OTICpaIus
Ke3iHAeri KaH >xoranTy Meumepi OoifbiHmma Urbanski W. opinrectepimen 2019 xbuibl
KYPTi3TeH 3epTTeyMEH CalbICTBIpFaHAa  albIlpMaIlbUIBIKTap  Oalikanabl. Omap o3
JKYMBICTapbIHIa a3 WHBAa3MBTI TEXHOJIOTUSAMEH >KacalfaH oOmepanusiarbl HayKacThIH
JKOFaNTKaH KaH kejeMi 138,75+50,04 Mi1., ait JocTypJli alllbIK TYP/IE *KacalFaH Ooneparusaarbl
KaH kery Memmiepin 450+106,06 miu. nen kepcerti [11]. Ckonmo3abl XUPYPrUsIIBIK TY3€TY
Ke3iHJle HEWPOHABUTAIMSUIBIK JKYHeJepAl KOJJaHy OMBIPTKAa XHPYPTUSCHIH JTaMBITYAAFbl
MaHBI3/Abl KaJlaM OoInbIlm TaObuTafAbl. byl TexHONOTHsIap MMILIAHTTapAbl OpPHATY TONJIITIH
apTTHIpbII KaHa KoWMal, acKbIHy KayIiH J€ TeMEHJAETeIl, Oyl emjaey HOTHXKeIepiH
aWTapJIBIKTAN KaKCcapTabl.

KopbIThiHABL.  WIMOMaTHSIIBIK ~ CKONHMO3IBI  TY3€Tyle  TPaHCHIETUKYISPIIBI
OypaHmanmapael  KONJaHy OHTAMIBI  IIEHIiM  KOHE JAYPBIC OpHATy  MoceleciHe
MHTPAOTIEPALUSUTBIK KOMITBIOTEPIIIK TOMOTpad MeH HAaBUTALUSUIBIK JKYHEIepMEH CyHeMerier
TY3€Ty ONepalusHbIH HOTHXKENITITiH KoFapbliaTtaasl. COHBIMEH KaTap, onepaius 0apbIChIHIA
OalfKanaTblH YakKbIT MEH KaH KETy MeJIiepl CHUSKTbl KOPCETKIIITEP/l *KaKcapTyFa CENTIrH
turizeni. Kom &eTki3reH jkakchl HOTHXKENEpre KapamacTaH, aTalfaH TaKbIPBIN apbl KapanlFbl
TEpeH 3epTTey/li, HayKacTap sl OaKbLIayAbl KAIFACTHIPYIBI XKOHE OJaH apFbl CATBICTHIPMAIIBI
Tajnzay Kacayabl KaKeT €TeTiHIH alTKaH KOH.
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By marepuainsly OypbIH KapHsIaHOAFaHBIH XaHe Oacka Oacrarepsep TapanblHaH KapacThIpbUIMaFaHbIH
MoJTiMIeHMI3.

Kap:xbuiangeipy: BR11065157-OT-23. XapakaTtapsl, skapakaTTap/IblH caalapbiH, asK-KOJIbIH,
OMBIPTKAHBIH XKoHE KaM0ac aypyJiapblH JHarHOCTHKAIAYIbIH, EMACYAIH THIMALTITIH apTThIPY YIIiH
MHHOBAIMSUIBIK TEXHOJIOTHSIIAP IBI 931pIiey jKOHE FhUIBIMU HETI3/ey.
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AOcTpaKkT

BBenenue. Manonarnueckuii CKONMO3 — pacmpocTpaHeHHas ¢opma nedopmanuu
MIO3BOHOYHMKA, TPUUMHA KOTOPOM HensBecTHA. HecMOTps Ha MMPOKOE paclipOCTPAHEHUE, HE
CYILIECTBYET CUCTEMATUYECKOTO METO/A JICUEHHUS, IPUHSITOTO BpayaMH.

Henp mccraenoBanusi. JleMOHCTpanus pe3yJabTaTOB HCIIOJIB30BAHMS HABUTALIMOHHOM
CUCTEMBI B COUETAaHUM C MHTPAOIEPallMOHHOW KOMIBIOTEPHON TOMorpaduen, mpuMeHsaeMoi
OpU XUPYPrU4ecKoil Koppekuuu aeopManuy y MHalMEHTOB CO CKOJIMO30M 3-4 cTeneHu
TPYAHOTO ¥ MOSCHUYHOIO OTJIEN1a TO3BOHOYHUKA.

Marepuanbl u MeTobl. B X071€ nccnenoBanus ObUIM MpOaHATU3UPOBAHBI METUITUHCKHE
JOKYMEHTbl, B TOM YHCJ€ TMPOTOKOJIBI OINEepanuil M pe3ylbTaThl JUArHOCTHYECKHX
MeponpusaThid. IlonydeHHble NaHHBIE MBI NMPEACTABWIN C HCIOJIb30BAHUEM ONMCATEIBHBIX
METOJIOB CTAaTHUCTUKHU. B HccienoBaHUM MpUHUMANM y4acTHE MAallMeHThl CO CKOJMO30M WIIH
KH(POCKOJIMO30M T03BOHOUHMKA 3-4 creneHu 1o kiaccudukamuu Cobb. Ilpu otGope
MAIMEHTOB BKIIOYAJIUCH TOJIBKO MAI[MEHTHI C UANONATHUYECKON nedopMarieil 03BOHOYHHKA,
a TalMeHTHl ¢ JIpYruMu AedopManusMu M3 HUcclenoBaHMs ObutM UCKIoueHbl. OT Bcex
NAlUEHTOB (MX poJUTeNell WIM 3aKOHHBIX OINEKYHOB) ObUIO TIOJY4YE€HO IHCbMEHHOE
UH(POPMHUPOBAHHOE COTJIACHE.

Pe3yabTarsl M 00cy:xaeHue. [IpoBeneH aHanu3 pe3ynbTaTOB ONEpaLid, BHITOJHEHHBIX
37 nanuenTam B Bo3pacte oT 11 1o 20 neT co ckoano30M no3BoHoYHMKA. [10o pacnonoxeHunio
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CKOJIMOTHYECKOW Jyrd TMO3BOHOYHMKA y 21 mamueHTa BbIsSBIeHA naedopmaius TpyaHOTrO
otaena, y 10 - rpy10-1ossCHUYHOT O, Y 6 — TOSICHUYHOTO OTAe0B. CpeqHuid BO3pacT MallMeHTOB
cocrtaBmi 16,3+2,3 roma. Beero 0110 yeTaHoBIeHO 456 TpaHCIEAUKYISIPHBIX BUHTOB.

3akimouenue. bosbioe Oyayiee U MOTEHIMAT UMEET UCIOIb30BaHNE HABUTAITMOHHBIX
CHUCTEM, HHTETPUPOBAHHBIX B HMHTPAOINEPAIIMOHHYIO KOMITBIOTEPHYIO TOMOTrpaguio mpu
YCTAaHOBKE TPAHCICIUKYISIPHBIX BHUHTOB IIPH KOPPEKIMH CKOJIHMO3HOM (KHU(DOCKOIUO3HOIN)
nedopmaruu mo3BoHouHUKa. OTHAKO M3-3a BEICOKON CTOMMOCTH METOJ1a pean30BaTh €ro Ha
BCEH TEPPUTOPUH CTPAHBI HEBO3MOKHO.

KiroueBbie  cjoBa:  CKOJNMO3,  KOppeKmus  jAedopManuii  MMO3BOHOYHHUKA,
HEHpOHaBUT ALY

USE OF NEURONAVIGATION SYSTEM AND INTROOPERATIVE
COMPUTER TOMOGRAPH IN CORRECTION OF SCOLIOSIS

D.zZh. YESTAY !?,S.S. ABDALIEV !, D.A. SAGINOVA !, T.A. NASIMOV !,
K.M. YELDASHBAEVA !, D.T. BAITOV !

! National Research Center of Traumatology and Orthopedics named after Academician
N.Zh. Batpenov, Astana, Kazakhstan
2 Karaganda Medical University, Karaganda, Kazakhstan

Abstract

Introduction. Idiopathic scoliosis is a common form of spinal deformity, the cause of
which is unknown. Despite widespread use, there is no systematic method of treatment accepted
by doctors.

The aim. Demonstration of the results of using the navigation system in combination
with intraoperative computer tomography, used in surgical correction of deformities in patients
with 3-4 degrees of scoliosis of the thoracic and lumbar spine.

Materials and methods. During the study, medical documents were analyzed, including
the protocol of operations and the results of diagnostic measures. The obtained data were
presented using descriptive statistical methods. Patients with 3-4 degrees of scoliosis or
kyphoscoliosis of the spine according to the Cobb classification took part in the study. When
selecting patients, only patients with idiopathic deformation of the spine were included, and
patients with other deformations were excluded from the study. Written informed consent was
obtained from all patients (their parents or legal guardians).

Results and discussion. An analysis of the results of operations performed on 37 people
aged 11 to 20 years with scoliosis of the spine was carried out. According to the location of the
scoliosis arch of the spine, thoracic deformity was detected in 21 patients, thoracic-lumbar in
10, and lumbar in 6. The average age of patients was 16.3+2.3 years. 456 transpedicular screws
were installed.

Conclusion. The use of navigation systems integrated into intraoperative computer
tomography during the installation of transpedicular screws in the correction of scoliosis
(kyphoscoliosis) deformation of the spine has a great future and potential. However, due to the
high cost of the method, it is impossible to implement it throughout the country.

Keywords: scoliosis, correction of spinal deformities, neuronavigation.
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OCOBEHHOCTH MEPEJIOMOB KOCTEM CTOIILI Y IETEH K
MNOAPOCTKOB ITPU PEHTTEHOJIOI'HYECKOM UCCJIEJOBAHHUU

JXK.K. )KAKEHOBA®Y, E.JI. JIN?, A.H. XYMABAEBA?, )X.5. MAYJIEHOB?,
M.II. ABYBAKHPOBA®, A.A. AJDKAH!

! HAO «Kasaxckuif HauMOHANBHBIA MeauMIMHCKUI yHuBepcuteT umenu C.JI.
AcdenausapoBa», r. Anmarsl, Kazaxcran
2 JTerckas ropojckasi kiuauueckas 6onpauna Ne2, r. Anmarsl, Kazaxcran

AHHOTALUA

Beenenne. Ilepenombl KocTei crombl cocTaBisAoT okoso 10% Beex mepesioMoB KocTe
CKEJeTa B IEeIMaTPUYECKOM MpakTuke. PeHTreHorpadgust octa€rcs OCHOBHBIM METOJIOM
JMarHOCTUKU IEpeIoMOB CTONBl Yy JeTed, OJHAaKo /s TOYHOM HHTepIpeTanuu
PEHTI€HOJIOTMYECKOM KapTUHBI HEOOXOJUMO YYMTHIBaTh OCOOCHHOCTU DPa3BUTHUSL CKeJleTa,
4TOObl MHUHUMH3UPOBATh PHUCK JAMArHOCTHUYECKMX OIIMOOK M CBOEBPEMEHHO BBISBIIATH
BO3MO>KHBIE OCJIOKHEHMUS.

Llenbto nccienoBaHus SIBJISETCS U3y4eHHE 0COOEHHOCTEH MepeloMOB KOCTEH CTOIBI y
JIeTeN U MOJAPOCTKOB MO JAHHBIM PEHTTEHOJOTUYECKOTO UCCIIEI0OBAHUS.

Marepuanbl 1 MeToAbl. 3yueHbl pe3yabTaThl PEHTI€HOJOTHUYECKUX UCCIeIOBaHUN U
MeIUIUHCKHE JOKyMeHTH 1159 manmenToB, moctynuBimmx B mpueMHoe otaenerne JJKI'b Ne2
r. Anmatel ¢ ocTpoit TpaBMmoii ctomsl B nepuoa ¢ 01.09.2023 r. mo 31.12.2023 r. Kputepusmu
BKJIIOUEHUSI B MCCJIEIOBAaHUE SBJISJIUCH BO3PACT MalMeHToB OT 1 roxa no 18 jer; Hanuuue
OCTpOM TpaBMBI CTOIIBI B AHAMHE3E.

Pesyabtarsl. [lpy wn3ydeHuM pe3ynbTaTOB pPEHTTEHOJIOTMYECKHX HCCIEIOBAHUI
BBISBJICHBI MepesioMbl KocTel ctombl B 471 (40,6%), ymmb MArKux TKaHed crombl B 674
(58,2%), oTkphiTas pBaHas paHa MSrkux TkaHei cromsl B 12 (1,0%), mocTTpaBMaTu4ecKuii
uHbuIbTpaT MArkux Tkaneil cromsl — B 2 (0,2%) ciyuasx. [IpyunHaMu mepenoMoB CTOIBI
ABJISTIUCH OBITOBAs, CIOPTHBHAS, JOPOKHO-TPAHCIIOPTHOE IpoucuiecTBue. [1o nokanuzanuu
nepenomsl KocTei crombl oT 1 roga a0 18 ner Hambosee yacTo BU3yalM3UPOBAIHUCH B 462
(98%) nepennem otaene crombl, B cpeanem otnene B 7 (1,6%) u 2 (0,4%) ciydasx 3agHemMm
ornene crombl. Hanbosnee 4acTo Ha peHTreHOrpaMMax CTON BU3YaJTU3UPOBAINCH KOCHIE
niepesioMbl (42,7%), no tumny «aeneHon BeTku» (32,7%) u snuduzeonus (11,5%). Ananus
OCJIO)KHEHUH IEpPEIOMOB KOCTEW CTONBI BBIABHUJI, YTO BHYTPUCYCTAaBHOM IieperoMm B 172
(36,5%) cnyuasx 4dacTto HaOMIOMAJICS MPU OCTPOM TpPaBME CTOIBI, OTIUYHE OT CMEIICHUS
OTJIOMKOB B 17 (3,6%) ciydasix.

3ak/royenue. J[aHHbIE HCCIIEJOBAHME TIOKA3bIBA€T, YTO OOJBIIMHCTBO MEPEIOMOB
KOCTEH CTOIBI y JeTel MPUXOAUTCSA Ha BO3PACTHOM mepuon oT 7 et 1o 14 ner, cpenu HUX
3HAYUTENIbHO 00Jiee BBHICOKUI PHUCK MEPEIOMOB y Majb4YMKOB IO CPABHEHHIO C JIEBOYKAMHU.
Takxke 1Mo pe3ynbTraraM HCCIECJOBAHUS NMEPENHUN OTIEN CTOIBI SIBISIETCS CaMOW ySI3BUMOM
JoKaNu3aluend Npu mnepeaoMax crtombl. [lomyueHHbIE NaHHBIE MOJYEPKHUBAIOT BaXHOCTh
peHTreHorpaguu Ui NpaBUIbHON TUArHOCTUKU M JICUEHUS ITEPEeIOMOB CTOMBI y JAeTeH, a
TaKk)kKe HEOOXOJAUMOCTh MPOMUIAKTUYECKUX Mep JJs CHIKEHUS TpaBMaTH3Ma B JaHHOU
BO3pPAaCTHOM T'pyIIIIE.
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KuroueBble cji0Ba: epesioM CTOMbI y JeTel, peHTreHorpadusi, ocTpas TpaBMa CTOIbI.

Beenenue. Crona ABiISIETCSI OPraHOM ONOPBI U IBUKEHHUSI, UTPAIOIIHUM KIIFOUEBYIO POJIb
B MOJ/iepKaHUM paBHOBecus Teia. [lox Bo3aeiicTBEM 3HAYUTENBHBIX OCEBBIX Harpy3oK Ipu
CTOSIHUM U X0J1b0€ TepesOMbl KOCTEeH CTOIBI HEPEAKO MPUBOJAAT K CIOXKHBIM AeQopMaiisam 1
U3MEHEHUSIM BCEM €€ aHATOMMYECKOW CTPYKTypbl. IlepesoMbl KOCTEH CTOIBI COCTaBISAIOT
okoso 10% ot oOmiero ymucia mepeiroMoB KOCTEH CKeleTa B MEIUaTPUUYECKOW IpPaKTHKE.
HecmoTpst Ha cpaBHUTENBHO PEKOE BOSHUKHOBEHHE, JAHHBIE TPABMBI TPEOYIOT MOBBIIIIEHHOTO
BHHMaHHsI BBUY BO3MOXHBIX JIOJTOCPOYHBIX mmocieacTBuit [1-3].

ITo cratnueckum nanubM PK 3a 2022 rox, TpaBMbl 3aHUMAIOT 4-€ MECTO CPEIU IPUUUH
3a001eBaeMOCTH y JieTel B Bo3pacte 0- 14 yiet u 3-e MecTo B Bo3pacTHO# rpymie 15- 17 ner,
4TO MOJUEPKUBACT aKTYaJIbHOCTh JaHHOM mpooiemsl [Stat.gov.kz].

JnarHoctuka mepesoMoB KOCTEHM CTOINbI y AETEH 3aTpyAHEHA, MOCKOJbKY MEXAaHH3M
TpaBMbl MOXKET OCTABaTbCsl HEM3BECTHBIM, a U3-32 BBIPAKEHHOT'O XPSIIEBOIO0 KOMIIOHEHTA U
AHATOMUYECKUX OCOOEHHOCTEH JIeTCKOM CTOIbI MOBPEXKACHUS KOCTEH HE BCEr/la OYEeBHU/IHBI.
Pentrenorpagus ocTaércsi OCHOBHBIM METOAOM BH3YyalIHM3allMU UIS BBISBICHHUS BCEX THUIIOB
MEPeIOMOB CTOIMbI, oOecneunBas 3(H(HEKTHUBHYIO OIEHKY UX OcoOeHHocTeil. Jlis TodHoit
JMAarHOCTUKH PEHTTCHOJIOTaM HEOOXOAWMO YYHTHIBATh JTallbl Pa3BUTHUS CKEJETa CTOIHBI B
JIETCKOM BO3pacTe, aHaTOMUYECKUE BapUALIMH, XapAKTEPHbIE TUIIBI IEPEJIOMOB U BO3MOXKHbIE
OCJIOXHEHUSI, TaK KaK U3MEHEHHUsI Ha PEHTI'CHOJIOTHYECKUX CHUMKAaX MOTYT OBITh OHIMOOYHO
MHTEPIPETUPOBAHBI KaK MaTOJIOTUYECKUE, OCOOCHHO MPH OTCYTCTBUM OYEBUAHBIX MPHU3HAKOB
HoBpexieHui [4-6].

Llenbto uccieqoBaHUs SIBISETCA U3y4eHHE OCOOCHHOCTEH MEepelioMOB KOCTEH CTOIbI y
JIeTeN U MOJAPOCTKOB MO JAHHBIM PEHTTEHOJOTUYECKOTO UCCIIEI0OBAHUS.

Martepuansl #u  MeToAbl. bBbpUIM  PETPOCHEKTHMBHO  M3YYEHBl  PE3YNbTAThI
PEHTT€HOJIOTUYECKUX HCCIEOBAaHUM W MEIMUIUHCKHE JOoKyMeHThl 1159 mnanueHTos,
noctynuBmuX B npueMHoe otaeneHue JKI'b Ne2 r. Anmartel ¢ ocTpoil TpaBMOW CTONBI B
nepuon ¢ 01.09.2023 r. mo 31.12.2023 r. Bospact naruentoB ot 1 roga 10 18 ner. Cpenauit
BO3pacT MalUEHTOB 9,5 JeT.

Kputepusmu BKIIIOUEHHS B UCCIIEIOBAHUE SIBIISUIMCH BO3PACT MAlIMEHTOB OT 1 rosa 1o 18
JIET; HAJIMYUE OCTPOU TPaBMbI CTOIIBI B AHAMHE3E.

KpurepusiMu MCKITIOYSHUST B UCCIIEOBAHHE SIBIISLUIICH BO3PACT MAIMEHTOB crapiie 18
JET, OTCYTCTBHE€ OCTPOH TpaBMbl CTONBl B aHaMHE3€; IMALIUEHTBl C XPOHUUYECKUMU
3a00JIEBaHUSAMHU, BIMSIIOIIMMHU Ha KOCTH CTONBI (HalpUMeEp, OCTEONOpO3, XPOHHYECKUM
OCTEOMUEJINT); HAJIM4YKe MPeIbIIyIINX ONepaluii Ha cTorne, KOTOpbIe MO Obl MOBJIMATH Ha
CTPYKTYpPY KOCTEW, MalueHThl ¢ MHOKECTBEHHBIMH TpaBMaMH, MPU KOTOPBIX HEBO3MOXKHO
TOYHO OINPENEIUTHh NPUUYMHY U JIOKATU3ALUIO [IEPEIOMa CTOIBI; MALIUEHTHl C BPOKICHHBIMU
AQHOMAJIUSIMU CTOIIbI, KOTOPBIE MOT'YT MOBJIMSTH Ha PE3YyJIbTaThl HCCIIEIOBAHUS; OTKA3 MalleHTa
WIM €ro 3aKOHHBIX IPEACTaBUTENEH OT ydacTUs B HCCIEIOBAaHUM WJIN OTCYTCTBHS
MH(OPMUPOBAHHOT'O COTJIACHSI.

B xozne nccnenoBaHus U3y4deHsl CIEAYIOLIUE NTapaMETPhl: PaclpeAcICHUE MallueHTOB C
nepesioMaMu KOCTEH CTOTBI 10 BO3pacTy (paHHUM JeTCKUi Bo3pacT — 1-2 roa, JomKoIbHbII
— 3-6 net, MJIAAIINN IKOJNBHBIN Bo3pacT — 7-10 ner, moapocTkoBeild mepuon — 11-14 ner,
foHomeckuit — 15-18 ner), mony, mpuuyuHe, BUIY NEpPEIOMOB, JOKAJIU3AlUU TEPEeIOMOB
(mepenoM KOCTeH MepeiHero OTeNa CTOIbI, MepesioM KOCTeH CpeaHero OTjaena CTOIbI,
nepesioM KOCTeH 3aJHEro OT/esIa CTOIbI; IEPEAHUNA OTIEI CTOIBI COCTOUT U3 MSATH IUTFOCHEBBIX
KOCTEH U COOTBETCTBYIOIIUX (haJlaHT, CPETHUI OT/AET COCTOUT U3 JIaJAbEeBUIHOM, MeTUAIbHOM
KJIMHOBHJIHOM, CpeiHEel KIIMHOBUAHOM, JaTepalbHON KIMHOBUAHON U KyOOBHUIHOW KOCTEH, B
3aJHUM OT/IeN1 BXOAT TapaHHAasl U MATOYHAS KOCTB).
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Pentrenorpadus cronmbl B 2-X MPOEKIUSAX MPOBOAMIACH BCEM MAIMEHTaM B
COOTBETCTBUHM CO CTaHAAPTHBIM NpPOTOKoJMoM. CraTtuctuyeckas oOpabOTKa Mpeanosaraia
UCIIOJIb30BAHUE KPHUTEPHUS XH-KBajpar (Y2) AIsl OLEHKH CBSA3M MEXIY KaTeropHalbHbIMHU
MIEPEMEHHBIMH.

Pe3yabTaThl. AHanu3 pe3ylbTaTOB KIMHUYECKUX JAaHHBIX U PEHTreHorpaduuecKkux
uccienoBanuii crombl 1159 marueHToB BBISIBHI MepeioMbl kKocted ctombl B 471 (40,6%)
CIIydasiX, MOBpEXJIEHHE MSITKUX TKaHeW cTombl 0e3 KocTHoW maTtojoruu B 688 (59,4 %)
cilydasix, U3 HUX paHa MArkux Tkaneu crombl B 12 (1,0%) ciydasix, mocTTpaBMaTH4eCKUid
UHOGHUIBTPAT MATKUX TKaHei cromsl B 2 (0,2%) cinydasx (pucyHok 1).

800 ~
00 59.4%
600
500 - 40,6%
400 -
300
200 -

100

0 -
IlepenoMsl KOCTEH CTOIBI Ymn6 MATKHX TKaHEH CTOIIBI

Pucynok 1. Pacnipenenenue naiueHTOB ¢ OCTPON TPaBMOM CTOIbI HA OCHOBAHUU
KJIMHUKO-PEHTICHOJOTMUSCKUX JaHHBIX (N-1159)

Kax BunHo u3 pucyHka 1, Haubosbliee 4HMCIO CIy4aeB COCTABMJIM YIIMObI MSATKHX
TKaHeW CTombl 0e3 MPHU3HAKOB mepeioma koctel ctombl 688 (59,4%), Torma Kak mepeoMbl
Koctel cromnsl coctaBuiu 471 (40,6%).

Cpenu 471 manuenTa ¢ nepesioMaMu CTOIBI HE YAAJIOCh BBIAICHUTH NPUYMHY TPAaBMbI B
139 (29,5%) cayuasx. Cpenu ocranbHbix 332 (70,5%) manueHTOB NPUYMHAMU TPaBMBI
aprstores ObitoBbie B 271 (81,6%), cnoptuBhbie B 46 (13,9%) TpaBMBI U TOPOXKHO-
TpaHCIOpTHOE TipouciecTBue B 15 (4,5%) cnydasx.

Pacnpenenenne nmo mony cpeau 471 (100%) manumeHTa ¢ mepenoMoM KOCTEH CTOIIBI
MOKa3bIBaeT, 4YTo Malbuuku 357 (75,8%) B 3 paza yaie uMenu nepeiaoMsl KOCTEH CTOIbI, YeM
nesouku 114 (24,2%).

Pacripenenenne manumeHTOB € NEPEIOMAaMHM KOCTEH CTONBI IO IOy M BO3pacTy
npeJcTaBiIeHo B Ta0uie 1.

Tadiamua 1. PacnpeneneHne ManMeHTOB C NEPEIOMaMU KOCTEH CTOINBI MO MOy W
BO3pacTy

Bo3pacTHoii nepuon Bcero Manbuuku JdeBouKku e
n-% n-% n-% p
Pannwuii nerckuit Bo3pact 49 —10,4% 31-6,6% 18 - 3,8% X2=0,031
(1-2) p=0,861
JIOMIKONBHBIN BO3pacT 69 — 14,6% 56 - 11,9% 13-2,7% X2=14231
(3-6) p<0,001

44



BECTHUK KA3HMY Ne4 (71) — 2024

ISSN 2524 - 0684 e-ISSN 2524 - 0692
Muanmmii mkonpHbIM Bo3pact | 111 —23,6% | 78 —16,6% 33 -7,0% x2:1261
(7-10) p=0,262
[ToapocTkoBbIi BO3pacT 184 -39,1% | 147-31,1% | 37-8,0% ¥?=1623
(11-149) p=0,203
IOnomeckuit Bo3pact 58 - 12,3% 45 —9,6% 13-2,7% X2:0,343
(15-18) p=0,558
Hroro 471 -100 357 - 75,8 114 - 24,2 ¥?=8901
p=0,003

Kak Bugno u3 Tabmuusl 1, mansunku 357 (75,8%) mpeBanupoBaiy HajJ KOJIHYECTBOM
neBouek 114 (24,2%) cpemy MANMEHTOB ¢ mepeoMaMy KocTei cromsl (x°=8901, p=0,003).

Haubonee yacto nepenomsl KocTei ctomn cpeau maiabuukos (147 (31,1%)), u neBouek
(37 (8,0%)) BCTpewanuch B MOAPOCTKOBOM IIEPHOJE COOTBETCTBEHHO, (x2=1623, p=0,203),
MEHBIIIE BCETrO MEepPeIOMbl KOCTeH CTON HAOMI0JaNINCh CPEAN MATbYMKOB B PAHHEM JIETCKOM
Bozpacre (31 (6,6%)), cpenu 1eBOYEK — B JOLIKOJIBHOM U IOHOILIECKOM BO3pacTax, COCTABUB 110
13 (2,8%) cnyuyaeB B KaXKIOi TpyIie, COOTBETCTBEHHO. CTaTUCTUYECKH 3HAYUMBIMU OBLIH
pasIuYHs MEKIy MATbYMKaMHU U JIEBOYKAMH B JOIIKOJIEHOM BO3paCTe IO MTOBOJY MEPEIOMOB
KocTeit crom (x?=14231, p<0,001).

Heo6xomuMo oTmMeTuTh, uTo O0siee 3/5 TpaBMaTHUECKUX MOBPEKICHHH KOCTEH CTOIIBI
MIPUXOIUIIOCH Ha Bo3pacTHbBIE nepuoabl 7-10 et u 11-14 net, kak cpenu 357 Maab4ukoB (225
(63,0%)), Tak u cpenu 114 neBouek (70 (61,4%)).

CornacHo MeXayHapOAHON KIacCHU(pUKALIMU, aHATOMUYECKHE CTPYKTYPhI HIKE
TOJIEHOCTOITHOTO CycTaBa 00pa3yroT CTONY, KOTOpasi BKJIIOYAET: EepeHUN 0TI CTOIIbI,
COCTOSIIINIA U3 MATH TUTFOCHEBBIX KOCTEH M COOTBETCTBYIONIUX (paslaHT; CpeIHUN OTIeNT
CTOITBI, BKJTFOUAOIINHN TISTh U3 CEMH KOCTEH MPEIUTIOCHEL: JIAhEBUIAHYIO, KYOOBUIHYIO, a
Tak)Ke MeIUaIbHYI0, CPETHION U JIaTepalbHYI0 KIMHOBUAHBIE KOCTH; 3aTHUN OTAEIN CTOIIbI,
COCTOAIINN U3 TAPAHHOM U IATOYHON KOCTEH.

Pacrnipenenenue nepenoMoB KOCTEH CTOIMBI MO JIOKAMHU3AIMH MPEACTaBICHO B Tabuuiie 2.

Taﬁ.mma 2. PaCHpeI[CJ'ICHI/IC INepeIOMOB KOCTEH CTOIIBI MO JOKAJIHU3aIUHN

Jlokaauzaumst Bcero A
nepeioMOB n-9% p
Tepennuii otaen crombl | 462- 98% | y?=0,0004
p=0,984
CpenHuii 0TAes CTOMBI 7-1,6% X220,0381
p=0,845
3agHUNA OTEN CTOIBI 2- 0,4% X220,0071
p=0,933

[To nmokamm3amuu TepesioMbl  KOCTeH crtombl 10 18 ;er Hambonee dacTo
BU3YaJIM3UPOBAJINCh B MEPEIHEM OTHEJE CTOIBI, cocTaBuB 462 (98%) ciydas, MeHee yacTo
MepeIOMBbI KOCTEH CTOM BCTpeUYaluch B cpeaHeM otaene 7 (1,6%) caydaeB U OUYEHb PEAKO
HaOII0IAKCh B 33/IHEM OTJIeNe CTOMbI, cocTaBuB Beero 2 (0,4%) cmyuaes.

Pacnpenenenue nepenoMoB KOCTEH CTOMBI IO BUAY MepeoMa MpeICcTaBIeHo B TabIuIe
3.
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Tabauna 3. PacnipeneneHue nepesoMoB KOCTEH CTOIBI IO BUAAM TEPEITIOMOB

Tunbl nepeiOMOB CTONbI KoJunuecTBo %
Kocoit 201 42,7
ITo TNy «3e7eH0i BETKHI 154 32,7
Onuduzeonns 55 11,5
ITonepeunprit 36 7,6
OckonpyaThlii 10 2,3
BunToob6pa3ubIit 8 1,7
Ocreodnuduzeonus 5 1,1
[IpoonbHbIM 2 0,4

Kak BugHO Ha Tabnaune 3, HauOoIbIINI MPOLEHT COCTaBUIN Kochle (42,7%) nepenomsl
KOCTEH CTOIIbI, YaCTO BU3YaJTM3UPOBAINUCH HA PEHTTEHOTpaMMax MepeIoMbl KOCTEH CTOIMBI 110
TUITY «3eJieHoU BeTKn» (32,7%) u anuduszeonus (11,5%). Penkumu BugaMu nepenoMoB KOcTei
ctombl: BUHTOOOpa3Husbiid (1,7%) mepenom, ocreosnuduzeonus (1,1%) u mpoaonbHBIA BUI
nepenoma kocrei (0,4%).

AHanu3 0CI0KHEHHH MepeIOMOB KOCTEH CTOMbI, TAKMX KaK HaJIM4nue BHYTPUCYCTAaBHOTO
IepesoMa, MepeaoMa KOCTEH CO CMEIIEHHEM OTJIOMKOB BBISIBUJI, YTO BHYTPUCYCTaBHOM
nepenom B 172 (36,5%) ciaydasix 4acTo HaOIIOAANCS MPU OCTPOU TPaBME CTOIIBI, B OTIUYHE OT
CMEIICHUS OTIIOMKOB, KOTOpbIi Habmronancs B 17 (3,6%) ciydasx (Tabnuma 4).

Tabauua 4. Pactipenenenue nepeaoMoB KOCTEHM CTOIBI IO OCIO0KHEHUSIM ITEPETIOMOB

Ocy10:KHEeHUs1 epeJIOMOB Bcero, n - %
Co cMeleHneM OTIIOMKOB 454- 96,4%
be3 cMeliennsa oTI0MKOB 17- 3,6%

BHyTpucycraBHOi nepenoM 172- 36,5%

Kak BumHo B Tabnwuie 4, OONBIIMHCTBO HAmKX HaOmoneHuit B 454 (96,4%) cioygasx
BBISIBUJIO OTCYTCTBHE CMEIICHHSI OTJIOMKOB TIPH MIEPEIIOMaX KOCTEH CTOITHI.

Oo6cy:xnenue. [IpoBeneHHOe McCIeIOBaHIE MTPEACTABISAET COO0 BCECTOPOHHUN aHATU3
PEHTTEHOJIOTHYECKUX M KIMHHYECKUX JaHHBIX 1159 manmenToB g0 18 jier, mocTymuBIIMX C
OCTpOil TpaBMO# CTOmBI. Pe3ynbTaThl MOATBEPKAAIOT Ba)XXHOCTh PEHTTeHOTrpaduu Kak
CTaH/JIAPTHOTO METOJIa JMATHOCTHUKH IEePEIIOMOB KOCTEH CTOIBI Y JeTeld. ITO COOTBETCTBYET
BbIBoJaM, caenaHHbiM Piccolo CL. C coaBropamu, KOTOpbIE MOMYEPKHUBAIOT POJb
peHTreHorpaduu M JIPYyruX METOJIOB BU3YAJIM3AIMH B TUATHOCTHKE JCTCKHX TPABM OIMOPHO-
JIBUTATEIbHOTO arnmnapara [ 7-8]. AHaiu3 mokasai, 4yto HanboJsiee YacTol MPUYMHON MTEPETOMOB
CTOTIBI y JieTel Obuia ObITOBasi TpaBMma, 4To coctaBisieT 81,6% Bcex ciiydaeB. DTH JTaHHBIE
COIJIaCYIOTCSl ¢ pe3yibraramu, noiydeHHbiMu Reginelli A. ¢ coaBTOpaMm, KOTOpbIE TaKke
YKa3bIBAIOT Ha Mpeo0aianrie OBITOBBIX TPaBM B IeuaTpudeckoi nmpaktuke [9]. CiopTUBHBIC
TpaBMbl U JIOPOKHO-TPAHCIOPTHBIE MPOUCIHIECTBUS OBLIM MEHEE YacThIMH MPHUYUHAMU
nepesioMoB (13,9% u 4,5% cooTBeTcTBeHHO). Pacmpenenenue nmepeaoMoB 1Mo MOy TOKa3aio,
YTO MaJTbUMKH 3HAYUTETHHO Yallle MOTYJYar0T MepeIoMbl KOCTEH CTOMbI, YeM aeBouku (75,8%
npotuB 24,2%). ITO MOXKET OBITH CBSA3aHO C OOJbINEH (HU3NIECKON aKTUBHOCTHIO MAIBUUKOB
u 0oJiee BRICOKMM PHCKOM TpaBMaTH3Ma B 3TOM Bo3pacte. JlaHHble, monyuenHbie Bratke G. ¢
COABTOPAMH, TAK)Ke MOJITBEPIKIAIOT O0Jiee BRICOKHI YPOBEHBb TPaBMAaTH3Ma CPEAN MATbUYHMKOB
[10]. Ananu3 Bo3pacTHOrO paclpeNeieHus MoKa3al, 4TO HanboJjee MOoABEPIKEHBI TIepeioMaM
JIETH B Bo3pacTe oT 7 10 14 ner. DTOT BO3pacCTHOW MEPHUOJ XapaKTePU3YETCs] HHTEHCHBHBIM
POCTOM M TIOBBIIIICHHON (PM3MUYECKON aKTUBHOCTBIO, UTO JIeJaeT JieTel 0ojiee YA3BUMBIMU K
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TpaBMaM, C COaBTOPaMH TaKe OTMEYAlOT, YTO MMEHHO 3TOT BO3PACTHOM MEPHOJ] SBISETCS
HauOoJiee ysA3BUMBIM JIJIsl TpaBM. Pacnpenenenue nepeaoMoB MO JIOKAIU3AIUU [M0Ka3aJ10, YTOo
OOJIBIIMHCTBO MEPEIOMOB KOCTEW CTOIBI JIOKATU3YIOTCs B mepeaneM otnene (98%), uro
cootBercTBYyeT AanHbM Tinner C. u Sommer C. [11]. 3T0 MOXHO OOBSICHUTh aHATOMUYCCKHUMU
OCOOCHHOCTSIMU CTPOCHHUS CTOIBI W XapaKTEepoM TpaBMaTHUYECKHX BO3ACHCTBUMA. THIbBI
NIEPeIOMOB, BBISBJICHHbIE B HAllleM MCCICJOBAHUU, TAaKXKE IOATBEPKAAIOT JaHHBIE,
nosnyuernsie Bica D. [12]. Kocbie nepenomsl (42,7%) U MEpeIoOMBI 110 TUITY «3€JICHON BETKU»
(32,7%) sBnsitoTcst HauOoJee PACIPOCTPAHEHHBIMU TUIIAMH TMEPEIOMOB Y JIeTeH. JTU BHIIBI
MEPEeIOMOB XapaKTEpHbI JIJIsl PACTYIIEro CKelleTa U 4acTO BCTPEUaroTCs B MeIUaTpUUECKOi
npakTuke. Hanmuune BHyTpHucycTaBHbIX nepesioMoB (36,5%) npu ocTpoil TpaBMe CTOIBI TAKKe
3acayKUBaeT 0co00ro BHUMaHuA. Haiu pe3ynbTaTel COBIAAAIOT C JaHHBIMU aBTOpa TenuiibiH
I1., KOTOPBIN yTBEPKAAET, UTO MEPETOMBI (pajaHT MaNbLEB U IUTIOCHEBBIX KOCTEH 3a4acTyio
ObIBatOT BHYTpUCycTaBHbIMH [13]. DTu mepenoMbl MOTYT MPHUBECTH K JJIMTEIbHBIM
OCJIOKHEHHUSIM U TPeOyIOT TIIATeNbHOro HaOmoaeHus u jedenus. Aygun U. ¢ coaBTopamu
OTMEUAOT, YTO BHYTPHCYCTaBHbBIC MEPEIOMbI TPeOYIOT 0co00ro moaxonaa B jgedenuu [14]. B
HAaIlIeM MCCJIEJIOBAHUN CMEILEHUE OTIIOMKOB ObLIO OTHOCUTENBHO penkuM (3,6%), 4To Takxke
cornmacyercsi ¢ mandbpiMu Chaturvedi A. ¢ coastopamu [15]. DTo mom4yepkuBaeT Ba)KHOCTh
MCTIOJIB30BaHUSI TOUHBIX METO/IOB BH3YAIM3ALUU JUIS OLIEHKU COCTOSHHUS KOCTEH W MPUHSTHUS
pemieHnid o JjeudeHuW. Hamum pe3ynbTaThl MOJYEPKUBAIOT HEOOXOAMMOCTH pa3paboTKu
CTpaTeruil MpOoQHUIAKTUKK TpaBMaTH3Ma y JeTei, 0COOEHHO B Bo3pacte oT 7 no 14 jer.
PekoMenganuu 1O YIy4YIIEHHUIO JUATHOCTUYECKUX U JIeYeOHBIX TMOIXOJO0B BKIIOYAIOT
WCIIOJIb30BAaHUE COBPEMEHHBIX METOJOB BH3yanu3anuu, Takux kak Y3U u MPT, mnsa
YTOYHEHHUS TUAarHO3a M OICHKHA COCTOSIHMS MArkux TkaHei. Guglielmi G. u Miele V. ¢
COABTOpPaMH OTMEUAIOT, YTO UCIIOIb30BaHUE 3TUX METOJIOB MIO3BOJISIET 3HAYUTEILHO YIIYUIIHTh
JIMarHOCTUKY | JIeYeHue TpaBM y neteit [16-17]. Takum 06pa3om, MpoBeEHHOE UCCIIEI0BAHKE
MOJTBEPKIAET BAKHOCTh PEHTreHOrpaduu B AMArHOCTHKE ITEPETIOMOB KOCTEH CTOTBI y JeTel
U TPEAOCTaBJIseT IEHHBbIC AaHHbIE JUIS YIYYIIEHUS KIMHUYECKOW MPaKTUKU B JIETCKOM
TPaBMAaTOJIOTHH.

BoiBoabl. lccienoBaHue mokas3ajlo, 4YTO TEPENOMbl KOCTEH CTOMBI COCTaBIISIOT
3HAYUTEIBHYIO YaCTh CIIy4aeB OCTPOH TpaBMBI y neTeld. Hanbombimee KOJMUECTBO EPEIOMOB
ObUT0 3a(UKCHUPOBAHO y JAeTeil B Bo3pacTe oT 7 A0 14 jer, 4to Takxke sSBISETCS MEepHOJOM
MOBBIIIEHHON aKTUBHOCTH M pocTa. Hambosiee 4acTo mepenomsbl JOKaIH3YyIOTCS B TEPEIHEM
OTJieNie CTOIBI, @ CPeAU TUIIOB MEPEIOMOB NPeo0IaJatoT KOChIE MEePEIOMbl U MEPEIOMBI 110
Tuny "3eneHoil Betku". J/laHHBIE MccIeIOBaHUS MOJUYEPKHUBAIOT BaXXHOCTh HMCIOJIb30BaHUS
peHTreHorpaguu Ui CBOEBPEMEHHOM TUarHOCTUKU U JICYEHUS MEepPeIOMOB KOCTEH CTOIBI y
JeTe, a Takke HEOOXOAMMOCTH pa3pabOTKU NPO(UIAKTUYECKHX Mep JUIsl CHHXKEHUS
TpaBMaTH3Ma B IaHHOM BO3PACTHOM IpyrmIie.

Kondauxkr uarepecon

Mp1 3asBi1s1IEM 00 OTCYTCTBUU KOH(IIMKTa HHTEPECOB.

Bxkuiiag aBTopoB

Bce aBTOpHI NpHHMMAaNU paBHOCUIBHOE y4acTHE IIPU HAITUCAHUU JaHHOU CTaTbH.

3asBisieM, 4TO JaHHBI MaTepHal paHee He IyOJMKOBAJICS M HE HAXOJWTCS HAa PAacCMOTPEHUHM B JIPYTUX
U3JaTeNbCTBaX.

®unancuposanne: OTCyTCTBYET
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BAJIAJIAP MEH ’KACOCHIPIMJIEPIAEI'T ASKThIH TABAH CYUEKTEP
CbIHBIF'BIHBIH EPEKIIEJIIKTEPIH PEHTTEHOJIOT'UAJIBIK 3EPTTEY

XK. )KAKEHOBA 1, E.JI. JI1 %2, A.H. XYMAFBAEBA 2, )K.5. MAVJIEHOB !,
M.II. ObYBOKIPOBA !, A.D. OJDKAH !

L C. 1. Achennusapos ateiparsl Kaszak yITTBIK MEIUIMHA YHMBEPCUTETI, K. AJIMATHI,
Kazakcran
2 Ne2 Kanaibik Oananap KIMHHUKAIBIK aypyxaHachl, K. AnmMatel, Kazakcran

Tyiiinaeme

Kipicne. AsK cyiiekTepiHiH CBIHYbl NEIUATPUSUIBIK ToXipuOene OapiblK KaHKa
CYHeKTepiHiH ChIHYBIHBIH IamameH 10% kypaiinel. Pentrenorpadus Oanamnapaarbl asKThIH
CBIHYBIH JUArHOCTHKAJIAy/AbIH HET13r1 9ici Ooybin Kana Oepell, 6ipak peHTIeHIK KOpiHICTI
JIOJ TYCIHAIPY YILIIH THAarHOCTUKAJBIK KaTETIKTEp KayIliH a3aiTy KOHE BIKTUMAaIT aCKbIHYIIap/Ibl
YaKTBUIbI aHBIKTAY YIIIiH KaHKAHBIH JIaMy €peKIIeNIiKTePiH eCKepy KaKeT.

3epTTeyiH MakcaTbl- PEHTICHOJIOTHSUIBIK  3epTTeyre coiikec Oanamap MeH
JKacecHipimMaep/Ieri asK CYHEeKTepiHIH ChIHY epeKIIeIIKTEPIH 3epTTeYy.

Iaicrepi. 01.09.2023 - 31.12.2023 apansirangarsl AnmaTsl KanacbiHbIH Ne2 KBKA
KaObu1ay OemiMiHE >kenen TabaH >kapakaTbiMeH TYCKeH 1159 HayKacThlH MeEIUITUHAIBIK
KY)KaTTapbl MEH PEHTI'€HOJIOTUSUIBIK 3€PTTEY HOTHKENepiHe capanTama Kypri3uil. 3eprreyre
Kocy kputepuitsiepi 1 »xacran 18 acka neiiHri HayKacTap >KOHE aHaMHE31HJe )kenlen TabaH
KapaKaThIHBIH OOJYBI J1eT TaObIIIbI.

Horu:kesiepi. PeHTreHONOTHUANBIK MOIIMETTEP/IIH KOPBITHIHABICHI OoMbIHINA, TabaH
cyieriHiH ceiHybl 471 xarnaiina (40,6%), TabaH sxyMcak TIHAEP/iH COFbUTYBI 674 xarmaiiaa
(58,2%), TabaH cyleriHiH )KyMcak TIHJAEPIHIH alllbIK XbIPThUIFaH jkapacsl 12 xarnaiina (1,0%),
TabaH CyHeriHiH >KyMcaK TiHJEpiHIH TpaBMaJaH KeiiHri uHbmibTpaThl 2 xarmainga (0,2%)
Oombin kenal. TabaH cyHeriHiH ChIHYBIHBIH HET13T1 ce0enTepi TYPMBICTBIK, CIIOPTTHIK, YKOJI-
KOIIK OKHFachbl €KeHl aHbIKTaiuabl. Jlokammsamusachl OoibIHIIa 18 »xacka aedinri Tabad
CYMETiHIH ChIHYBI kM1 TaOaHHBIH aJbIHFBI OeniMiHze 462 (98%), opranrsl Oeniminge (7 —
1,6%), 2 (0,4%) xarnaiija TabaHHBIH apTKbl OeiiMiHAe Ke3lecTi. PeHTreHorpammanapiaa
KkeOlHece Kurall ChIHBIKTAp (42,7%), <«okaceln Oyrak Ttumi» OoibiHmA (32,7%) KoHe
smuduzeonns (11,5%) kepinic Oepni. TabaH cyiieriHiH acKbIHYJIapbIHBIH capanTaMachl
OolbIHINA, JKeJeN TpaBMa Ke3lHJIe BbIFbICKAaH ChIHBIKKA (17 — 3,6%) kaparanpaa, OybIHILIUTIK
ceinybl (172 — 36,5%) sxuipek Ke3aeceTiHi aHbIKTaIIbI.

KopobiThiHAbI. 3epTTey nepekTepl KopceTKeHIeW Oanaiapiarbl asK CYMEKTepiHIH
CBIHYBIHBIH Kemuriiri 7 »kacrtaH 14 >xacka JAeiiH, OJapAblH apacblHIa KbI3JapMeH
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CaIIBICTBIPFaH/Ia YIIap/ia ChIHY KayIli aiTapiibIKTaid skorapbl. CoHai- aK, 3epTTey HOTHKeNepi
OOMBIHIIIA ANJIBIHFBI asK CHIHFAH Ke37le €H ocall JIoKalu3aus 0ombin Tabbutaasl. Hotmkenep
Oanmanmapjarbl  asSKTBIH ~ CBHIHYBIH  JIYPhIC  JMAarHOCTHKAllay  JKOHE  eMiey  YIIiH
pPEHTreHOT pa(UsHBIH MaHBI3IBLUIBIFBIH, COHBIMEH KaTap OCHI jKac TOOBIH/IAFHI )KapaKaTTaHy/Ibl
a3aiTy YIIIH aJIJbIH aJly IapaTapbIHbIH KAKETTUTITTH KOpPCeTe/Il.

Tyiiinai ce3nep: Gananapna tabaH CyHeriHiH CBHIHYBI, peHTTCHOTpa(ust 9/1ici, asKThIH
TabaH CYWEeTiHIH JKeJIe] TPaBMachl.

FEATURES OF FRACTURES OF THE FOOT BONES IN CHILDREN AND
ADOLESCENTS DURING X-RAY EXAMINATION

Zh.K. ZHAKENOVAL E.L. LI 2 A.N. ZHUMABAYEVA 2, Zh.B. MAULENOV !,
M.P. ABUBAKIROVA !, A A ALZHAN!

! S.D.Asfendiyarov Kazakh National Medical University, Almaty,
Kazakhstan
2 Children's City Clinical Hospital No. 2, Almaty, Kazakhstan

Abstract

Introduction. Fractures of the foot bones account for about 10% of all skeletal bone
fractures in pediatric practice. Radiography remains the main method of diagnosing foot
fractures in children, however, for an accurate interpretation of the X-ray picture, it is necessary
to take into account the peculiarities of skeletal development in order to minimize the risk of
diagnostic errors and timely identify possible complications.

The aim of the study is to study the features of fractures of the foot bones in children and
adolescents according to X-ray examination.

Methods. The results of X-ray examinations and medical documents of 1159 patients
admitted to the emergency of Children's City Clinical Hospital No. 2 in Almaty with an acute
foot injury in the period from 01.09.2023 to 31.12.2023 were studied. The criteria for inclusion
in the study were the age of patients from 1 to 18 years; history of acute foot injury.

Results. Of the studied results of radiological data, fractures of the foot bones were
revealed in 471 (40.6%), contusion of the soft tissues of the foot in 674 (58.2%), open laceration
of the soft tissues of the foot in 12 (1.0%), post-traumatic infiltration of soft tissues feet — in 2
(0.2%) cases. It was found that the main causes of foot fractures were household, sports, and
traffic accidents. By location, fractures of the bones of the foot before the age of 18 were most
often visualized in 462 (98%) cases of the forefoot, in the middle section (7 - 1.6%) and 2
(0.4%) cases in the hindfoot. The most frequently visualized fractures on radiographs of the
feet were oblique fractures (42.7%), “green stick” fractures (32.7%) and epiphysiolysis
(11.5%). An analysis of complications of fractures of the foot bones revealed that an intra-
articular fracture (172 - 36.5%) was often observed in acute foot trauma, in contrast to
displacement of fragments in 17 (3.6%) cases.

Conclusions. These studies show that the majority of fractures of the foot bones in
children occur in the age period from 7 years to 14 years, among them there is a significantly
higher risk of fractures in boys compared to girls. Also, according to the results of the study,
the anterior part of the foot is the most vulnerable localization in fractures of the foot. The
findings highlight the importance of radiography for the correct diagnosis and treatment of foot
fractures in children, as well as the need for preventive measures to reduce injuries in this age

group.
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Keywords: foot fracture in children, radiography, acute foot injury.
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APPLICATION OF ARTIFICIAL INTELLIGENCE METHODS IN BREAST
CANCER DIAGNOSIS: A SYSTEMATIC REVIEW AND META-ANALYSIS
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Abstract

Introduction. Breast cancer is one of the leading causes of mortality among women
worldwide, and its early diagnosis plays a crucial role in improving clinical outcomes and
reducing mortality. We aimed to assess the effectiveness of artificial intelligence (Al) methods
in breast cancer diagnosis and conduct a meta-analysis of diagnostic accuracy based on data
from multiple studies published from 2010 to 2023.

Methods. A systematic review was conducted in accordance with PRISMA guidelines.
Literature searches were performed in PubMed, Scopus, and Web of Science databases using
combinations of keywords and MeSH terms covering the topics "breast cancer,”" "artificial
intelligence,” "machine learning,” and "deep learning." A total of 24 studies evaluating the
diagnostic accuracy of Al methods using sensitivity, specificity, and area under the ROC curve
(AUC) metrics were included in the meta-analysis. Statistical analysis was performed using a
random-effects model, and the quality of studies was assessed using the QUADAS-2 tool.

Results. The range of AUC values for Al methods was from 0.80 to 0.96, indicating high
diagnostic accuracy. The highest scores were demonstrated in studies by McKinney et al.
(2020) (AUC = 0.95, 95% CI: 0.92-0.98) and Ribli et al. (2018) (AUC = 0.95, 95% CI: 0.93—
0.98). Convolutional neural networks (CNN) showed the highest accuracy among all methods.
There was significant heterogeneity between studies, necessitating sensitivity analysis and
meta-regression analysis to identify sources of heterogeneity.

Conclusion. Al methods have significant potential in breast cancer diagnosis,
demonstrating high sensitivity and specificity. However, further research should focus on
improving reproducibility of results, standardizing approaches, and increasing the transparency
of algorithms for their safe and effective application in medical practice.

Keywords: breast cancer, artificial intelligence, deep learning, convolutional neural
networks, diagnostic accuracy, meta-analysis, machine learning.

Introduction.
Breast cancer remains one of the leading causes of mortality among women worldwide,
and its early diagnosis plays a critical role in improving clinical outcomes and reducing
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mortality rates [1,2,3]. Traditional diagnostic methods, such as mammography, remain the
cornerstone of screening programs; however, they are not without limitations, including
variability in image interpretation and high rates of false-positive and false-negative results [4-
8]. In recent years, the use of artificial intelligence (Al) methods, including machine and deep
learning, has emerged as a promising direction for improving the accuracy and efficiency of
breast cancer diagnostics [9-11].

Al is capable of analyzing vast amounts of data and identifying patterns that may be
imperceptible to the human eye, making it an indispensable tool in the field of medical imaging.
Convolutional neural networks (CNNs) have demonstrated high effectiveness in detecting and
classifying tumor formations on mammaographic images, significantly improving sensitivity
and specificity metrics [12, 13]. For instance, a study by Shen et al. (2019) reported that the use
of CNNs achieved an AUC of 0.90, confirming the potential of Al in clinical practice [14].
Similarly, large-scale studies, such as the work of McKinney et al. (2020), have shown that the
application of Al can reduce false-positive rates by 5.7% and false-negative rates by 9.4%,
highlighting the substantial advantages of these technologies [15].

Despite these successes, the application of Al in breast cancer diagnostics still faces
several challenges. Key among these are data heterogeneity, differences in algorithms, and the
lack of standardization, which can lead to variations in the performance of Al systems [16-18].
Additionally, questions remain regarding the ethics and transparency of Al use in medicine, as
well as the need to adapt and validate these systems in diverse clinical settings [19, 20].

The aim of this systematic review and meta-analysis is to evaluate the effectiveness of
artificial intelligence methods in breast cancer diagnostics, using quantitative indicators such
as the area under the ROC curve (AUC). Particular attention is given to analyzing various Al
methods, including convolutional neural networks, radiomics, and other deep learning models,
to identify the most promising approaches and determine directions for future research.

Methods

Search Strategy

The systematic review was conducted in accordance with the principles of PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [21].

The literature search was performed across three major electronic databases: PubMed,
Scopus, and Web of Science (Table 1). The final search was conducted on December 31, 2023.
To ensure comprehensive coverage, combinations of keywords and MeSH terms were used.
Examples of search queries included: "breast cancer” AND "artificial intelligence,” "breast
neoplasms” AND "machine learning,” "breast cancer"” AND "artificial intelligence”, "deep
learning" AND "diagnostics".

Filters were applied for publication dates (2010 to 2023) and language (English).

Table 1. Search Strategies in Databases
Database Search Strategy

PubMed ((“breast cancer”’[MeSH Terms] OR “breast neoplasms”[MeSH Terms]
OR “breast cancer”’[All Fields]) AND (“artificial intelligence”[MeSH
Terms] OR “machine learning”’[All Fields] OR “deep learning”[All
Fields] OR “artificial intelligence”[ All Fields] OR “machine
learning”[ All Fields] OR “deep learning”[All Fields])) AND
(“diagnosis”’[MeSH Terms] OR “diagnosis”’[ All Fields]) Filters:
Publication date from 2010/01/01 to 2023/12/31; Languages: English;
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Database Search Strategy

Scopus TITLE-ABS-KEY ((“breast cancer” OR “breast neoplasms” OR “breast
cancer”’) AND (“artificial intelligence” OR “machine learning” OR “deep
learning” OR “artificial intelligence” OR “machine learning” OR “deep
learning”) AND (“diagnosis” OR “diagnosis””)) AND PUBYEAR > 2009
AND PUBYEAR < 2024 AND (LIMIT-TO(LANGUAGE, “English”);

Web of Science  [TS=(“breast cancer” OR “breast neoplasms” OR “breast cancer’”) AND
TS=(“artificial intelligence” OR “machine learning” OR “deep learning”
OR “artificial intelligence” OR “machine learning” OR “deep learning”)
AND TS=(“diagnosis” OR “diagnosis”) Refined by: Languages:
(ENGLISH), Document Types: (ARTICLE) Timespan: 2010-2023

Inclusion criteria:

Inclusion criteria included articles published between 2010 and 2023, studies describing
the application of artificial intelligence in breast cancer diagnostics, articles in Russian and
English, and original studies with full-text access available for analysis.

Exclusion criteria:

Exclusion criteria included reviews, meta-analyses, editorial articles, conference
materials, and abstracts, studies not related to breast cancer diagnostics or not using artificial
intelligence methods, and articles without full-text access or with incomplete data.

The article selection process

The article selection process was carried out sequentially and thoroughly to ensure
maximum relevance and quality of the included studies. Initially, after performing search
queries in the PubMed, Scopus, and Web of Science databases, a total number of articles
corresponding to the specified keywords and timeframes from 2010 to 2023 was obtained. The
initial search identified 856 potentially relevant publications. Duplicates were then removed
using specialized bibliographic management software, reducing the total number of articles to
745. At the next stage, titles and abstracts of all remaining articles were screened. This step
excluded works that did not meet the inclusion criteria, such as studies not related to the use of
artificial intelligence in breast cancer diagnostics or publications in languages other than
English. After screening titles and abstracts, 120 articles were selected for further analysis.
Next, the full texts of these 120 articles were thoroughly reviewed. During the full-text review,
each article was assessed for compliance with the established inclusion and exclusion criteria.
Articles that were not original research (e.g., reviews, meta-analyses, editorial articles), those
with insufficient information, or those without accessible full texts were excluded. After this
stage, 45 studies fully meeting the criteria and containing sufficient information for data
extraction were included in the final analysis.

Data extraction

Data extraction from the included studies was carried out using a pre-prepared
standardized form to ensure the comparability and completeness of the collected information.
Two independent researchers extracted data from each study, including author names, year of
publication, country or region of the study, study design (prospective, retrospective, etc.),
sample characteristics (number of participants, age group, clinical features), applied artificial
intelligence methods (specific machine or deep learning algorithms, neural network
architectures), types of data used (mammographic images, ultrasound data, MR, etc.), and
main study results (sensitivity, specificity, diagnostic accuracy, AUC values). Additionally,
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authors' conclusions on the effectiveness and prospects of using artificial intelligence in breast
cancer diagnostics were recorded.

Assessment of research quality

The QUADAS-2 tool was used to assess the quality and risk of bias in the included
studies. Each study was independently evaluated by researchers across four domains: patient
selection, index test (applied Al method), reference standard (traditional diagnostic methods),
and patient flow and timing (sequence and timeframe of tests). In case of discrepancies between
researchers, discussions were held until consensus was reached. Appropriate effect measures
were determined for each outcome. Diagnostic effectiveness indicators were expressed as
sensitivity and specificity with 95% confidence intervals. Statistical methods of diagnostic
accuracy meta-analysis were used for quantitative synthesis of results. A summary ROC curve
(SROC) was constructed to visualize the overall diagnostic effectiveness of artificial
intelligence methods in breast cancer diagnostics.

Data synthesis processes included deciding which studies were suitable for each analysis.
Studies were grouped based on similarities in Al methods, types of data used, and participant
characteristics. To prepare data for analysis, completeness and correctness of the presented
results were verified. Data transformations were performed as needed to ensure comparability
(e.g., calculating missing indicators from available data).

Statistical analysis

Statistical analysis was performed using RevMan software version 5.4. For each study,
sensitivity, specificity, and 95% confidence intervals were calculated. If sufficient homogeneity
was observed among the studies, a meta-analysis using a random-effects model was conducted.
Heterogeneity between studies was assessed using the 2 statistic and the 12 coefficient. An I2
value above 50% indicated substantial heterogeneity, which was considered when interpreting
the results. In addition, summary ROC curves were constructed to visualize the diagnostic
accuracy of the applied Al methods.

Results

At the identification stage, all potentially relevant studies were gathered from three
databases (Figure 1), resulting in a total of n = 856 records. No additional sources were
included. After removing duplicates (n = 111), n = 745 records remained for title and abstract
screening. Based on the exclusion criteria, n = 625 records were discarded.

The full texts of the remaining n = 120 articles were assessed for compliance with the
inclusion and exclusion criteria. As a result, n = 75 articles were excluded for various reasons.
A total of n = 45 studies were included in the qualitative analysis, of which n = 30 studies were
sufficient for quantitative synthesis and meta-analysis.
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Step 1: Identification

Total records downloaded n=856
PubMed: n=320

Scopus: n=220

Web of Science: =246
Additional records: n=0

h 4

Step 2:Screening

Records after duplicates were removed
n=745

Excluded records
=625

Step 3-Eligibality
Records after duplicates were removed
n=120
Excluded articles
n=75

Step 4:Inclusion

Qualitative synthesis
=45

Quantitative synthesis
n=30

Figure 1. Study Flow Diagram Through the Stages of the Systematic Review

During the compilation of the list, it was found that some articles did not meet the
established inclusion criteria (not related to breast cancer diagnostics, were reviews, or not
original research). As a result, the final number of studies included in the quantitative synthesis
is 24 (Table 2).

Specifically, some publications were review articles [22, 23] rather than original research,
which excluded them from further consideration. The study by Qiu et al. (2017) focused on
detecting lymph nodes using a combination of manual and deep features in CT scans, which is
unrelated to the topic of breast cancer diagnostics and was also excluded [24]. Similarly, the
work by Liu et al. (2019), aimed at predicting lymph node metastases in colorectal cancer, was
deemed irrelevant [25]. Finally, the article by Sun et al. (2017) described algorithms for lung
cancer diagnosis [26], which also does not align with the focus of this review.

All these studies were excluded as they did not address the application of artificial
intelligence for breast cancer diagnostics.

Table 2. List of Studies Included in the Quantitative Synthesis (Meta-Analysis)

N | Authors (Year) | Country Sample Size Al Method Data Type
Shen et al Convolutional
1 ) USA 8,860 images | Neural Mammography
(2019) [14]
Networks
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McKinney et al.

2 (2020) [15] USA, UK 25,856 images | Deep Learning | Mammography
Yala et al. . .
3 (2019) [27] USA 88,994 patients | Deep Learning | Mammography
Rodriguez-Ruiz | Netherlands, . .
4 etal. (2019) [13] | Sweden 2,652 images Deep Learning | Mammography
5 Kim et al. South Korea | 36,468 images | Deep Learning | Mammograph
(2020) [28] , g Y g grapny
Lehman et al. . .
6 (2019) [4] USA 10,763 patients | Deep Learning | Mammography
7 \[/;/g]et al. (2020) USA 1,001 images | Deep Learning | Mammography
Kooi et al. . .
8 (2017) [30] Netherlands | 45,000 images | Deep Learning | Mammography
9 gelr] etal. (2019) USA 14,860 images | Deep Learning | Mammography
- Convolutional
Ribli et al. :
10 Hungary 960 images Neural Mammography
(2018) [32]
Networks
11 ‘E;%O] etal. (2016) China 600 images Deep Learning | Mammography
12 [Z?le etal. (2017) USA 2,600 images | Deep Learning | Mammography
Arevalo et al Convolutional
13 ' Colombia 1,000 images | Neural Mammaography
(2016) [35]
Networks
Huynh et al. . Transfer
14 (2016) [36] USA 440 images Learning Mammography
Jiang et al. . . Multitask
15 (2018) [37] China 800 images Deep Learning Mammography
. Convolutional : .
16 E’lg]et al. (2019) China 2,000 images | Neural :Arrl]satogsathologlcal
Networks g
17 I[_?:9?|t al. (2019) China 287 patients Deep Learning | MRI
Zhang et al. . . .
18 (2019) [40] China 546 patients Deep Learning | Ultrasound
Jiang et al Convolutional
19 g ' China 300 images Neural Thermography
(2020) [41]
Networks
Nam et al. . .
20 (2018) [42] South Korea | 1,200 images | Deep Learning | Mammography
_ Radiomics
21 [L4'39]t al-(2016) | )5 117 patients | with Machine | MRI
Learning
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Burnside et al. . Machine
22 (2016) [44] USA 100 patients Leamning MRI
Zheng et al. . . Deep Learning
23 (2018) [45] China 300 patients Radiomics MRI
24 Sun etal. (2017) USA 530 images Deep Learning Pulmonary CT
[46] Images

The quantitative synthesis included 24 studies published between 2016 and 2020,
covering a wide geographical spectrum, including the USA, the UK, the Netherlands, Sweden,
South Korea, China, Hungary, and Colombia.

The studies varied significantly in sample sizes, ranging from 287 patients [39] to 88,994
patients [27], reflecting the diversity of applied methods and their scales.

The primary data types used in these studies were mammographic images, with some
studies incorporating histopathological images, magnetic resonance imaging (MRI), ultrasound
elastography, and thermography.

Al methods ranged from convolutional neural networks (CNN) to deep learning, transfer
learning, multitask deep learning, and radiomics. The most commonly used approach was
convolutional neural networks, primarily applied to mammographic images, which
demonstrated high diagnostic accuracy.

In most studies, the application of Al significantly improved diagnostic metrics such as
sensitivity and specificity. For instance, a study by Shen et al. (2019) from the USA, including
8,860 mammographic images, demonstrated a sensitivity of 90% and specificity of 85% using
convolutional neural networks [14]. Another large-scale study by McKinney et al. (2020),
involving 25,856 images, reported a 5.7% reduction in false positives and a 9.4% reduction in
false negatives, highlighting the potential of Al to enhance screening programs [15].

Several studies, such as Rodriguez-Ruiz et al. (2019), showed that the performance of Al
methods is comparable to that of radiologists and, in some cases, even surpasses them,
improving breast cancer detection rates [13]. In a study by Kim et al. (2020) from South Korea,
which utilized a dataset of 36,468 images, cancer detection rates increased by 4-6% [28].

Al methods also proved useful in assessing breast tissue density, as demonstrated by
Lehman et al. (2019), where the accuracy of density estimation improved to 94% [4]. In a study
by Wu et al. (2020) from the USA, the use of deep learning increased diagnostic accuracy by
14%, illustrating the potential of Al technologies in enhancing clinical practice [29].

Studies utilizing other data types, such as MRI and histopathological images, also
demonstrated high accuracy. For example, in the study by Li et al. (2019), deep learning
achieved an AUC of 0.87 in predicting pathological complete response to neoadjuvant
chemotherapy [39].

The forest plot visually presents the diagnostic accuracy of Al methods in breast cancer
diagnostics, expressed as AUC values with 95% confidence intervals. The plot includes data
from 24 studies in the meta-analysis, enabling a comparison of the effectiveness of different Al
methods (Figure 2).
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Figure 2. Forest Plot of Diagnostic Accuracy Estimates for Al Methods

The AUC values for each study ranged from 0.80 to 0.96, indicating the high diagnostic
accuracy of Al methods.

For example, the study by Shen et al. (2019) reported an AUC of 0.90 (95% CI: 0.85-
0.95), confirming the high sensitivity and specificity of convolutional neural networks (CNNSs)
in mammographic diagnostics [14]. McKinney et al. (2020) demonstrated one of the highest
AUC values, 0.95 (95% CI: 0.92-0.98), reflecting a significant reduction in false-positive and
false-negative results with the use of deep neural networks [15].

Similarly, the study by Ribli et al. (2018) also showed high accuracy, with an AUC of
0.95 (95% CI: 0.93-0.98) [32]. On the other hand, less effective methods were reported in
studies such as Jiao et al. (2016) [33] and Burnside et al. (2016) [44], with AUC values of 0.80
(95% CI: 0.75-0.85) and 0.85 (95% CI: 0.80-0.90), respectively.

These differences highlight the variability in the effectiveness of Al methods depending
on the type of algorithm and the quality of input data.

The overall range of AUC values with confidence intervals indicates heterogeneity in
results across studies, potentially attributable to differences in study design, sample sizes, and
data types (e.g., mammography, MRI, histopathological images). Nevertheless, most studies
feature confidence intervals that do not cross the 0.70 threshold, underscoring the high
reliability and clinical significance of Al methods in breast cancer diagnostics.

Discussion

The results of our systematic review and meta-analysis demonstrate the significant
potential of Al methods in improving breast cancer diagnostics. The included studies confirm
that the use of deep learning methods, such as convolutional neural networks (CNNs), achieves
high diagnostic accuracy, reflected in the area under the ROC curve (AUC) values ranging from
0.80 to 0.96. These results align with other studies highlighting the superiority of Al over
traditional approaches [47, 48].
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Our analysis found that deep learning algorithms, particularly CNNs, exhibit the highest
diagnostic efficiency. For instance, the study by McKinney et al. (2020), with an AUC of 0.95,
demonstrated substantial improvements in reducing false-positive and false-negative results,
making Al a powerful tool for screening programs [15]. Similarly, Lehman et al. (2019) showed
that Al could enhance breast tissue density assessment, achieving an accuracy of up to 94% [4].
This is especially significant since tissue density is a major risk factor for breast cancer and can
reduce the effectiveness of traditional screening methods [49].

However, significant data heterogeneity highlights the existing challenges in
standardizing Al methods [50]. Variations in AUC values across studies may be attributed to
differences in study design, methodologies, and data types. For example, a study by Kim et al.
(2020) conducted on a large sample in South Korea reported a 4-6% improvement in cancer
detection. Still, variations in training datasets and network architectures may affect result
reproducibility [28]. Moreover, studies by Jiao et al. (2016) and Burnside et al. (2016) with
lower AUC values (0.80 and 0.85, respectively) emphasize the critical role of data quality and
model architecture in achieving high accuracy [33, 44].

A key advantage of Al methods is their ability to process vast amounts of data and identify
complex patterns that are challenging to detect manually [51]. In Wu et al. (2020), deep learning
improved diagnostic accuracy by 14%, confirming the importance of Al in enhancing clinical
diagnostics [29]. On the other hand, some studies revealed limitations. For instance, Huynh et
al. (2016) found that transfer learning achieved an AUC of 0.91 but faced challenges in
interpreting results and ensuring reproducibility [36].

It is also crucial to consider potential limitations of Al use, including the risks of
systematic bias. For example, Rodriguez-Ruiz et al. (2019) noted high Al accuracy [13],
comparable to the performance of radiologists, while emphasizing the need for algorithm
validation in real-world settings. Reliable validation and algorithm transparency remain key
challenges that must be addressed before the widespread implementation of these technologies
in clinical practice [52].

Another critical aspect is the availability of training data for Al models. The included
studies demonstrated that models trained on high-quality data yield better results. However,
studies like Sun et al. (2017) underline that applying Al in areas with limited data access can
be problematic, requiring the development of methods to improve data quality and employ
enhanced training approaches [46].

Conclusion. The results of this study confirmed that artificial intelligence (Al) methods,
particularly deep learning and convolutional neural networks (CNNSs), offer significant
advantages in breast cancer diagnostics. High AUC (area under the ROC curve) values ranging
from 0.80 to 0.96 validate the reliability and accuracy of Al methods. Studies such as those by
McKinney et al. (2020) and Ribli et al. (2018) demonstrated that the use of Al significantly
reduced false-positive and false-negative diagnoses, potentially leading to improved clinical
outcomes.

One of the key advantages of Al methods is their ability to analyze and interpret large
volumes of medical images, identifying complex patterns that may be undetectable to the
human eye. However, substantial data heterogeneity across studies underscores the need for
standardizing Al methods and validating them in diverse clinical settings. This is particularly
crucial as differences in data quality and types of algorithms used can affect the efficiency and
reproducibility of results.

Additionally, it was found that Al methods require careful adaptation and training on
high-quality data, which remains a challenge in regions with limited access to such resources.
These limitations must be addressed when developing and implementing Al technologies in
clinical practice. In conclusion, Al methods represent a powerful tool for improving breast
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cancer diagnostics, but their successful application requires further research focused on
standardization, validation, and enhancing the transparency of algorithms.
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4 Kazakcran Pecrry6miKkach! JeHCAyIIbIK caKTay MHHHCTpIITi, AcTana, Kazakcran

® HoBocHOUpCK MeMIIEKETTiK MeIuIinHa yHuBepcuTeTi, HoBocubupck, Peceit

® Ka3ak oHKOJIOTHS %oHe pauoIoTUs FRUIBIME-3ePTTEY HHCTUTYTHI, AnMaTsl, KazakcTan

" Onrycrik Kasakcran meauiuna akafemuscsl, llsivkent, Kazakctan

Tyiinaeme

Kipicme. Cyt 06e31 kaTtepni iciri oifenaep apacblHAarbl 6JIM-XKITIMHIH HETI3ri
ceOenTepiHiyH Oipi OonbIl TaOBUIAJBI, *OHE OHBI €pTE€ JAMArHOCTHUKAJIAy KIMHUKAIBIK
HOTHIKENEP/Il KaKCAPTy/1a dKOHE OJIIM-KITIM/II TOMEHJIETY 1€ MaHbBI3IbI PO aTKapaibl.
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Cyt 06e3i karepmi iciriH AuarHocTUkaiayaa skacaHabpl uHTEIIeKT (OKW) omictepin
KOJJIaHYJbIH TUIMIUTITIH Oaranay xoHe 2010 >xpuiman 2023 »kputFa JIEHiH SKapusIaHFaH
OipHemie 3epTTeysep ACPEeKTEpiHE HETI3/ICITeH JMArHOCTUKAIBIK IOJAIK OOMBIHIIA MeTa-
aHaJu3 XKYPrizy.

Marepuanaap MeH aicrep. XKyiieni mony PRISMA nyckaynapbiHa CoMKec )Kypriziiii.
Onebuertepai i3ney PubMed, Scopus xone Web of Science nepekkopnapeiama «cyT 6e3i
KaTepil iciri», <«KacaHIbl HWHTEIUICKT», «MAIIMHAIBIK OKBITY» JKOHE «TEPEH OKBITY»
TaKbIPBINITAPBIH KAMTUTBIH KiNT ce3nep MeH MeSH TtepmuHIepiHiH KOMOWHaIMsAIApbIH
naianaHa OTBIPBII JKY3ere achIpblIAbl. MeTa-aHamu3re ce3iMTalabIK, epekmenik xone ROC
KUCBIFBl acTeiHAarel ayfan (AUC) kepcerkimTepiH maipanana oteipsin, KU omicrepinin
JTUAarHOCTHKAJIBIK JONIITIH Oaranaran 24 3epTTey eHrizuimi. JlepeKTepaiH CTaTHCTHKAJIBIK
Tannaybl Ke3JeHCOK ocepiep MOICIIH MalJalaHbIl KYPri3uial, al 3epTTeyJIepdiH cammachkl
QUADAS-2 kypaibl apKbLIbl OarajiaHIbl.

Hoatu:kenep. KU onicrepi yimrin AUC monaepinia quana3onsl 0.80-gen 0.96-ra neitin
00717161, OYJT OJIAPIBIH YKOFAPBI TMATHOCTUKAJIBIK TQJIITiH KepceTei. EH )korapbl KepceTKimTep
McKinney xone T.6. (2020) (AUC = 0.95, 95% CJI: 0.92—0.98) xone Ribli xone 1.0. (2018)
(AUC = 0.95, 95% CI: 0.93-0.98) 3eprreynepinae kepcerinai. Helipounsix xemninep (CNN)
OapibIK onmicTep apachlHAA €H JKOFapbl JONIIKTI KOpCeTTi. 3epTreysep apachlHAAFbl
JNEPEeKTEepAiH TeTEepPOreHIIIrT alTapiblkTail OoibIl, Oyl ce3IMTANIbIK TalAayblH >KOHE
TeTepPOreHIUIIKTIH KO3/IepiH aHBIKTAy YIIIH METaperpecCHsUIbIK Tallay/bl JKYpri3yai Tanar
eTTi.

Kopsiteinasl. XX omictepi cyT 6e3i KaTepai icirid AMarHoCTUKaIayAa YIIKEeH dJIeyeTKe
ue, oJ1ap KOFaphl CE3IMTANIBIK TICH epEKIIeIiKTI kopceTeni. JlereHMeH, Oonamak 3epTreyiep
HOTIDKENIEP/IIH ~ KAWTaTaHBIMABUIBIFBIH  JKaKCapTyFa, TOCUIAEpIl CTaHAapTTayFa IKOHE
ANTOPUTMACPIIH MEIUIUHANBIK TOKipuOene Kayirnci3 opi THIMAI KOJAaHBUTYbIH KaMTaMachl3
€Ty YILIH OJIap/IbIH AlUBIKTHIFbIH apPTThIPyFa OAFbITTAIYhI THIC.

Tyiinai ce3aep: cyT 0e3i Karepui iciri, >kacaHbl HHTEIUIEKT, TEPEH OKBITY, CBEPTOUTHIK
HEHPOH/IBIK JKEJUIep, TUArHOCTUKAIIBIK JJIIK, METa-aHAIH3, MAITHHAIBIK OKBITY.

INPUMEHEHHUE METOAOB HCKYCCTBEHHOI'O MHTEJUIEKTA B
JUATHOCTHUKE PAKA MOJIOYHOMU KEJIE3bl: CUCTEMATHYECKNHU
OB30P U META-AHAJIN3

A.B. IIEPTAEBA !, .A. OCITAHOBA 2, .A. JISIJIbKOBA 3,
C.JI. YAJIMEB 4, TI.A. EJISICUH °, A K. ABJJPAXMAHOBA ¢,
AM. KOHJILIBAEBA !, b.J1. TAHABAEB ’

! Kazaxcranckuil HarmoHanbHblH yHUBepcuTeT uM. Anb-Dapabu, Anmatsl, Kazaxcran

2 KaszaxcKuii HaMOHANBHEIH MexumHcKuit yauBepcuter um.C.J1. Acdenausaposa,
Anmartel, Kazaxcran

3 IHCTUTYT penpoyKTHBHON MeauIuHbl, Anmatsl, Kazaxcran

* MunucrepcTBo 31paBooxpanenns Pecriyonuku Kasaxcran, Acrana, Kasaxcran

¥ HoBoCcHOMPCKHii TOCY/1apCTBEHHEIH MEIUITMHCKHI yHIBepcHTeT, HOBOCHOMPCK,

Poccus

® Kasaxckwuii HaydHO-HCCIIeI0BATENbCKHIT HHCTHTYT OHKOJIOTHH M PAIHONOTHH, ATIMATHI,
Kazaxcran

" FOsxHO-KazaxcraHckast MeIUIIMHCKAST akamemus, [IIpiMkenT, Kazaxcran
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AHHOTaNuA

BBeaenune. Pak MOJIOUYHOM Keme3bl SIBIASETCS OJHOW M3 BEAYLIMX HPUYUH CMEPTHOCTH
CpeIu KEHIIWH MO0 BCEMY MHUPY, U €ro paHHss JWarHOCTUKAa WIpaeT PElIaloIlyl0 poJib B
YIIYYIICHUH KIMHUYECKUX UCXOJ0B U CHHXKEHUH CMEPTHOCTH.

Ouenuth 3pGEeKTUBHOCTh NIPUMEHEHHUsI METO/I0B UCKyccTBeHHOro uHreiuiekra (M) B
JIMAarHOCTHKE paKa MOJOYHOM KeJIe3bl U POBECTH METaaHa U3 JUAarHOCTUYECKON TOYHOCTH Ha
OCHOBE JIaHHBIX M3 HECKOJbKHUX HUCCIIEA0BaHMM, ommyoaukoBaHHbIX ¢ 2010 mo 2023 ropr.

Matepuanbl u MeToabl. CucTeMaTndecKuii 0030p OBUT TIPOBEJCH B COOTBETCTBUU C
pykoBoasiimumu npuHnunamMu PRISMA. Tlouck nuteparypsl ocymecTBIsicsa B 0a3ax TaHHBIX
PubMed, Scopus u Web of Science, ¢ ucnonb30BaHHEeM KOMOWHAIMI KIIOYEBBIX CIIOB U
TepMuHOB MeSH, o0XBaThIBalOIIMX TEMBl «PAK MOJOYHOM JKENE3bD», «UCKYCCTBEHHBIN
MHTEJUIEKTY», KMALTMHHOE 00y4YEeHUEe» U «TITy00Koe o0yueHuey». B MeTaaHanu3 ObLIM BKITIOUEHBI
24 wuccrnenoBaHMs, OICHHBAIONIME JUArHOCTHYECKYI0 TO4YHOCTH MeronoB WU ¢
UCIIOJIb30BaHUEM II0Ka3aTesiell YyBCTBUTEIbHOCTH, celUPUUHOCTH U miomaau noa ROC-
kpuBoil (AUC). CraTucTuuecKuid aHallM3 JaHHBIX MPOBOJIWICA C HCIOIH30BAaHUEM MOJEIU
cirydaitHeIX 3¢ (EKTOB, a Ka4yeCTBO HCCIICOBAHUIN OICHWBAJIOCH C TIOMOIIBI0 MHCTPYMEHTA
QUADAS-2.

Pesyabrarsl. [lunanason 3nauennit AUC g metonos MU cocraBui ot 0.80 110 0.96, uto
CBUJIETENLCTBYET O BBICOKOW JUArHOCTHUYECKON TO4YHOCTH. Hambomee BbICOKHE MOKa3aTenu
OBUTH TPOJIEMOHCTPUPOBaHKI B nccienaoBanmsx McKinney et al. (2020) (AUC =0.95, 95% JAU:
0.92-0.98) u Ribli et al. (2018) (AUC = 0.95, 95% [U: 0.93-0.98). CBepTouHble HEUPOHHbBIE
cetu (CNN) nokasajiivi HauBBICIIYIO TOYHOCTb CPEIM BCEX METOJ0B. [ €TepOre€HHOCTh TaHHBIX
MEXJy HCCIEIOBAaHUAMH Obljla 3HAYUTENBHOW, YTO TpeOOoBal0 MPOBEIACHHS aHAINU3a
YyBCTBUTEIBHOCTH M  METApPErPEeCCHMOHHOTO aHajlu3a [UJIS  BBISIBJICHUS HCTOYHUKOB
reTepOTreHHOCTH.

3akarouenue. Metonnsl MM uMeroT BICOKUIN MOTEHIIMAN B TMarHOCTUKE paka MOJIOYHOM
JKENe3bl, JEMOHCTPUPYS BBICOKYHD UYYBCTBUTEIBHOCTh U cHenuduuHoctb. OgHAKO
JaTbHEHIITNE WCCTIEA0BAHMS JTOJDKHBI OBITh HAINIPABJICHBI HA YJIYYIIEHUE PEMPOAYKTHBHOCTH
pPE3yNbTATOB, CTAHAAPTU3ALMIO MTOAXOA0B U MOBBILIEHUE MPO3PAYHOCTH AITOPUTMOB JUISL UX
6e3omacHOro U 3(HEKTUBHOTO TPUMEHEHHUSI B METUIIMHCKOM MPaKTHKE.

KiroueBble ciioBa: pak MOJOYHOW >KeNle3bl, UCKYCCTBEHHBIH WHTEIUIEKT, TIyOOKOe
o0ydyeHue, CBEPTOYHBIC HEHPOHHBIE CETH, JAHATHOCTUYECKas TOYHOCTh, METaaHaIU3,
MAaIIMHHOE O0y4YeHHE.
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MEPBBIA ONBIT B PECIIYBJIMKE KA3AXCTAH:
AYTOTPAHCIIVIAHTALIMA IEYEHH B JIEYEHUU OBHIUPHOI'O
ABJIOMHUHAJIBHOI'O AJIBBEOKOKKO3A

AM. ABINUKAPUMOB, B.O. KAJIMHA, C.O. CABEPEEKOB
AO «HanmoHansHbI HAyYHBIH MEIULIMHCKUH LIeHTp», ActaHa, PecniyOnuka Kazaxcran

AHHOTaNus

Beenenne: OOmupHbIil a0A0MUHATIBHBINA AlbBEOKOKKO3 IIE€UEHH, B JICYEHUH KOTOPOTO
IPUMEHSIJICS METOJl ayTOTpaHCIUIaHTAallMM, B COBPEMEHHOW OTEYECTBEHHOM JMTEpaType He
onucaH. Mpbl NPUBOJMM HAll OMNBIT YCIEIIHO BHIIOJIHEHHOW OIEpaluy y MHalUeHTKU ¢
OOMIMPHBIM a0OMUHAIIBHBIM aJIbBEOKOKKO30M C MHBAa3UEH B HIDKHIOIO TIOJTYIO BEHY.

Onucanme cjyyasi: nanMeHTKa (OKeHIIMHa, 64 roja) ¢ TUarHo3oM «ajJbBEOKOKKO3
MIEYCHN C METacTa3aMH B JIETKHE, TOJIOBHOW M0O3T». M3 anamue3a: B 2021 roay ObUT BBISBIICH
QJIbBEOKOKKO3 T'OJIOBHOTO Mo3ra, B 2023 roay BBIIOJIHEHA aJbBEOKOKKIKTOMHS U3 JIEBOU
J00HOM O U JUAarHOCTUPOBAaH ajJbBEOKOKKO3 IedeHu. Ilpu mpoBeaeHur KOMIbIOTEPHOU
tomorpadun (C KOHTPACTUPOBAHWEM) OpraHOB OpPIOMIHON MOJOCTH, 3a0PIOMIMHHOTO
IIPOCTPAHCTBA, IPYAHOM KIIETKHU U CPEOCTEHNUS: KUCTO3HOE 00pa30BaHue IIPaBo 10JI1 IEUEHU
napa3uTapHOro reHesa, 00pa3oBaHUil HWKHUX Aosiel o0oux jerkux. OnepatuBHOE JeUCHHE B
oOwveme: Jlamaporomus. PacmmpeHHass J€BOCTOPOHHSSI T€MUIENATIKTOMHUS C pe3eKLuei
HIDKHEH 110JI0M BEHBI eX ViVOo, C IMJIACTUKOM HUKHEH MOJI0H BEeHbl CHHTETUYECKHUM IPOTE30M, C
OPTOTONMYECKON TPaHCIIaHTAME PEMUHAHTHOM MPAaBOW JI0JIN [TEYEHHU.

PesyabTaTsl: [locneonepaioHHbIi epruo MpoTeKal riaako. B nocineonepanoHHOM
nepuojie HayaTa HSMIMPHUYECKH aHTUOakTepuaiabHass Tepanusa: meporneHem 1000 mr 3
paza/cytku (10 cyrok). ['actponporektuBHas Tepanusi omenpaszonom 40 mr 1 pas/cyrku (14
cytok). Kiiekcan HazHadancs noakoxuo mo 0,2 mi 1 pas/cyrku (2 cyrok), 3arem mo 0,4 mi 1
pas/cytku (10 cyrok). IIpoBenena tpancdysus 20 103 CBEXKE3aMOPOKESHHOI I1a3Mbl, 7 7103
SPUTPOIUTAPHOU B3BECH, 2 03I TPOMOOIIUTAPHOM Macchl, exeaHeBHOe BBeaenue 100 M 10%
anpOyMuHa B TeueHue 14 cytok. J[peHaxHble cucTeMbl ObUIH ylasieHsl Ha 9-e cyTku. Ha 12-e
CYTKH MallMeHTKa MepeBe/ieHa U3 OT/IeJIeHHs] NHTEHCUBHOM Teparnuu B rajaTty, a Ha 20-e cyTku
1I0CJIE OINlEpallMy BhIIMCAHA ¢ ylydlleHHueM. B HacTosIiee BpemMs MalMeHT HaXxoauTces Ha 12-M
Mecsie aMOynaTopHoro HaOmoaeHud. [lo JaHHBIM KOMIIBIOTEpHOW TOMorpapuu OprOIIHON
MOJIOCTH peluIuBa 00pa3oBaHus He HAOI0gaeTCs.

3akaiouenue: PanukanbHOe JiedeHHE TpPU PACIpPOCTPAHEHHOM albBEOKOKKO3€, B
JTAHHOM CIly4yae — PEe3eKIHs IE€YeHM, SBISETCA MPEANOUYTHUTEIbHON J1e4yeOHOM TaKTHUKOM,
MOCKOJIbKY He TpeOyeT MMMYHOCYNPECCUBHOW Te€panuy U BHIIOJHUMA Ja)Ke MPU WHBA3HH B
O6udypKanno BOPOTHOM BEHBI, HIKHIOIO MOJYIO BEHY U IeNaTUKOKaBaIbHbIN KOH(IIOHC.

KiroueBblie cioBa: abIOMUHABHBIN aThBEOKOKKO3, PE3EKIHs HIKHEHW IMOJOW BEHBI,
ayTOTPaHCIUTAHTAIHS TEYEHU

BBenenue. ANBBEONSIPHBI  OXHHOKOKKO3  SIBJSIETCS  TSDKENIBIM — T€IIbMUHTO3HBIM
3abosieBaHneM. Bo3OyauTeseM albBEOJSPHOTO HSXHMHOKOKKO3a sBisiercst Echinococcus
multilocularis, xoropslii pacmpocTpaHeH NPaKTHYECKH TOJNBKO B CTpPaHaX CEBEPHOTO
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nonymapus [1]. Ero >ku3HeHHBIN UK, KaK TPaBUIIO, MOJECPKUBACTCS JUKUMHU )KUBOTHBIMU,
HO Takke TmepeHocuTcs cobakamu u rpeiyHamu [1-3]. B Kasaxcrane OCHOBHBIM
IIEPEHOCYMKOM 3TOTO Mapa3uTa ABISIOTCS JUCH (0K00 85% 0T 00I11ero yrcia HOCUTENCH)
Jpyrue JAWKHE >KUBOTHBIC, Hanmpumep, Bosiku [4,5]. Kpome TOro, BEpOSATHOCTh 3apaKeHHsI
9XMHOKOKKO30M BBICOKA y JIOMAIIIHEro CKOoTa [6,7], MO3TOMY O4YeBHJIHA Ba)XHOCTh Mep, HE
TOJIbKO TPEMSATCTBYIONIMX MPOHUKHOBEHHIO ATOr0 Mapa3uTa B OpPraHU3M YEJIOBEKa, HO U
HAIPAaBJICHHBIX HA JICYEHUE ITOTO TSHKEIOro 3a00IeBaHMUs.

HHuTepecHo, 9TO BHICOKAs MATOTCHHAS BRIPAKCHHOCTh U PUCK (PaTaTbHBIX MOCIEACTBHIA
9XMHOKOKKO3a 3HAYUTEJIbHO BBIIIE JJIs HACENEHUS CTpaH A3MH, MO0 CPAaBHEHHUIO CO CTpaHAMU
EBpomneiickoro peruona u Ceepnoit Amepuku [1]. Cpeau a3uarckux CTpaH, SHAEMUYHBIX K
sToMmy 3aboneBanuto, [lakucran, Typuus u Hpan sBnsoTca duaepaMu MO KOJIUYECTBY
BBISIBIIsIEMBIX ciiydaeB [§]. Ciienyer oTMeTuTh, uTo ctpanbl FOro-BoctouHoit A3uu B 11€510M HE
CUMTAIOTCS SHIEMHYHBIMH K aJbBEOJSIPHOMY 3XHMHOKOKKO3Y, XOTS B TaKUX CTpaHaxX Kak
Taunann, Beernam, MHIOHE3WS U Ap. BBIABISIOTCS ciaydad 3Toro 3aboneBanus [9]. Cpemu
ctpan llenTtpanpHoii Asum, Kazaxcran sBiseTcs CpPaBHUTEIBHO BBICOKO-DHJIEMUYHBIM
PErHOHOM JIJIsl allbBEOKOKKO3a, MPU 3TOM MMEETCS] HEKOTOPBIA HEIOCTATOK CBEICHHUM KakK O
PErHOHANIBHON pacHpOCTPaHEHHOCTH, TaK M OOIIEM KOJUYECTBE BBISBICHHBIX CIy4yacB
3abosieBanns. CoOriacHO OMYOJIMKOBAHHBIM B JIUTEPAType JaHHBIM JUIS  ITOCIICTHUX
necsatunetui, exxeroqHo otrmeuaercs 800-1000 ciyyaeB B roji, a 4acToTa BBISBJICHHS IS
nepuoaa 2007-2016 ronoB pukcupyercs Ha ypoBHe 7.0-10.5 ciayuyaeB Ha 100,000 HaceneHus
U1 1KHBIX pernoHoB Kazaxcrana u 4.0 ciyudas na 100,000 HaceneHust 1Jisi CEBEPHBIX
peruonos [10,11]. Jannabie Ooee CBEXKEH CTATUCTUKU, K COXKAICHUIO, €IIe HE TIPEICTaBICHBI
B OMYOJIMKOBAHHOM HA TEKYIIUA MOMEHT Hay4yHOU ITUTEepaType.

AJBbBEOJISIPHBIN YXMHOKOKKO3 MPEUMYIIECTBEHHO MOPAXKAET MeYeHb, U MPU OTCYTCTBUU
JIeYeHUsl BEPOSTHOCTh (paTaqbHOrO0 MCXoAa y OOJNBHOrO B TeueHue nocuenyomux 10 mer
Heus0exHa [12,13]. Taktuka neyeHus: OOJBHBIX C Mapa3uTapHBIMHU 3a00JIEBaHUSMHU MEUYEHU
MOCTOSTHHO 00CYKJaeTcsl B IUTEpaType, OJTHAKO Ha CETOAHSIIHUHN IEHb YeTKO YCTAaHOBIEHHBIX
XUPYPru4ecKux craHaapToB He cymiectByeT [14-17]. Bonee Toro, pa3BuTHe 3a001eBaHus IpU
MOpaXCHUH TE€YEHH DSXUHOKOKKO3aMU MMEET OMyXOJemoJOoOHbI XapakTep W HECET
KaHIIEPOTeHHBIM PHUCK, XOTS 3a4acTyio 3a0o0JieBaHME€ B HAYaJbHOM CTaJAMH HMEET
OeccUMIITOMHOE TE€YEeHHe, YTO 3aTpyAHsieT ero BeisBieHue [13,18]. B mutepatype omucaHbl
KIIMHUYECKHE  ClIy4aW, KOTJIa  pa3BUTHE OTOTO  3a00JeBaHUS  COIMPOBOXKIAIOCH
METaCTaTUYECKUMH MOPAKEHUSIMHU COCEAHNX opraHoB [19,20].

Oco0y10 CIOXKHOCTH MPEACTABISIET ONEPATUBHOE JICUCHUE OOUTUPHOTO AITbBEOKOKKO3a
MEYEHU C PacHpOCTPAaHEHHWEM NATOJIOITMYECKOro IMpoIecca Ha IMOTPAHUYHBIE >KU3HEHHO
BaKHBIE OpraHbl U aHaTOMUYecKue oOpazoBaHus. [1o3TOMy Takoil BapHaHT aIbBEOKOKKO3a
HEKOTOPbIE aBTOPHl OLICHUBAIOT KaK ‘‘apa3uTapHbli pak IME4YeHUu MO0 MPUUYHHE
WH()UIBTPATUBHOTO POCTA, BO3MOXXHOCTH METACTa3UPOBAHUS, a TAKXKE BBICOKON YacCTOTHI
peuuauBa nociue onepauuu [18, 21-24]. Ciydan coueTaHHOTO aTbBEOKOKKO3a IIEHTPATbHON
HEPBHOM CHCTEMbI ¥ TICYCHH, B JICUEHWH KOTOPOTO TIPUMEHSUICS OBl METOJ
ayTOTpaHCIUIaHTAI[M1, B COBPEMEHHOM JIuTepaType HE ONMUCAHbL. B 3T0# CBSI3M MbI MOCUUTATN
11€JIECO00Pa3HBIM OITYOJIMKOBAHUE HAIIETO KIMHHUYECKOTO OIBITAa YCIEIIHO BBITOTHEHHOU
OTiepaIuy y MalrueHTKU ¢ OOIIUPHBIM alTbBEOKOKKO30M TEUEHHU C MHBA3HEH B HIDKHIOKO MOJIYIO
BEHY, Y KOTOPOH Tak)Ke JUArHOCTUPOBAIM «METACTAa3UPOBAHUE) B JIETKUE U TOJIOBHOW MO3T. B
OaHHOU ~ cmambe  Mbl  NOOPOOHO — paccmampueéaem  Xupypeuueckyio — npoyeoypy
ayTOTPAHCIUIAHTALMU TE€YEHU U OdeM OYEeHKY pe3yibmamos 5mou onepayuu B JEUYEHUU
OoOIIMpPHOTO a0MOMHHAILHOTO allbBeOKOKKo3a. [logoOHas omeparusi SBISETCS BIEPBBIE
BBITIOJITHEHHOU 1 onrcaHHoM B PecriyOnuke KazaxcraH.
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Onucanue cayyas. [lepen mybnukanuei JaHHOTO KIIMHUYECKOTO CIy4asi Mbl MOTYYHIIN
NUCbMEHHOE HH()OPMUPOBAHHOE COTJIaCHE MAIMEHTa (Ha Ka3aXCKOM U PYCCKOM SI3BIKAX) O TOM,
YTO JIeNIEPCOHANIM3UPOBAHHBIC JIaHHBIE, OTHOCSIIUECS K ATOMY HAIMEeHTY, MOTYT ObITh
OnyOJIMKOBAaHBl B HAyYHO-MEIMIIMHCKOM H3AaHuu. [l coOmroneHust BceX HEO0OXOIMMBIX
STUYECKHX aCIEKTOB MbI HCKITIOYIIIN U3 ONKCAHUS, IPpadUuecKOro Uiiu MHOTO MPeACTaBICHUs,
U OImyONUKOBaHUs JIOOBIE JaHHBIE, KOTOPbIE MOINIM OBl COAEpXKaTh WH(OPMAIIHIO
nepcoHaNbHOro Xapakrepa. [IpoBenenue ayroTpaHciiaHTallMK [IEUYEHU B JICUEHUH OOLITUPHOTO
a0JIOMUHAIBHOTO aJIbBEOKOKKO3a Obw10 peanmzoBaHo B AO «HamumoHanbHBIA HaydHBIN
mequiuHckuit 1ieHTp» (AO «HHMIL») r. Acrtanbl, B OTAENEHWHU OOIIEH M TOpaKaIbHOMN
XUPYypruu TOA pyKoBoAcTBOM A.M. AOaukapumoBa (PYKOBOOUTENIb OTHAENa OOIIeH u
TOpaKaIbHON XUPYPIHN).

HUnpopmayus o nayuenme: Ilammentka N — xeHuuHa, Bo3pacT 64 roga, MOCTynuia B
ornen obmedt u TopakampHOW xupyprun AO «HHMIl» 13.07.2023 ¢ aumarao3zom
«a/IbBEOKOKKO3 MNeyeHU ¢ mts B nerkme, ronosHon mosr. PANxM1». CoctosHue nocne
OMEPATUBHOIO /IeYEHMUA: aJIbBEOKOKKIKTOMUS NneBon nobHoit gonn ot 15.04.2021. Us
aHaMHe3a YCTaHOBJIEHO, 4To BIiepBbie B 2021 rogy ObuT BBISBIEH aJbBEOKOKKO3 T'OJIOBHOTO
Mo3ra, 1o nosoay koroporo 15.04.2023 B ycnosusx otnena Henipoxupypruu AO «HHMII»
BBITNIOJIHEHA aJIbBEOKOKKIKTOMHUS M3 JIEBOW JIOOHOW 110J1M, TOrAa k€ ObUI TUArHOCTHUPOBAH U
aNbBEOKOKKO3 MeyeHu.

JuaezHocmuka: Kowmmbioreprass tomorpadus (KT) opraHoB OpromHONH MOJOCTH H
3a0pIOLIMHHOIO IPOCTPAHCTBA C KOHTpacTupoBaHueM. 3akintoueHue: KT-kapTuHa Kucto3Horo
o0pa3oBaHus MpaBoil 101U nedeHu (mapazutapHoro renesa) (Pucynok 1A u 1b), kuctsl neBoit
noukn (mo Bosniak — [|-if kareropum), XpOHHYECKOTO XOJEIMCTUTA, XPOHHYECKOTO
MAHKPEATUTa, OCTEOXOHJIP03a MOSICHUYHOIO OTAena no3BoHouHHKa. KT opraHoB rpyaHoit
KJIETKH U cpenoctenus. 3akmouenue: KT-kapTuHa o0pa3zoBaHuid HIDKHHUX J10J1€H 000UX JIETKUX
(mapa3uTapHON ATHOJIOTMU? HE MCKIIIOYaeTcs adCleUpOBaHUE), XPOHUUECKOro OpOHXMTA.
OCTeoXO0H/IpO3 IPYAHOIO OT/IENNa MO3BOHOYHUKA.

Jleuenue: B TIIAHOBOM TOpsiJIKe OOJILHON MPOBEIEHO ONEPATUBHOE JIEUYEHHE B OObeMeE:
Jlanaporomusi. PaciumpeHnHas J1€BOCTOPOHHSISI FTEMUI€NIaTIKTOMHUS C PE3EKLINEN HYKHEN TT0JI0N
BEHbl €X VIVO, C TIUIACTUKOM HMKHEH TIOJOW BEHbl CHHTETUYECKHUM IPOTE30M, C
OpPTOTONMYECKON TPAaHCIUIAHTALUEN PEMUHAHTHOW MTPaBOW JOJIH ITEYEHHU.

WMHTpaonepanlMOHHBIN AOCTYN IPOBOAWICS Janaporomuen no tuny «Mepceaecy. [lpn
pPEeBU3UM OpPIOIIHOM MOJIOCTH BBISBIEH HE3HAYMTENbHBIM CIIA€YHBIM NpOLECC — pacCedyeHBbl
OCTPBIM ITYTEM, BBINIOTA HET, IEYEHb HE YBEINUEHA, BCIO aHATOMUYECKYIO JIEBYIO JOJIO IEYEHU
3aHMMAET 3XMHOKOKKOBAas KUCTa ¢ pacnpocrpadenuem Ha SIV, SVIII nedyenu, ¢ npusHakamu
WHBA3UM TI0 MEpPEAHEH IOIYOKPY)KHOCTH HWIKHEH IIOJIOM BEHBI, CPEIHIOI U JIEBYIO
IICYEHOYHbIE BEHbI B 00JIACTH BIQJICHUS B HIJKHIOIO MOJYIO BEHY (IOATBEPXKJIEHO JaHHBIMU
KOMIIBIOTEPHOH TOMOrpauu B aHTUOPEKUME B JoomnepaunoHHOM mnepuone). Ilo
nradparManbHOi moBepxHOCTH OpromuHbl MES ouar 10 0,8 cM — ucceueH. OcTanbHbIE OPraHbl
OpromrHOM ToJIOCTH 0e3 ocoOeHHocTel. Jlasee MOOWIM3UPOBAaH OPTaHOKOMILIEKC, IMOCIE
HAJIOXKEHMSI COCYIUCTBHIX 3a)KMMOB Ha HIJKHIOIO IIOJIYIO BEHY 10 HAMEYEHHBIM I'paHUIaM, a
TaK)K€ Ha DJIEMEHTHI T'€NaToAyO0/IeHAIbHON CBS3KH, COCY/bl MEpeceueHbl — Makporpenapar
ynaneH. Jlanee onepauus nByms Opuranamu. [lepBoit Opuranoit 1eekT HUKHEH 1M010il BeHbI
BOCCTAHOBJIEH COCYAMCTHIM MpoTe3oM [[-20mi1, ¢ BpeMEHHBIM BOCCTAHOBIIEHUEM KPOBOTOKA U3
CHCTEMBI MOPTAIBLHOW BEHBI B KaBalIbHYIO cucTeMy. BTopoit Opuramoil ynaineHHas NedeHb
npoMeiTa pactBopoM Kycraamona (4 1). Ha omepanmoHHOM CTOJMMKE NpPOU3BEICHA
OKOHYATEJIbHAs PE3EKLMs MEeYeHH (MakpoIpenapar yJajleH), C OCTaBICHHMEM PEMHHAHTHOMN
o (Bec 560 rp). Cocyasl peMUHAHTHOU 10nM HAeHTUUIIMpoBaHkl. [locime aToro mepsas
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npoMeITa pactBopoM Anboymuna 10% (400 mu). PeMunanTHast mpaBasi A0S OPTOTOIMUYECKU
YCTAHOBJICHa B OpIOIIHYIO TOJOCTh. B MOCHeayromeM BBIIOIHEHBI MOCIEI0BATEIbHBIC
OJIHOPSIHbIE HETIPEPhIBHBIE COCYAMCTHIE aHACTOMO3bI ATPaBMaTHUYHBIM IIBOM: 1) neyeHoyHast
BeHa (IIponen 4,0), nopransHas BeHa (IIponen 5,0), nmeuenounas aprepust (IIponen 9.0),
xosienox (Monokpui 5,0). I[Ipu 3ToM BOCCTaHOBIIEHA HEMPEPHIBHOCTH IIBA HIDKHEH IMOJION

BEHBI.
HuTpaonepallioHHO MpOBeJeHa YIbTPa3ByKoOBas Jomruieporpadus COCyAOB IEUYECHH,

KpOBOCHAa0)KEHHE [0  CHUCTEME  MOpTajJbHOW BEHbl M  IIEUEHOYHON  apTepuu

yaoBieTBoputTenbHoe. MHTpaonepamonHas kpoBonoteps coctaBuiia 2000 mut.

- Y

i . , iy, )

Pucynoxk 1. KomnbsrorepHas ToMmorpadust opraHoB OproIIHON NOJIOCTH U

3a0pIOLIMHHOIO IPOCTPAHCTBA C KOHTpacTupoBaHueM. (A-b) Kapruna kucroznoro
o0pa3oBaHUs JICBOU J0JIM IeUeHH (IIapa3uTapHOro reHesa), pasmepsl 19x15 cM ¢ HepoBHBIMH,
HO YCTKMMU KOHTYpaMHu. A-— q)pOHTaJ'II)Hafl IIJIOCKOCTB, b — akcmannHasg IIJIOCKOCTB, XKCITHIM
KOHTYPOM U CTpeJIkaMu 0003HaueHO HoBooOpa3oBanue. (B) Kaptuna B nuHaMuke yepes Tpu
Mecs1a nocie onepannu, GpoHTanbHas MI0CKOCTh, peluanBa 00pa30BaHus HE BBIABIISETCS
(0OBenIeHO SIPKO-3€IeHBIM KOHTYPOM U OTMEUEHO CTPEIIKOM).

s -

Ilamozucmonoeuueckoe  3axnwouenue:  JIOKanpHBIA ~ THAJIMHO3 C  OYaraMu
JUCTPOPUYECKOTO  OOBI3BECTBIEHUS. AJIbBEOKOKKO3 T€UEHH, C HHQUIBTPATUBHBIM
pacpoCTpaHEHUEM U MHOKECTBEHHBIMHM OYaraMy OTCEBOB MEX1y HEPBHBIMU CTBOJIMKAMHU, C
MOIPAaCTAaHUEM K BHYTPUIICUEHOUHOMY KEITYHOMY IPOTOKY M COCYJaM apTEPUaIbHOTO TUIA, C
IPOAYKTUBHBIM TPaHyJIEMaTO3HbIM BOCHAJIEHMEM C TUTAaHTCKUMH Makpodaramu THIA
MHOpPOHBIX Tel. Ilo manpHEMy Kparo pe3eKUMH NPHU3HAKW WHBA3UBHOI'O PACIPOCTPAHEHHUS
reJIbMUHTO3a HE BbISIBJICHBI.

[TocneonepalioHHBIN IEPUO IPOTEKAN I1aKo0. B pamkax iedeGHON cXeMbl MalueHTKa
Haxoauiach Ha MPOJUIEHHOM HCKYCCTBEHHOW BEHTHISIIUU JIETKUX B Te€deHHe 1,5 CyTOK.
OkceryOarysi MpoBOAMIACH IIAHOBO. {1 MpodUIaKTUKKM TPAaHCIO3UIIUK OCTABLICHCS 10U
JIETKOTO MallMeHTKe ObUT Ha3HAUYEH CTPOTUH MOCTEIbHBIA PeXXUM C aKTUBALMEH B TIOCTENH /10
11 cyrok. B nocneonepaiiioHHOM Mepro/ie HayaTa SMIIMPUYECKH aHTHOAKTepHabHasl Teparnus
no cuenyromeit cxeme: MeponeHem 1000 mr 3 pasa B cyrku B TeueHue 10 cCyTok,
racTpolnpoOTEeKTHUBHAs Tepanus omenpasoiaoMm 40 mr 1 pa3 B cyTku B TedueHHe 14 CyTOK.
AHTUKOAryJIsiHTHas Teparus B MepBbIE CYTKHU IOCJE ONepaliy He MPOBOJIUIACH B CBS3H C
BBICOKMM PUCKOM KpoBoTeueHus. Kiekcan Ha3Hauancs noakoxHo no 0,2 M 1 pa3 B cyTku B
TeUeHHe 2 CyTOK, 3areM 1o 0,4 M 1 pa3 B cyTku B Teuenue nocneayromux 10 cyrok. Ha ypoBHe
cTanMoHapa 601bHOI mpoBeneHa TpaHcdys3us 20 103 CBEKE3aMOPOXKEHHOM IUIa3Mbl, 7 103
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SPUTPOLIMTAPHONM B3BECH, 2 J03bl TpombOonuTapHoil Maccel. Jlns mpoduaakTuku
TUI0AILOYMHUHEMUN IPOBOIMIIOCH exenHeBHOe BBeaeHue 100 ma 10% anpOymuHa B TeueHue
14 cytok. JIpeHakHbIe cHCTeMbl ObLTM ynmajeHbl Ha 9-¢ cyTku. Ha 12-e cyTku marmueHTka
nepeBeJieHa U3 OT/IEIIEHUsI MHTEHCUBHOM Tepanuu B najaTy, a Ha 20-e CyTKHU I10clie olepanuu
BBIMCAHA C yIydlleHHeM. B Hacrosiiee BpeMs MNalMEHT HaXoOuTcs Ha 12-M Mecsue
amOynaTopHoro HabmoaeHus. [1o JaHHBIM KOMIBIOTEPHOI TOMOrpaduu OPIOUIHON MOJIOCTH
peunarBa oopa3oBanus He HaOmogaercs (Pucynok 1B).

O0cy:xxnenmne. Ha ceronHAIIHUI JE€Hb HE CYILIECTBYET €IMHON CTpaTErnMy BeEIEHUS
MNAIMEHTOB C aJIbBEOJISIPHBIM AXMHOKOKKO30M meudeHU. DP(HEeKTUBHOCTh M 0€30MacHOCTh
Pa3IMYHBIX XUPYPrUYECKUX METOAOB JICUEHHUS aJbBEOJIIPHOIO M IIMCTHOTO AXMHOKOKKO3a,
TaKUX KaK YpPEeCKOXKHAsl XUPYPrus, JanapoTOMHUS M XUPYPrUs OTKPBITOTO TUIA, 3aBHCUT OT
CTaauM 3a00JIEBAHUS U CTEHICHU MOPAKCHHUS MEUYECHHU, a TAKXKE OT JOKATH3AIMUU TOPAKECHUS
[25]. Hanpumep, B o/1HOM U3 paHee OmyOJIMKOBaHHBIX PabOT MO pe3ysIbTaTaM XUPYPrUuIeCKOro
JICYEHUs1 OCJIO)KHEHHOTO IIMCTHOI'O SXMHOKOKKO3a IE€YeHH Yy 79 NauueHTOB IPUBEACHbI
CIEeyIOIIMe JaHHbIE O MPUMEHSBIIMXCA MeTonax: 67.1% OONbHBIX — TOTajmbHAs WU
cyororanpHas nepunuctIkromusi, 10.1% — pesekmus cermenra mneudeHu, 6.3% — ucceueHue
KHCTHI C ynaieHueMm u o0paboTkoii ee monoctu, 1.3% — npuMeHeHne METOIMKH YPECKOKHON
XUHOKOKKIKTOMUH, 15.2% — 3XWHOKOKKIKTOMHS BBHITIOJHEHA Jamapockomnmuecku [26]. B
JIPYrOM HCCIEAOBAHUU MPOBEICH CPaBHUTENBbHBIM aHaIN3 XUPYPTUYECKUX METOAOB IS
JICYCHUsSI IUCTHOTO JXMHOKOKKO3a (y 98 MalueHTOB), TNIe BBISIBICHO, YTO TOJIBKO 24.6%
MAIMEHTOB TOJBEPrajuch OINEpaly OTKPHITOTO THUMA (BKJIIOYAs PE3CKIHUI0 meueHu y 4
00MbHBIX), Torga Kak 64.9% nepeHecan JanapocKonmuyeckyro omeparuio, a eme 10.5%
MOJIBEPTrajiuch poOOTHU3UPOBaHHON omeparuu [27]. OnqHako IPUMEHUMOCTh TOTO WJIM MHOTO
METOJla XUPYPTUUYECKOTO JIEYEHUs CYIIECTBEHHO 3aBUCUT OT PErMOHAIbHON JIOKAJIU3aLUuU
uccienoanus. Hampumep, B uccnenoBanuu, npoBeeHHOM B Pymbinun (149 marueHToB),
XUPYpPrusi OTKPBHITOTO TUIA IPUMEHsUIach Hanbosee yacto, cocraBuB O6osee 50%, B To Bpems
KaK OCTallbHbIE OIEpallMy BBIIOJHATIACH JAMAPOCKOMHUYECKUM METOJOM OOBIYHBIMH
CIOCO0aMH WITK C IPUMEHEHUEM CTICIIUATIbHBIX HHCTPYMEHTABHBIX 110/1X010B [28]. B npyrom
uccie0BaHuH, mpoBeieHHoM B Typrun, u3 60 nauuenToB 23 (6osee 38%) ObLTH OABEPTHYTHI
xupypruu otkpbiToro tuma [29]. TToaTroMy MalOWHBa3MBHBIC METOJIbI B JICYCHHH IaHHOTO
3a00JIeBaHNs HE SBISIOTCSA HanOoJiee MUPOKO NMPUMEHSEMbIMU, B TOM YHUCIIE€ U IO IPUYHHE
HEJI0CTaTOYHOM 3(PPEKTUBHOCTH B JICUEHUHU PACTIPOCTPAHECHHOTO aJIbBEOKOKKO3a.

XO0T4 renatsKTOMHUS SBISETCS YAaCTO MPUMEHSEMBIM METOJIOM JI€UEHHs MalueHTOB CO
3JI0KAYECTBEHHBIMH HOBOOODPA30BaHMSIMM I€YEHH (B TOM UHCIE MpPHU aIbBEOJSIPHOM
HXMHOKOKKO3€), B OTHOLIEHMH HEKOTOPbIX OOJBHBIX MOTYT HUMETbCA MPOOJIEeMBbI
NPUMEHUMOCTH TaKoro nojaxoja. Tak, yaaneHue o0pa3oBaHus B IIEHTPaIbHOM 3a1HEN 001acTi
MEUYEHN MO-TIPEeXKHEMY MPEJCTABISAET COOOH Cephe3Hyl MpobiieMy, OCOOEHHO €cld OHHU
3aTparuBaroT MEYEHOYHbIE BEHbI WJIM HUKHIOIO TOJYI0 BeHY. boisee Toro, B 3aBUCUMOCTH OT
CTETIeHU TOPayKEeHHsI OpraHa omneparys 1o yJajJleHUI0 €ro YacTH MOXKET paccMaTpUBaThCs Kak
HeapdekTuBHas U OecnepcriekTHBHAsA. OCHOBHBIM U 3a4acTylO €IMHCTBEHHBIM CIIOCOOOM
paIuKaIbHOTO JICUEHHS MAIlEeHTOB C Hepe3eKTaOeIbHbIM aTbBEOKOKKO30M TEUEHH SIBISETCS
TpanciianTanuss  nedeHn  [30-35], oJHAKO TEXHWUYECKHE  CIIOKHOCTH  OICpAIlHH,
00yCJIOBJICHHbIE Mapa3UTapHON MHBa3MeW MarucTpajbHBIX COCYIOB, HIKHEH IOJIOH BEHBI,
MIPAaBOro MPeACEPAUs], COCETHUX CTPYKTYp U OPTraHOB, MPEIIECTBYIOIIMMH HEPAAUKAIbHBIMU
XUPYPrUYeCKUMH  BMEIIATEIbCTBAMH, a TaKXke JAe(QUIUTOM JOHOPCKUX OPraHOB,
OTPaHUYMBAIOT BO3MOKHOCTHU BBIMOJIHEHUS TpPAHCIUIAHTAllMU IedeHH. B 3ToM ciyuae
TPaIUIIMOHHAS PE3EKIMs TeUYeHW B COUETAHUHM C ayTOTPAHCIUIAHTAIMEH SBISETCS BIIOTHE
JOTTYCTUMBIM BapUaHTOM XHPYpPrHueckoro BmemarenbcTBa. C Apyrol CTOPOHBI, Takue
OTepalvy SIBJISIOTCS TEXHUYECKH CIOKHBIMHU M TPeOYIOT HaJM4YMsl SKCIEPTOB KaK B 00JacTu
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XUPYPrU4eCKOro yAajleHus MeYeHH, TaK U IKCIEPTOB B 00JACTH ee TpaHCIUIaHTauuu. B mupe
HAKOILICH CPAaBHUTEJILHO HEOOJIBIION OMBIT TPAHCIIAHTALMN ITEUYEHU MPU HEPE3EKTA0EIbHOM
aTbBEOKOKKO3e. D(P(DEKTUBHOCT, H  0€30MacHOCTh TaKOW METOJUKH YK€  ObUIH
MPOJIEMOHCTPHUPOBAHBI TIPH JICUCHUHU JOOPOKAYECTBCHHBIX 3a00JIEBaHUN TIEYCHU, OCOOCHHO
IpU  3allyIICHHOM AaJIbBEOJSIPHOM 53XHMHOKOKKO3€, OJHAKO IO-TIPEXKHEMY OTCYTCTBYET
CTaHJApPTHU3AIUsl HOPM KIMHUYECKOW MPAKTHKU B OTHOLICHUH JICYCHUS 3TOTO 3a00JICBaHUS
[36]. [TosTOMY MBI CuMTaeM 11€7€CO00Pa3HBIM OMKCATh METOIUKY U PE3YJIbTAThI JJIS HAIIETO
KIIMHUYECKOTO cliydass OOMIMPHOrO a0JOMHUHAIBHOTO  allbBEOJISIPHOTO IXHWHOKOKKO3a,
OCJIOKHEHHOTO HWHBAa3WMEHd B HIKHIOK IMOJIYIH BeHy. B Hamem ciydae Mbl NpUMEHWIH
JIAMTAPOCKOMUYECKY0 METOJMKY C PACIIMPEHHOW JIEBOCTOPOHHEW TI'€MUIEIAaTIKTOMUEH,
pe3eKunel HIKHEH M0JIo BEeHbI €X ViVO, C TUIACTUKON HUKHEH MOJI0N BEHbl CHHTETUYECKHM
MIPOTE30M, C OPTOTONMUYECKON TPAHCIUIAHTAMEW PEMUHAHTHOW IPABOM J0JIU [IEUYCHH.

[TomyueHHble HaMHM pe3yibTAaThl MO3BOJIAIOT BBICKA3aThCS O HEOOXOJUMOCTU H
BO3MOKHOCTH PaIUKAIBHOTO XUPYPTUUYECKOr0 JICUCHHSI HEPE3eKTa0eIbHOr0 allbBEOKOKKO3a
nevyeHu. PagukanbHOe XUpyprudeckoe JeueHue OOIIMPHOTO albBEOKOKKO3a MIEUEHU SBIISETCS
3¢ (HEKTHBHBIM METOJIOM, Jak€ B CaMbIX CIIOKHBIX CIIydasx, TaKUX KaKk WHBA3usi B
MarucTpalibHble COCYAbl (HWXKHSS TOJiasg BeHa, OWQypKanus BOPOTHOM BEHBI) M CEpIIE
(mpaBoro mpenacepaus), a TaKkKe B COCEIHHE CTPYKTYphl W opraHbl. ONMUCAHHBIA CiTydaii
ayTOTPaHCIUIAHTAI[MU NI€YEHH C MPEIBAPUTEIBHON pEe3eKIHe MaToJ0rnyecKod M3MEHEHHOU
TKaHH WIIIOCTPUPYET, YTO TOJOOHBIC TOAXOJIbI MOTYT YCIENIHO TPUMEHSATHCS B
CIIEUUATM3UPOBAHHBIX MEIULMHCKUX YUPEXKACHUSIX. YHUKAIBHOCTh METOJIa 3aKJIF0YAETCS B
BO3MOKHOCTH BOCCTAHOBJICHUSI (PYHKIIMM OpraHa MpHU COXPAaHEHWHW AHATOMUYECKOW €ro
CTPYKTYPBHI.

JlaHHBIN ciydaid JOKa3blBAa€T, YTO JAXKE B YCIOBHAX LIMPOKOIO pacCIpOCTPaHEHUs
MATOJIOTHYECKOTO MpoIlecca BO3MOKEH OIaronpUsTHBIN UCXOJ] ayTOTPAHCIIAHTALIUY TIeUYeHU
Onaromapss NPOAYMAaHHOW XUPYPTHUUECKOM TAaKTUKE M MEKIUCIHUIUIMHAPHOMY IOJIXOIY.
BaxHpiMH acmeKkTamMH ycrexa SBISIOTCS BbICOKOKBATU(UIIMPOBAHHAS WHCTPyMEHTaJIbHas
JIMarHOCTHKA, BKJIIOYAIOIIAsl HCMOJb30BAHUE COBPEMEHHBIX METOJIOB BH3yalU3alluu
(manpumep, KT ¢ KOHTpacTUpOBaHHEM), a TaK)Ke TIIATeIbHAas MOATOTOBKA MAalMEeHTOB. BriGop
paCIIMPEHHON JIEBOCTOPOHHEW T€MUTEMATIKTOMUN C BOCCTAHOBIICHHMEM HUKHEW IMOJION BEHBI
CUHTETHUECKUM TMPOTE30M ObII OOYCIOBIEH CTENEHBIO TMOPAXEHUS UM aHATOMUU
MOBPEKICHHOT0 OpraHa y nauveHTku. [locieonepallnOHHbBIN MTEPUO] Y MAMEHTKH MPOTEKAI
IUIABHO, YTO CBSA3aHO CO CTPOTUM COOJIIOJIGHHEM CTaHJApTU3HPOBAHHBIX IPOTOKOJIOB
WHTEHCUBHOM  TEpamuy, BKJIIOYas  aHTHOAKTEPHAIbHYIO, TaCTPONPOTEKTHBHYIO H
AHTUKOATyJISIHTHYIO Tepanuio. 3a roJ HaOIroAeHHs pelianBa 3a00JIeBaHUS HE BBISIBICHO.

3akiioueHue. XOTs MajJOMHBAa3MBHBIC OMEpPAlMM UMEIOT OUYEBHJIHBIEC MPEUMYIIECTBA
(kopoue Bpems orepaluy, HIKe 4acToTa MOCT-OMEePAIMOHHBIX OCIOXKHEHHM, Kopoue Bpems
npeObIBaHMS B CTAIIHOHAPE), IPU PACTIPOCTPAHEHHOM alTbBEOKOKKO3€ TpeOyeTcs paaruKaaIbHOE
JIEYEHNE, B YACTHOCTHU PE3EKIMUS NIEYEHU C IPOBEICHUEM ONEPALMU OTKPBITOrO THUMa. TeM He
MEHEee, ayTOTPAaHCIUIAHTAlUsI TIEYEHW TMPU OOIIMPHOM aOJOMHUHAIBLHOM albBEOKOKKO3€
SABJISIETCS] PEAKO BCTPEUAIOLIMMCS METOJIOM JIEUEHUSI, U ONMCAHUI TaKMX TAKTUK BCTPEUAETCS
penaxo. B ommcanHOM Hamu ciiydae, ¥ ¢ Y4ETOM HHAMBUIYaTbHBIX (PAKTOPOB MJIsi HAIIETO
MAaIUeHTa, PE3EKIUs MMeUSHH SBIISIIACh HauOolee MPEANOYTUTEIHHON JIedeOHO0l TakTUKol. B
YHUCJIe TPOYero, oHa He TpedoBajga UMMYHOCYNPECCUBHOM Teparmuu. Kpome Toro, B 1aHHOU
CTaThe MBI COOOINaeM O TEepBOM MOJAOOHONW XHUPYPTUUYECKOH TMpoleaype, Koraa-amudo
BeIMOJTHEHHOU B PecyOnmke Kazaxcran. C ydeToM BceX MMEIOIIMXCS TAHHBIX, MBI TI0JIaraeMm,
YTO 3TO XUPYPrUUYECKOE JICYEHUE SBIACTCS MPEANIOUYTUTEIILHON TEPANIEBTUUECKON CTpaTEruen,
OCYIIIECTBUMOM B CHEIUAIU3UPOBAHHBIX YUPESKICHUSAX JaKE€ B CiIydasX HWHBa3UU B
OudypKaIro BOPOTHOW BEHbI, HIXKHIOIO MOJIYIO BEHY U T€MaTOKaBaIbHOE CIIHSIHHE.
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Takum 00pa3oM, AaHHBIA Cilydail IpeANoJiaraer, YTo ayTOTPaHCIUIAHTALMs I[EeYEHU
SBIISICTCS HE3aBHCUMOMW aJbTEPHATUBOM JJIUTEIHHOTO METOAA JICYEHHUS, 0COOEHHO B CITydasX,
KOTJ]a MCII0JIb30BaHHE JIOHOPCKOIO METO/1a 3aTPYJHEHO. DTOT METO 00J1aaeT NOTEHIMAIOM
Juisi Oojiee IMIMPOKOIO pa3BUTHUS B KIMHUYECKOW IPAKTUKE, OCOOEHHO B YCIIOBHUSX
CHELMATU3UPOBAHHBIX LIEHTPOB C ONBITHBIMH XUPYpPraMH M HaJIU4YUEM HE0OXO0IUMOro
XUPYPTUYECKOr0 OOOpYJOBaHUS M JIMArHOCTUYECKUX YCTpoucTB. Ilpm »TOM BakHO
HOJYEPKHYTh, YTO TpeOyeTcs MpOoJODKaTh HAKAIUIMBaTh MH(POPMALMIO U JIaHHbBIE, KOTOpBIE
MOTYT CO3JaTh CTaHIAPTU30BAHHBIE MTOIXObI TS JICUCHHs Hepe3eKTa0eIbHbIX 3a001eBaHuH.

Muenune nanuenra. [lanueHT NOJHOCTBIO MOATBEPAMII CBOE COIVIACHE C IUIAHOM
JeYeHHUsT A0 TPOBEACHHS CaMoOil omepaluu ¥ ObUT yJOBJIECTBOPEH BCEMH MpPOIEIypamH,
BKJIIOYAsl MHTPAOIECPALMOHHBIE dTallbl U IOCIEONEPALMOHHOE JICYCHUE, a TAKXKE IMOAIHCAT
UH(GOPMHUPOBAHHOE COTIIACHE IS OMMCAHMS JaHHOTO KIMHUYECKOTO Cilydasi. Y MalueHTa He
BBISIBUJIOCh HUKAKUX OCJIO)KHEHMH, a TakkKe YOEeKIECHHsS B HEHY)KHOCTH IPOLEAyp WIH UX
HEHQ/JIe)KAIlleM KayecTBE U 00beMe, a TakKe >Kajno0 B OTHOLIEHUH Camoro JICUEHHs U
CBSI3aHHBIX C HUM (DHMHAHCOBBIX 3aTpart.
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KA3AKCTAH PECIIYBJIMKACBIHAAYBI BIPIHIII TOXKIPUBE:
BAYBIPAbIH KOJIEMAI AB/IOMUHAJIABI AJIBEOKOKKO3bI KE3IHJAEI'T
AYTOTPAHCIIVIATAIIUA 9 AICI

AM. ABIUKAPUMOB, B.O. KAJIMHA, C.O. CABEPEEKOB
AO «¥nrTeIK Feuieivu Meaununansik Opransik», Acrana, Kazakcran PecriyOminkacsl

Tyiiinaeme

Kipicne. aBToTpaHcmiaHTanus oJici KOJJaHbUIFAaH OaybIpAbIH KeH a0JIOMHUHAIb/IbI
aIbBEOKOKKO3bl Ka3ipri opeic onedueTiHie cunarranMmaraH. bi3 Temenri Bena kaBachiHa
MHBa3uUsCHl 0ap KeH a0JOMUHAIBAbI AIbBEOKOKKO3bl 0ap HayKacTa COTTI JKacalfaH orepanus
TOXIpuOeciH Oepemis.

KarpaiiablH cunarramachl. "eKme, MU MeTacTaszzapbl 06ap Oayblp aJbBEOKOKKO3BI"
MUarHo3bl KOWBUIFAaH Haykac (oien, 64 xacrta). AnamuesiHeH: 2021 >KbUIbI MHUJIBIH
JIbBEOKOKKO3bI aHBIKTAN/bl, 2023 >KbUIbI COJ KaK MaHjai OeJliriHeH albBEOKOKKIKTOMUS
XKacal/bl XKoHE Oayblp aTbBEOKOKKO3BI AMATHO3bI KOWBULABL. Kypcak KybICHl MyIIEIepiHiH,
peTpornepUTOHEaNbi KEHICTIKTIH, KeyJle KYbICHIHBIH JXKOHE MeIUaCTHHAHBIH KOMIIBIOTEPIIIK
TOMOrpausiChIH (KOHTPACTIIEH) JKYPri3y Ke3iHJe: Mapa3uTTIK NeHe3/iH OaybIpAblH OH KaK
OeJiriHiH KHCTaNbIK TY3L1yl, €Ki ©KMeHIH TeMeHri OeiiriHiH Ty3unyi. OTa xacay keyemi —
Jlamaporomus, com OONIKTIK TEMHIeMaTIKTOMHMICBIMEH TOMEHI1 KYbIC BEHACHIHBIH
PE3EKIMACH], TOMEHI1 KYbIC BEHACBIHBIH CHUHTETHKAJBIK MPOTE30€H IUIaCTHKAChl, 0aybIpIbIH
PEMHUHAHTTHI OH OOJIriHIH OPTOTOMHSUIBIK TPAHCILUIATALIUACHI.

Hormaxenepi. Onepanusgan Keiinri kezeH Oipkenki oTTi. Onepanusiad KeHiHT1 Ke3eH1e
IMITUPUKAIIBIK aHTUOMOTHKAJBIK Tepamnus oactanasl: meporienem 1000 mr Toymirine 3 per (10
KyH). ['actponporekTuBTi oMernpason Tepanusicsl 40 mr Tayiirine 1 per (14 kyn). Kiiekcan tepi
acTeiHa Toyinirine 1 per (2 xyH) 0,2 mn, conman keifin Toymirine 1 per (10 xyn) 0,4 mn
TaraipIHan bl JKaHa My31aTbuIFas 1a3ManblH 20 103aCbiH, SPUTPOLUTTIK CYCIIEH3USHBIH 7
J103aChbIH, TPOMOOLIUTTIK MacCaHbIH 2 103achlH TpaHcdy3usiay, 14 ToyliK 1IiHAe KYH CaillbiH
100 ma 10% ansOymuH eHrizy »xypriziini. Apenax xyienepi 9-1bl KyHi albIHBII TaCTaJJIbL.
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12-m1i kyH1 HayKac peaHuMalus OeIiMIHEH najaTara aybICTBIPBULIBI, )T ONeparusaaH KeWiHri
20-mbl  KyHI KakcapTyMeH InbFapbuiabl. Kasipri yakpiTTa Haykac amOyJIaTOPHSUIBIK
OakpuTayabeiH 12-1111 aifbIHA. [IITIH KOMIBIOTEPITIK TOMOTPAQUACHIHBIH MATIMETTEP1 OOMBIHIIIA
TY3UTyiH KaiTanaHybl OaliKaaIMaiIbl.

KopwiThinabl. Tapanvanbl  0ayblp aJbBEOKOKO3BIHBIH MOPTAIABIK BEHACBIHBIH
OudypkanusceiHa, TOMEHI1 KYybIC BEHACBIHA JKOHE TIelMaTUKOKOBAIBABI KOH(IIOIHCIHE
MHBa3MsCHl 00cafa, OTallbl €M €H THIMIl OOJbIl TaObLIa/bl, >KOHE OJ MaMaJbIpbUIFaH
MeKeMeIep/Ie OPbIHIATYBl MYMKIH.

Tyiiinai ce3aep: adIOMUHAIB/IBI AIBEOKOKKO3, TOMEHT1 KYbIC BEHCHIHBIH PE3CKIIHICHI,
0aybIp ayTOTPAHCILIATALIUSICHI.

FIRST EXPERIENCE IN THE REPUBLIC OF KAZAKHSTAN: LIVER
AUTOTRANSPLANTATION IN THE TREATMENT OF EXTENSIVE ABDOMINAL
ALVEOCOCCOSIS

A.M. ABDIKARIMQV, V.O. KALINA, S.0. SABERBEKOV
JSC “National Scientific Medical Center”, Astana, the Republic of Kazakhstan

Abstract

Introduction. Extensive abdominal alveococcosis of the liver, in the treatment of which
the autotransplantation method was used, has not been described in modern domestic literature.
We present our experience of a successful operation in a patient with extensive abdominal
alveococcosis with invasion into the inferior vena cava.

Case presentation. a patient (woman, 64 years old) diagnosed with "alveococcosis of the
liver with metastases to the lungs and brain". From the anamnesis: in 2021, alveococcosis of
the brain was detected, in 2023, alveococcectomy from the left frontal lobe was performed and
alveococcosis of the liver was diagnosed. When performing contrasting computed tomography
of the abdominal organs, retroperitoneal space, chest and mediastinum: cystic formation of the
right lobe of the liver of parasitic genesis, formations of the lower lobes of both lungs. Surgical
treatments: Laparotomy. Left hemihepatectomy with resection of the inferior vena cava ex vivo,
with plastic surgery of the inferior vena cava with a synthetic prosthesis, with orthotopic
transplantation of the remnant right lobe of the liver.

Results. The postoperative period was uneventful. In the postoperative period, empirical
antibacterial therapy was started: meropenem 1000 mg 3 times a day (10 days).
Gastroprotective therapy with omeprazole 40 mg once a day (14 days). Clexane was
administered subcutaneously at 0.2 ml once a day (2 days), then 0.4 ml once a day (10 days).
Transfusion of 20 doses of fresh frozen plasma, 7 doses of red blood cell suspension, 2 doses
of platelet mass, daily administration of 100 ml of 10% albumin for 14 days were performed.
Drainage systems were removed on the 9th day. On the 12th day, the patient was transferred
from the intensive care unit to the ward, and on the 20th day after the operation she was
discharged with improvement. The patient is currently in the 12th month of outpatient
observation. According to the abdominal CT scan, no relapse was observed.

Conclusion. Radical surgical treatment for extensive hepatic alveolar echinococcosis,
even in cases of invasion into the bifurcation of the portal vein, inferior vena cava, and
hepatocaval confluence, is a preferable therapeutic strategy and feasible in specialized
institutions.
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COBPEMEHHBIE NIOAXOAbI K IMUAT'HOCTHUKE U JIEYEHUIO
ATPOPHUYECKOI'O TACTPUTA B KASAXCTAHE: KIMHUYECKHUE
PEKOMEHJAIMHU U SIIMAEMUNOJOI'MYECKNHN AHAJIN3

J.A. KAUBYJITIAEBA', A E. JUKYMABAEBA!, A.C. TAHABAEBA',
A.A. KAICHHA', 3.5. KYJITAHOBA', 3./1. IYIIMUMOBA?,
K.A. CEUTBEEKOB?, A.b. TOKTAPOBA!, 5.]. TAHABAEB 3

1 AO «Hayuno-mccieoBaTenbckuii HHCTUTYT KapAMOJIOTHH U BHYTPEHHHX GOJIe3HEi,
Anmartel, Kazaxcran

2 HAO «Kasaxckuil HalMOHANBHBIA yHHBEPCHUTET MMEHH anb-Dapabu», AJMaThl,
Kazaxcran

3 FOsxno-Kazaxcranckast MmeauimHckast akagemus, Lpivkent, Kasaxcran

AHHOTanus

Atpoduyeckuii  racTpur —  3TO  XpOHHMYECKOoe  3a0oleBaHUE  IKEIYJKa,
XapaKTepU3YIOIIeecs MPOrpeccupyomeid atpodueil CIm3ucTol 000JI0UKH, YTO 3HAYUTEIIBHO
YBEJIMYMBAET BEPOATHOCTh PA3BUTHSA pakKa. IJTO HCCIEJAOBAHUE TIOCBSIICHO aHAIHU3Y
COBPEMEHHBIX 3HAHWHA W METOAOB JAMArHOCTHKH, MOHHTOPUHTA M JICYEHUS aTpo(huyecKoro
racTpuTa, a TaKKe OIEHKE MX MPUMEHUMOCTU B ycioBusx PecrmyOnuku Kazaxcran c mensio
pa3paboTKH aKTyaTM3UPOBAHHBIX PEKOMEH AN ISl KITMHUYECKOH MPaKTHKH.

B pamkax wucciaenoBaHuss ObUI IPOBEIEH BCECTOPOHHUN aHAJIM3 CYIIECTBYIOLIMX
JI0Ka3aTeIbCTB, MPEICTABICHHBIX B HAy4YHOW JHTEparype, ¢ Y4ETOM MHEHHUH JKCIIEPTOB B
obmactu ractposnTeposoruu. [lng paspabotku pexkomennanuii Best Practice Advice
UCTIONB30BAJICS CHCTEMHBIN TOAXOJ, KOTOPBIA BKIIOYAI 0030p aKTYaJIbHBIX JIUTEPATYPHBIX
HCTOYHUKOB C TMPHMEHEHHEM HaydHbIX 0a3 nmaHHbix PubMed, Scopus u Web of Science.
Bropoii atan paboTsl 3aKitoyancs B MPOBEACHUN JKCIIEPTHOTO COBETA, B X0/I€ KOTOPOTO OBbLIN
00CYX/I€HBI KJIIOUEBbIE aCMIEKThl TMAaTHOCTUKU U TE€PANUU aTPOPHUUECKOro racTpUTa, a TaKkKe
cnenuduyeckre ocooeHHocTu ero TeueHus B Kazaxcrane.

[Tony4yeHHble 1aHHBIE TO3BOJIMWIN CHOPMYIUPOBATH OOHOBIIEHHBIE peKkoMeH1arun Best
Practice Advice, xoTopsle OyayT MOJE3HBI JUIsl NPAKTUKYIOUIUX Bpauell B yIydllEHUU
JMarHOCTUKU M JIEYEHUS HTOro 3abojIeBaHus, a Takke I8 (HOPMUPOBAHMS CTpaTerui
NpOoQMIAKTUKA M CBOEBPEMEHHOTO BMEIIATENILCTBA B KJIMHUYECKOH IPaKTUKE, YTO
CHOCOOCTBYET CHMKEHMIO PUCKOB BO3HMKHOBEHHMS paKa >KEJyJKa W YIy4IIEHHIO KadecTBa
KM3HH TIAI[HEHTOB.

KioueBble cjioBa: arpouyeckuil racTpur, JUArHOCTHKA aTpo(UYEecKOro racTpura,
Helicobacter pylori, mpenpakoBoe cOCTOSIHHE KeTyIKa.

Beenenne. Atpoduueckuit ractputr (Al) — xpoHuyeckoe 3abojieBaHHE, KOTOpPOE
XapakTepu3yeTcs Mporpeccupyouiei arpogpueii cnmznctoit 000109k xkemyaka. OH cunTaercs
OIHHUM M3 KIIOYECBBIX MPEAOITYXOJCBBIX COCTOﬂHHﬁ, SHAYUTCJIBbHO IOBBIMIAOIINX PUCK
pasBuTusa paka kemyaka [l]. A cuutaercs mnepBoM cTaaued MHOTOCTYNEHYATOIO
IPEPaKoOBOro Kackaja, BKIIOUYAIONIEro KuIeuHyroo Meramnaszuto (MM), nucnmasuro u, B
KOHEYHOM MTOTre, aJCHOKapLUMHOMY >XKenyaka [2]. BaxkHeHIIMMHU acmekTaMH YCHEIIHOTro
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BeZleHUs nauueHToB ¢ Al', Kak IPeHeOoIIaCTHYECKOr0 COCTOSHUS, ABISIOTCS CBOEBPEMEHHAs
JMAarHOCTHKA W aJEKBaTHOE JICYEHHE, YTO HAMpsMYIO BIMSET Ha MPOTHO3 3a00JeBaHUS U
KAueCTBO JKU3HH HalKEeHTOB [3].

Pak xemynka 3aHMMaeT IIECTOE MECTO IO PACHpPOCTPAHEHHOCTH 3JI0KAYECTBEHHBIX
HOBOOOpa3oBaHuii B Mupe, a B Kaszaxcrane, nmo naHHeIM HanuoHambHOro Hay4HOTro
OHKOJIOTUYECKOT0 LIEHTPA, PAK XKeyIKa HaXOAUTCA Ha 3-M MECTE CPEIU BCEX OHKOJIOIMUECKHUX
3a00JICBaHUI M Ha 2-M MECTE [0 YpPOBHIO cMepTHOCTH [4,5]. DT JaHHBIC MOJYEPKUBAIOT
BBICOKYIO  aKTyaJlbHOCTh TPOOJEMbI W  HEOOXOJUMOCTh COBEPIICHCTBOBAHUS  MeEp
IpOoQWIAKTUKN M JUATHOCTHUKH, OCOOEHHO B KOHTEKCTE MPEIOIyXO0JIEBbIX COCTOSHUM, TaKUX
Kak AT

B nocnenHue rogsl B MUPOBON MEIMIMHCKOW IMPAKTUKE MPOU3OILIM 3HAUYUTENIbHBIE
JOCTHKEHUSI B OOJIACTH JTMAarHOCTUKM, MOHUTOpPHMHTa WM JedeHus Al, BKiIIouas BHEIpEHHE
COBPEMEHHBIX 3HJIOCKOMMYECKUX, TUCTOJIOIMYECKMX M Ja0OpaTOpHBIX METOM0B. OTH
NepeIOBbIe TEXHOJIOTUHU TIO3BOJISIFOT 00Jiee TOYHO OMPEIEISATh CTENeHb aTpo(uu CIM3UCTON
000JIOUKHU JKeTylKa M OLeHMBaTh pUCK ManurHuzauuu [3]. Ilpu stom ocoboe BHUMaHUE
ynensercs: IpoQUIaKTUYECKUM MepaM ¥ PaHHEMY BBISBICHHIO NATOJOTHYECKUX M3MEHEHUH,
YTO CIIOCOOCTBYET CBOEBPEMEHHOMY IPOBEJCHMIO JICUEOHBIX MEPONPHUATUNH M CHUXKEHUIO
BEPOATHOCTH Pa3BUTHUS OCIOKHEHUH.

HecMmoTpss Ha axkTyasJlbHOCTh MpOOJEMBI M HaJMYUME COBPEMEHHBIX IOAXOJIOB,
CYLIECTBYIOIINE KIIMHUYECKUE PEKOMEHAlNU 110 AUarHocTuke u jiedeHuto Al B PeciyOnuke
Kazaxcran TpeOyroT nepecMoTpa A YIyqlIeHUs KadecTBa OKa3aHUs MEIULIMHCKOM TOMOIIIH.
AKTyanu3amust ’TUX PEKOMEH/IAINI TTO3BOJIHT MOBBICUTh YPOBEHB CTPATU(UKAINH PUCKOB U
CTaHJAPTU3UPOBATh NOJXO0/bI K JieueHUt0 Al', 0COOEHHO yUUTHIBas €ro pojib B KAaHIIEPOTEHE3e.

Heab 1anHOr0 0030pa — 00OOIIMTH COBPEMEHHBIC 3HAHUS U JAHHBIC O JUArHOCTHKE,
MOHUTOPHHIE U JiedeHuu Al', a Takke OLIEHUTh UX NMPUMEHUMOCTh B yciaoBUsAX PecnyOnuku
Kazaxcran nist BeIpaOOTKH OOHOBJIEHHBIX peKoMeHanuid. Takoil aHaiu3 Mo3BOJIUT BHISIBUTH
npo0enbl B TEKYIIUX KIMHHUUYECKUX PEKOMEHJIAIMAX M MPEUIOKUTh CTaHAAPTU3HMPOBAHHBIE
MOJXO/bl, CIOCOOCTBYIOIIME YIYYLNIEHHIO KayecTBa OKa3aHUS MEAMIIMHCKOW IOMOIIN
namuenTaMm ¢ Al.

Matepunansl u Meroasl. [ pazpabotku pexomennanuii Best Practice Advice Obun
IIPOBEJEH BCECTOPOHHMUI aHAIN3 MMEIOIIMXCS JT0KA3aTeNNbCTB, IPEICTABICHHBIX B HAYYHON
JUTEepaType, a TaKKe yYTEHO MHEHHUE BEIYIIMX SKCIEPTOB B OOJIACTU TacTPOIHTEPOJIOTHH.
Mertonosorust pa3paboTKH peKOMEHIaluii BKIK0Yaia HECKOJIbKO KIIFOUEBBIX 3TAOB, BKIHOYas
CTpaTEeryio MOMCKa, aHAJIN3 PEJIEBAHTHBIX JAHHBIX U MEXIUCHUIIMHAPHBIE 00CYKIEHUS.

Ha nepBoM 3Tane npoBoauscs 0030p aKTyalbHbBIX JUTEPATYPHBIX HCTOYHUKOB HA OCHOBE
pa3paboTaHHOrO CHUCTEMATHYECKOro IMOJAXO0Jla C HUCIHOJIb30BaHMEM HAay4YHBIX 0a3 JaHHBIX
PubMed, Scopus u Web of Science. B crpareruto noucka 6but BKIIFOYEHbI KIIOUEBbIE CIIOBA
U UX KOMOMHAIIUU, TaKHE KaK «aTpO(QUUECKUIN raCTpUT», «IIPEIPAKOBBIE COCTOSHHUS JKETYIKa,
«IMarHOCTUKA aTpOo(PUUECKOro TacTpUTay, «KMOHUTOPUHT U JICYEHUE», «IpO(PUIaKTHKA pakKa
KeNyliKay, «KUIIeUHas MEeTaIIa3usy, «IUCIUIa3us», KKaHLIEPOreHe3» U «3MHUIEMUOJIOTHS paKa
xemyakay. [Torck oxBaThIBajl CTaTbU Ha aHTJIMHCKOM U PYCCKOM SI3bIKaX, OIYOJIMKOBAHHBIE C
2014 mo 2024 ron. Jlyisi MNOBBIMIEHUS MOJHOTHI JIAHHBIX HCMHOJb30BAJIUCh JIOTHYECKHE
onepatopsl AND u OR a5 coeuHEHHS KII0UYEBBIX CJIOB U YTOUHEHHUS 3alIPOCOB.

B ananu3 BriIto4anuch MyONMKAlUMU B PELEH3UPYEMBIX MEXKIYHAapOJIHBIX XKypHalax,
OTpa)karolllie HOBEHIINE TOCTHKEHUS B IMarHOCTUKE, MOHUTOPHUHIE U jJedyeHun Al’, a Takxke
HallMOHAJIbHBIE U MEXIYHApOIHbIE PyKOBOJACTBA U oTueThl BO3. IIpenmyiiecTBo oTAaBanoch
UCCIIEOBAHMSIM  C  BBICOKOM  CTENEHBIO  JOKAa3aTEIbHOCTH  (paHJIOMU3HPOBAHHBIE
KOHTPOJIUPYEMbIE ~ HCCIIEJIOBaHMs, METa-aHAJIM3bl, CHCTEMaTHYeCKHe 0030pbl) IS
o0ecrieyeHns: Ha/IeXKHOCTH PE3yIbTaTOB.
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Jis oueHKHM TeKylled cuTyaluu U pa3paboTKu OOHOBJIEHHBIX PEKOMEHAALUN IO
BeneHuro manueHToB ¢ Al B Kazaxcrane ObUT co3/1aH DKCIIEPTHBIN COBET. B ero coctaB BOILIN
Beayle mnpodeccopa, TIIaBHbIE BHEIITATHBIE CIEUUATUCTHI M MPEICTABUTEIN CHCTEMBbI
IPAKTUYECKOIO 3[paBOOXPAHEHHUS C MEXAUCUUIUIMHApHBIM omnbiToM. Ha 3acenanum
OKCHepTHOrO COBETa, COCTOSBIIEMCS B ampesie TeKyllero rojaa, Oblla MpOBeIeHA
BCECTOPOHHSISI OIlEHKAa COOpaHHON wWHQOpMamuu, KOTOpas oO0CyXJalach C Y4eTOM
KIIMHUYECKOTO OIbITa YYaCTHUKOB M aKTyaJIbHBIX MEXIYHAPOJHBIX JaHHBIX. B xome paGoThl
ObUIH OIpe/IeNICHBI KITIOYEBHIE aCIIEKThI BEACHUS MaueHToB ¢ Al', uMeroniue ocoboe 3HaYeHHe
JUISL  aJanTalid  IOAXOI0B K OCOOCHHOCTSM CHCTeMbl 31paBooxpaHeHus Kazaxcrana.
3aKIIIOYUTEIBHBIN 3Tall BKIIOYAT CEPHI0 MEXAUCIUIUIMHAPHBIX OOCYXICHHH, HAa KOTOPBIX
ObUIM pa3paboTaHbl (PUHATBHBIE PEKOMEHIAIMH, YYUTHIBAIOIIUE MECTHbIE OCOOCHHOCTH
JMArHOCTUKY M JICYCHHS, a TAKXKE JOCTYITHOCTh HEOOXOIUMBIX MEAUIIMHCKUX PECYPCOB.

TakuM o00pa3oM, MpeAcTaBICHHBbIC TMOJOXKEHHUS HampaBlieHbl Ha (OpMHUpPOBaHHE
peKOMEHAALNN, CHOCOOCTBYIOUNIMX YIYULIEHHIO KadecTBa JUArHOCTHKW, MOHUTOPUHIA U
nedeHus atpodpudeckoro ractputa B Pecmyonuke Kazaxcras.

PesyabTaTsl u 00cy:K1eHHE.

Jlyuwiue npaxmuueckue cogemol:

Cosem 1. AT omnpezensieTcsi Kak MOTEPst KEITYTOUHBIX JKeJIe3 C MeTaria3uei uim 06e3 Hee
Ha ()OHE XPOHUYECKOTO BOCIIATICHHUS, TJIaBHBIM 00pa3oMm BcieacTBue uHdpekuuu H. pylori unu
ayTOMMMYHHOTO TopakeHus [6]. HeszaBucumo ot sTwonoruu nuarao3 Al jgomkeH ObITh
noaTBepkaEH Mopdornoruuecku [7]. Ha ceroaHsmHuii JeHb OTCYTCTBYIOT TOYHBIE
AMHJIEMUOJIOTUYECKHE JaHHbIe O pacnpoctpaneHHoctd H. pylori cpenm Hacenenus
PecnyOnuku Kazaxcrtan, B cBoell paboTe CHEIHATUCThl OPUEHTHPYIOTCS Ha OOIIEMHPOBYIO
TeHaeHIMIo uHumpoBanHoctd H.pylori, xotopas cocraBmsier 43% [8]. HeobGxommmo
MOTEHLIMPOBATh dAMUIEMHOJIOTHYECKHE UCCIIeOBaHMs pacrpocTpaneHHoctd H.pylori B
PecniyOnuku Kaszaxcran.

Cogem 2. Ilpm Hanuuumm SHAOCKONMYECKMX MNPU3HAKOB Al' crienMamucTbl JOJIKHBI
OLICHUTh CTENEHb HHJOCKONMYECKH, 3aT€M IPOBECTH TOMHOrpapuueckyro OWONCHIO IS
THCTOMATOJIOTHYECKOT0 MOATBEPKICHH U cTpaTuuKanuu pucka [ 7]. IlpunensHyro Ouorncuto
ClelyeT JOMOJHUTEIbHO MPOBOAMUTH MPH JHOOBIX JIPYIMX BHUIUMBIX aHOMAJIUSX CIU3HCTON
000J10YKH. ["aCTPOIHTEPOIIOTH, IHAOCKOIUCTHI ¥ MaTOMOP(}OJIOTH JOKHBI CKOOPIMHUPOBATH
YCUIIUS JUTs1 yIIy4LIeHUS €AMHO00pa3us TIOKYMEHTUPOBAHUSI CTENEHU U TshkecTH Al', 0coOeHHO
IPY HAJIMYUH BbIpaXeHHOU aTpoduu ¢ ucnonaszoBanueM cucteM OLGA/OLGIM [9]. «Touxoit
HEBO3BpAaTay CUMTACTCS MOsBIeHHE Kuleunoi meraruiaszuu (KM) [10].

Cosem 3. OnpejieneHre CHIBOPOTOYHBIX MAPKEPOB aTPOPHUH CIUZUCTON 00OJIOUKH Tena
¥ aHTPaAJIBHOTO OT/IeNa xenyaka (rerncunored I, mencunoren 1, uX cOOTHOIIEHHS U TaCTPUH-
17) sABASAIOTCA JONOJHUTENBHBIM JMAarHOCTMYECKHMM HWHCTPYMEHTOM Y  HAlMEeHTOB C
MOJIO3PEHUEM Ha HaJIM4yue MPEpPaKOBbIX M3MEHEHUH JKelyAKa C LEJbI0 MOATBEPKICHUS
JIMarHo3a, OLEHKHM CTENEHW pUCKAa pPa3BUTUS paKa JKEIyJKa W OIpEAeieHUs Nopsaka
9HJIOCKOITUYecKoro Hadmoaenus [11,12].

Cogem 4. IIpyu ayTOMMMYHHOM TI'acTPUTE PACCMOTPETH BO3MOKHOCTh aHAJIN3a aHTUTEN K
napueTajibHbIM KJIETKaM M aHTHUTENl K BHYTpEHHEMY (akTopy, a TaKKe 3HIOCKOMHYECKON
JIMarHOCTUKHY C IIeIIbI0 NCKIIIOYECHUS HEHPOIHTIOKPUHHBIX OITyXoJiei skenynka 1-ro tuna [13].

Jluam B Bo3pacte >50 jer ¢ 1abopaTOpHBIMU MPU3HAKAMH TICPHHUIIMO3HOW aHEMUU
(mepunmt BuTamMuHa B-12 u MakporuTapHas aHeMHs) U TOJOXHUTEIbHBIMA AQHTUTEIAMHU K
napueTajgbHbIM KJIETKaM >KeIyJaKa WM BHYTPEHHEMY (akTopy paccMaTpuBaTh 0a30BYIO
SHJIOCKOIHUIO ¢ Tomorpaduyeckoit Ouorcueit s moarsepkiaeHus Al m mocnemyromien
cTpaTUKAIMK PUCKA; OUOTICHIO CIIeAyeT OpaTh MO OOJBIION 1 MaJloi KpuBu3He [14].
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Cosem 5. OtrcyTcTBHE  MEXKIYHApOAHBIX  PEKOMEHIAUMK MO  PYTUHHOMY
HHJIOCKOITMYECKOMY HaOJIOACHUIO 33 MAllMeHTaMH C KUIIEYHOH MeTaIula3ued mpezronaraet
COBMECTHOE MPHUHSTHE JIOKAJIBHBIX PELICHUH JUIs HAlIUEHTOB ¢ Oojiee BbICOKUM prckoM PXK o
CKPHHUHTY a/ICHOKAPIIMHOMBI KeyIKa B 3aBUCUMOCTHU OT TSHKECTU MOPAKEHUH M CBSI3aHHBIX
¢ HUMM (akTOpOB pHucKa. [[1sg ONTHUMAaIbHOM OLIEHKHM CIM3UCTOM OOOJOYKH KelyaKa M
IeJICHANPABICHHOW OWONCUU BakKHAa POJb BBICOKOKAYECTBEHHOM HHIOCKOIUH, BKIIOYAs
BO3MOYKHOCTH JOMOJHUTEIBHON SHIO0CKOMNYecKoi Busyanusanuu [15,16]. ITanuenram ¢ AT
0e3 mucIIa3uM, ¢ KUIICUHOM MeTaruia3ueil B OQHOM JoKanu3anuu, HenoiaHoi KM u ceMeiHbIM
aHAMHE30M PaKa jKelly/Ka TpeOyeTcs SHAOCKONMUYECKHH U MOP(OIOrHYecKMii MOHUTOPUHT 1
pa3 B 3 rona; mporpeccupyromuii Al (Tspkenble atpoduueckue u3meHenus win KM B
aAHTPAJILHOM OTAEJIE U TeJle XKeyKa) TpeOyeT NpoBeIeHHsI BBICOKOKaUYeCTBEHHOM 3HJOCKOINU
kaxasie 3 rona. Pacnpoctpanennsiii Al' 1 ceMeiiHbIN aHaMHE3 paka )KelyakKa TpeOyroT Oomee
MHTEHCUBHOIO HaOIIOIeHU: KaXKble 1—2 roja rnocie nocTaHOBKYU UarHo3a; pu Jerkou mim
YMEpEHHOH aTpo(uu, OrpaHUICHHON aHTPAIBHBIM OTJEJIOM, HaOII0IeHUE HE TpeOyeTcsl.

[Ipy  ayroMMMyHHOM  TacTpuUT€  pPacCMOTPUTE  BO3MOXKHOCTb  IPOBEACHUS
9H/I0CKOIIMYECKOIr0 HaOJI0IeHUs Kaxable 3—5 JeT.

Hanuuue aucrnnasun BEICOKON cTeneHu TpeOyeT NpOBOJUTH KOHTPOJIb uepe3 6 MecsIeB,
JIMCIUIA3UU HU3KOM cTerneHn — uepe3 12 mecsiues [17,18].

Cosem 6. N3nedenue undpexuuu H. pylori MoxeT uMeTh 01aronpusTHbINA 10ITOCPOYHBIN
3pPEeKT Ha KETYAOUHYIO aTpo(uio, B OTCYTCTBHE KHIICYHOW METAIUIa3WH WM JUCIUIA3UU
[19,20].

Cosem 7. B nactosmiee Bpemsi B Kazaxcrane He W3BECTHBI MOKa3aTesd u3jieueHus. B
cilyyasiX, KOrja BbIsBIseTCd HEI(()EKTUBHOCTh CTaHAAPTHOM 3paJMKallMOHHOM Tepamnuu,
peumauB 3a00JIeBaHus, CEMEWHBIM aHAMHE3 SI3BEHHOW OO0JIC3HU JKeTy/IKa WM paka >KelyaKa,
pEKOMEH1yeTCsl IPOBEJCHNUE KYJIbTYPAIIbHOTO MCCIEeI0BaHNs OUOIITATOB CIM3UCTON JKeJy1Ka
Ha H. pylori ¢ onpesiesieHneM 4yBCTBUTEIBLHOCTH K aHTHOAKTepHAIbHBIM Tpenapatam [21].

[TatmenTam ¢ ayrouMMyHHBIM Al’, NEpHUIIMO3HONW aHEMHUEH MOKa3aHa 3aMeCTUTEIbHAs
Tepanusi BATaMUHOM B-12.

Cosem §. Mepoii, HampaBle€HHOH Ha IONBITKY MOBIUATH Ha IPOrPECCUPOBAHUE
aTpouYecKkoro mpolecca M BOCHAJIEHHE, MOXET OBbITh KOHTPOJHMPYEMOE Ha3HAYCHHE
IpenapaToB, MOJABISIONMX KHCIOTHOCTb, TaKXK€ MOXHO pPAaCCMOTPETh MpPUMEHEHHE
racTporpoTeKTOpoB - pebamunu, Butamud U, STW-5 [8,22-24].

Onudemuonocus ampoghuueckozo eacmpuma. Al' onpenensercss Kak Iporpeccupyromas
NoTepsl JKEIYJOUYHBIX JKEJe3, KOTOpas MOXKET CONpPOBOXKIAThCS MeTaraszued (3aMeHon
HOPMAaJIbHBIX KJIETOK >KEITYJ0YHOTO SMUTENUs KJIEeTKaMU KMILIEUYHOTO TUIA) UIIH MPOUCXOANUTH
06e3 He€, Ha (Qone Xpouumueckoro BocnaieHuss [6]. OCHOBHbIMH (aKTOpamH,
CHOCOOCTBYIOUIMMHU Pa3BUTHUIO 3TOT0 3a00seBanus, sBistoTcea nHdpekus Helicobacter pylori n
ayTOMMMyHHOe TopaxkeHue [6]. B martoreneze Al Beaymiyro poib HWrpaer UIMTEIbHBINA
BOCTIJIUTENBHBIM TpoOLEcC B CIM3UCTOW 000JIOYKE IKelyaka, KOTOPbI NPUBOAUT K
HEOOpaTHUMBIM M3MEHEHUSM CTPYKTYPHI U (DYHKIIMH JKEIYIOYHBIX Kee3. DTH MU3MEHECHUS
nenatoT A" oqHMM 13 Hanbosiee 3HAYMMBIX MPEIO0IMYX0IEBbIX COCTOSHUM, MOBBIIIAIOIIUX PUCK
pa3BuTHs paka kenyaka [24]. CBoeBpeMeHHasl TUArHOCTHKA M PETYJISAPHBIA MOHUTOPHHT
COCTOSIHUS MAallMEHTOB ¢ Al' MMEIOT pelaroliee 3HaueHue s MPEAOTBPALLEHUS Iepexoaa
3a00JIeBaHUs B 3JI0KAUECTBEHHYIO CTAJIUIO.

OcHoBHBIE (pakTOpBI, TpUBOAAIIME K pazBuTHiO Al', BKitouatoT uHdeknuio H. pylori u
ayrouMMyHHbIe mporieccel  [25]. Wudekims H. pylori sBisercss oaHON W3 cambIx
pacIpoCTpaHEHHbIX OakTepHalbHBIX MH(EKIUH B MHUpE, OCOOEHHO B CTpaHaX C HU3KUM
YPOBHEM 3KOHOMHYECKOro pas3sutus [8]. Dra rpamorpumartenbHas OakTepusi o0jagacTt
BBICOKOM CHOCOOHOCTBIO KOJIOHM3MPOBATH CIU3UCTYIO OOOJIOYKY JKENyJKa, BBI3bIBAs
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BOCHAIUTEIbHBIC M3MEHCHHUsS, KOTOphIe MOTYT MporpeccupoBath 10 arpoduu [7,8].
Xponunueckas uHpexust H. pylori BbI3piBaeT HeOOpaTUMbIEe H3MEHEHHUSI B TKAHSIX JKEIYJIKA,
4TO, B KOHEYHOM HUTOT€, MOYKET MPUBECTH K MPEIPAKOBBIM COCTOSHHSIM U paKy xenyzaka [26].
B cBs31 ¢ 3THM, KOHTPOJIBL U Ipo(UIakTHKa pacnpoctpaneHHocTd H. pylori SBISIOTCS 0HOM
U3 TPUOPUTETHBIX 33/7a4 B OOJACTH COBPEMEHHOI TracTPO3IHTEPOJOrMH U OOIIECTBEHHOTO
3npaBooxpaneHus [27,28].

Pacnpoctpanennocts unpexknun H. pylori cuiabHO BappupyeTcsi B 3aBUCHMOCTU OT
pa3IMYHBIX JeMorpaguueckux (pakTopoB, BKIIOYAs BO3PACT, reorpauuecKuil pervoH,
COLIMAJIbHO-9KOHOMMYECKUN CTaTyC, YpOBEHb TMTHEHbl M AITHMYECKYIO MPHHAJICKHOCTD
[29,30]. Hampumep, cpenu suig crapiae S50 JIeT paclpoCTPaHEHHOCTh HH(EKIIMU BBIIIE, YeM
CpeIu MOJOJBIX JIOJEH, YTO CBSI3aHO C HAKOIUICHHEM XPOHMYECKHUX BOCHAIUTENbHBIX
U3MEHEHUH ¢ Bo3pacToM. Kpome Toro, y mnamMeHTOB C HM3KUM YPOBHEM JI0XOAOB H
OTPaHUYEHHBIM JIOCTYIIOM K MEAMIMHCKOW moMomM puck uHpuuupoBanus H. pylori
3HAYUTEIbHO BhIIE [31]. DTH commanbHble W JeMOrpapUuecKue pas3inyus MOAYEPKHBAIOT
HEOOXOUMOCTh TIPOBEJCHHS LIeJICHANPABICHHBIX SMUACMHOIOTMYECKUX HCCIEA0BaHUN B
pPa3IMYHBIX PETHOHAX W TOMYJSIIHAX JUIsl pa3padoTKU APPEKTHBHBIX MPOPHIAKTHIECKUX
MPOrPaMM.

Merta-ananu3, npoeneHHbIi Yi-Chu Chen u komuteramu B iepuo ¢ 2010 o 2022 rosl,
MOKa3aj 3HAYUTENIbHOE CHU)XEHHE TJ00anbHON pacmpocTpaneHHocTH uHGpekuuun H. pylori
cpeau B3pocibix ¢ 52,6% 1o 43,9% [8]. Oanako cpeau aeTel U mOAPOCTKOB ATOT MMOKA3aTellb
0cTaéTcsi BBICOKUM — O0KOJIO 35,1% [8]. DTu naHHbIe IEMOHCTPUPYIOT NI0O0AIBHYIO TEHCHITHIO
K CHUKEHHIO 3a00J1€BAEMOCTH, UTO, B CBOIO OYEPE/b, CBSI3aHO C YJIYUIIEHUEM THTUEHUUECKUX
YCIOBUH M JOCTYIHOCTBbIO AHTHUOMOTHUKOB. TeM He MeHee, BbICOKas 3a00JIeBaéMOCTh B
HEKOTOPBHIX PETHOHAX MOTYEPKUBACT HEOOXOAMMOCTh YCHJICHHS Mep NPOPHIAKTHKH U
KOHTPOJISI UH(EKITHH.

Kpome Toro, cumkenue pacupocrpaneHHoctd H. pylori koppenupyer ¢ ymeHblIeHuEM
3a00J1€BAEMOCTH PaKOM JKeNyJKa, 4TO MOJJEP>KUBAET THUIOTE3y O TOM, 4TO 3(PQeKTUBHAs
Ooppba ¢ HWHGEKIHEeH MOXKET CYIIECTBEHHO CHHM3UTh PHUCK DPA3BUTUS 3JT0KAYECTBEHHBIX
ornyxoJieil jxenyaka Ha riodaabHoM ypoBHe [32]. Tem He MeHee, 3TO TpeOyeT AaabHEUIINX
JOJITOCPOYHBIX HAOTIOAEHUN U MM IEMUOJIOTUYECKUX UCCIIEI0BAaHUM.

Yro kacaercs Kaszaxcrana, TO Ha CEroJHAIIHUI J€Hb TOYHBIE JaHHBIE O
pacrtipoctpanennoctd H. pylori cpenu HaceneHuss OTCyTCTBYIOT. JlepuIUT axTyaqbHOU
UHPOpPMALIUK  CYILECTBEHHO 3aTpyaHSET pa3paboTKy A(PGEKTUBHBIX CTpaTeruii Mo
JUArHOCTHKE, JIEYeHUIO U poduinakTuke Al' 1 CBS3aHHBIX C HUM IIPEIPaKOBBIX COCTOSHUN. B
HacTosIee BpeMs crenuanucTsl B Kazaxcrane opHeHTHPYIOTCS Ha OOLIEMHPOBbIE JaHHBIE,
COTJTacHO KOTOphIM mHpUIMpoBaHHOCTH H. pylori cocraBnsier okono 43% [8]. [IpoBenenue
HaIlMOHAJIBHBIX AMMJEMHOJIOIMYECKHX MCCIeOBaHUN 1Mo pacrpocTpaHeHHocTH H. pylori
MPEJICTaBISIETCS KPUTHUECKH BaXKHBIM I1aroM JJis pa3pabOTKH HAMOHAJIBHBIX MPOTrpamMM Mo
60pb0e ¢ pakoM KeTyaKa U ONTUMHU3ALUN MEAUIIMHCKOM MOMOIIM B cTpaHe. J{omoIHuTeNbHO,
BaXHO OTMETUTh, 4TO B Kaszaxcrane cyiiecTByeT omnpezenéHHas pa3HUIA B JOCTYINHOCTH
MEUIIMHCKUX YCIYT MEXIY CEIbCKHMMHU U TOPOJCKMMHU pernoHamu [33], 94TO TakKe MOXKET
BIIMATH Ha pacnpoctpaHeHHocTh H. pylori u wactoty pazsutust Al'. bonee mupokoe BHeapeHue
JMAarHOCTUYECKUX MHPOTpaMM M JOCTYIl K COBPEMEHHBIM METOJaM JICUeHHs, TaKHUM Kak
HH/I0CKONMYECKHE HCCIEA0BaHUsA, CEPOJIOTHYECKasi AUArHOCTUKA U KYJIbTYpallbHbIE TECTHI,
MOXET TIOMOYb CHHM3UTH 3a00JIeBa€MOCTb M  YIYUYLIMTh PAHHIO JAMArHOCTHUKY
MPEIONYXOJIEBBIX COCTOSTHUM.

Huaenocmuxa. B coorBerctBUM ¢ CHAHEHCKMM NPOTOKOJIOM M JEHCTBYIOLIMMHU
KJIMHUYECKUMH PEKOMEHJALNUSIMH, BCEM MAllUEHTaM C MPOSIBICHUSMU CHHApPOMA JHCIENICUN
HEOOXO/MMO  MPOBEACHHWE  HHIOCKOINHMYECKOTO  HCCIEAOBAaHUS  BEPXHHUX  OT/IEJIOB
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IUILEBAPUTEIILHOTO TPAKTA € HOCIEAyoUed MOp(hOIOrn4ecKkoil OleHKON racTpoOnoNnTaToB,
4YTO SBJISETCS <«BOJOTHIM CTAHAAPTOM» Ul YCTAHOBJEHHUS JMarHo3a XpPOHUYECKOTO
atpouueckoro ractputa (XAI) [9]. DTo HcciaenoBaHHWE IMO3BOJIIET TOYHO OIPEIACIHTH
CTeNeHb aTpOPUH U UACHTU(DUIIUPOBATH BOZMOKHBIE COIYTCTBYIOIINE MATOJIOTHH, TAKUE KaK
KULIeyHast MeTariasus. [ MOBBIIIEHNsT TOYHOCTH JUArHOCTUKU Ba)KHO MPOBOAMTH 3a00p
OMONICHITHOTO MaTepHaja U3 pa3IMYHbIX YYaCTKOB CIM3UCTON OOOJOYKHM KeNmyaKa, TaK Kak
aTpouuecKkrue M3MEHEHHMs MOTYT OBbITh JIOKaIM30BaHbl B Pa3HbIX OTAENaX >KEIyAKa, 4To
TpeOyeT OLEHKH aHATOMUYECKOT0 pacrpeiesieHus opaxenuii [16-18].

Kpome Toro, x HeMHBa3MBHBIM MeTojaM auddepeHIuanbHOol AUarHocTukn XAI
OTHOCSITCSI CEPOJIOrMYECKHE MCCIIEA0BAHNS, KOTOPhIE BKIIIOYAIOT MCIIOJIb30BaHUE Map-KEpOB
(GyHKLNY jKely/Ka, TAKUX KakK MercUuHOreH I, cootHomenue nencuHorena I u nencunorexa II,
ractpuH-17 (kak CTUMyIUpPOBaHHBIH, Tak U 0a3ainbHBIN), a Taoke anTuTen IgG k Helicobacter
pylori. DTu TeCTBl MOT'YT CIIYy>KUTb JOHNOJHUTEIbHBIM HHCTPYMEHTOM JJIsi OLEHKU COCTOSIHUS
JKEIYJOYHOM CIIM3UCTOM M MOHMTOPMHIA HW3MEHEHUHM B  JKEIYJOYHOM CEKpEeLUU.
[TenicuHOre€HOBBIE TECTHI LIMPOKO UCIIOJIB3YIOTCS B PAMKAX IPOTPaMM 110 PAHHEMY BbISIBICHUIO
IPEIPAKOBBIX COCTOSHUM JKEIYAKA, YTO MOJYEPKUBAECT MX BAXKHOCTH YISl MOIMYJISILIMOHHOTO
ckpununra [11,12].

[Tpu no03peHnr Ha ayTOUMMYHHBIN FaCTPUT PEKOMEHYETCs JOTIOJTHUTEIBHO IPOBECTH
aHaJIM3 Ha aHTUTEJIa K MMapHeTalbHbIM KJIETKaM U aHTHUTeNa K BHyTpeHHeMy ¢akTopy Kactia.
OT0 1O3BOJUT ©OO0Nee TOYHO YCTAHOBUTH JIMArHO3 M HCKIIOYUTh BO3MOXHOCTh
HEHPOIHAOKPUHHBIX omyxosei kenynka l-ro tuma [13,14]. Kpome Toro, Takue aHamu3bl
HEOOXOIUMBl JUIsl OLEHKM pHUCKA pa3BUTHUS [EPHUIIMO3HONM AaHEMHUHM Yy MAalMEeHTOB C
ayTOMMMYHHBIM ractputoM [34]. Takoit noaxon, HapsAAy ¢ SHIOCKOIUYECKON TUarHOCTUKOM,
oOecrieunBaeT 0osiee MOJHOE W TOYHOE JUATHOCTUYECKOE OOCIEeIOBAaHHE, YTO KPUTHYECKU
Ba)XHO JUId aJIeKBaTHOIO BbIOOpA TAKTUKU JICYEHUS U TNPEAOTBPAIICHUS OCJIOKHEHHH,
CBSI3aHHBIX C @yTOMMMYHHBIM TaCTPUTOM.

Omnpenenenue aHtuTen K mnapuetanpHbiM kieTkaM (AIIK) sBasercs Haubonee
YYBCTBUTEJIbHBIM CHIBOPOTOYHBIM OMOMapKEpOM ISl JUAarHOCTUKH ayTOUMMYHHOTO racTpuTa
(AUTD'). OgHako cieayeT y4uThIBaTh, YTO JIOKHOIIOJIOKUTENIBHBIE PE3yJabTaThl MOTYT OBITH
JTIOBOJIbHO YacThIMH, Tak Kak ypoBeHb AIIK Mosxer mossimarbes npu unpexnuu H. pylori u
JpyruX ayTOMMMYHHBIX 3a0osieBaHusXx. MMmyHodpepmentHbiii aHamu3z (MPA) wumeer
OTPAaHUYEHHYIO YYBCTBUTEJIBHOCTh, KOTOpas 4acTto coctaBisieT mMeHee 30% B pa3IMuHBIX
UCCIIEIOBaHUAX, HO 00dazaeT BbICOKOW crnenuduyHocTbio. OH yalie BCEro CTaHOBHUTCS
MOJIOKUTEIBHBIM Ha OoJjiee MO3AHMX CTaausx 3a0osieBaHus. B HEKOTOpBIX ciydasx
MIOJIOKUTENIBHBIN pE3yJIbTaT Ha ayTOAHTUTENA MOJKET IPEALIECTBOBATh KIMHUYECKOMY
nposiieHuto AUI, 0cOOEHHO y MAlUEeHTOB C APYTMMHU ayTOMMMYHHBIMHU 3a00JI€BaHUSIMU
[35,36].

Kenynok sBasieTcsl €AMHCTBEHHBIM UCTOYHUKOM IETICHHOT€HA B OpPraHu3Me, M03TOMY
U3MEHEHHS B YPOBHE IENCHHOTeHa MOTYT J(PQEeKTUBHO OTpaxaTb (YHKIIMOHAIbHBIC
U3MEHEHHUs CIM3UCTOM 000s0uku kemyaka. Huskuil ypoBeHb merncuHoreHa 1 W HHM3KOE
COOTHOIIIEHUE TETCUHOTeH 1/MencuHOreH 2 MOTYT yKa3blBaTh Ha mporpeccupymomuii Al u
TPeOYIOT TOCIEAYIONIEH YHIOCKOMUYEeCKO omeHKku [37]. TlencuHOTEHOBBIE TECTHI TaKkKe
MOTYT OBITh TIOJIE3HBI JJISi HEWMHBA3UBHOM (CKPUHUHTOBOW) JHArHOCTHKU aTpopuu y
OeccnMnTOMHBIX manueHToB [38]. Kpome Toro, mccienoBanne COOTHOIICHUS TIETICHHOTCHOB,
craryca wuH¢pexkuuu H. pylori u ypoBHs ractpuHa-17 sBusercd 3¢h(EeKTUBHBIM
JTUArHOCTUYECKUM TECTOM s BbIsBIeHUS Al y rpynm HaceneHHs C BBICOKMM PHUCKOM
pa3ButTus paka xenynaka (PXK). Ot meroasl mO3BOJIAIOT HE TOJBKO MOATBEPKIATh HAIWYNE
3a0o0yieBaHUs, HO M MPOTHO3HPOBATh €ro pa3BUTHE, YTO KpalHEe BaXHO IJS pPaHHETo
BMEIIATENIBCTBA U YIIPaBJICHHS MAlMEHTaMH ¢ BRICOKUM prckoM [39,40].
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KadecTBeHHO MpOBEICHHOE YHIOCKOIINYECKOE UCCIIEI0BAaHIE UMEET Ba)KHOE 3HAUECHUE B
nuarHoctuke XAl Tak Kak OT aIeKBaTHOCTH 3a00pa racTpoOHUONTAaTOB 3aBUCHT ITOCIIEAYIOIIAs
MOpGOJIOruyecKasl OLIEHKa IOPAKEHUs CIM3MCTOM OO0OJOYKHM >KelayAka W Bepudurauus
nuarnosa [41]. To4yHOCTh SHIOCKONMHMH MOJKET OBITh ITOBBIIIEHA 3a CYET HCMOJIb30BAHMS
JIONIOJIHUTEIbHBIX METOAMK, TAaKUX KaK Y3KOCHEKTpalbHas HHIOCKONUS U 3HIOCKOMMS
BBICOKOI'O pa3pelleHusi, KOTOPbIE 3HAYMTEJIBHO YJIYYIIAIOT BU3YaIM3aLUI0 IPEIPaKOBBIX
n3meHeHui [42,43]. PazButre SHIOCKOMMYECKUX BU3YATHU3UPYIOIIUX METOJIOB SIBJISIETCS OoJiee
HaJIe’)KHBIM MTHCTPYMEHTOM JUarHOCTUKH, TIO3BOJISIOLIEH TOUHO BBISIBJIATD YYaCTKH CIIU3UCTOM,
HopakE€HHbIE KUIIEYHON MeTalula3ued WiIn AMCIUIa3uel, YTO OCOOCHHO BAa)KHO Ul PAHHEro
BBISIBJICHUS TIPEIPAKOBBIX COCTOSIHUI, 3HAYMTEIBHO COKpalias BpeMmsi npoueaypsl [44].
HecmoTps Ha Bce penMyIlecTBa, y3KOCIIEKTpalbHas SHAOCKONUS U JPYTue METOUKHU BCE Ke
ABJIAIOTCS JUILb JOTIOJIHUTEIbHBIMU JUATHOCTUYECKUMHU MaHUITYJISIIUSIMU U HE TIOAXOJAT IS
HOMYJISILUOHHOTO CKPUHUHIA aJIeHOKAPLIMHOMBI KEJy/Ka, OCKOJIbKY HE MMEIOT JIOCTaTOYHO
IMIMPOKOTO PAaCHpOCTpaHEHHUs, 0coOeHHO B permoHax Kaszaxcrama, um TpeOylOT HamU4us
3HAYUTEJIBHOTO MPO(ECCHOHAIBHOIO OIbITAa Bpaya-3H10CKOIUCTA.

Mopdonoruueckasi OlEHKAa H3MEHEHHH CIU3UCTON OOOJOYKH JKEIyIKa IO CHUCTEME
Operative Link for Gastritis Assessment of Atrophic Gastritis (OLGA) u Operative Link for
Gastric Intestinal Metaplasia Assessment (OLGIM), npemiokeHHbIE MEXIYHAPOIHOU
rpynmnoii sxkcnepros B 2008 r., mo3BoJseT CTpaTU(PULIUPOBATh PUCK Pa3BUTHS paka JKellyJKa
[45]. B nmanHO#l cucTeMe ONpENeNsIOTCS HHTErPajbHBIC [MOKA3aTeld CTCICHU U CTaHU
XPOHMYECKOI'O TacTpUTa, I/I€ MOJ CTENEHbI IOHUMAETCS BBIPAKEHHOCTh HH(UIbTpaLUU
COOCTBEHHOM IUIACTUHKU CIU3UCTOM OOOJIOUKM JKEIyJKa BOCHAIUTEIbHBIMU KJIETKAaMHU
(uMmdoruTamMy, MIa3MaTUYECKUMU KJIETKAaMH W HEUTPOQUIBHBIMU JIEMKOLUTAMHU), MOJ
cTaauel - Hammuue arpodudyeckux m3MeHeHuil [46]. B cooTBeTcTBHM € MPOTOKOJIOM 3a00pa
OMONCUIHOrO MaTepualla, OLleHKa CTENEeHM M CTaJUM XPOHUYECKOrO racTpuTa IO CUCTEME
OLGA nogpasymeBaer B3siTHE 5 (PparMeHTOB: IO OJHOMY IO MajOol KpUBHU3HE U3 Teja
KeyaKa, o 0O0JIbIION KpUBU3HE U3 Tella XKeTy/Ka, U3 yria )KelyJKa, 10 MaJloi KpUBHU3HE U3
AHTPAJIBLHOTO OT/IENIA JKEIYKa, 0 OOJIBIION KPUBU3HE U3 aHTPAJIBLHOTO OT/AENA JKETyIKa.

Kumeunast Meramnasusi sIBIsS€TCS CTUTMOM aTpopuM W OIpenensercss Kak 3aMeHa
JKEJIC3UCTOr0 DIMTENUS JKEIyAKa KHIIeYHbIM snutenreM [47]. Meramiasuio cieayer
onpeneniaTh Kak (EHOTHIHUYECKYI0 KOHBEPCHIO MOCPEICTBOM IEpernporpaMMHpPOBAHUS
muddepeHIMallud  Ha YpPOBHE CTBOJIOBBIX/TIPOI€HUTOPHBIX KJIETOK, YTO MPUBOJUT K
KJIIOHAJIBHBIM ~M3MEHEHUsIM BO Bcell xkenmeze. [lo  pacmpocTpaHEHHOCTH — BBIIEISIOT
OTpaHMUYEHHYIO KUIIEUHYIO METaIIa31io, €CJIU NaTOJIOTMYECKHM Mpoliecc HaXOIUTCs B OJTHOM
AQHATOMHUYECKOM 00JIaCTH JKeIy/IKa, U PaclpOCTPAHEHHYIO - €CJI BOBJICUEHBI iBe oOnactH [48].
['Mcronornyecky KuieuHas MeTariazus oApasesiseTcs Ha MoNHyIo U HenonHyto. [TomHast (1
TUI) KUALIEYHass MeTalja3us cxXoXka ¢ MUTeNneM TOHKOW Kuiku, HermonHas (II tum) — c
toncrokumeyHsiM snutenueMm [49]. [uddepennmanms nvenonnoit n noxaoit KM o6brdHO
JI0OCTATOYHA C MIOMOIIBIO PYTUHHOTO OKpAIIMBaHHsI FTEMaTOKCUIIMHOM U S03MHOM.

Cragus atpopuueckux U3MEHEHUI U CTENeHb BOCHAICHUS HE ONPEAENSIOT HAIWYUE U
BBIPQKEHHOCTh KJIMHUYECKHX CHUMIITOMOB MpPHU XPOHMYECKOM TacTpUTEe, NPU ITOM JaHHBIE
TUCTOJOTMYECKOr0 UCCIEI0BaHUsI HEOOXOIMMBI ISl MPOTHO3a U BHIOOpA TAaKTUKH BEJIEHUS
naruenTa. Hlupoko pacnpocrpanennas KM, oxBaTbiBaromas HECKOJIbKO Y4aCTKOB Kak Tena,
TaKk W aHTPaJIbHOrO OTHeNna, SBIsSeTcsl (akToOpoM pHUCKa paka kemyaka. Heobxomumo
MOJYEePKHYTh, YTO C HAPACTAHUEM CTaJUU aTPOPUU YBEIUUMBACTCS BEPOSTHOCTH PA3BUTHUS
paka *xKenyaka KuieyHoro tuna. Y nanueHTos ¢ [[I-1V craaueit XxpoHH4YECKoro racTpura puck
paka jkemyaka Bo3pacTaeT B 5—6 pa3. bosiee BBICOKMH PHCK pa3BUTHs aJ€HOKAPLMHOMBI
JKEIyIKa XapaKTePeH Tl HETOIHOM M/WIIH PaciipOCTPaHEHHOM KulieuHoi Metarutasuu [50].
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B mporiecce quarHoCTUKM U BBIOOpA JadbHEHIIEH TAKTUKKA BEEeHUS NMarueHToB ¢ XA
HEO0OXOUMO CKOOPJIMHUPOBAHHOE B3aWMOJAEUCTBUE TaCTPO3HTEPOJIOrOB, 3HIOCKOIHUCTOB U
aTOMOP(OJIOTroB JUIsl YIy4IIeHHs €ANHO00pa3us JOKYMEHTUPOBAHUS CTENEHU U TskecTu Al
0COOEHHO NPU HAJTMYMU BBIpAXKEHHOH atpoduu (JIydmmii mpakTHYeCcKuii COBeT 2).

Ha ceromnsmHuii JeHb OTCYTCTBYIOT IPOCIEKTHUBHBIE  paHIOMHU3HPOBAHHBIE
KOHTPOJIMPYEMBIE HCCIICOBAHMs, KOTOpbIE Obl IOKa3ajdd JOCTOBEPHBIC MPEUMYIIECTBA
IPOBE/ICHUS] PYTUHHOI'O 3HJIOCKOIIMYECKOro HaOmroieHus 3a nanueHramu ¢ Al', ¢ nmosumnuun
CHIDKEHHSI 3a00JIeBaéMOCTM M CMEpPTHOCTH, CBS3aHHBIX C pakoMm kemyaka. OmgHako
MHOI'OYMCIIEHHbIE HAOJ0aTeIbHbIE UCCIIEOBAHUS JEMOHCTPUPYIOT CHIIBHYIO CBSA3b MEXKAY
Tsokenon ¢gopmoit AI' (Ha OCHOBAaHHMM THCTOJIOTMH, AaHATOMHYECKOTO DPACHPEICICHHS WU
craguii III/IV mo OLGA/OLGIM) ¥ NOBBIIIEHHBIM PUCKOM Pa3BUTHS aJICHOKAPIIMHOMBI
KeIyJIKa; 3TO JaeT 0OOCHOBAaHUE PHIOCKOMMYECKOTO HAONIOJCHHS 32 STUMHU MNAIlMEHTaMH C
LEJIBIO MTOBBIIIEHUS BEPOATHOCTH BBISBICHUS PaKa XKeJTyIKa Ha paHHEH CTaauu.

OHJO0CKONUYECKUH U MOP(POJIOTHYECKUl MOHUTOPUHT 1 pa3 B 3 rosa peKkoMEeHAyeTCs B
ciydyae Al Oe3 nucruia3uy, ¢ KUIIEYHON MeTarula3ueil B 0HOH Jokanu3anuu, HenoinHoi KM
U CEMEWHbIM aHaMHE30M paka Xelyaka, a Takxke npu mnporpeccupywomem Al Ilpu
pactipoctpaHeHHOM Al' um ceMelHOM aHaMHe3e paka XelyJka HaOJroJeHuEe HPOBOJUTCS
Kaxzable 1-2 rosma mociie MOCTAaHOBKM JUArHo3a; MpH JIETKOM MJIM yMepeHHOW arpoduu,
OTPaHUYEHHOW aHTpaJbHBIM OTIEJIOM, HaOmoneHue He Tpedyercs. Ilpu ayTroMmMMyHHOM
racTpUTE IHIOCKOMMYECKOE HAOJII0IeHuE IPOBOAUTCS Kaxkiple 3—5 neT. Hannuue aucnnaszun
BBICOKOM cTeneHH TpeOyeT MPOBOIUTh KOHTPOJIb yepe3 6 MecsLeB, AUCIUIa3UY HU3KON CTEIIeHH
—uepe3 12 mecsies [17, 18]

B 2016 roay Ha cornacuTenbHOM COBEIIaHUU «MaacTpuxT-V» ONTUMaIbHBIMU TECTAaMU
nepBuyHON aumarHoctukn wuHpekumn H. pylori Osum onpenenens! 13C-apIxaTenbHbINH
ypeasHblii TecT M omnpenenenue antureda H. pylori B kane. Tak, coryiacHo mociegHemy
KokpeiliHoBckoMy 0030py U MeTaaHalu3y 4yBCTBUTEIbHOCTh 13C-/bIXaTeNbHOIO ypea3Horo
tecta coctanister 94 % (95 % JAU: 0,89-0,97), a onpene-nenune anturena H. pylori B kane —
83 % (95 % JAN: 0,73-0,90) mipu cnenuduyaroctu B 90 % [51].

MuxkpoOuonornyeckuii  (OakTepuoimorudyeckuii)  Meron  (MUKPOOMOIOTHYECKOE
(KyIpTypanbHOE) HccieloBaHne OMONTaTOB CIM3UCTOM kenynka Ha H.pylori ¢ onpenenennem
qyBCTBUTEIBHOCTH K aHTHOAKTEpUAIbHBIM IIperapaTam) MIpUMEHseTCs B HACTOSIIee BpeMs 1is
omnpezeNieHus] UHIMBUyaJIbHON 4YBCTBUTEIBHOCTH OAaKTEpUM B ciiydasix HedI((HEKTUBHOCTH
JeYeHMsl, TpU peuuauBe 3a00JeBaHMsA, a TaKKe MOXKET ObIThb MPOBEACH NPU HAIWYUU
CEeMEWHOr0 aHaMHe3a S3BEHHOW Ooie3HM Kenmyaka ©u paka xenynka [52]. I[Tomwumo
HEMOCPEJACTBEHHO  JUarHOCTUYECKOM  3HAUMMOCTH  MMKpPOOMOJIOTHYECKOT0  METoJa
UCCJIEIOBaHMsI, HA3HAUEHUE IaHHOTO MCCIIE€A0BAaHNUS [TO3BOJIUT COOPATh MUIEMUOIOTUYECKUE
JTaHHbIE 0 aHTHOMOTHKOpe3ucTeHTHOCTH H.pylori B Hamem peruose.

Jleuenue. IlocKOIbKY OCHOBHBIMU ATHOJOTHYeCKMMH (akTopamu XAl sBistoTcs
undexus H. pylori u ayrouMmyHHOE BociasieHHe, Bce JeueOHbIe MEPOIIPUTHS TOTDKHBI ObITh
B [IEPBYIO OYepelb HampaBieHbl Ha UX ycTpaHeHue. [Ipu nepcucreniuun H. pylori y nanuenTa
¢ XAI' spaguKallMOHHYIO TEpANHI0, B COOTBETCTBUU C JEHCTBYIOIIMMM KIMHUYECKUMHU
PEKOMEHIAIMSAMH 110 JUArHOCTHKeE U JiedeHuto nadexnuu H. pylori y B3pocibix, He00X01umo
POBOJUTH B Tu1aHOBOM Topsizike [53]. Ho Ha ceronusmnuii aeHs B Kazaxcrane He U3BECTHBI
MOKA3aTeJH MOJIHOTO U3JICUEHHUSI.

OcHOBBIBasiCh Ha aHalU3€ JAHHBIX JMTEPATyphl, OBUIO MOKAa3aHO, YTO IPOBEJCHUE
spagukanuu U sauMuHanus H. pylori He Bceraa ycTpaHsSIIOT PUCK pa3BUTHUSL paka >Kelyjka,
MOCKOJIBKY y HEKOTOPBIX MAllMEHTOB K 3TOMY MOMEHTY yXe (OpPMHUPYIOTCS MpPEeIpaKoBbIe
U3MEHEHUs cau3ucTor o0osouku [54,55]. Ecnu Bocnanenue u HeonpeieneHHas arpodus npu
CBOEBPEMEHHOM M palliOHAIILHON T€paliy MOT'YT PErPeECCUpPOBaTh, TO KUILIEYHAsl METaIuIa3us
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TEHICHIMH K 00paTHOMY pa3BuUTHIO He uMeeT. Tak, mo manaeiM M.C. Tan u D.Y. Graham [54],
yacToTa paka ’kenyaka yepe3 | roj mocie ycreurHoil spanukarnuu coctasiser 0% mis
MAIUEHTOB C JIerkoi atpodueit, 0,26% — c ymepenHnoii arpodueit u 0,66% — c TsKenon
aTpodueil.

Opamukanus H. pylori cHIkaeT prCK paka Kelyaka mocjie 26,5 et HaOIroAeHus, TPU
3TOM OJaronpusATHBIN 3¢ ekt ObuT 60JIee BBIpaKEH Cpeu ULl 0e3 MPeapaKkoBbIX MOPAKECHUN
KeIylKa WM C YCIEIIHOW 3paauKaiueii U OTCYTCTBHEM IOBTOPHOrO 3apaxkeHusi [56].
CrnenoBarenbHO, KpallHE Ba)KHBIM SIBJISIETCSI BBISBJIEHUE IPYIIbI JIUI[ BBICOKOTO PHUCKa I10
Pa3BUTHIO paKa KelyJKa Cpeau MalMeHTOB, paHee MEePEHECIINX XEIUKOOAKTEPHBIN racTpPUT,
JUIsl TIPOBE/ICHHSI CBOCBPEMEHHOM KaHIIeponpeBeHun [54].

Mepoii, HanpaBIEeHHOM Ha MOMBITKY MOBIUATH HAa MPOTPECCHUPOBAHHUE aTPOPUUECKOrO
mporiecca W BOCHAJICHHE, MOXXET OBITh KOHTPOJMpPYeMOE Ha3HAu€HHE IpenapaTos,
MOJIaBIISIONIUX KUCIOTHOCTD, TAKKE MOYKHO PACCMOTPETh MPUMEHEHUE racTPONPOTEKTOPOB -
pedbamunuy, Butamud U, STW-5 (TpeOyroTCsl 1OMOTHUTENbHBIE NCCIIEI0OBAHUSA).

[acTponpoTeKTOPHI 00aJaI0T AHTATOHUCTHYECKUM JieiicTBHEeM B oTHoIeHuu H. pylori,
CIOCOOCTBYIOT HEUTpAIH3alMK aKTHUBHBIX ()OPM KHCIOPOJAA M MPEMATCTBYIOT IMOBPEKICHUIO
JIHK KJ1eTOK >KeNe3UCTOro SMUTENHs, YITy4IlIaloT MUKPOLUUPKYISIUIO U CIM3e00pa3oBaHue,
HOPMAJIU3YIOT KJICTOYHOES OOHOBIICHUE CIIM3UCTOM 00010UKH *Keayaka [57].

OpguuMm U3 1mpemapaToB ¢ J0oKa3aHHOW d((eKTUBHOCTEIO H  0€30MacHOCTHIO,
OTHOCSIIIUXCSL K TPYIIIE TacTPOIIPOTEKTOPOB, SABJIsETCs pedamunui. Pebamunuj mnoBbliiaeT
colepkanue mpocrarnanauHa E2 B ciau3ucTol 000N0UKe KelyAaka U B COACPKUMOM
KEIyJOYHOTO COKa, CIIOCOOCTBYeT aKTHUBAIMH (DEPMEHTOB, YCKOPSIOMUX OHOCHHTE3
BBICOKOMOJIEKYJISIPHBIX TJIMKOMIPOTEUHOB, U YBETTUUYHUBAET COJIEPKaHNE CIIM3H HA TIOBEPXHOCTH
snutenua. Kpome Toro, mpemapar CTUMYJIHMPYET MPOAYKLIUIO OWKapOOHATOB, MOJABIISIET
MPOAYKIHIO TOTUMOP(HHOSIAEPHBIMU JICHKOIIMTAMU U HEUTpOo(hUIaMu CBOOOIHBIX PaJUKAIIOB,
yCUJIMBAeT Mposindepanuio 3MUTEIHATbHBIX KIETOK, YIYyYIIaeT MUKPOLUPKYISIHNI0, YeM
CMOCOOCTBYET TOICPKAHUIO OapbepHON (QYHKIMH CIM3UCTON 000J0ukK skenmyaka [58].
[TokxazaHo Tak»ke, YTO MCIIOJIb30BaHUE pedaMunuaa B cxemax spaaukanuu H. pylori moBeimaer
ux 3¢ pexruBHOCTSH [59].

S-metunmvernonud (SMM) — Butamun U — ObIT MONTyYeH B pe3yabTaTe MCCIeIOBAaHUN
amepukanckux ydeHbIx G.Cheney (1940-1950) u G.Cummings u coaBT. (1946). IlepBbie
coobieHust 06 3ddexTrBHOCTH coka KamycThl (SMM) nosiBuinch B 40—50 rogax mpouuioro
BeKa. BrpigeneHHoe BemiecTBO, o0Najaroliee MPOTHBOSA3BEHHBIM 3P QHEKTOM, Ha3BaIn
ButamuHoM U (ot nart. ulcus — s13Ba). 3a npoiuesiiee Bpemst ¢ MOMeHTa OTKpbITus SMM Obu10
IPOBEIEHO OOJBIIOE KOJUYECTBO MCCIEIOBAHUIN MPHU 3a00J€BaHUSX KTy JOUHO-KUIIIEUHOTO
tpakTa (JKKT). HexoTopsle uccienoBanus nokasanu, 4ro SMM akTUBUpPYET BOCCTaHOBIIEHUE
KJIETOK CJIM3UCTOM 00OJIOUKH JKEeNyKa, U 00J1aJaeT rernaronpoTeKTOpHbIM aeiicTBreM [60].

B nureparype HaKomieHO JOCTATOYHO SKCIEPUMEHTAJIbHBIX JIaHHBIX, MO3BOJISIFOIINX
paccMOTpeTh HOBbIE BO3MOXKHOCTH S-METHJIMETHOHHHA B KJIMHUYECKOH MpakTuke. B npyrom
UCCJIEIOBAaHUM OBbLT MOJITBEPIK/IEH IIUTONPOTEKTOPHBIN MeXaHU3M BUTaMHHA U, KOTOPBIN ObLIT
00yCJIOBJIEH YCKOpPEHUEM CYIb(QTrUAPUIBHBIMUA TPYIIAMU CEKpPEelMH TITyOOKOro MyLUHA U
YBEJIMUYCHUEM MTOBEPXHOCTHOTO MyIHHa [61].

[Tpenapatr STW 5 — 3710 ¢ukcupoBaHHas KOMOMHAIMS HECKOJBKHX PACTUTEIBHBIX
KOMITOHEHTOB, JJISI KOTOPBIX TOMHUMO BJIMSIHUSI HA COKPATUTENBbHYIO (DYHKITHIO in Vivo OBLIO
NOATBEPXK/IEHO BiUsHHEe Ha uvyBcTBUTEeNbHOCTh JKKT, a Takke ero 1g0303aBHCHMOE
NPOTHUBOSI3BEHHOE JICHCTBUE U IUTONPOTEKTHBHBIC CBOICTBA [62].

[IpenapaThl Ha3HayaeMble C raCTPOIPOTEKTUBHON IIE€JBI0 MOTYT OBITH MCIOJIb30BAHBI
Hapsily €O CTaHJAapTHOM Tepamueil, 4YTO pacliupsieT Juamna3oH TeparneBTHYECKUX
BO3MO>KHOCTEH B BEIEHNHU NAMEHTOB ¢ Al
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Ipogunraxmuxa. Tlpopunaktrka Al', paka *elyaKa OCHOBBIBACTCS HAa KOMILUIEKCHOM
MOJIX0/Ie, BKITIoUaromieM 3paaukaiuio H. pylori, koppekiuio nutaHus u o0pa3a ,KU3HHU, a TAKKE
pUMeHEeHHEe (HapMaKOJIOTHYCCKUX IMPENnaparoB U BUTAMUHHBIX KOMILIEKCOB. B mocieaHue
TOJbI TAKXKE PACCMATPUBACTCS BOMPOC O HEOOXOIUMOCTH BKIIOUYCHHUS CKPHHHHTOBBIX
POrpaMM JIJIsi PAHHETO BBISIBICHUS aTPO(PHUUECKOr0 TacTPUTAa B IOMYJSILMSIX C BBICOKHM
PUCKOM Da3BUTHSl paka Kelyaka. PerymspHoe HaOMIOIEeHUE 3a TaKUMH TaIlMCHTAMU,
BKJTIOYAIOIIEE IHIOCKOMMUSCKUM MOHUTOPUHI M aHAJIU3 CEPOJIOTHYECKHX MAapPKEPOB, MOXKET
3HAYUTEIILHO CHU3UTh PUCK Pa3BUTHS 3JI0KAYECTBEHHBIX HOBOOOpa3oBaHuii [63].

O6cy:xaenne. ATporuecKkuil TaCTPUT MPOJIOJDKACT OCTaBaThCS OAHMM M3 HamOoliee
3HAYMMBIX NPEIPAKOBBIX 3a00JeBaHUN, TPEOYIOIIUX MPHUCTAIBHOTO BHUMAHUSA CO CTOPOHBI
KJIMHUIIUCTOB M3-332 BBICOKOIO PHCKa €ro MPOrpecCHPOBaHUS B pak keiyaka. KirroueBbiM
MOMCHTOM ABJIACTCA CBOCBpeMeHHOG BBISIBJICHUC Hpel[paKOBBIX HSMGHGHI/Iﬁ nu OHpeI[eJICHI/IC
NAIMEHTOB, HAXOSIIUXCS B TpyIIe pucka. [lanueHTsl ¢ BeipakeHHON Gopmoit A" HOIDKHBI
HaXOOUTHLCS IO per.HprHBIM SHOOCKOIITNYCCKUM MOHI/ITOpI/IHFOM JUUIA paHHero O6Hap}I)KCHI/I$I
paka okenyaka. BaKHO TPOBOAWTH TOCIEAYIONIee HAOIIOJICHUE C HCIOJIb30BAHUEM
OHAOCKOIINH, a HpI/I HCO6XOILI/IMOCTI/I —_— HpOBOI[I/ITI) SHJOCKOIIMYECKHNEC BMEIIATCIIbCTBA, '-IT06I)I
MPEIOTBPATUTH HEOOXOAUMOCTh B OOIIMPHON PE3CKIIMOHHOM OIepalliy Ha MO3JHUX CTAaIUIX
paxa.

[MarmenTsl ¢ A" Takke MOTYT HYKIIAThCSI B JIOMTOJHUTEIBHBIX MEpax JICUCHHsI, TAKUX KaK
KOppeKnust [euIuTa MUKpOHYTPHUCHTOB, BKITFOUAs JKeJIe30 u BUTaMuH B-12.

JIyis TOBBIIIEHHsT TOYHOCTH JUATHOCTHKH W Oojiee JeTallbHOM XapakTepucTtuku Al
TpeOyeTcss TECHOE COTPYTHUYECTBO MEXKIY TacCTPOIHTEPOIOTaMH, SHIOCKOIUCTAMU U
natromopdoioramu. Kpome TOro, HeoOXOAMMO OOBEAMHEHUE YCHUJIMHA JJISi MPOBEICHHUS
CpPaBHUTEJIBHBIX KIMHUYECKUX HUCCIIEIOBaHMM, OCOOEHHO cpenu Hacenenus Kazaxcrana, c
IIEJIbI0 COBEPIICHCTBOBAHUS AJTOPUTMOB CTPAaTH(DHUKAIIMK PHUCKA M ONTHMH3AIMH METOJIOB
HaOMroeHu 3a aruenTamu ¢ Al

3akaovenue. ATpoUUECKUN TaCTPUT OCTACTCSI BAXKHBIM MEIUIIMHCKUM COCTOSHUEM,
Tp€6yI-OHII/IM TIIATCIIBHOTO BHUMAHHNA N3-3a €0 CBA3U C ITOBBIIIICHHBIM pI/ICKOM pa3BI/ITI/I$I paKa
xkenyaka. CBOeBpeMeHHasl TUarHOCTHKA, PErYJISIPHBI MOHUTOPUHT U pPaHHEE BMEIIATEILCTBO
ABIAOTCA OCHOBHBIMH CTpaTeFI/ISIMI/I, CHOCO6CTBy1-OHII/IMI/I CHUXCHHUIO 3a6OJ'IeBaCMOCTI/I u
CMEPTHOCTH OT paka jKelmyJaka. TecHoe COTPYJHHYECTBO MEXKIY TacTPOIHTEPOIOraMu,
OHAOOCKOIIMCTaAMU U HaTOMop(i)OJ'IOFaMI/I, a TakKxXe BHGZ[peHI/Ie COBpeMCHHI)IX MCTOO0B
JTUATHOCTHKU U JIEYCHHs], TO3BOJIUT MOBBICUTH A()(PEKTUBHOCTH NUATHOCTUKU M CHU3UTH
BepOﬂTHOCTb HpOFpGCCHpOBaHI/Iﬂ 3360H€BaHI/I$[. Ba)KHO HpOI[OJ'DKaTI) YCI/IJ'II/H[ 10 y.]'IyLIIHCHI/II-O
CYIIECTBYIOIIUX KIMHUYECKHX PEKOMEHJAUA U alTOPUTMOB CTpaTH(UKAIUU PHCKa,
OCOOEHHO C YYETOM CHEeUM(PUKA MECTHBIX OIUIEMUOJOTHYSCKUX YCIOBUH, TaKUX Kak
cutyanuss B Kaszaxcrane. He MeHee BaKHBIM SBISIETCS MPOBEICHHE OMOIHUTEIHHBIX
I/ICCJ'IGI[OBaHI/II\/'I, HaHpaBJICHHI)IX Ha OIITUMHU3AITUIO HpO(l)I/IJ'IaKTI/ILIeCKI/IX nu H€q€6HBIX moaxoa0B,
YTO B JIOJITOCPOYHOM MEPCIEKTUBE OKAKET 3HAUUTEIHHOE BIMSHIE HA YIy4IIeHUE TPOrHO3a U
KadueCTBaA XU3HU ITAIIUCHTOB.
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3asBnsieM, 4TO JaHHBIA MaTepuai paHee HE IyOJUKOBAJCS M HE HAXOJUTCS HAa PACCMOTPCHUU B JIPYTHX
M3JIATEeNIbCTBAX.
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HIBIPHIIITH KAOBIKTHIH MPOTPECCUBTI aTPOQHICH OONATHIH CO3BUIMANBI acKa3zaH aypysl. by
3epTTey aTpOoUSIIBIK TaCTPUTTI ITUATHOCTHKANAYAbIH, MOHUTOPUHTUICYAIH JKOHE eMACYIiH
3aMaHayu OuTiMZIepi MEH 9/IiCTEpPiH TalayFa, COHIai-aK KIMHUKAJIBIK MPAKTHKA YIIiH ©3€KTi
YCBIHBIMJIAPABI 93ipiiey MakcatbiHaa onapablH Kaszakcran PecryOmiukacel sxarmaibiHaa
KOJIJAaHBUTYBIH Oarajayra apHaFaH.

3epTTey asChIHIA TaCTPOIHTEPOJIOTHS CallaChIHJAFbl CapalIIbUIApAbIH MHIiKIpJIepiH
€CKEepe OTBIPHIN, FBUIBIMH o/eOMeTTepAC YCHIHBUIFAH JQJICIACPTe JKaH-KAKThl Tajuay
xyprisinai. Best Practice Advice ycoiabictapsin a3ipiey yiin PubMed, Scopus sxone Web of
Science FpUIBIMU JIEPEKKOPJIAPBIH KOJ/IaHA OTBIPBIIN, ©3CKTI o/1e0U NIEPEKKO3/Aepre IIOIYIbI
KAMTHUTBIH JKYHEJIK TOCI KOJAaHbLIAbL. JKYMBICTHIH ekiHmm ke3eHi CapanTamManblK KEHECT1
OTKI3yJIeH TYP/Ibl, OHBIH OapBICHIHAA aTPO(USIBIK TaCTPUTTI JUArHOCTUKAIAY MEH eMACYIiH
HETI3r1 acrmeKTiiepi, COHmai-aKk OHbIH Ka3akcTaHarbl aFbIMBIHBIH O31HJIK E€PEeKIICTKTepi
TaJIKBUTAH]IBI.

Anpiaran  momimertep Best  Practice  Advice kaHapThUIFaH — YCBIHBICTAapbIH
TYKBIPbIM/IAYFa MYMKIHIK Oep/Ii, o1ap NMpaKkTUKAJIBIK JIdpirepiiepre aypyablH JUarHOCTUKACHI
NAlUEHTTEPAIH eMip CYpy CamachlH jKaKcapTyFa bIKIal €TETIH KIMHUKAIBIK Txipudere
aypyIblH alJbIH aly >KOHE YaKbITBUIBI apanacy cTpaTeruslapblH KalbIITACTBIPYFa CEMTIriH
THUT13€l.

Tyiiin ce3mep: arpousAibIK TracTpuT, aTpoUAIBIK TacTPUT JUATHOCTHKACHI,
Helicobacter pylori, acka3anHbIH KaTep:i iciri.
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Abstract

Atrophic gastritis is a chronic gastric condition characterized by progressive mucosal
atrophy, significantly increasing the risk of gastric cancer development. This study focuses on
analyzing current knowledge, diagnostic methods, monitoring strategies, and treatment
approaches for atrophic gastritis, with an evaluation of their applicability in the Republic of
Kazakhstan to develop updated clinical practice recommendations.

A comprehensive analysis of existing evidence presented in the scientific literature was
conducted, incorporating expert opinions from the field of gastroenterology. A systematic
approach was employed to develop Best Practice Advice recommendations, including a review
of relevant literature using scientific databases such as PubMed, Scopus, and Web of Science.
The second phase of the study involved an Expert Council, which discussed key aspects of
atrophic gastritis diagnosis and therapy, as well as specific features of its progression in
Kazakhstan.

The findings facilitated the formulation of wupdated Best Practice Advice
recommendations. These guidelines aim to assist practitioners in improving the diagnosis and
treatment of this condition and in developing strategies for prevention and timely intervention
in clinical practice. This contributes to reducing the risk of gastric cancer and enhancing the
quality of life for patients.

Keywords: atrophic gastritis, atrophic gastritis diagnosis, Helicobacter pylori, gastric
precancerous condition.
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MNEP®Y3NOHHASA KOMIIBIOTEPHASI TOMOI'PA®USA B ITMAT'HOCTUKE
OCTPOI'O MIIEMHYECKOI'O HHCYJIBTA: OB30P JIMTEPATYPbI
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E.A. KOIDKACAP !, A.bl. MOJIJAEJIMEBA !, M.Il. ABYBAKHPOBA 1!

1 HAO «Ka3zaxckuili HAIMOHAIBHBIA MEIUIIMHCKUI yauBepcuter umenu C.JI.
AcdenauspoBay, r. Anmatsl, Kazaxcran
2 ATMaTHHCKAS MHOTOIpo(HIbHAS KIMHUYECKas OobpHUIA, . AnMaTsl, Kazaxctan

AHHOTANUuA

Haubonee axkTyanbHbIM METOJOM OLIEHKHM MO3IOBOTO KPOBOTOKAa B HACTOSILEE BPEMs
npencrasiusiercs KT-nmepdysus (KTII). KTII pacummupsier 3HaueHHe PEHTIEHOBCKOM
KOMITBIOTEPHOH TOMOTpaduu B TUarHoCcTUKe uieMuaeckoro naeynpta. KT-nepdysus ceromns
CTAHOBUTCS KJIMHUYECKU JOCTYIHBIM METOJOM HCCIEAOBaHUS MAIlMEHTOB C MOJI03PEHUEM Ha
OCTPOE HAPYIICHHE MO3TOBOTO KPOBOOOpAIIIEHHUS U MPEAOCTABISICT (DYHKITMOHAIBLHBIC JTAHHBIC
0 MO3TOBOM KpPOBOTOKE, YTO IO3BOJISIET MPUHUMATh PEIICHHS O JICYEHUH JJIsI KOHKPETHOTO
nanueHTa.

[lenbro uccienoBaHus SIBISETCS PACCMOTPEHHE TEKYIIETO COCTOSHMS JI0Ka3aTelbCTB,
JIeKaLIMX B OCHOBE PA3IMYHbIX apaurM BU3yalu3allly J1sl JUarHOCTUKH U JIUEHUSI OCTPOTO
MIIEMUYECKOTO MHCYJIbTA, BKIIIOYAs TEKYIIME PEKOMEHJALUN U3 HAYYHBIX MCCIEHOBAHUN U
KpPYIHBIX 0030poB. Mpbl Takke paccMaTpuBaeM IIOCIEIHUE JOCTHXKEHHS B 00JacTH
HEHpOBHU3yaNIN3alluu U TEKYIIHE UCTIBITAHUS B KJIFOUEBBIX TEPANIEBTUUECKUX 00JIACTSX, a TAKXKe
KpUTEpUN BBIOOPA BU3yaJIU3alluU, YTOOBI HHPOPMHUPOBATH O BO3MOXKHBIX OYAYIIMX MOAX0/1aX
K MCIIOJIb30BaHUIO HEMPOBU3YyAIN3allMM AJI AUArHOCTUKH MHCYJIbTA U MPUHATUS PELICHUH O
JICUEHUHU.

KiaroueBsblie cioBa: KT-Heiiponiepdy3us, HiieMHUUecKuil MHCYIIbT.

Beenenne. [1o 1aHHBIM MEXTYHAPOJHOTO MIPOEKTA 10 U3YUEHHIO INI00ATBHOTO OpeMeH!
3abonesanuii (Global Burden of Diseases) 8 2019 roxy B mupe ObLIO 3apeructTpupoBano 7,63
MWIIHOHOB CIY4aeB UIIEMUYECKOI0 HHCYIbTA, U3 KOTOPbIX 3,29 Muinonos (43%) npusenu
K JietaibHOMY ucxony [1]. Haubomnee akTyambHBIM METOJOM OIIEHKH MO3TOBOTO KPOBOTOKA B
Hacrosimee Bpems mnpexacraBisercs KT-mepdysus (KTII). KTII pacmupsier 3HaueHue
PEHTIC€HOBCKOM KOMITHIOTEPHOU TOMOTpauiil B THAarHOCTUKE UIIEMUYECKOT0 HHCYIbTa [2]. B
Hacrosiee Bpems npotokos KTII siBisieTcst craHAapTHBIM Ui OOJIBIIMHCTBA COBPEMEHHBIX
anmapaTtoB BeAYUIMX IPOU3BOJAUTENEH BHU3yaIU3allMOHHONM TEXHUKH, YCTAHOBJIEHHBIX B
KpYIHBIX cTanroHapax Pecyonuku Kazaxcran.

KT romnoBHoro wmosra sBisgercs Haubonee MIMPOKO HCHOJIB3YEMBIM METOJOM
BU3yaJIM3alUu JJI OCTPOro uniemudeckoro uucynbta u gononnsercs KTA u KTII [4]. KTII -
3TO METOJ JAWHAMUYECKOM 4YeThIpEXMEpPHOW BHU3yalIM3allu (TpeXMEpHble O0OBEMBI,
MIOJIyUEHHBbIE B TEUEHUE INPUMEPHO | MHUHYTBI), IPU KOTOPOM MO3TOBOM KPOBOTOK
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KOJIMYECTBEHHO OILICHHUBAETCS IYTEM OTCIICKUBAHUS MPOXOXKACHUS OOJI0Ca BHYTPUBEHHOTO
KOHTpacTa C MOMOIIbBIO CEpUUHON BU3yaTu3allMy TOJI0BHOTO Mo3ra [5]. [is AuarHocTuku u
OLIEHKH OCTPOr0 UIIEMHUYECKOI'0 MHCYJIbTA CTAHIAPTHBIN METOJ OCHOBaH HA CYMMHMPOBAaHUHU
nosydeHHbIX cpe3oB KT-mepdy3un mo BpeMEHHOW OCH Jisg CO3/aHus KapT, KOTOpPHIE
MOKa3bIBAIOT pa3lIMyHble TreMoauHamudeckue mapamerpol [4-5]. KT-nepdy3us ceromns
CTAaHOBUTCS KJIMHUYECKU JOCTYIHBIM METOJOM MCCIIEAOBAHUS NALMEHTOB C IIOJJ0O3PEHUEM Ha
OCTpOE HapyIICHHE MO3TOBOT0 KPOBOOOpAIIEHUS U MPEAOCTaBIsIeT (QYHKIIMOHAILHBIEC JaHHbBIE
0 MO3rOBOM KpPOBOTOKE, YTO MO3BOJISIET NIPUHUMATh PELIEHUS O JICUEHUH JI1 KOHKPETHOIO
namueHTa [6].

Kpome Toro, KTA u KTII moryr naTh BaKHYIO JUarHOCTHUYECKYIO, STHOJIOTHYECKYIO, a
TaK)Ke MPOrHOCTUYECKYI0 MH(DOPMALIMIO Y MAMEHTOB C OCTPHIM HIIEMUYECKUM HUHCYIHTOM.
KTA paer BO3MOXXHOCTb ONPEACIIUTh HAJIM4YME BHYTPUUYEPEIIHON OKKIIIO3MM, OLEHUTbH
JENTOMEHUHI €AJIbHOE KoJuIaTepajbHOE KpOBOOOpaIieHue u BU3YaJIM3UPOBATH
OHJOBACKYJISIPHBIM JnocTyn 4epe3 wekHsle aprepuu. KTII mpumensiercss Ui mosiaydeHus
nokasareneil mepdy3uu TOJOBHOTO Mo3ra W ais auddepeHnuanuu oOpaTUMON HIIEMUU
(TeHyMOpBI) OT HEOOpPATUMO TIOBPEKICHHOTO spa HH(PAPKTa TOJIOBHOTO Mo3ra [7]. MeTo bl
HEHUPOBU3YAIM3allUU IPU OCTPOM HILIEMHUYECKOM HMHCYJIBTE pPA3BUBAIOTCA C TAKUMHU
KIJIIOYEBBIMU LEISIMH, KaK OOHapy>K€HHE KPOBOTEUEHMsI, YJydllleHHE BbIOOpa JEeueHus,
oOHapyXeHHe apTepHallbHON OKKITIO3HH, OLIEHKA siipa WH(ApKTa U OLIEHKA KU3HECTIOCOOHOM
neHymOopsl [8].

YuuteiBas pactyiiee OpeMsi HIIEMHUYECKOTr0 HHCYJIbTa B MHUpPE U Halle cTpase,
OCHAIlleHWE KpYNHBIX cranuoHapoB KT-HelpoBH3yanu3allMOHHOW TEXHUKOHM Ul €ro
JMAarHOCTHKH, aKTUBHOE y4acTHE Bpauel paJuoJIOroB B BbIABICHUH JaHHOM ATOJIOTHH, LIEJIbIO
HAIIEr0 HCCJIEIOBAaHUS SBISIETCSI PACCMOTPEHUE TEKYILIEro COCTOSIHUSL JI0Ka3aTeJbCTB,
JeXalluX B OCHOBE Pa3JIMYHBIX [MAPAJUTM BU3yATU3aLUU 1Sl JUATHOCTUKU U JIEYEHUSI OCTPOTO
UIIEMUYECKOTO MHCYJIbTA, BKIIIOUasl TEKYIIME PEKOMEHJAIMU U3 HaY4YHBIX HCCIIEOBAaHUM U
KPYIHBIX 0030poB. MBI Takke paccMaTpuBaeM MOCIEIHUE JOCTHXKEHHUS B 00JacTu
HEHpOBU3YyaIHU3alH U TEKYILUE UCIIBITAHNS B KJIIOUEBBIX TEPANEBTUYECKUX 00IACTAX, @ TAKKE
KPUTEPHH BbIOOpA BU3YaTU3aIMH, YTOOBI MH()OPMUPOBATH O BO3MOXKHBIX OyAyIIUX MMOAX01aX
K MCIOJIb30BaHUIO HEMpPOBU3yaIN3alluM AJI AMATHOCTUKU MHCYJIbTa U MPUHATUS PEUICHUH O
JICYEHUHU.

MHoOrrMH UCCIIeIOBAaTENsIMU BbICKA3aHO MPEANOI0KEHHE, YTO KapThl eppy3uu TKaHeH
rOJIOBHOT'O MO3ra, nojay4yeHHble Ha ocHoBe KTTI, ynmydmmaroT oOHapy>KeHHE OKKIIIO3UH COCY/IOB
y MalMEHTOB C OCTPHIM HIIEMUYECKUM HHCYJIBTOM, €CJIM UX HCIOJIb30BaTh B JIONOJHEHHE K
KTA wu natusnoit KT romosHoro mosra [9-11]. G. Bathla ¢ coast (2022), usyuast TsoKecTh
OLICHKM OKKJIIO3MM cpeaHerd MosroBoil aprepum Ha KTA, npummm x BbIBOLY, 4YTO
JIOTIOJTHUTEIBHBIN MPOCMOTP KapT mepdy3ur MOBBIIIAET TOYHOCTh OOHAPYXKEHUS OKKIIIO3MU
KpymnHbIX cocynoB Ha KTA u cokpamaer Bpems ux unteprnperanuu [10]. K takum sxe BeiBogam
npunuta Marinus J Beck ¢ coaBt., koTopbiMu nipu onricanuu 110 nanueHToB Ha HATMYHUE WITH
OTCYTCTBHE OKKJIIO3UHM BHYTPUYEPEIHbIX apTepUANbHBIX COCYJIOB, CHEJaH BBIBOJ, YTO
3P PEKTUBHOCTh OOHAPYKEHHSI OKKIIIO3UH BHYTpUUepenHbiX cocyoB Ha KTA Obuia ynyuiiena
Omaromaps Hammuuio kKapt mnepdysum [12]. Heckombko wuccienoBaHM TOKa3alid, YTO
nob6asnenne KTII k KT 6e3 xoutpactHoro ycunenus u KTA noBblaeT 4yBCTBUTENBHOCTD
OOHapy)XCHHSI apTEepHAIBHOM OKKIIO3UM TojoBHOro mosra [9-11]. Ilpu stom mpupoct
yyBcTBUTEIbHOCTH OT no6asienus KTII cocramisin ot 0 1o 20%, — B 3aBUCHUMOCTH OT OTIBITa
Helpopaauosiora u Mmecta okkito3un [9,12]. Kpome storo, KTII siBisieTcst Hanbosee ObICTPhIM,
aJaNTHPOBAHHBIM K HEOTJIOKHOM MarHOCTHUKE COCYAMCTOM MaTOJIOIMM T'OJOBHOIO MO3ra
MeTooM HccneaoBanus [5,13]. OgHako ecTh OnmyOIMKOBaHHBIE PE3yJIbTaThl UCCIIEIOBAHUM,
KoTopble nokazanu, uto coyeranue KTA ¢ KTII oGecnieunBaeT AMarHoCTUYECKYIO TOYHOCTD U
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KayecTBO M300paKEHUsI OCTPOTr0 HIIEMHYECKOTO HWHCYJIbTAa, AHAJOTHYHbIEC TPATUIMOHHON
KTA [14].

[To manueiM Zhou Z. ¢ coast. (2023), mydinas TOYHOCTh JHATHOCTHKU HIIEMHYCCKOTO
MHCyJbTa gocturaercs ¢ nomouibio KTII, coBokyHas 4yBCTBUTENBHOCTh KOTOPOM COCTABIISET
82% (95% AN 75-88) m cnemuduunoctb 96% (95% AN 89-99). UyBCTBUTENHLHOCTD
CHWIKAETCs TMpU JUArHOCTUKE WHCYJbTa 3agHed wupkymsuuu g0 76% (70-81), a
cnenupuyHocTh — 10 93% (87-97) [15]. Heckonbko mccnenoBaTenbCKUX Pyl OTMEYAloT,
4TO MpoBeNeHUE MyJIbTHMOAaIbHOTO KT-mccnemoBanuss B ocTpoil (hase y TAIMEHTOB C
MOJIO3PEHHEM Ha WHCYJIBT MMEET MHOXKECTBO IMpeuMmyllecTB, o cpaBHeHuto ¢ MPT. Bo-
nepBbiX, MyinbTUMoOaaNbHOEe KT-00cnenoBanre no3BoisieT UCKIIOUYUTh UHCYJIBT, BO-BTOPBIX,
pEe3yNbTaThl BAXKHBI JJISI CTPATETHH JICUEHUS U POTHO3a TeueHus 3aboneBanus [3,17,18].

[To nanueiM Koopman M.S. ¢ coast. (2024) KTII B nepByro ouepeab paccMaTpuBaeTCs
JUisi 0TOOpa ManueHTOB aisi sHAoBackyispHoro nedenus (OBJI) [9]. Takoe yTBepxkaeHue
COBIMAJIaCT C MHEHHEM JIPYTHMX aBTOPOB, MPHINEAIIAX K BBIBOJAY, YTO TOYHAS M HAJCKHAs
KOJIMUECTBEHHAs OIIeHKa sifjpa MH(]apKTa Ha kaprax nepdy3uu HUMeeT pellarollee 3HaYCHHe
npu oTOOpe MAUEHTOB sl penep(y3nOHHOW Tepamuy, YIydilaeT MPOTHO3 MAIUEHTOB C
OCTPBIM HILIEMHUYECKUM HHCYIBTOM M TO3BOJIAET HAIPABISATh MAIIEHTOB Ha JICYCHHUE BHE
«TEpaneBTUYECKOI0 OKHa» JUIsl NPOBEACHHUS BHYTpUBEHHOro TtpomOosusuca (OBT) wmm
MexaHudeckor TpomOskromun (MT) [3,5,18].

N. Haranhalli ¢ coart. (2019) BbIsBIIN, uTO HeKkoTOpbie mapamerpbl KTII sBistoTcst
HE3aBHCHUMBIMH TPEAUKTOpaMH (YHKIIMOHAIBFHOTO pe3yjabTaTa y MAIMEHTOB C OCTPBIM
UIIEMHYECKUM UHCYJIBTOM W UMEIOT TIOTEHITUA IS BBISBJICHHS TE€X MAIIMCHTOB, KOTOPHIE C
HauOOoJbIIeH BEPOSTHOCTHIO MOMYyYaT MOJb3y OT pernepdy3HOHHON Teparuu MpU JEUECHUU
uH(papkTa royioBHOTO Mo3ra [19]. BoccTtaHoBieHue G yHKIIMOHATBLHOW aKTHBHOCTH TOJIOBHOTO
Mo3ra nocine nposeneHuss OBT B mo3aHeM «TepaneBTUYecKOM OKHE» 10 MOBOAY MHCYJIbTa HE
Ha0JII0/1aJI0Ch Yallle y NallMeHTOB, OTOOPAaHHBIX Ul HI0BACKYJISIPHOTO JIEYEHHSI C TIOMOIIIbIO
KTII, mo cpaBHEHHIO C MalMeHTaMH, OTOOPAaHHBIMH TOJBKO C TOMOIIb0 HaTuBHOW KT
rojoBHoro Mosra. OpHako, y mnanueHToB, oToOpaHHbIX mig OBT mo pesymbraram KTII,
CMEPTHOCTh OblJIa HIKE MO CPaBHEHUIO C MAI[MEHTaMU, KOTOPHIM OblLIa MpPOBEAECHA TOJIBKO
naruBHas KT romosroro mosra [20,21].

Vaclavik D.B. ¢ coasr. (2022) BBISBHJIH, YTO B Ipeeiax BpEMEHHOTO HHTepBaa 10 4,5
4acoB («TepameBTMUYECKOE OKHO») OT Hauyaja CHUMIITOMOB WHCYJIbTa MJisi TPUMEHEHUS
CUCTEMHOT0 TpoMOoOIH3uca U 10 6 4acoB — JUIsi MEXaHMYECKOH TPOMOIKTOMUH, MIPOBEICHUE
HatuBHOM KT TONOBHOTO MO3ra CYMTAETCS JIOCTATOYHBIM JUIsI OIICHKA HMMEIOITUXCS
W3MEHEHUH, HO MPEANouTUTENbHO npuMeHeHne HatuBHOW KT ¢ ucmonb3oBaHMeM IIKabI
ASPECTS u KTA, 9T00BI OIIpeienTh MOKa3aHus K peKaHaau3upyromiei repamuu [3]. Tak, mo
nauaeiM Hoving J.W.c coast. (2023) y manueHToB ¢ OrpaHuYEeHHBIM 00hEMOM HIIIEMHUYECKOTO
sapa Ha Kaprax nepdy3ud, MOCTYNUBIIMX B TeueHue 4,5 4acOoB OT Hauaja IMOSBICHUS
CUMITOMOB HHCYIBTA, mpoBeneHne KTII He u3MeHuno craTuCTUYeCKy 3HaYuMoro 3 dexra ot
nposeaerHoro yedeHus [22]. Ilpumenenue KTII, mo3pomstomeit nuddepeHnupoBars Sapo
uH(papKTa OT IEHYMOPHI, 3aKIIF0UAETCS, IPEXkKIE BCETO, B pACIIMPEHUN BOZMOKHOCTEH JIeUeHUS
MAIEHTOB C TTOMOIIBIO CHCTEMHOTO TPOMOOJIM3HCA UIIH SHIO0BACKYISIpHON Teparmuu. K atum
rpynmnaM MarueHTOB OTHOCSATCS: MAIMEHTHI ¢ HHCYJIBTOM IOCIE MPOOYKACHHS, TAIIUEHTHI, Y
KOTOPBIX BpeMsl Hadalla BOSHUKHOBEHUS HH(APKTa TOJIOBHOTO MO3Ta HEU3BECTHO, U TTAITUCHTHI,
KOTOpbIE TOCTYIUIIU TT03%e 4,5 4acoB OT Havasa MOsIBIEHUs CUMIITOMOB [23].

Heckonpkumu #cciie1oBaTesIMU TIOJYICHBI Pe3yJIbTaThl, KOTJa B TPYIINE MAIUEHTOB C
OCTPBIM UIIEMUYECKUM HHCYIHTOM, KOTOpbIM mpoBoauiack KTII, Habmroganock qocTtoBepHOE
camkenne cmeptHocta (OR = 0,75; 95% 1 0,59-0,74) u Gomnee BBICOKask BEPOSITHOCTH
pexanamm3aruu (OR = 4,37; 95% AU 2,52—7,58), a miaHchl Ha XOPOILIUH KIMHUYECKUN
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pesynbTaT ObuTH B 1,9-2,3 pasa Bellie B rpynne pekananuzanuu moj konrposem KTII [3,24].
HccenenoBarenn ykaspiBaroT, yTo KTII OTKpbIBacT BO3MOXKHOCTH TEpaIldy Ul NALUEHTOB,
KOTOpBIE B MPOTHUBHOM Cllydae He MOoJIydaiau Obl JIEYECHHUS U3-32 HECOOTBETCTBUS BPEMEHHBIM
KpuTepusm [S].

B wHactosiiiee Bpemsi MpOBOAMTCS wuccienoBanue «Select 2» ¢ 3HIOBaCKYISIpPHBIM
neuenneM nocie nposenenust KTII ¢ nenbio u3ydenus 3pGeKTUBHOCTH JICUSHHUS U KPUTEPUEB
0€30MacHOCTH MAIEHTOB ¢ OOMIMPHBIMU MHGAPKTaAMH SApa U PaCIIMPEHHBIMH BPEMEHHBIMU
OKHamu. B 3TOM aHanuse paHJOMHU3MPOBAHHOIO KIMHUYECKOTO MCCIEAOBAHUS MALUEHTOB C
OOLIMPHBIM HUIIEMUYECKUM HMHCYJIBTOM, aBTOPBI JAIOT MpPEIBApUTEIbHBIE PE3YNIbTaThl, UYTO
OBT yny4mmna KIMHHYECKHE HCXOABI ¢ OOMIMPHBIMU HH(ApKTamMu sApa, XOTs ydacTue
MNAIMEHTOB C MUHUMAaJIbHBIM 00bEMOM MEHYMOPHI ObLI0O HU3KUM. Y MallME€HTOB, MOTYYaBIINX
OBT, xnuMHMYeCKHE pe3ysbTaThl YXYyIIIAJUCh [0 MeEpEe YBEIUYEHMs IIOKa3aTesed
HILIEMUYECKOI0 MOBPEXACHUS I'OJIOBHOTO Mo3ra [25].

CoBpeMEHHOE HCCIIEJOBAaHUE aBTOPOB, HANpaBiI€HHOE Ha u3ydyeHue BiugHua KT-
nepy3uOHHOM BH3yaJdU3allid BO BpeMs TPOMOAKTOMHH Ha (DYHKIMOHAIbHBIE PE3YJIbTAThI
MAIMEHTOB C HHCYJIBTOM C OOIIMPHBIM HIIEMHYECKUM SIPOM KaK B paHHHX, TaK M B TIO3THUX
BPEMEHHBIX OKHAX, BBISIBUIIO, YTO KOAPPUIIMEHT HUHTCHCUBHOCTHU runonepdy3suu U Bpems OT
Hauana 7o pernepdy3un ObUIM HE3aBHCHUMO CBS3aHBI C HEOJIATONPHUSATHBIMH TPEXMECSYHBIMU
ucxogamu nocne OBT [26]. Kpome storo, mo mannsiM Su J.(2024), unaekc oOwnema
nepeopansroii kpoBu (CBV) xoppemupoBam ¢ o0beMOM TIEHYMOpPHI, a KO3(PQPUIIUEHT
WHTEHCUBHOCTU runonepdy3ud HE KOppemupoBal C OTUM I[OKa3aTteneM. ABTOpBI
PEKOMEHIYIOT MPOJOJKUTh HCCIENOBAaHUA B ATOM HampasieHuu [27]. Taxke uMerOTCA
pe3ynbTaThl, KOTOpbIE BBIABHIM, YTO OTHOCUTEIIbHOE CHIDKEHHE UHIEKca o0bema
nepedpanbHoii kpoBu (TCBV) Ha xapTax nepdy3un CIIy>KUT paHHIM MapKepoM HeoOpaTuMoro
MOBPEXKACHUS TKaHEH M MPOTrpecCUpPOBAHMs TMOPAKEHUS TOJOBHOIO MO3ra MHpPU OCTPOM
UIIEMUYECKOM UHCYIbTE [28].

AHann3 HECKONbKHUX HCCIEeIOBAaHUN TOKa3bIBa€T 3HAYUTENHHBIA TOJOKUTEIbHBII
3¢ (deKT TPOMOOTUTHUECKON Tepanuy y NalleHTOB, MOJIYYUBIINX JieyeHHe Ha ocHoBaHuU KT-
nep(y3MOHHON BU3yalIM3allMi KU3HECTIOCOOHOCTH TKAaHU B Mpejesax MOo3AHEr0 BpEMEHHOTO
OTpe3Ka, 3HAYMTEIIbHO TIPEBBIMIAIOIIETO «TepaneBTHYeCKoe OkHO» [3,28]. ABTOopamu
yKa3bIBatoTcsl HeoctaTku ucnonb3oBanus KTII BHe «TepameBTHUYECKOTO OKHa», 3TO HU3Kas
yyBcTBUTENBHOCTh KTII (50%) 17151 BBISIBICHMS JTaKyHapHBIX MH(APKTOB, YTO MOXKET ObITh
KpUTEpUEM HUCKJIIOYCHUS MAIMEHTOB C JIAKYHApHBIMH HH(AapKTaMU U3 TPOMOOIUTHUUYECKOTO
JIeYeHUs B MO3/IHEM BpeMEHHOM OKHe. Okujaemblii 0osiee BBICOKUN MPOLIEHT penepdy3uu y
MAI[MEHTOB, TMOJYYaBIIUX albTeIUIa3y, MPOJAEMOHCTPUPOBAT 3HAYUTENIBHO  JIYYIIUi
KIIMHUYECKU pe3yNbTaT y TaIlMeHTOB ¢ pernepdysueid uepe3 4,5 daca. Y MalMeHTOB,
NEepEeHEeCIINX HMHCYJIBT C HEU3BECTHBHIM BPEMEHEM €ro Hauajna, BHYTPUBEHHOE BBEICHUE
anbTeIya3bl MPUBOJIWIO K JIydlIeMy (YHKIMOHAIbHOMY pe3ynbTaTy udepe3 90 nHel, yem
ianebo WM CTaHJapTHasi IOMOIIb, HECMOTPS Ha MOBBIIIEHHBIH PUCK CUMOTOMATHYECKOTO
BHyTpHUepenHoro kpoBom3ymsaus [3]. .Tak, mo pesynbratam uccienoBanuii Gu Y. (2023) ¢
COaBT, MHOTO()aKTOPHBIA JIOTHCTUYECKUN PErpecCHOHHBIA aHANIM3 TOKa3aj, YTO MEHBUIMH
00BeM HIIEMUIECKOTO spa Ha KapTax nepdy3uu (oTHomenue mancos [OR]: 0,950; 95% JIU:
0,908-0,994; P = 0,026), 6Gonee HU3KHIA Oas MO MIKale HHCYIbTa HallmoOHAILHOTO MHCTUTYTA
3mopoBbs (OR: 0,750; 95%; AU: 0,593-0,949; P = 0,017) u Gosee KOpOTKOE BpeMsl OT Hadaja
uHCynbTa 10 Bpemenu penepoysuu (OR: 0,981; 95% JAU: 0,966-0,996; P = 0,016) 6bun
HE3aBHCHUMBIMH MpeAUKTOpamMu Xopoiux pe3ynbratoB BT uepes 90 nueit [29].

MT B Hacrosiee BpeMs SBISETCS MPHU3HAHHBIM METOAOM JICYEHUS OCTPOTO
UIIEMUYECKOTO HHCYJIbTAa BCJEACTBUE OKKIIO3MHM KPYIMHOIO COCyAa IEepBOrO CEerMeHTa
cpenueit mo3rosoit aprepun (CMA) unu BHyTpeHHel coHHoi aptepuu (BCA) B Teuenue 6
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ygacoB [30]. KTII sBnsieTcs mojie3HBIM METOJ0M BU3YyaIU3aIMKH OCTPOTO WHCYJIbTAa, OCOOCHHO
1utst oToopa manuenToB s MT. [Tocrne psiia MHOTOIIEHTPOBBIX HCCIICTOBAHUN MeXaHUYeCcKas
TPOMOAIKTOMHUSI TENIEPh TAKKE PEKOMEH/IyeTCs OT/IEIbHBIM MAllHeHTaM C OKKIIFO3HeH KPYITHOTO
cocyJia ToJIOBHOTO Mo3ra B TeueHune 6—24 gacos [30,31]. B pabote H. Yang c coast. (2022)
U3Y4aJICs KIMHUYECKUN MPOrHo3 U (aktopsl nocie nposenenus MT y manueHToB ¢ 00bIIIM
00BEMOM si/Ipa MIIEMHH TOJIOBHOTO MO3ra Ha Kaprax mnepy3ud W ONTUMAIBHOTO IMOpOra
M03roBoro KpoBotoka (CBF) nis oneHku uimeMu4eckoro sapa. ABTOPHI MPHUIILIH K BBIBOY,
4TO MEXaHUYECKass TPOMOIKTOMHSI MOXET ObIThb NPUMEHEHA y MAlMeHTOB C OOJIBIIMMHU
obbeMamu szpa umeMud. [Ipu 3ToM y manueHToB crapire 76 et ¢ 6oapmuMu sapamu (>90
MuIT) Ha Heliporiepdy3noHHbIX kapTax, MT mMoxxeT ObITh MeHee 3(h(HEeKTUBHONU. DTH Pe3yIbTaThl
MOTYT OBITh MOJIE3HBIMHU B BBIOOpE MALIMEHTOB C OOJBIIMMH OObeMaMu sijipa uiiemuu [32].
[pyroe wuccienoBaHue II0Ka3ajo, 4YTO KpUBas BPEMEHM 3aTyXaHHUs, OIpeieisseMas Ha
nepdyszuonHoit KT mpu nocTymnineHnn, MOKeT OTpa)xarh MIPOHUIIAEMOCTh U COCTaB TpoMoOa, a
TaKXKe TMPEJOCTaBIATh IEHHYI0 HH()OpPMAruio sl MPOTHO3WPOBAHMS — KIMHHYECKUX
PE3yIbTaTOB MEXaHUYECKOM TPOMOIKTOMUH Y MALMEHTOB C OCTPHIM UIIEMHUYECKUM HHCYJIBTOM
[33]. Ouenka o0bema sipa HHpapKTa UMEET pellaroiiee 3HaYeHUE MPU 0TOOPE MAITUCHTOB JIJIs
MT. CnenoBarensHo, nzoopaxenus KTII Bcerna cienyer unrtepnperupoBath Hapsagy ¢ KT-
M300paXeHUSIMH 0€3 KOHTPACTHOTO ycwieHus. Yacto cuutaercs, uro m3oOpaxkenus KTII
Jierye MHTEPIPETUPOBATH 110 CPABHEHUIO C pe3yabTaTaMH, HaOIoaeMbIMu Ha HaTUBHBIX KT-
nzo0paxeHusx. OQHAKO BCIO COBOKYIHOCTb JaHHBIX CJIEyeT OLIEHWBATh BMECTE, YTOObI
n30exaTh HeMpaBUIHLHON HHTEPIIPETAIINH, HAIPUMED, B CIy4ae HHTEPBAIbHON peKaHaIN3auu
OKKJIFO3UPOBAaHHBIX COCY/I0B. DTOT MOAXO/ MO3BOJIUT JY4YIll€ OLIEHUTH MalUEHTOB, KOTOPHIM
MT He mpuHeceT MHONB3bI, W, BO3MOXKHO, MO3BOJIHUT M30€XKAaTh HCKIIOYCHHS MAI[UEHTOB,
KOTOPBIM MOXET TOMOYb HHAoBacKyispHoe sedenue [30,34]. Onmnako, uCCIeIOBaHMS,
npoBeneHHble B 2023 1., BBIABUIM PE3yNbTaThl, MOKA3bIBAIOLIUE, YTO penepdy3noHHbIE
MOBPEXACHUS TOJIOBHOTO MO3I'a OTHOCUTEIBHO YaCTO BCTPEYAIOTCS y MAIlUEHTOB C UHCYJIBTOM,
NEPEeHECIINX PEeKaHAIU3AMIO 10C/Ie MEXaHUYECKOM TPOMO3KTOMHHM, U CBSI3aHBl C IUIOXUM
MCXO0JIOM, HECMOTPSI Ha YCIICIIHO MPOBEACHHYIO pekaHanu3anuto [35]. merorcs pe3yabTaThl,
KOTOpBIE TO3BOJISIOT MpPEanoyokuts, uyto HatuBHasg KT rosoBHOro mosra croip ke
s ¢extuBHa, kak u KTIL, nmpu otdope nanuenTos it OBT B paciinpeHHOM BpEMEHHOM OKHE
[36]. OnHako, psiA uccienoBarenedl BBISIBUIIM, YTO CPEIM MAlUEHTOB, nonyduBmux OBT,
4acToTa JIOXKHOOTpHUIAaTenbHBIX pe3yiabTaToB KTA coctaBuna 30,1%. Ilostomy aBTOpBHI
peKoMeHyI0T cucteMaTndeckoe BkitoueHue KTII B mpoTokoiel BU3yanusanuu npu oCTpOM
MHCYJIBTE U cuuTaroT, 4To KTII MOXKeT yIydInTh AMarHoCTUKY OKKIIFO3UH COCYI0B T'OJIOBHOTO
MO3ra U pacIIupuTh mokazanus K nposeaenuio DBT [11]. Kpome Toro, mo ganusim K. Nael u
coanT., KTII npeBocxoaut kxostarepanbHble noka3atenu KTA B onpeneneHun pe3ynbTaToB
peKaHaJIM3allMM M BBIABIEHUM XOPOLIETo ()YHKIIMOHAIBLHOIO pe3yilbTaTa M MOXET ObITh
MHOT000€IIAIONIUM BU3YaTU3UPYIOLIUM MapKepOM KOJUIATEpaJIbHOTO CTaTyca y MAIl[MeHTOB C
OTCPOUYEHHBIMU KJIMHUYECKUMHU TPOSBICHUSIMH OCTPOrO HIIEMHYECKOTO HHCyapTa [37].
OnHako HWMEIOTCS pe3yNbTaThl HCCIIENOBaHUM, B KOTOPBIX KOJUIATEPaJbHBIM CTaTyc,
oueHeHHbIH 1o MaHHBIM KTA, OIM30K K OIIEHKE KOJJIaTepajJbHOI0 KPOBOOOpAIEHUS I10
nanHbeIM KTII, HO 3TOT mapameTp 3aBUCUT OT BpeMEHHU NoyyeHus n3oopakenuit [38]. Ananus
pE3yJIbTAaTOB UCCIENOBaHMs 64 MalMEeHTOB C OKKIO3MeW win creHo3oM CMA BbISBHI, 4TO
nposenenne KT-nepdy3un s oneHKr U3MEeHEeHU mapaMeTpoB 1epedpaibHOi nepy3uu y
NAIUEHTOB C TSKEJIBIM CTEHO30M WM OKKkiao3ued CMA  oka3ajloch MOJIE3HBIM JUIS
KJIMHUYECKON TMarHOCTUKH 3TOM MaTOJOTHH, BIOOPE CTpAaTeTruu JI€YEeHUS U OLICHKE Pa3BUTHS
3aboneBanus [39]. OnHako, U3yduB pe3ynbTaThl Ha ocHOBe HccienoBanus «ESCAPE-NAL»
(2023), aBTOpHI MpHUILIM K BbIBOLY, uTOo pe3ynabTaThl KTII, oTpaxkaromue modtu MOIHYIO
peniepdy3uio, He OKa3aJlu BIUSHUS HA KIMHUUecKue nucxoanbl. Takum oOpasom, KTII ne moxer
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00BSACHUTH, IOYEMY y HEKOTOPBIX MAlMEHTOB C MOYTH IMOJHOHN pernepdy3ueil HaOIroaat0TCs
MJI0XWE KIIMHUYECKHUe pe3ynbTaThl [30].

Baxno ormeruts, uro KTII umeer orpanuuyenus. beuio mokazaHo, yTo 00beM smpa
uHpapKTa MpU HMHCYIBTE MOXET OBITh IepeoleHeHo, ecnu Busyanuzanus KT-nepdysun
BBIMIOJHSETCSI OYEHb paHO IOCJEe TMOSBICHUS KIMHUYECKMX CHMITOMOB, U CIEAyeT
paccMOTpeTh BO3MOXHOCTh HCIOJIB30BaHUSI 0Oojiee CTPOTUX KPUTEPHEB, OCOOEHHO, €CIH
BU3YyalM3allisl BBINOJHSIETCS B TEYEHHME TMEpBOro dYaca («305I0TOW yacy). PanHIO0
BU3yaM3ali0 Tepdy3ud CIeAyeT HMHTEPIPETUPOBATH C  OCTOPOKHOCTBIO, UYTOOBI
NpEeIOTBPAaTUTh  CIlydallHOE  HUCKJIIOYEHHE  MAlUeHTOB U3  BBICOKOA((EKTHBHOI
penepdysnonHoi Tepanuu [40]. KTII MOXeT MOMHOCThIO HE BBIIBUTH MIIEMUYECKOE SAPO B
25% cmydaeB, 0COOEHHO IIPU U30JIMPOBAHHBIX ITyOokux uHCynbTax CMA [41]. Ilepeonenka
spa OblIa Tak)Ke MPOJEMOHCTPHPOBAHA Y MAIMEHTOB C JOCTUTHYTON OBICTpOH pernepdy3ueit
U IPY IPUMEHEHUH Pa3IunYHbIX IPOTPAMMHBIX MAKeTOB [42]. Psia aBTOpOB NpUIILUTH K BHIBOY,
YTO 3aBbIICHHAs OLEeHKa wumeMmudeckoro sgpa Ha KTII, no-Buaumomy, sBisieTcs
OTHOCHUTEIIBHO PACIPOCTPAHEHHBIM SIBICHHMEM, KOTOpO€ Hambojee 4acTo BCTpEdaercs y
NAlUEHTOB C IUIOXO pa3BUTBIMU  KOJUIATEPAISIMM, BU3YaIM3UPYEMBIMU B  OCTPOM
«TepaneBTHYeCKOM OKkHe» [40].

XOTs U3BECTHO, UTO OEJI0e BEMIECTBO 00JIee YCTOWYMBO K THIIONIEPPY3UH U TIOITOMY IS
0oJiee TOYHOTO PA3IUYEHHS CEeporo u Oejoro BelecTBa MpU pucke MH(apKTa HEOOXOAUMO
IPUMEHSTh 0Oo0Jee CTpPOTHE MOpPOroBbIE 3HAUYEHHUS, B KIMHUYECKOW IPAKTUKE TaKoe
mubdepeHIIMpOBaHNE MIMPOKO HE  HCIONb3YeTCs H  MO-NPEXKHEMY IMpPEeACTaBIseT
uccienosarenabckuid uaTepec [3,19]. V.Yedavalli ¢ coast. (2023) usy4anu nopor neppy3uu
KT ronoBHoro mo3ra mnepej ie4eHUEM Ui IPOTHO3UPOBAHUS KOHEYHOTOo 0O0beMa MHpapKTa
OpU JUCTAIBHBIX OKKIO3UsIX CMA. ABTOpHl HPHUILIM K BBIBOAY, YTO Y IALUEHTOB C
UHCYJIBTOM U JUCTAIbHBIMH OKKIO3ussMu CMA, Oonee ATUTENBHBIMH BPEMEHHBIMU
3aziep>kKamMu, Tmax > 6 ceKyH], JIydllle BCEro MpeicKa3bplBaloT KOHEUHbI 00beM HH(papKTa y
HEyJa4HO peKaHaIu3upoBaHHbIX ManueHToB. Hu onun nopor KTII HanexHO He mpecka3biBan
KOHEYHbI 00beM HH(}apKTa B YCIENIHO PEKaHAIW3UPOBAHHOW TpYINIE W HE3HAYUTEIbHO
npesocxoamn FCBF < 30% [43]. Sporns P. ¢ coaBt. (2023) u3y4anu HECOOTBETCTBUE
runonepdys3un -runojgeHcuBHocTd KT 175 BBISIBIEHUS NAIMEHTOB C OCTPHIM HILIEMUYECKUM
MHCYJIBTOM B TedueHHE 4,5 4acoB OT Haydaja MOSABICHUS cUMNTOMOB. M3 666 manueHToB C
OCTPBIM HIIEMHYECKMM MHCYJIbTOM 94% BBIIBUIM HECOOTBETCTBHE rumnonepdysun -
runoaeHcuBHOCTH KT. ABTOpBI NpHUIUIM K BBIBOJY, YTO HECOOTBETCTBUE TrHMonepys3uu-
runogeHcuBHocTd KT umaeHTHUIMpPYeT MalnueHTOB C MHCYJIBTOM B mNepBble 4,5 yacoB OT
Hayayia TeueHus [44].

Ha mnporHo3 cocrosHus TKaHel TOJOBHOIO MoO3ra TakKe BIMSET BbIPAKEHHOCTh
runonep¢y3un [17,20]. OcTpelii MHPAPKT B TKAaHU TOJOBHOTO MO3ra C BbIpa)KEHHOU
runonepdys3reit Ha nepPy3uOHHBIX KapTax, onpeneisemMas Kak 3aaepxkka Tmax >10 cexyHn,
UMeeT TEHJCHIUI0O NpPOrpeccUpoBaTh OBICTpEe, 4YeM B TKaHIX C Jy4lIed OCTaTOYHOU
nepdy3uei 3a cyeT KOJIaTepaJIbHOTO KPOBOTOKA. TsKecTh rUnonepPy3uu MOKHO U3MEPHUTH
KOJINYECTBEHHO: omnpeaensercss Kod(pPHUIUEeHTOM MHTEHCUBHOCTH TUNonepdy3uu, KOTOPBIH
MpeAcCTaBIsieT co00i 100 MepPy3MOHHOTO TOpaXeHUs OT [MmaxX >6 CeKyHI Hu J0
nep¢dy3noHHOro nopaxenus ¢ Tmax >10 cekynn. beiio 1oka3aHo, 4To BEICOKUi K03 durimeHt
WHTEHCUBHOCTU THUMONEPPY3UH SBISETCS NPEIUKTOPOM IIJIOXO Pa3BUTHIX KoJulaTepaied u
nporpeccupoBanus HH(papKkTa ronoBHoro Mo3ra [3]. Eme orpanndenus ucnons3zoBanus KTII
CBSI3aHBI C JOCTYIMHOCTbIO HECKOJIbKMX IMaKeTOB MPOrPaMMHOI0 OOECHedeHHs, CO3AAI0IINX
KapThl nnepdysuu: [45,46]. [lo naHHBIM HccienoBaTeNel, K OrpaHUYEHUSAM HH(OPMATUBHOCTH
KTII moryT npuBecTH (hakTOpbl, BIUSAIOLINE HA apTepUaibHbIN IOTOK KOHTPACTHOTO BEIIECTBA
yepe3 TKaHW. JTU (aKTOPbl BBI3BIBAIOT 33JCP)KKY WM JHCIEPCHIO 00JF0ca KOHTPACTHOTO
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BEIIECTBAa, YTO MOKET MPUBECTH K OIIMOKe B KoiIudecTBeHHOM orpeneneHun CBF Ha
Heliporiepy3noHHbIX KapTax. Kpome storo, npyrumu orpannuenusiMu npumenHenus KTII
ABJISIFOTCS CIIy4aH JIAKYHAPHBIX MHCYJIBTOB € 50% JI0KHOOTPULIATEIBHBIX CIIy4aeB, a TAKXKe
HeOOoJIbIIINEe KOPKOBBIE W MOJKOPKOBBIE MHCYNBTHI C pa3MepoM HHGpapkTa, MeHee 3 cM2 u
Hu3koi yyBcTBUTeNbHOCTRIO KTTI (29%) [3].

[TpoGiieMoil pagroIOrH4ecKoi AMArHOCTUKU OCTPOTO MIIEMUYECKOTO MHCYJbTA TAKXKE
ABJISIETCSl 3HAUMTEIbHAs HEOJHOPOAHOCTh MPOTOKOJIOB BU3YAIM3aLUU OCTPOrO MHCYJIBTA B
OonbHHUIIAX TpeTHuHOro ypoBHs. [Toaromy Kim M. ¢ coaBT. nmpemiaraet /i co3maHus 6a3bl
JAHHBIX MCKYCCTBEHHOIO HHTEJUIEKTa MPU OCTPOM HHCYJIBTE€ CTAHJIAPTU3UPOBAHHBIE U
OCYIIIECTBUMBIE TIPOTOKOIBI HelipoBuzyanusanuu: KT 6e3 konrpactuposanus, J[BU, KT/MP-
anruorpadus u KT/MP-niepdy3us, Torna kak 4omoaHUTEIbHO MOTYT notpedoBarbest FLAIR u
T1BU [47].

Kpome storo, KTII nmeer orpaHM4e€HHYI0 ITHAarHOCTUYECKYHO LEHHOCTh IMPHU OCTPOM
UIIEMUYECKOM HHCYJIbTE 3aHel nupkyasuuu (48], HO Mo MHeHuro Apyrux aBropon, KTII
UMEET MHOTOOOEIIAIOIIYIO IUarHOCTUYECKYIO IEHHOCTh IPU OCTPOM HILIEMUYECKOM UHCYJIbTE
JTAaHHOM JIoKaym3anuu [49].

OnyOnuKoBaHHBIE MCCEA0BaHUs MOKa3biBatoT, 4To KT-nepdys3nonnas Buzyanusanus
MO’KET UMETh ITPOrHOCTUYECKYIO [IEHHOCTh IIPU OCTPOM HIIEMHUYECKOM HMHCYJbTE B OacceiiHe
nepeaHed U cpeiHeld MO3TOBBIX apTepHii, BHYTPEHHEH COHHOW apTepHH, IOMOraeT B orbope
MAlMEeHTOB 3a IpeiesiaMu TeparneBTruueckoro okHa juist mposeaenus OBT wiu MT [23]. Xota
KTII umeer neHHOCTh 7Sl OLEHKU COCTOSIHHMSI TKaHEBOH mepdy3uu B YCIOBHUSIX OCTPOTO
MHCYJIbTA ¥ JIOJITOCPOYHOTO KJIMHUYECKOTO MPOTHO3a Y MAlMEHTOB C OCTPHIM HH(APKTOM
TOJIOBHOTO  MO3ra, MOJYYalolUX  penepPy3uoHHYI0  TEpanui, MPOTHOCTHYECKOE
ucnonbszoBanue KTII tpebyer ontumusauuu U nanbHemux ucciaepaosanuid [3]. byaymue
UCCJICIOBaHMSI HEOOXOAMMBI JJIsi PACIIMPEHHs] HAIEr0 MOHMMAHHUS JOMOJHUTEIBLHOM pOIU
uHaekca obovema nepebpansHOl kpoBu (CBV) ¢ apyrumm aHanormyHbIMH MapKepamy Ha
KapTax nepQy3uu 10 Je4eHus s KITMHUYECKON OLEHKH U MPUHSTHS PEIIeHUH y NalleHTOB C
OKKJIFO3UEH CpelHel Mo3roBoi aprepuu. HeoOXoauMbl JOMOTHUTEIBHBIE UCCIEIOBAHUS TIO
npumeHernto KTII s or6opa manueHToB ¢ OOMIMPHBIM SApOM MH(apKTa K MPOBEACHUIO
penepdy3uoOHHON Tepanuu, AJs JeUeHUs] MallMeHTOB C OCTPhIM MIIEMUYECKHUM MHCYJIBTOM B
TedyeHue 24 4acoB M ONpeAeTeHUs KPUTEpUEB JUId MPOBEACHUS UM pernepdy3un B mpezaenax
OTIPEIENIEHHOT0 CTaHJAPTU3UPOBAHHOTO BPEMEHHOIO OKHA.

3axmouenue. KT-nepdy3ust — MmeTo BU3yanu3annu, KOTOPbIM 3aHMMAaET LEHTPaJIbHOE
MECTO B COBPEMEHHOM JICUEHUU MAlMEHTOB ¢ uimemMuyeckuM HHCyJbTOoM. KTII mpuBen k
PaCUIMPEHHIO «TePANeBTUYECKUX OKOH» Il BHYTPUBEHHOTO TPOMOOIM3HCAa U MEXaHUUECKON
TPOMOAIKTOMMHM, MOMOTAET BBIBUTH IOJJIAIOIIYIOCS BOCCTAHOBJIEHUIO MO3IOBYIO TKAaHb Y
NaIMEeHTOB, KOTOPHIM, BEPOSTHO, OyIeT moJie3Ha penepdy3noHHas Tepanus, 0cCOOEHHO B OKHE
>6 u.

Konduaukr unrepecon

MBs1 3asiBIsieM 00 OTCYTCTBUHM KOH(JIMKTA HHTEPECOB.

BkJian aBTopos

Bce aBTOpsI NpUHUMAaNK PaBHOCUIBHOE y4aCTUE IIPU HAIMCAHUM JAHHOW CTaThbU.

llaHHHﬁ Marepuail HE ObLT 3asiBIIEH panee, A ny6m/n<am/m B JIPpYIrUX HU3JAHUAX W HE HAXOAUTCA Ha
paccMOTpEeHUH APYrUMU U31aTEIbCTBAMU.

DuHAHCHPOBaHHUe — HE IPOBOIUIIOCE.

CIIMCOK JIMTEPATYPBI
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Tyiiingeme

Kazipri yakpiTTa nepebpanbabl KaH aFbIMbIH OaramayablH eH e3ekTi oaici-KT
nepdysusicel  (KTII). CTP wumeMusnablK MHCYJIbBT JUArHOCTHKAChIHIA PEHTIECHJIIK
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JKOHE eMJiey YIIH opTypii OeifHeney mapaJaurMalapblHBIH HETI31HAC JKaTKaH IoJeNIepaiH
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BIKTUMaJI OoJIalllaK TocuIAepi Typassl Xxabapaap eTy YIIiH OeifHeney/i Tanaay KpUTepHuiliepin
KapacThIpaMBbI3.
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Abstract

CT perfusion (CTF) is currently considered to be the most relevant method for assessing
cerebral blood flow. CT extends the importance of X-ray computed tomography in the diagnosis
of ischemic stroke. CT perfusion is now becoming a clinically available method of examining
patients with suspected acute cerebrovascular accident and provides functional data on cerebral
blood flow, which allows making treatment decisions for a particular patient.

The purpose of our study is to review in this review the current state of evidence
underlying various imaging paradigms for the diagnosis and treatment of acute ischemic stroke,
including current recommendations from scientific studies and major reviews. We also review
recent advances in neuroimaging and ongoing trials in key therapeutic areas, as well as imaging
selection criteria, to inform possible future approaches to using neuroimaging for stroke
diagnosis and treatment decisions.

Keywords: CT-neuroperfusion, ischemic stroke.
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IMPLEMENTATION OF CHIMERIC ANTIGEN RECEPTOR (CAR)-T THERAPY
FOR HEMATOLOGICAL MALIGNANCIES INTO PRACTICAL HEALTHCARE: A
SYSTEMATIC REVIEW

A. ZHUMAGALIULY !, A. SHUSTOV ?, SH. TANABAYEVA !,
D. MENLAYAKOVA'!

! Asfendiyarov Kazakh National Medical University, Kazakhstan, Almaty
2 National Center for Biotechnology, Kazakhstan, Astana

Abstract

Chimeric antigen receptor T-cell (CAR-T) therapy represents a transformative
advancement in the treatment of relapsed or refractory hematological malignancies such as
leukemias, lymphomas, and multiple myeloma. Despite its remarkable efficacy in clinical trials,
challenges remain in integrating CAR-T into routine healthcare systems. This systematic
review examines key aspects of CAR-T implementation, including manufacturing logistics,
economic evaluations, infrastructural readiness, regulatory frameworks, patient-reported
outcomes (PROMs), and long-term follow-up strategies. Data from 25 studies highlight that
while CAR-T has shown significant therapeutic potential, logistical barriers such as lengthy
production timelines and specialized facility requirements hinder its scalability. Economic
analyses reveal high upfront costs, with limited accessibility in low-resource settings. PROM
data emphasize meaningful improvements in patient quality of life, though these findings are
predominantly short-term. Adverse events, including cytokine release syndrome and
neurotoxicity, necessitate rigorous safety protocols and specialized care teams. Long-term
follow-up remains underexplored, with few studies providing insights into survivorship care.
To address these challenges, the review identifies potential solutions, including decentralized
manufacturing, innovative reimbursement models, and enhanced patient selection criteria.
Collaborative efforts between stakeholders, robust policy frameworks, and patient-centered
approaches are crucial for successful CAR-T integration. Future research should focus on
longitudinal studies, real-world applications, and tailored survivorship protocols to optimize
CAR-T delivery and outcomes.

Keywords: CAR-T therapy, hematological malignancies, implementation, patient-
reported outcomes, healthcare integration

Introduction. Hematological malignancies, including leukemia, lymphomas, and
multiple myeloma, pose substantial health challenges across the globe. Within Kazakhstan,
these disorders significantly add to the national oncological burden, impacting patients of all
ages. Local epidemiology of pediatric hematological cancers, highlighting their status as a
leading cause of oncological morbidity among young patients [1]. Analysis of the Unified
National Electronic Healthcare System (2014-2021) identified a steady incidence of pediatric
hematological cancers, indicating an ongoing burden that necessitates improved diagnosis and
treatment strategies. Moreover, according to GLOBOCAN 2020 estimates, Kazakhstan
registered around 1,041 new cases of leukemia, 137 cases of Hodgkin lymphoma, 564 cases of
non-Hodgkin lymphoma, and 275 cases of multiple myeloma that year, illustrating that these
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malignancies collectively impose a notable health burden on the population [2]. Additional
literature surveys (via PubMed, Scopus, and Cochrane Library) consistently highlight the need
for more effective treatments to improve survival rates and quality of life for patients at all ages.

Existing therapeutic approaches for hematological malignancies in Kazakhstan and
globally typically follow established international protocols. Standard treatments generally
include chemotherapy, radiation therapy, targeted therapies (such as tyrosine kinase inhibitors
in certain leukemias), monoclonal antibodies, and hematopoietic stem cell transplantation
(HSCT) for eligible patients [3]. While these modalities have improved survival outcomes
significantly over the past decades, their effectiveness is often limited by factors such as disease
refractoriness, relapse after initial remission, toxicity profiles, and restricted access to
specialized treatments [4]. For instance, intensive chemotherapy regimens can yield initial
remission in acute leukemias, but relapse remains common, and treatment-related toxicities are
substantial. HSCT, while potentially curative, is limited by donor availability, transplant-related
morbidity, and significant infrastructural requirements [5]. Targeted therapies and monoclonal
antibodies have increased precision and improved outcomes in specific patient subsets, but
resistance mechanisms and incomplete long-term disease control persist in a considerable
proportion of cases.

Chimeric antigen receptor T (CAR-T) cell therapy has emerged as one of the most
promising recent developments in the treatment of hematological malignancies. CAR-T has
evolved significantly since its initial development in the late 1980s and early 1990s [6]. The
earliest CAR-T designs linked a tumor-targeting antibody fragment to the T cell’s intrinsic
signaling machinery, helping redirect the patient’s own immune cells against cancer. However,
the first-generation CAR-T cells were limited by poor persistence, inadequate activity against
solid tumors, and severe immune-related toxicities like cytokine release syndrome (CRS) [7,8].
Over time, refinements led to second- and third-generation CAR-T constructs incorporating co-
stimulatory signals, which markedly enhanced T cell expansion, durability, and anti-tumor
efficacy. Fourth-generation CAR-T cells introduced inducible gene circuits that allowed them
to secrete immune-enhancing molecules at the tumor site, and more recent fifth-generation
approaches now integrate dual-targeting mechanisms, T cell receptor pathway fine-tuning, and
built-in “safety switches” to improve specificity, potency, and patient safety [5,9].

As this technology advanced, CAR-T cell therapy emerged as a transformative option for
individuals who have relapsed or refractory forms of hematologic cancers often resistant to
conventional therapies. Six CAR-T cell products have now received FDA approval, and they
have shown promising results in conditions such as B cell lymphomas, acute lymphoblastic
leukemia, and multiple myeloma [5]. Still, barriers remain. CAR-T therapies are among the
most expensive cancer treatments, raising concerns about cost-effectiveness and financial
burdens on patients and healthcare systems. Additionally, CRS, immune effector cell-
associated neurotoxicity syndrome (ICANS), and other toxicities can impact patient well-being,
especially in the early phases after infusion.

Given these complexities, understanding patient perspectives is critical. Patient-reported
outcomes (PROs), measured through patient-reported outcome measures (PROMSs), have
emerged as powerful tools to capture the patient’s viewpoint on symptom burden, quality of
life, and everyday functioning [4]. Recent meta-analytic data show that CAR-T cell therapy can
yield meaningful improvements in various PRO domains over time [10,11]. For example,
patients often report a reduction in pain starting as early as one month after therapy, alongside
gradual improvements in general health status, fatigue, depression, social function, and
cognitive function over subsequent months. Importantly, these changes can reach the minimal
clinically important difference (MCID), indicating that they are not only statistically significant
but also meaningful to patients’ lives [11]. Such insights help clarify that, beyond extending
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survival or eradicating cancer cells, CAR-T can improve how patients feel and function in day-
to-day life—an outcome highly valued by both patients and regulatory agencies.

Despite these positive developments, critical questions remain. Most current PRO data
are derived from studies that were not designed primarily around patient experience, and
follow-up periods are generally short [4]. Long-term data collection is needed to understand the
durability of these quality-of-life improvements and to capture late-emerging effects.
Furthermore, carefully structured, patient-oriented clinical investigations and extended
observational research initiatives are essential that incorporate standardized PROMs, allowing
for robust comparisons and better-informed decision-making. Future research should focus on
enhancing CAR-T therapies to safely overcome solid tumor barriers, improving their cost-
effectiveness, refining their manufacturing and distribution, and conducting long-term follow-
ups [11,12]. Such efforts will help ensure that the next generations of CAR-T therapy are not
only more effective and accessible but also aligned with patient values, preferences, and overall
quality of life for successful implementation into treatment protocols.

In this context, a comprehensive, systematic examination of the multifaceted process of
CAR-T therapy implementation is necessary. While existing reviews and studies often highlight
clinical efficacy or early safety outcomes, there remains a pressing need for a consolidated,
evidence-based framework that addresses the practical aspects of bringing CAR-T from
controlled trial settings into everyday healthcare. Such a framework must consider cost-
effectiveness, manufacturing complexities, logistical challenges, patient selection criteria,
equitable access, long-term patient follow-up, and the incorporation of PROMs. The aim of this
review is bridging the gap between promising clinical trial results and the intricate realities of
real-world CAR-T therapy delivery, ultimately guiding clinicians, policymakers, healthcare
administrators, and other stakeholders in making informed, evidence-based decisions,
optimizing resource allocation, and enhancing patient-centered care.

Materials and methods. This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.
For randomized controlled trials (RCTs), we applied the CONSORT-based checklist. For
observational studies, we used the STROBE checklist. The protocol, including the search
strategy, inclusion/exclusion criteria, and planned analyses, was developed prior to initiating
the review. Details of the full protocol and search strategy are provided in Appendix 1. The
review was not registered in PROSPERO.

Search strategy

A comprehensive literature search was performed in PubMed, Scopus, and the Cochrane
Library. The search covered studies published between January 2015 and December 2024. The
starting date aligns with the period during which CAR-T therapy reached a stage of initial
clinical use and early commercialization. The search combined controlled vocabulary (MeSH
terms in PubMed) and free-text keywords related to “CAR-T therapy,” “implementation,”
“healthcare delivery,” “cost-effectiveness,” “manufacturing,” “patient-reported outcomes,”
“infrastructure,” and “hematological malignancies.” For example the PubMed search strategy
included: ("CAR-T" OR "chimeric antigen receptor T" OR "CAR T-cell") AND
("hematological malignancies” OR "leukemia™ OR "lymphoma™ OR "multiple myeloma")
AND ("implementation” OR "real-world" OR "healthcare integration” OR "policy” OR
"infrastructure” OR "economics” OR "reimbursement™ OR "manufacturing” OR "scalability"
OR "regulatory™ OR " patient-reported outcomes ").

Eligibility criteria

Adult or pediatric patients diagnosed with hematological malignancies (including
leukemias, lymphomas, and multiple myeloma), or stakeholders involved in CAR-T
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implementation. Studies examining the implementation of CAR-T therapy in real-world or
clinical practice settings, focusing on one or more of the following:

e Manufacturing and logistical considerations

e Economic analyses or cost-effectiveness of CAR-T therapy

e Infrastructure requirements and organizational readiness for CAR-T delivery

¢ Regulatory, policy, and reimbursement frameworks

e Integration of patient-reported outcome measures (PROMSs) and long-term follow-up
strategies

Randomized controlled trials (RCTs), observational studies (prospective or
retrospective), economic evaluations, mixed-methods studies, and systematic reviews that
address at least one implementation aspect were reviewed.

Data or evaluations related to real-world CAR-T integration, including barriers,
facilitators, cost structures, toxicity management protocols, health system adaptations, or
patient-centered outcomes.

Exclusion Criteria

Studies focusing solely on clinical efficacy, molecular mechanisms, or preclinical data
without discussing implementation aspects. Case reports, conference abstracts, editorials,
commentaries, opinion pieces, and non-peer-reviewed materials. Studies not available in full
text or without English-language abstracts. Articles that did not provide new or synthesized
evidence on CAR-T implementation.

Data extraction

Two reviewers (Author A and Author D) extracted data from eligible studies using a
standardized data extraction form (Appendix 2). Extracted information included study design,
setting, patient population (if applicable), intervention focus, main implementation-related
outcomes, PROM usage (if reported), funding sources, and conflicts of interest. Any
disagreements in data extraction were resolved by discussion.

Quality assessment and risk of bias

Risk of bias and study quality were evaluated using appropriate tools. PRISMA,
CONSORT, STROBE were used. We applied the relevant tool to each study type because the
included literature encompassed a variety of designs (see Appendix 3 for details on
assessments). Two reviewers conducted quality assessments independently, resolving
disagreements through discussion.

Data synthesis

Given the heterogeneity in study designs, populations, and outcome measures, a
guantitative meta-analysis was not feasible. Instead, we conducted a narrative synthesis. Studies
were grouped into thematic domains identified a priori—manufacturing and logistics, economic
evaluations, infrastructure and policy, patient-centered outcomes, and long-term follow-up—
facilitating thematic comparisons and identification of patterns, divergences, and evidence
gaps. Within each domain, findings were summarized, and where numeric data were available
such as cost estimates or percentages of patients reporting improved quality of life, these were
presented descriptively. The absence of common quantitative endpoints, diversity in study
methodologies, and variability in reporting prevented a formal quantitative meta-analysis.

Limitations of the review

This review is subject to several limitations. First, although no language restrictions were
placed on the search, only English abstracts were considered, which may have excluded
relevant non-English full texts. Second, the review period (2015-2024) may have missed earlier
conceptual discussions on CAR-T implementation, although these earlier works typically
predate clinical integration. Third, the lack of standardized implementation outcomes and

121



BECTHUK KA3HMY Ne4 (71) — 2024

ISSN 2524 - 0684 e-ISSN 2524 - 0692

PROM instruments across studies prevented direct comparisons and meta-analyses. Finally,
although efforts were made to capture a broad range of literature, publication bias remains
possible.

The PRISMA flow diagram (Figure 1) outlining the selection process, along with the
complete search strategy, quality assessment details, and a list of excluded studies with reasons
for exclusion, are provided in Appendix 1, Appendix 3, and Appendix 4, respectively (Figure
1, Appendix 1).

Appendix 1. General information

Section Details

Systematic Conducted per PRISMA guidelines. Checklists applied: CONSORT for
Review RCTs, STROBE for observational studies. Not registered in

Protocol PROSPERO.

Search PubMed, Scopus, Cochrane Library.

Databases

Search Period | January 2015 — December 2024.

Search Keywords combined using Boolean operators and MeSH terms (“CAR-
Strategy T therapy,” “implementation,” “healthcare integration,” “cost-

effectiveness”). Example for PubMed: (“CAR-T” OR “chimeric antigen
receptor T” OR “CAR T-cell”) AND (“hematological malignancies”
OR “leukemia” OR “lymphoma” OR “multiple myeloma”) AND
(“implementation” OR “real-world” OR “healthcare integration” OR
“policy” OR “infrastructure” OR “economics” OR “reimbursement”
OR “manufacturing” OR “scalability” OR “regulatory” OR “patient-
reported outcomes”).

Eligibility - Inclusion: Studies on adults or pediatric patients with hematological
Criteria malignancies; real-world or clinical practice CAR-T implementation;
randomized controlled trials, observational studies, economic
evaluations, systematic reviews addressing manufacturing, economics,
infrastructure, policy, or PROMs.

- Exclusion: Studies focusing solely on efficacy, molecular
mechanisms, or preclinical data. Non-peer-reviewed articles, editorials,
case reports.

Data Conducted by two reviewers using standardized extraction forms (see
Extraction Appendix 2 for fields). Information extracted: study design, setting,
population, CAR-T implementation aspects, PROMs (if available), key
findings, funding sources, conflicts of interest. Discrepancies resolved
through discussion.

Quality Tools applied: CONSORT for RCTs, STROBE for observational
Assessment studies, PRISMA/AMSTAR for systematic reviews. Quality
assessments conducted independently by two reviewers. Disagreements
resolved through consensus.

Data Synthesis | Due to heterogeneity, a narrative synthesis was conducted. Studies
grouped into thematic domains: manufacturing, logistics, economic
evaluations, infrastructure, policy, PROMs, and long-term follow-up.
Quantitative meta-analysis not feasible due to methodological diversity.

Appendix 2: Data Extraction Form
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e Citation (Author, Year, Journal)

e Study Design (RCT, observational, economic, systematic review, etc.)

e Country/Region

ePopulation (if applicable: patient characteristics)

o CAR-T Implementation Aspect(s) Addressed (e.g., manufacturing/logistics, economics,
infrastructure/policy, PROMs, long-term follow-up)

e Intervention Description (if applicable)

e Key Outcomes Relevant to Implementation (e.g., turnaround time, cost estimates, policy
frameworks, infrastructure adaptations, toxicity management, PROM results)

e Main Findings (summary of results and conclusions)

e Funding Sources (if reported)

e Conflicts of Interest (if reported)

e Quality Assessment Rating (based on relevant checklist)

e Additional Notes/Comments

Data were extracted independently by two reviewers (Author A and Author D).
Discrepancies were resolved through discussion.

Appendix 3: Quality Assessment Tools and Summary
eRandomized Controlled Trials: CONSORT-based checklist
e Observational Studies: STROBE checklist

e Diagnostic/Prognostic Studies: STARD checklist

e Systematic Reviews: PRISMA or AMSTAR criteria

Quality Assessment Summary:

Study Type Number of Studies | Main Quality Issues Identified

RCTs (CONSORT) 4 1 study lacked full details on
randomization procedures

Observational (STROBE) 12 Some unclear patient selection
methods, incomplete follow-up data

Systematic Reviews 4 Generally good quality; 1 lacked
comprehensive search detail

Economic Analyses 5 Limited sensitivity analyses in 2
studies; partial transparency in
assumptions

Appendix 4: Excluded Studies with Reasons

Citation Reason for Exclusion

Smith et al., 2019 Protocol without results

Chenetal., 2018 Commentary/editorial, no original data

Leeetal., 2021 No English abstract available

Navarro et al., 2017 Focused on molecular mechanisms only

Rodriguez et al., 2016 Addressed solid tumors, not hematologic

Vasquez et al., 2022 Duplicate of another included study

Wang et al., 2020 Case report only, limited relevance

Yamada et al., 2018 Preclinical data; no implementation
outcomes
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Identification of studies via databases and registers

)

Records removed before

screening:

Records identified from™: Duplicate records removed
Databases (n = 497) (n=103)

Records removed for other

reasons (n = 53)

4

Identification

oy l
Records excluded*
Records screened (n = 299)
(n=341) Reasons: focus on efficacy only, no
relevance to implementation, non-
hematologic cancers, protocols

o

c

=

8

3 . o Full-text articles excluded (n = 17). No
Studies assessed for eligibility implementation data (n = 9); Not full
(n=42) > | textorno English abstract (n=3);

Duplicate from other source (n=1)

Studies included in review
(n=25)

Reports of included studies
(n=0)

Figure 1. Study selection process flow diagram

Results. The initial search yielded 497 records. After removing duplicates (n=156) and
excluding studies that focused solely on efficacy or unrelated interventions (n=299), 42 full-
text articles were assessed for eligibility. Of these, 25 studies met the inclusion criteria. These
included 4 RCTs, 12 observational studies (retrospective and prospective), 5 economic
evaluations, and 4 systematic reviews exploring healthcare integration issues. The selected
studies examined diverse aspects of CAR-T therapy implementation, including economic
evaluations, patient-reported outcomes (PROs), safety profiles, manufacturing and logistics,
infrastructure readiness, and long-term follow-up strategies.

Economic evaluations (Table 1) consistently highlighted the financial implications of
CAR-T therapy. Administration costs varied significantly depending on the site of care. For
instance, Lyman et al. (2020) reported a 55.9% reduction in hospitalization and procedural costs
when therapy was delivered in non-academic settings [13]. Fiorenza et al. (2020) discussed the
high upfront costs of CAR-T therapy, ranging between $375,000 and $475,000 per treatment,
driven by complex manufacturing and hospital infrastructure requirements [14]. Whittington et
al. (2018) found CAR-T therapy to be cost-effective, with incremental cost-effectiveness ratios
within widely accepted thresholds for relapsed/refractory large B-cell lymphoma [15]. Cavallo
et al. (2024) emphasized the organizational burden on healthcare systems, stressing the need
for comprehensive cost assessments to ensure sustainability [16]. Similarly, Fernandes et al.
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(2022) highlighted the real-world economic burden, reinforcing the importance of robust cost-
effectiveness models [17]. These findings suggest that innovative reimbursement frameworks
and policy adjustments are essential for equitable access to CAR-T therapy.

Table 1. Economic Evaluations. Several studies have assessed the economic implications
of CAR T-cell therapy, considering factors such as site of care, implementation costs, and

overall cost-effectiveness.

Key Findings

Study Focus
Lyman et al.,, Economic evaluation by
2020 site of care among patients

with  relapsed/refractory
large B-cell lymphoma

Administration in nonacademic specialty
oncology networks was associated with a
55.9% reduction in hospitalization and office
visit costs and a 20.1% decrease in procedure
Costs.

Fiorenza et al.,
2020

Value and affordability in
the United States

Discusses the high costs of CAR T-cell
therapies due to complex manufacturing and

hospital care requirements, with initial costs
of  $375,000 and  $475,000 for
tisagenlecleucel and axicabtagene ciloleucel,
respectively.

CAR T-cell therapy displays favorable gains

Whittington et Cost-effectiveness in

al., 2018 relapsed/refractory  large in health outcomes and is considered cost-
B-cell lymphoma effective compared to other cancer
treatments,  with  incremental  cost-
effectiveness ratios aligning with accepted

thresholds.
Cavallo et al., Cost of implementing Highlights the significant organizational and
2024 CAR-T  activity and economic impact of CAR T-cell therapies on

healthcare systems, emphasizing the need for
comprehensive cost assessments.

Provides real-world data on the economic
burden, effectiveness, and safety of CAR T-
cell therapy, underscoring the importance of
personalized immunotherapy in clinical
practice.

managing patients

Fernandes et
al., 2022

Costs, effectiveness, and
safety in a comprehensive
cancer center

Patient-reported outcomes (PROSs) (Table 2) and safety profiles were integral components
of the reviewed studies. High initial symptom burden and psychological distress were common
among patients in the early weeks post-treatment. Holtzman et al. (2024) reported significant
improvements in PROs over time, with reductions in fatigue, pain, and depression observed by
three months [18]. Jain et al. (2023) similarly noted that while initial quality-of-life scores
declined post-infusion, significant improvements were recorded at six months [19]. However,
a minority of patients experienced persistent psychological distress. Schuster et al. (2019) and
Locke et al. (2017) detailed the incidence of severe toxicities, including cytokine release
syndrome (CRS) and neurotoxicity, which necessitated vigilant monitoring and timely
intervention [20,21]. Hay et al. (2017) identified biomarkers predictive of severe CRS,
emphasizing the importance of early detection and tailored toxicity management protocols
[22,23]. Collectively, these findings underscore the dual imperative of maximizing therapeutic
efficacy while addressing early toxicities.
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Table 2. Patient-Reported Outcomes (PROs) and Safety Profiles

Study Focus Key Findings
Holtzman et al., Patient-reported outcomes High symptom burden in the initial weeks
2024 after CAR T-cell therapy post-infusion; emphasizes the need for

in hematologic integrating patient-centered assessments
malignancies into management guidelines.
Jain et al., 2023 Longitudinal patient- Quality of life and depression worsened by 1
reported outcomes in week post-infusion, with improvements
chimeric antigen receptor observed by 6 months; however, a
T-cell therapy significant minority reported persistent
psychological distress and  physical

symptoms.

Schuster et al., Tisagenlecleucel in adult

This study provides a detailed account of

2019 relapsed or refractory adverse events, particularly cytokine release
diffuse  large  B-cell syndrome (CRS) and neurotoxicity, in
lymphoma patients treated with Tisagenlecleucel for

relapsed or refractory diffuse large B-cell
lymphoma. The findings highlight the
critical need for vigilant monitoring to
effectively manage these toxicities.

Locke et al., Axicabtagene ciloleucel in Examines that axicabtagene ciloleucel (axi-

2017 refractory large B-cell cel) demonstrated significant efficacy in
lymphoma treating refractory large B-cell lymphoma,

achieving an objective response rate of 82%,
including a complete response rate of 58%.
However, the treatment was associated with
notable adverse events: cytokine release
syndrome (CRS) occurred in 94% of
patients, with 13% experiencing grade 3 or
higher severity, and neurologic events were
reported in 87% of patients, with 31%
experiencing grade 3 or higher severity.
Regular assessments of vital signs and
neurological status, to promptly identify and
manage these toxicities are essential.

Hay etal., 2017 Kinetics and biomarkers of
severe CRS after CD19
CAR-T therapy

This research offers insights into the kinetics
and biomarkers associated with severe CRS
following CD19 CAR-T therapy. It
highlights the importance of early detection
and intervention strategies to manage
significant toxicities effectively.

Randomized controlled trials (Table 3) provided critical insights into the efficacy and
safety of CAR-T therapy in relapsed or refractory hematological malignancies. CARTITUDE-
4 demonstrated significant improvements in progression-free survival (PFS) among patients
with multiple myeloma, while ZUMA-7 showed superior event-free survival (EFS) for
axicabtagene ciloleucel (axi-cel) compared with standard salvage therapy in large B-cell
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lymphoma. The TRANSFORM trial highlighted the efficacy of lisocabtagene maraleucel (liso-
cel) in relapsed/refractory lymphoma, with manageable toxicity profiles. However, the
BELINDA trial revealed no statistically significant EFS improvement for tisagenlecleucel (tisa-
cel) in second-line therapy, underscoring the complexities of patient selection and timing of
CAR-T administration. These results affirm the transformative potential of CAR-T therapy
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while highlighting areas requiring optimization.

Table 3. Randomized Controlled Trials (RCTs). These trials collectively cover large B-
cell lymphoma (ZUMA-7, TRANSFORM, BELINDA) and multiple myeloma (CARTITUDE-
4), providing insights into the efficacy, safety, and practical implementation of CAR-T in

clinical settings.

e-ISSN 2524 - 0692

Citation / Title Population / Key Findings / Conclusions
Intervention
1. CARTITUDE-4: Population: Adults with Primary Endpoint- Progression-
Ciltacabtagene multiple myeloma free survival.
Autoleucel in refractory to Finding-Cilta-cel significantly
Lenalidomide- lenalidomide. improved PFS compared to
Refractory Multiple Intervention: conventional therapies,
Myeloma Ciltacabtagene autoleucel emphasizing the potential of CAR-
(cilta-cel) vs. standard-of- T beyond B-cell Iymphoma.
care pomalidomide-based Clinical Implication-Supports use
regimens. of CAR-T at earlier lines in
myeloma, with special monitoring
for CRS/neurotoxicity.
2. ZUMA-7: - Population: Patients with - Primary Endpoint-Event-free
Axicabtagene relapsed/refractory large survival (EFS).
Ciloleucel as Second- B-cell lymphoma after - Key Outcome-Axi-cel
Line Therapy for Large first-line therapy. significantly improved EFS vs.
B-Cell Lymphoma - Intervention: standard salvage therapy (chemo +
Axicabtagene ciloleucel transplant).
(axi-cel) vs. standard-of- - Adverse Events-High incidence
care of cytokine release syndrome
chemoimmunotherapy (CRS), but mostly manageable
followed by autologous with tocilizumab/steroid support.
stem cell transplantation
in responders.
3. TRANSFORM: - Population: Adults with - Primary Endpoint-Event-free
Lisocabtagene relapsed or refractory survival (EFS).
Maraleucel vs. Standard large B-cell lymphoma - Result-Liso-cel improved EFS
of Care for after first-line and showed manageable toxicity
Relapsed/Refractory chemoimmunotherapy. compared to conventional second-
Large B-Cell - Intervention: line treatment.
Lymphoma Lisocabtagene maraleucel - CONSORT Points-Clear
(liso-cel) vs. salvage randomization procedures,
chemotherapy and transparent safety profile reporting,

autologous hematopoietic
stem cell transplant in
responders.

detailed participant flow diagram.
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4, BELINDA:
Tisagenlecleucel in
Second-Line  Therapy
for Aggressive B-Cell
Lymphoma

- Population: Patients with

aggressive B-cell
lymphoma, relapsed or
refractory to first-line

therapy.
- Intervention:
Tisagenlecleucel (tisa-cel)

vs. standard salvage
chemotherapy *
autologous  stem  cell

transplant in responders.

- Primary Endpoint-Event-free
survival.

- Outcome-Did not demonstrate
statistically ~ significant ~ EFS
advantage over standard salvage
therapy.

- Clinical Implication- Highlights
the complexity of second-line
CAR-T therapy, including the
timing of infusion and bridging
chemotherapy.

- CONSORT- Robust design with
clear reporting of adverse events
and randomization.

Efficacy

PROMs

Safety

Toxicity

Time Points

1 month

-« 3 months
% >6 months

-0.4 -0.2 0.0 0.2

0.4 0.6 0.8 1.0

SMD (95% CI)

Figure 2. Longitudinal outcomes revealed important trends in efficacy, safety, toxicity,
and patient-reported metrics.
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The figure 2 illustrates the standardized mean differences (SMD) and corresponding 95%
confidence intervals (CI) for four key domains—efficacy, patient-reported outcomes (PROM:s),
safety, and toxicity—at three time points: 1 month, 3 months, and >6 months post-CAR-T cell
therapy. The Efficacy improved consistently over time, with standardized mean differences
(SMDs) increasing from 0.45 at one month to 0.70 at six months post-treatment. PROs showed
parallel improvements, with SMDs rising from 0.30 at one month to 0.60 at six months,
reflecting clinically meaningful reductions in symptom burden, psychological distress, and
fatigue. Safety outcomes remained stable, with adverse events declining over time. Acute
toxicities, including CRS and neurotoxicity, showed significant resolution by six months, as
reflected by SMD improvements from -0.30 at one month to -0.05 at six months. These findings
underscore the capacity of CAR-T therapy to provide sustained therapeutic benefits while
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Table 4. Long-term outcomes and real-world applicability of CAR-T therapy

Study

Patient Population

Key Findings

Locke et al.

Patients with refractory large
B-cell lymphoma

Demonstrated durable remission with
manageable CRS and neurotoxicity,
highlighting the importance of vigilant
monitoring.

Fried et al. [24]

Patients post-CD19 CAR-T
cell therapy

Early and late hematologic toxicities
noted; long-term follow-up essential to
ensure safety and efficacy.

Hay et al.

Patients undergoing CD19
CAR-T therapy

Severe CRS managed effectively with
IL-6 inhibitors; identified biomarkers
critical for early detection.

Schuster et al.

Patients with diffuse large
B-cell lymphoma (DLBCL)

High remission rates achieved; quality of
life  improved significantly  within
months post-treatment.

Neelapu et al.

Patients with refractory
DLBCL

Survival rates improved significantly;
CRS rates consistent with clinical trial
expectations.

Nastoupil et al.

Large cohort of real-world

Variability in outcomes underscores the

[24,25] CAR-T recipients need for rigorous patient selection

protocols.

Cohen et al. Patients with multiple Significant disease control achieved in
myeloma refractory cases; manageable toxicity

profile observed.

Munshi et al. Patients with relapsed and Durable remission rates with notable

[24] refractory multiple myeloma quality of life improvements reported

over long-term follow-up.

Park et al. Pediatric and young adult Long-term remission achieved; CRS
patients with acute manageable with standardized protocols.
lymphoblastic leukemia
(ALL)

Maude et al. Pediatric and young adult High remission rates observed within

patients with B-cell ALL

months; significant reduction in disease
burden noted.
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Brudno et al. Patients with refractory Highlighted risks of neurotoxicity; long-
[26] lymphoma term care plans essential to address late-
emerging toxicities.
Mikkilineni et Patients with refractory Promising long-term efficacy;
al. [27] multiple myeloma emphasized need for individualized

toxicity management strategies.

Observational studies (Table 4) explored long-term outcomes and real-world applicability
of CAR-T therapy. These studies, including those by Neelapu et al. (2017) and Schuster et al.
(2017), reported durable remission rates and significant improvements in quality of life among
patients with refractory hematological malignancies [20,21]. Variability in outcomes was noted,
reflecting the heterogeneity of patient populations and institutional protocols. Notably, effective
management of CRS and neurotoxicity was consistently reported as a critical factor influencing
overall outcomes. Real-world evidence reinforced the importance of rigorous patient selection
and interdisciplinary care teams in ensuring successful therapy delivery.

Discussion. The results of this systematic review underscore the multifaceted
challenges involved in implementing CAR-T therapy beyond controlled clinical trial
environments. Although CAR-T products have demonstrated remarkable efficacy in certain
hematological malignancies, including diffuse large B cell lymphoma and acute
lymphoblastic leukemia, their successful integration into everyday healthcare demands a more
holistic approach. Clinical studies, such as those by Schuster SJ et al. and Neelapu SS et al.,
have firmly established CAR-T’s therapeutic potential, yet these influential trials leave
numerous practical questions unanswered [20,21].

A key domain emerging from this review is the intricate process of manufacturing and
delivering CAR-T products. High-level cell engineering, requiring specialized laboratories and
stringent quality controls, creates supply chain complexities that impede timely access for
patients [12,28]. The included studies highlighted that despite ongoing efforts, the scalability
of CAR-T manufacturing remains limited. The backlog in production and the absence of widely
adopted “off-the-shelf” CAR-T solutions means that many eligible patients may wait weeks—
sometimes months—for their therapy. This prolonged turnaround can affect clinical decision-
making, as patients with rapidly progressing disease may not be able to await production.
Solutions proposed in the reviewed literature include investing in decentralized manufacturing
hubs, standardizing quality control protocols, and developing automated manufacturing
platforms [10,29]. These advances could reduce lead times and production costs, ultimately
making CAR-T more accessible in both high- and low-resource settings [8].

Economic and policy considerations emerged as another central theme. CAR-T therapies
are among the costliest cancer treatments available, with high upfront expenses that strain
healthcare budgets. As highlighted in Gary H lyman et al.’s economic evaluations, the long-
term cost-effectiveness of CAR-T depends on multiple factors: the durability of remission, the
comparative cost of salvage therapies, and the willingness of payers—public or private—to
absorb initial outlays in anticipation of reduced downstream costs of managing refractory
disease [13]. Countries with robust healthcare financing structures may find ways to justify
these costs, while LMICs will face more significant hurdles. The review’s included studies
called for more transparent pricing negotiations, outcomes-based reimbursement models, and
greater policy-level engagement to reduce financial barriers [13]. Policy frameworks that tie
reimbursement to real-world outcomes, for example, might encourage both manufacturers and
healthcare systems to invest in cost-saving manufacturing innovations and improved patient
selection strategies [29].
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Infrastructural readiness is essential to ensure safe and efficient CAR-T delivery. High-
grade adverse events such as CRS and ICANS necessitate experienced medical teams capable
of providing intensive supportive care, often in inpatient settings. Most included studies
emphasized the need for interdisciplinary care teams—hematologists, oncologists,
immunologists, nurses, pharmacists, social workers, and psychologists—trained to handle the
complex clinical and psychosocial dynamics of CAR-T treatment. Adequate bed capacity,
continuous patient monitoring protocols, and standardized toxicity management guidelines are
all integral [11,29,30]. This requirement poses significant challenges for healthcare systems
with limited resources or training programs, as they may struggle to meet accreditation
standards for CAR-T administration. Therefore, scaling up CAR-T therapy globally might rely
on developing training modules, telemedicine support for remote centers, and international
collaborations to share best practices [2,13].

RCTs summarized in Table 3 underscore the transformative potential of CAR-T therapy
for relapsed or refractory hematological malignancies. Trials such as CARTITUDE-4, ZUMA-
7, and TRANSFORM demonstrated significant improvements in progression-free survival
(PFS) and event-free survival (EFS), affirming the efficacy of CAR-T therapies in controlled
settings. Conversely, the BELINDA trial highlighted the challenges of patient selection and
optimal timing, which can influence outcomes [29,31,32]. These findings emphasize the
importance of addressing logistical and infrastructural challenges, such as toxicity management
and long-term follow-up, to bridge the gap between clinical trial success and real-world
implementation [21].

A notable dimension that sets CAR-T therapy apart from conventional treatments is the
emphasis on patient-centered outcomes. Initially, CAR-T trials prioritized clinical endpoints
like complete response rates and overall survival. However, as some studies observed, the
incorporation of PROMSs has gained traction, reflecting a growing recognition that how patients
feel and function is a crucial measure of success [4]. Encouragingly, the reviewed studies
suggest that CAR-T recipients experience improvements in pain, fatigue, depression, social
engagement, and cognitive function over time [4,28]. Yet, these findings are preliminary. Most
studies offered only short-term follow-up, and the lack of standardized PROM instruments
tailored to the CAR-T experience impedes data comparability [4]. Further research should
prioritize longitudinal PROM data to understand how CAR-T recipients adapt physically,
psychologically, and socially in the months and years after therapy. Standardizing PROMs and
integrating them into routine clinical assessments would help providers identify patients at risk
of long-term psychosocial distress or persistent functional impairments [28,29].

The results underscore the multifaceted impact of CAR-T therapy beyond immediate
clinical remission. The sustained improvement in efficacy and PROMs demonstrates that CAR-
T therapy not only extends survival but also enhances patients' functional and psychological
well-being. Concurrently, the observed reductions in toxicity and stabilization of safety
outcomes confirm that the initial adverse effects associated with CAR-T therapy are largely
transient and manageable. These findings provide a holistic understanding of the longitudinal
outcomes associated with CAR-T therapy and emphasize the importance of integrating both
clinical and patient-reported metrics when evaluating its effectiveness. Further long-term
studies are necessary to confirm these trends and identify late-emerging toxicities or residual
effects [28].

Patient selection and survivorship planning are equally vital for refining CAR-T delivery.
While clinical trials have established eligibility criteria aimed at maximizing response rates,
real-world implementation often uncovers scenarios less rigid than those in controlled
environments. Patients may present with comorbid conditions or complex social circumstances
that could influence treatment outcomes or adherence to follow-up [33]. The review identified
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a paucity of evidence-based guidelines on how to tailor CAR-T selection criteria to maximize
benefits and reduce wasteful use in patients unlikely to respond. Similarly, survivorship care
remains an evolving concept. Late toxicities, potential secondary malignancies, and ongoing
psychosocial support needs require well-defined survivorship plans. The reviewed literature
suggested annual follow-ups for the first several years, but consensus was lacking [21].
Standardized survivorship protocols that include both clinical monitoring and PROM collection
could help providers deliver more comprehensive care [8].

Addressing these gaps calls for strategic actions at multiple levels. First, intensified
research efforts should focus on pragmatic trials and real-world evidence studies that capture
not only clinical endpoints but also economic outcomes, infrastructural readiness, and long-
term patient-reported outcomes. Incorporating broader stakeholder input, including healthcare
administrators, payers, patients, and caregivers, will ensure that research agendas align with
actual needs. Second, policymakers and professional societies have a central role. By creating
flexible reimbursement models that reward durable responses, stakeholders can stimulate cost
reductions and efficiency gains. Standardizing accreditation criteria for CAR-T centers could
ensure quality and consistency across regions. Furthermore, multilateral initiatives could bring
together policymakers, manufacturers, patient advocacy groups, and healthcare professionals
to develop guidelines for patient selection, follow-up intervals, and PROM integration [34].
Third, global collaborations are essential. While the local epidemiological data are important,
strengthen the introduction by linking Kazakhstan’s scenario to global implementation
challenges. Emphasize that the obstacles faced—such as limited specialized centers, donor
availability issues, and resource constraints—mirror broader challenges in low- and middle-
income countries (LMICs) [35]. CAR-T therapy originated in and initially spread through
resource-rich environments. As it expands into LMICs, international partnerships will be key
in knowledge transfer, training, and capacity building. These collaborations could test
innovative manufacturing strategies in smaller, decentralized settings, or develop telemedicine-
based toxicity management protocols for less specialized centers. Finally, integrating patient
experiences at every stage of CAR-T implementation is crucial. PROMSs represent powerful
tools for understanding the lived reality of patients undergoing CAR-T therapy. Future
guidelines could recommend routine PROM collection at baseline and regular intervals post-
infusion, enabling clinicians to monitor recovery, identify unmet needs, and tailor supportive
interventions [12]. Over time, patient-centered data can inform refinements in clinical
pathways, from patient education materials to decision support tools.

In conclusion, the reviewed literature highlights a broad set of implementation challenges
for CAR-T therapy—cost, logistics, infrastructure, patient selection, long-term follow-up, and
PROM integration—that must be addressed to move from clinical trial success to widespread,
equitable delivery. Although the included studies provided valuable insights, many were limited
by short follow-up periods, heterogeneous outcome measures, and uncertain reproducibility
across different health systems. By embracing comprehensive evaluation frameworks, forging
strong policy and industry partnerships, and centering the patient experience, healthcare
systems can harness the full transformative potential of CAR-T therapy. Ultimately, these
collective efforts can inform evidence-based decisions, optimize the use of resources, and
enhance patient-centered care, making CAR-T a viable and beneficial treatment option across
diverse settings worldwide.
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A. XK¥YMAFAJINYJIBL &, A. IITYCTOB ?, I1II. TAHABAEBA 1, JT. MEHJIASIKOBA *

! AcdenmusapoB aTeiHaarel Ka3ak YITTHIK MEIHIIMHA YHHBEPCUTETI, AJIMATHI,
Kazakcran
2 Y ITTHIK GMOTEXHOJIOTHS OpTalbiFsl, AcTana, Kazakcran

Tyiiingeme
Yumepusuiblk anturenai peuenropibl T-xacymanslk (CAR-T) Tepamnust peruauBTi Hemece
pedpakTepiai TeMaTONOTHUSJIBIK KaTepil ICIKTepAl, MbIcajbl, JeikeMus, TuMdoma xKoHe
KONTETeH MHEJIOMa aypyJaphlH €MJICY/AETi PEBONIONMSIIBIK JKETICTIK OOJBIN TaObLIAIbI.
KinuHukanelk 3epTreynepaeri >korapbl THiMAUTITIHE KapamactaH, CAR-T TepanusicbiH
KYHCIIKTI JICHCAYJIBIK CaKTay KYHenepiHe eHri3y/e o ¢ KONTereH KUbIHABIKTap Oap. by
xyienik mony CAR-T TepamuscblH €HTi3yJIiH HEri3ri acmekTuUIepiH KapacThIpajbl, COHBIH
IIHIe OHIIPICTI YHBIMIACTBIPY JIOTUCTUKACKHI, SKOHOMUKAJIBIK Oaranay, HHPPAKYPBUTBIMIIBIK
JAWBIHIBIK, PETTEYIIN Heri3/1ep, NalueHTTeP/iH miKipiaepiHe Herizaenren Hotmxkenep (PROMS)
KOHE Y3aK Mep3iMi OaKplIay CTpaTerHsIIaphl.

25 3eprreynin aepexrepi CAR-T TepanuschIHBIH TEPAINEBTIK dJIE€YETIHIH KOFapbl eKeHIH
KOPCETKCHIMCH, Y3aK OHJIIPIC YaKbITHl MCH apHAWbBI )KaOABIKTAFaH MEKEMeIepre KaKeTTiUTIK
CUSIKTBl JIOTHCTUKAIBIK KEIepriiep OHBIH KeH KeJleMJe KOJIJAHBUIYbIH —TEXKEUI.
DOKOHOMUKAJIBIK Taljgayiap >KOFapbl OacTamkpl MIBIFBIHIAPABI KOHE TOMEH PECYpPCTHIK
Kargainapaa KODKeTIMIUTIKTIH mekTeynirin kepceteni. PROM npepexrepi mamnueHTTepain
©MIp CarachIHbIH €JIeYITi )KaKcapybIH KopceTe i, Oipak Oyi1 AepeKTep HEeTi31HEeH KbICKa Mep3iMIi
Oonbin Tabbutanel. [{uTOKMHAECPAIH OOcCam HIBIFY CHHAPOMBI MEH HEHPOYBITTBUIBIK CHUSKTHI
KAFbIMCBI3 ocepliep KaTaH Kayilci3liK XaTTaMalapblH JKOHE apHaiibl JaibIHAaIFaH
MEAMIMHANIBIK TONTAp/Abl Tajlam eTefil. ¥3aK Mep3imMal Oakpliay a3 3epTTelreH, jKoHEe Tipi
KaJIFaH MalUeHTTepAl KyTy OoiiblHIIa OlpHeIlle 3epTTey KYpri3uireH.

ByJ1 KUBIHABIKTapABI ’KEHY YILIIH IOy 9J1eyeTTi MeIiMIepAl YChIHAAbI, OJapAbIH iIIiHe
JENEHTPANIM3CHTeH OHIIPIC, MHHOBAIMSUIBIK ©OTEY YJITUIepl XoHE MaIlMeHTTEpAl TaHjaay
KpUTEpHiIepiH KeTinipy 6ap. Mynneni TapanTapAblH BIHTBIMAKTACTBIFBI, CEHIMJII casicar
HeTi3/1epi oHe nanuenTke oarsirtanran Tocingep CAR-T TepanuschiH TaOBICTHI €HTI3Y YIIiH
eTe MaHbI3/1bl. bomamak 3eprreynep y3aK Mep3im/i 3epTTeyiepre, HaKThl TOKipubenepre xKoHe
Tipl KaJIFaH NMAlMEHTTEPre apHaIFaH OeliM/IeTreH XxaTTaMajaapra Ha3ap ay1apybl KEpeK.

Tyiiinai ce3nep: CAR-T Tepamusicel, reMaTOJOTMSUIBIK KaTepii ICIKTep, eHrisy,
NAUEHTTEPAIH MiKipiaepl OOMbIHIIA HOTHXKENED, JEHCAYIBIK CaKTay KyHeciHe HHTerpausl.

BHEJIPEHUE TEXHOJIOT' MU TEPATIMU TEMATOJIOTMYECKHUX OITYXOJIEA
C UCHIOJIB3OBAHUEM XUMEPHOI'O AHTUT'EHHOT'O PELHHEIITOPA CAR-T B
MNPAKTUYECKOE 3JIPABOOXPAHEHUE: CHCTEMATUYECKHWIA OB30P

A. XKXYMATAJINYJIBL L, A. IIVCTOB ?, III. TAHABAEBA *, JI. MEHJIASIKOBA !

! Kasaxckuit HarmonaneHbIA MeumHCKHi yHuBepcuTeT nMenn C.J1. Achenausaposa,
Kazaxcran, AnmaTsl
2 HanmoHanbHBIH HeHTp 6uoTexHonoruii, Acrana, Kasaxcran

AHHOTANUA
Tepamnus ¢ ucnosnp3oBaHueM T-TUM(OIIMTOB ¢ XMMEPHBIM aHTHTeHHBIM penentopoM (CAR-T)
SBJISIETCS PEBOJIIOIMOHHBIM NPOPBIBOM B JICUEHUHM PELUAMBUPYIOUIMX WIH pedpakTepHBIX
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reMaToJIOrMYeCcKUX 3JI0KaUeCTBEHHBIX HOBOOOPA30BaHM, TAKUX KakK Jielkemus, TuMpoma U
MHO>KECTBEHHasi Muenoma. HecMoTpst Ha BBICOKYIO 3()()EKTHBHOCTh B paMKax KIMHHYECKUX
WCCIIEIOBAHUM, CYIIECTBYIOT 3HauuTeNbHbIE TpyaHocTu B uHTerpanuu CAR-T B cuctemsl
31paBooxpaHeHus. Hactosmuii cucteMaTHdeckuii 0030p paccMaTpUBAeT KIFOYEBBIE aCIIEKThI
BHenpeHus: CAR-T, BKiIto4ast JOrMCTUKY IPOU3BOJICTBA, IKOHOMUYECKYIO OLIEHKY, TOTOBHOCTb
UHOPACTPYKTYPhl, HOPMATHBHO-TIPABOBYIO 0a3y, pe3yJbTaThl, OCHOBAaHHBIC Ha OT3BIBAX
nanueHToB (PROMS), u cTpareruu oarocpo4Horo HaOIOICHHUS.

AHanmu3 JaHHBIX U3 25 UCCleIOBaHUN MOKAa3bIBAET, YTO, HECMOTPSl Ha 3HAUMTEIIbHBIN
tepaneBTuueckuii moreHman CAR-T, takue nmorucrudeckue Oapbepbl, Kak IIATEIbHBIN
MPOIIECC MPOU3BOACTBA W HEOOXOAUMOCTh CICIIMATU3NPOBAHHBIX YUPEKICHUH, 3aTPYAHSIIOT
MacIITaOUPOBaHUE TEXHOJOTHH. DKOHOMHUYECKUE HCCIIEIOBAaHUS MOAYEPKUBAIOT BBICOKHE
MepBOHAYAJIbHBIE 3aTPAThl U OTPAHUYEHHYIO JOCTYITHOCTh B YCIIOBUSIX C HU3KUMH PECYPCAMH.
Hannpie PROMs yka3pIBalOT Ha 3HAUWTEIbHBIE YIIYUIICHHMS KayecTBA >KM3HU NAI[MEHTOB,
OJIHAKO ATH PE3yJbTaThl B OCHOBHOM OTPAaHUYHMBAIOTCS KPATKOCPOYHBIMHU HAOIIOJICHUSMHU.
[ToGounblie 3¢ (HeKTsl, BKIIOYasi CHHAPOM BBICBOOOKICHUS TUTOKMHOB U HEUPOTOKCUYHOCTH,
TPEOYIOT CTPOTUX MPOTOKOJIOB OE30MACHOCTH U CHEIUATU3UPOBAHHBIX MEIUITMHCKIX KOMaH]I.
Jonrocpounble HaOMIOJEHUS OCTAIOTCA HEAOCTATOYHO H3YYCHHBIMHU, W JUIIb HEMHOTHE
MCCJICIOBAHMS OXBATHIBAIOT ACTIEKTHI YX0/1a 3a MAaIlMEHTaMU B MTOCTJICUCOHBIN MTEPUOI.

Jl1st mpeoaoeH s STHUX BBI30BOB 0030p MpeiaracT MOTeHIIUaIbHbIE PEIICHUs, BKIIOYast
JEIEHTPAIIM30BAaHHOE TIPOM3BOJICTBO, WHHOBAIIMOHHBIE MOJIENM BO3MEIICHHS 3aTpaT |
yIy4dlleHHbIe KPUTepUHU 0TOOpa nanueHToB. COBMECTHBIE YCUIIHSI 3aMHTEPECOBAHHBIX CTOPOH,
HAJIS)KHBIC TOJUTUYECKUE PAMKH W TOJXOJl, OPUEHTUPOBAHHBIN HaA MAIUEHTA, SIBISIOTCA
KIoueBbiMH Uit yenemHod wuHTerpauun CAR-T. bynymwme wuccnenoBaHust JOJIKHBI
COCPEIOTOYUTRCS Ha JOJITOCPOYHBIX HAOIOJICHUSAX, PEATHHON MPAKTUKE U aJalTUPOBAHHBIX
MPOTOKOJIAX YXO/a 3a MallMeHTaMH B MOCTJICYEOHBIN epUO/I.

KaoueBbie ciaoBa: CAR-T Tepamus, TEeMaTOJIOTHYECKHE 3JIOKAYeCTBEHHBIC
HOBOOOpa30BaHUsl, BHEIPEHHE, Pe3YIbTaThl, OCHOBAHHBIE HA OT3hIBAX MAIIMEHTOB, HMHTETPAIIUS
B 3/IpaBOOXpPaHEHHUE.
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AHHOTANUuA

BBenenue. Octpas uieMusi TOJOBHOTO MO3Ta (HMIIEMUYECKUM HHCYJIBT) OCTAeTCs
OJTHOW U3 BeAyIUX MPUYMH WHBAIMM3ALMU U JIETaIbHOCTH BO BcEM Mupe. HekoHTpacTHas
komnbtotepHast Tomorpadus (NCCT) saBnsercs cTaHIapTOM IEpPBUYHON BH3yaIu3alluy,
OJIHaKO paHHHE HILIEMHYECKUe U3MeHeHUs («subtle» CHIKeHue MIIOTHOCTH TKaHW) MOTYT OBITh
TPYAHOJOCTYIHBI JUIsl BU3yaJIbHOTO aHanu3a. llenplo HacTosIero HcciaeloBaHUsl CTallo
CO3/1aHHE U OLIEHKA aBTOMAaTU3UPOBAHHON CHCTEMBI IETEKIIMH 30H CHUKEHHOW INIOTHOCTH Ha
KT-u300paxxeHusx ¢ UCMOJIb30BaHUEM INTYOOKHUX HEHPOCETEBBIX MOJIENEH, HHTErPUPOBAHHOMN
B mwiathopmy «Cerebray.

Matepunansl u MeToabl. B nccnenoBanne BkItoueHb! 246 nanueHToB (127 MyX4uH U
119 *xeHIMH) ¢ MOATBEP)KIACHHBIM JHarHO30M OCTPOT0 MIIEMHUYECKOro MHCynbTa. CpenHuit
BO3pacT MyxkuuH — 58,96 + § ner, xxenmun — 62,15 £ 8 ner. Bece KT-uccnegoanus
BBINOJIHSUIMCh Ha MyibTHcnupaibHbIX ckaHepax (Fujifilm, GE, Hitachi, Siemens, UIH) mo
CTaHJapTHBIM MPOTOKOJIaM. J[71s1 aBTOMAaTHYEeCKOM CErMEHTAllUU 30H CHM)KEHHOH IUIOTHOCTH
IPUMEHSIHCH KacKaaHble Mojenu Ha 0a3e apxutektypbl U-Net (B 4acTHOCTH, ¢ 9HKOIEPOM
EfficientNet B6), mpomenmme o0yyeHHe Ha pa3MEUEHHBIX JAaHHBIX, BEPUPHUIMPOBAHHBIX
TpeMsI HE3aBUCUMBIMU BpauaMu-paguosioraMu. OIlEHKa pe3ylbTaToB MPOBOAMIACH I10
MmeTpukam Accuracy, Precision, Recall, F1-Score n xoapdunuenty Kanna.

PesyabTaTsl. B qunamuke ¢ 2022 mo 2024 roa HaOIIOANOCHh MOATATHOE YIy4IICHHUE
nokasareneir TounoctH. Jins 2024 roma Accuracy cocraBmia 92,3%, F1-Score — 96,0%,
Recall — 92,3%, a Precision nocturna 100%. Koadpdunuent Kanmna B 2023 roxy noctur 0,80,
YTO CBHJETEIBCTBYET O BBICOKOM COIVIACHHM C DKCIIEPTHOM OLICHKOW. AHAIN3 Ha pa3HbIX
MOJIEINISIX TOMOTpadoB MMOKa3al, YTO aJrOPUTM COXPaHSET BBICOKYIO BOCTIpou3BoAuMOCThb (F1-
Score ot 88,8% mo 100%) mpu BapbUPOBAHUH TEXHUUYECKHUX YCIIOBUM.

Oocy:xnenne. IlonydeHHble AaHHBIE MOATBEPKIAIOT, YTO KOMIUIEKCHOE NPHUMEHEHUE
HopManu3auu u3odpaxenuii (MNI-npocTpaHCcTBO), Kackaja rIyOOKHX HEHPOHHBIX ceTed U
KOHCEHCYCHOM pa3MeTKHM TpEX CHEUAINCTOB IOBBIIIAET TOYHOCTH PAHHETO BBISBICHUS
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UIIEMUYECKUX W3MEHEHHMH. YIIydlleHHs MO rojaM CBs3aHbl C paclIMpeHHeM oO0ydarolei
BBIOOPKH M PETYISIPHBIM OOHOBJIEHUEM apXUTEKTYpbl Mozeneil. Cuctema «Cerebray mokasana
YHUBEPCAJIBHOCTh Ojarojgaps CTaOWIbHBIM pe3yjlbTaTaM Ha CKaHepax pas3JIn4yHbIX
IIPOU3BOJUTEIICH.

3akirouyenue. PazpaOoTaHHas aBTOMAaTU3MpPOBAHHAS CHCTEMa JETEKUUM CHUKEHUS
IUIOTHOCTH TKaHU CIIOCOOHA CYIIECTBEHHO MOBBICUTH AUATHOCTUYECKYIO TOUHOCTh IPU OCTPOM
MIIEMUYECKOM MHCYJIBTE U COKPATUTH BpeMs NPUHATHUSA pelleHui. JlanpHellee paciiupeHue
BBIOOPKM W MEXILEHTPOBAs BaJHMIAIMs TO3BOJAT MacmiTaOMpoBaTh JNAaHHOE pELICHHE B
LIMPOKYIO KIMHUYECKYIO IIPAKTHKY.

KirroueBble ci10Ba: HIIEMUYECKHU UHCYIbT, HeKOHTpacTHas KT, cHUKeHUe TUIOTHOCTH
TKaHU, I1yookoe ooyuenue, U-Net, Cerebra, aBToMaTHueCcKast AETEKLUs, PAHHSASA JUarHOCTHKA.

Beenenne. Octpeiil numemuyeckuit uHcynbT (OMM) npomomkaeT ocTaBaThCsi OHOM U3
BEYUIMX IMPUYMH 3a00JI€EBa€MOCTH U CMEPTHOCTU BO BcéM mupe [1-3]. CBoeBpemeHHas
IIOCTAaHOBKA JIMarHo3a MpHu NOJO3PEHHH Ha MHCYJbT MO3BOJIAET OOECIEeYUTh paHHEe Haydaio
penepdy3noHHO Tepanuu (TPOMOOJIM3HC, TPOMOIKCTPAKIUS W Jp.), YTO CYIIECTBEHHO
YJIy4IIaeT JOJTOCPOYHBINA TPOTHO3 U MTOBBIIIAET KAYE€CTBO KU3HU MAalUEHTOB [4,5].

Hekontpactnas kommnbrotepHas Ttomorpagus (NCCT) rosoBHOro mosra SsBISETCS
«30JIOTBIM CTAHJAPTOM» IEPBUYHON BHU3YyalM3alMU NPU OCTPBIX HAPYLIEHUSAX MO3TOBOTO
KpOBOOOpAIEHHUsI, TOCKOJIBbKY AOCTYNHA B OOJIBIIMHCTBE KJIMHUK, CPABHUTEIBHO HENOPOTa U
o0ecrieynBaeT  JOCTaTOYHOE  IPOCTPAHCTBEHHOE  paspelieHHe A BBIABJICHUSA
MaKpOCKOIMYECKUX MPU3HAKOB UIIEMUYCCKUX U3MECHEHMI [6—8].

Tem He Menee mocraHoBka mguarHo3a OMHM mHa ocHoBe NCCT cramkuBaeTcs C
HECKOJIbKUMH  IpoOnemMaMu. Bo-nepBbIX, paHHUE MIIEMUYECKHME W3MEHEHHS 4YacTo
HPOSIBIISIOTCS HEBBIPAXKEHHBIM «subtle» CHMKEHHEM IJIOTHOCTH MO3TOBOM TKaHH, YTO MOXKET
OBITH IPONYIIEHO WM HEJJOOIIEHEHO IPU BU3YyalbHOM aHayu3e [9].

Bo-BTOpBIX, CyOBEKTHBHOCTh M MEXKIKCIEpTHas BapuabeabHOCTh npu oreHke KT-
M300paXeHU HepeaKo 3aTpPYAHSIOT MPHUHIATHE pEeHIeHHs, OCOOEHHO B CUTYyalHUsiX
«TpaHUYHBIX» 3HaueHuH miuotHocTH [10—13]. K ToMy ke mpu O0JIBIIOM NOTOKE MAllUEHTOB U
OTpaHMYEHHOM BpPEMEHHU Ha OJHOro OOJILHOTO BO3PACTaeT PUCK OLIMOKU WM 3a/IepKKH B
TpakToBKe JaHHBIX [14,15]. B cBs3u ¢ 3TUM MOBBIIIAETCS aKTyaJlbHOCTh pa3pabOTKU
ABTOMATHU3MPOBAHHBIX METO/OB aHAJIW3a, CIIOCOOHBIX IMOAJIEPKUBATH Bpaueh-paanuosioroB B
HOPUHATHH OBICTPBIX U OOBEKTUBHBIX JUATHOCTHUECKUX perieHui [16].

JlocTUrHYTBIN B MOCHIEHUE TOJIbI MPOrpecc B 00JaCTH IIYOOKMX HEHpPOHHBIX ceTel, B
4acTHOCTH CBepTO4HbIX apxuTekTyp (Convolutional Neural Networks, CNN) u wux
npousBoHbIx (U-Net, DeepLab u np.), mo3Bosinia CyIIeCTBEHHO MOBBICUTH TOYHOCTH 3a/1a4
CerMEHTAllMUd M KJIacCU(PUKAMU METUIMHCKUX u300paxkenuid [17-20]. B koHTekcre
JUArHOCTUKU MHCYJIbTAa TaKUE€ MOJENINM MOTYT OOHapy)XKMBaTh 30HbI CHUKEHHOW IIOTHOCTH
TKAaHM, YKa3bIBAIOIME HA HWIIEMMUYECKHE OdYaru, MpU 3TOM YMEHbIIAs PHUCK IpOIycKa
Majo3aMeTHbIX u3MeHeHuil [21,22]. BaxHyio poib UIpaeT BBICOKOKAYECTBEHHAsl pydHas
pa3MeTKa JaHHBIX, BBINOJIHEHHAs HECKOJIBKUMH JKCIIEpTaMH, a TAKXKE IPUMEHEHUE METOJ0B
HOpMaJIM3alui U300pakeHU, HampuMep MpeoOpa3oBaHHE K CTaHAAPTHOMY MPOCTPAHCTBY
(MNI), uro yMmeHbIIAET HHTEPUHAMBHIyalbHbIE PpA3IMYUs M TOBBIIIAET 000OLIAIOIIYIO
CIOCOOHOCTh 0OYYECHHBIX Mojenel [23,24].

JIOTIOTHUTENBHON ~ CIIOXKHOCTBIO — OcTaércss  HeobxoaumocTs  auddepeHupoBaTh
OCTPBIE/TIOOCTPBIE U3MEHEHHSI OT XPOHUYECKHX 04YaroB (CTapbix WH(MAPKTOB, JIEHKOApeo3a u
T. 1.), KOTOpBIE TAaKK€ MOTYT MpPOSBIATbCS HHU3KOM IUIOTHOCTBIO TKaHH, HO HE TPeOyIoT
CpPOYHBIX BMemaTenbcTB [9,25]. i pemieHus TakuxX 3aaad IeIeco00pa3HO MPUMEHSTH
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KACKaJHYyI0 CXEMY HECKOJIBKHX MOJENEH, KaxJas M3 KOTOPbIX CIEHUAIN3UpOBaHA Ha
OIPENEIEHHON KaTeropuu CTPYKTYP WM MOBPEKICHUMN.

Hacrosiee nccrnenoBanue HaieleHo Ha pa3pabOoTKy M OLIEHKY aBTOMAaTH3MPOBAHHOM
CUCTEMBI JETEKIIMU 30H CHUKEHHOM IJIOTHOCTU TKaHU IPU OCTPOM HMIIEMUUYECKOM MHCYJIbTE,
OCHOBaHHOW Ha MPUMEHEHHUH ITYOOKHX HelpoceTeBbIX Mojieneit U-Net 1 HHTerpupoBaHHON B
nporpammHoe obecriedenue Cerebra. BakKHBIM 3JIEMEHTOM SIBJISUIOCH TPOBEACHHE PYyYHOU
pa3sMETKH JaHHBIX Cpa3y TPeMs HE3aBHCHMBIMH DPEHTI€HOJIOraMH, YTO ITO3BOJIMIIO CO31aTh
0osee HaaEXHBIN «30J10TOM cTaHAApT» UIsl 00Yy4EHHS U BAIMAALMU aIrOPUTMA.

JUis  OOBEKTUBHOrO  KOHTPOJISL  A(PQPEKTUBHOCTH  CHCTEMBbl  AHAJIM3UPOBAIIUCH
JMAarHOCTHUYECKUE TOKa3aTeau (TOYHOCThb, YYBCTBUTEIBbHOCTh, F1-Score) B nunHamuke 3a
nepuon 2022-2024 rr., xorjga MOCTENEHHO COBEPIICHCTBOBAJIACh apXHUTEKTypa MOJEIH,
pacumpsuiack oOydaromias BHIOOpPKa M BHEIPSUTUCh HOBBIE METOJbl ayTMEHTAIlUU JIaHHBIX.
Kpome TOro, y4uThIBajioCh BIUSHUE pa3Iu4HbIX Mapok u Mozened KT-ckanepoB Ha
pe3yJIbTaThl IETEKIUU 30H CHUKEHHOW IJIOTHOCTH, YTO JAET MPEACTABIECHUE O MOTEHIMAale
MEXLEHTPOBOM BOCIPOM3BOIMMOCTH U YHUBEPCAIBHOCTH Pa3pabOTaHHOM CUCTEMBI.

B CcOBOKYNHOCTH MOIy4YeHHbIE JJaHHBIE MOTYT CIIOCOOCTBOBAaTh CTaHAAPTU3ALUU U
YCKOPEHHUIO AMArHOCTHKH WMHCYJIbTA B KIMHUYECKUX YCIOBMSAX, CHHIKEHHUIO CYOBEKTUBHOIO
(axTOpa ¥ MOBHIIIEHUIO YPPEKTUBHOCTH MPUHATHS PEIICHUH, 0COOCHHO MTPU BHICOKOM MTOTOKE
NALUEHTOB U OTPAHUYEHHOM BPEMEHH Ha IIPOBEJECHUE HEUPOBU3YAIN3aLOHHBIX IIPOLIELYD.

Matepuanbl 1 MeTOABI

Omuueckue acnekmol

HccenenoBanue npoBOAMIIOCH B COOTBETCTBUM C INPHUHOMIAMHU  XEIbCUHKCKON
neknapaudu U onoopeno JlokanbHbM koMuTeroM mo Ouostnke HAO «MenunuHckuii
yauBepcuteT Actana» (mpotokon Ne 9 or 09 cenrsOps 2020 roma). Bece nmannpie Obuim
obe3nuuensl. Ilomydeno MHGOPMHUPOBAHHOE COIJacue, OHO ObUIO NPEIOCTaBIECHO
COOTBETCTBYIOIIMMH MAllUEHTAMH UM UX 3aKOHHBIMU MIPEICTAaBUTEISIMH.

Xapaxkmepucmuka 6b160pKu

B uccnenoBanue ObUIM BKIIOUEHBI MAIUEHTHI U3 YETHIPEX MHCYNBTHBIX LEHTpoB III
YPOBHSI, PACMOJIOKEHHBIX B I. AnMaThl U I. Tapas, KoTopble 001a1al0T CXOKEH CTPYKTypon
OpraHM3ali ¥ CPaBHUMBIMH 0OBbE€MaMH NOCTYIUIEHUs mauueHToB. [lepBblil 1ieHTp, Ha Oa3e
KITI na IIXB «llenTpanpHas TOpojcKas KiuHUYeckas OonpHuna» YO3 1. Anmartsl,
pacnonaraer 30 KOiiKO-MecTaMu U €XeroHo npuHuMaeT okoso 1000 marueHToB ¢ OCTpbIMU
HapyLEeHUSIMU MO3TOBOr0 KpoBooOpaiieHus. Bropoi neHtp, QpyHKIuoHupyromuii Ha 6aze
KT'I na I[IXB «I'opoackas knuHndeckast 6onpHuna Ne7» YO3 r.

AnMartel, XapakTepusyercsi 0ojiee BBICOKMM IMOTOKOM HOCTYHAroIuX, pacrosaras 70
KolkaMmu u obecnieunBas nomois 2200-2400 naurentaMm B roa. TpeTuil MHCYJIBTHBIN LEHTP,
ocHoBaHHbIi Ha ©Oaze KITI na IIXB «lopoackas MHorompoguibHas OoJbHHLIA U
KOHCYJIbTaTUBHO-ANarHoctTuueckuil neHtp» Y3AXKO B r. Tapa3, umeer 40 KoHKO-MecT U
©XKEeroJHo NpuHUMaeT npumepHo 1250 nmanueHToB. YeTBepThIil IEHTp, ASUCTBYIONIHI Ha 6a3e
KT'TI na I1XB «I'opoackas knmuaudeckas OompHuIa Ned» YO3 1. Anmatsl, pacnosaraet 36
Koikamu u obecrieqnBaeT JieueHue okosio 1250 manueHToB B TOAI.

Hacrosmee  uccieoBaHMe  OpPraHuM30BaHO S OLEHKHM  3(PQPEKTUBHOCTH
aBTOMATH3UPOBAHHOM JETEKIIMN CHWKEHUS TUIOTHOCTU TKaHU Ha HeKOHTpacTHBIX KT (NCCT)
rojoBHoro Mo3ra. B mepuon ¢ 2022 no 2024 roa B HECKOIBKUX CTallMOHApaxX ObLIM 0TOOpaHbI
246 nauuentoB (127 myxunH U 119 XKeHIIMH), MOCTYNUBIIMX C MOJO3PEHHUEM Ha OCTPOE
HapyIlIeHHEe MO3TOBOro KpoBooOpaieHus. CpeqHuil Bo3pacT My>kuuH cocTaBui 58,96 + 8 ner,
JKeHIH — 62,15 £ 8§ ner.

N3 o6miero uncna (n=246) y 169 maniueHTOB TUAarHo3 OCTPOTO HINEMHYECKOTO HHCYIIhTA
ObUI TOJTBEPX/JIE€H Ha OCHOBAHUHM KIMHUYECKUX M HHCTPYMEHTaNbHBIX JaHHBIX (MPT,
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nosropHble KT, KOHCyJbTalluM HEBPOJOIOB M HEUPOXHUPYProB). ODTH Cilydyad BOLUIM B
OCHOBHYIO I'PYIIIy UCCIIEN0BaHUs, [J€ IPOBOJMWIACH AETEKIMS CHUKEHUS IIJIOTHOCTH TKaHHU,
XapaKTepHOM AJI MIIEMHUYECKOI0 MOPa)KeHUsl rojIoBHOro Mo3ra. Ocrasiiuecs: 77 MallMeHTOB
(KOHTpOJIbHAS TPYIIA) UMETH CXOJHBIE MO JeMOorpaduuecKuM MpU3HAKaM XapaKTePHCTUKHY,
HO B UTOT'€ OCTPbII MIIEMUYECKHI HHCYNIBT Y HUX HE ObLI MOATBEPKIEH.

KpurepusiMu UCKITIOUEHHS SBISUIUCH CYIIECTBEHHBIE apTe(aKTbl IBUKEHUS, HHU3KOE
KayecTBO M300pak€HUIl WM HEMoJIHbI Habop cpe3oB, a TaKXkKe Cllydyad, B KOTOPBIX
NepBOHAYAJIBHBIA TUArHO3 HWHCYNIbTAa OBUI BIOCJIEJACTBUU ONPOBEPTHYT KIMHUYECKHMHU WU
UHCTPYMEHTAJIbHBIMU METOJIAMH.

JloCTOBEpHOCTh JUarHo3a W CTaausl MIIEMHHU B OCHOBHOM BBIOOPKE IMOATBEPKIATUCH
JAHHBIMM TIOBTOPHBIX OOCIEIOBaHUH M KOHCYJIbTALMH NPOQMIBHBIX CHELHUATUCTOB, YTO
o0ecreunBaio BBICOKYIO KJIMHUYECKYI0 3HAYMMOCTh IPUMEHEHHOT0 IOIX0a.

Ckanuposanue u xapakmepucmuku u300pasdceHuil

UccnenoBanus BbIIOAHSUIMCH Ha MyapTucnupaibHbix KT-ckanepax pas3inyHbIx
npousBoguteneit (Fujifilm Healthcare, GE Medical Systems, Hitachi, Siemens, UIH). Bce
TomMorpadpl  OBITM  HACTPOEHBI  COTJIACHO  BHYTPEHHHM  IPOTOKOJIAaM  KIIMHUK,
npenycmarpuBatoiiuM NCCT-ckanupoBanue ¢ ToimuHOW cpe3a < 1,25 mm, sHepruei
pentreHoBckoi Tpyoku 120 kB u Tokom okomno 250 MA [5, 6]. ®opmar coxpaHeHUs JaHHBIX
— DICOM; nepenaua ocyuiectBisiiack 4yepe3 JiokaibHble PACS-cucremsl. [lanee nanHbie
aBTomMaruyecku nocrynanu Ha cepBep cuctembl CEREBRA, rne peanuzoBan Moayib
MaIIMHHOTO o0yueHus [7].

Jis punbTpanuy NOCTYNAMUX JaHHBIX MPUMEHSUIUCH CKPUNTHI HAa 06a3e OMOIMOTEKH
pydicom (v2.2.0): HCKIIOYAINCh HEKOPPEKTHBIC WM AyOIUPYIOIIUE CEpUM, a TaKKe
WCCJICIOBAHMS C SPKO BBIPAKEHHBIMU apTedakrtamu IBkeHus [8]. Bce nuunble maHHBIC
HAalMEeHTOB ObUIM O0E3JIMYEeHbl B COOTBETCTBUM C pErjiaMEeHTaMM JIOKaJIbHOI'O KOMHUTETa I10
OHOAITHKE.

Coop, nepedaua u punbmpayus OaHHbIX

Bce KT-uccnenosanust B popmare DICOM aBTOMaTHyecKH MepeaaBalCh Ha CepBEp
cuctembl «Cerebra» dyepe3 koHdurypupyembiii DICOM-NpHEMHHK, yCTaHOBJICHHBIA Ha
cTopoHe ceppepa. s GuiabTpauy MOCTYMAIOMUX JAHHBIX MO METaJaHHbIM U OMHCAHMIO
cepuu («MO3I», «MATKHE TKaHU» WM «rojoBa STDy») ucnonp3oBaliuch MHCTPYMEHTHI Ha
ocHoBe OubOmmorexku pydicom (Bepcust 2.2.0). Anroput™M QUIbTpallMM HCKIHOYAI
HECOOTBETCTBYIOIIME WM AyONupyromuecs: HaOOpbl AAaHHBIX; NMPU HAJIMYUM HECKOIBKHX
CXOXHUX CEpHH JUIsi OJHOTO MallMeHTa BblOMpasiach Haubosiee MOAXOAsIIas MO KAaueCTBY U
TONIIMHE cpe3a. JlomogHHUTENbHbIE KpUTepUu (UiIbTpanuu ObLIM CHOPMYJIHMPOBAHBI Ha
OCHOBAaHMHU COIJIAIIEHUH C KIMHUYECKMMM CHEelHaTUCTaMH, 4YTOObl MHUHHUMHU3MPOBATh
BEPOSTHOCTH BKJIIOUEHHSI HEPEIEBAHTHBIX U300paskeHU.

IIpedsapumenvhas obpabomka u HOpMAIU3AYUSL

OtdunpTpoBaHHbIe JaHHBIE NpeoOpazoBeBaIMCch U3 (popmara DICOM B NIfTI ¢
nomouiblo yTinThl dem?2niix (Bepcust 1.0.20210317). Bce nuuHble JaHHBIE MAalMEHTOB
00€37TMYUBAINCH B COOTBETCTBUU C TPeOOBAHUSAMHU JIOKAJIBHOTO 3THUECKOro KomuteTa. [yis
JOCTHKEHUS €IMHOOOpa3usi MPOCTPAHCTBEHHBIX XapaKTEPUCTUK U300paKeHUI U MOBBIILIEHUS
BOCIPOM3BOAMMOCTH aHAJIN3a BBINOJIHAJIACH KOpErucTpanus (HeJInHEHHas HopMald3alys) B
npoctpanctBo MNI ¢ ucnons3oBannem SPMI12 (Bepcuss SPM12.6906) nop ynpaBieHHeM
MATLAB R2020b. Ha sTame Hopmanu3anuu NpUMeHsIMCh craHaapTtHele CT-1mabioHsl,
BXOJAIIMEe B KOMIUIEKT SPM, ¢ y4éToM KOppEeKIUU CABUTAa WHTEHCHUBHOCTH, CErMEHTAIlUU
TKaHeil M DSHAaHTHOMOP(HBIX MacoK. PasperieHue HOPMAIW30BAaHHBIX H300paKEHUN
MpUBOAMIOCE K 512 % 512 x 91, ¢ pazmepom Bokcens 0,5 mm x 0,5 mm X 2,0 MM, a 00bEM
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OXBaThIBaJI CTAHJAPTHYIO O00JIaCTh TOJIOBHOTO MoO3ra, 3agaBaemyto bounding box B
koopauHarax MNI.
Ponv uccneoosameneti

Bce Manunmymanuu ¢ JaHHBIMH M pa3pa0oTKa MoOjeNel OCYIIECTBISUTUCH B CHUCTEME
«Cerebra» crenuajiucTaMu Mo MAIIHHHOMY OOYYCHHIO TPH YYacTUH TPEX HE3aBUCHUMBIX
Bpauei-pagmoyoroB U Bpaueii-HeBpoJjoroB. Paauonoru, obiagaBmie craxkeMm paOOThl HE
MeHee MSATH JIeT, MPOBOAUIN PY4YHYIO pa3sMeTKy U oneHky KT-uccremoBanuii, a Takxke
KOHTPOJIMPOBAIIM PE3yIbTaThl CEIMEHTAIIMK Ha pa3HbIX dTanax. Bee pacxoxaeHus B pa3MeTke
pemairch myTéM KOHCEHCYCHOTO o0cyxaeHus [21, 22].

Ynpaenenue oannvimu u naan ananuza

Bri6opka Obu1a pa3aenena Ha 00y4arouyio, BaTUAAIMOHHYIO H TECTOBYIO MOJBBIOOPKH.
[IponienTHOE cooTHOmeHHE cocTaBisio 60:20:20. Moaenu mocieaoBaTeNbHO 00y4Yaluch U
TECTUPOBAIKCH 110 TOJ]aM, YTO OTPA3UIOCH HA TIOCTENIEHHOM YIIy4IlIeHUuU pe3yiabTaTtoB. [locme
KaXJI0T0 IIUKJIa 00YYEeHUs IPOBOAMIINCH JONOJHUTEIBHBIEC IPOBEPKU HAa BHEITHHUX JITAHHBIX, HE
UCIOJIb30BaHHBIX B 00yyaromieM nporecce (hold-out strategy), yTo moBbIiIano 00bEKTUBHOCTh
UTOTOBBIX MeTpHK. KOHEWHOH mnenpio sBisIach pa3padOTKa KIMHUYECKH NPHUMEHHUMOTO
WHCTPYMEHTA, MO3BOJIAIONIETO OBICTPO M C BBICOKOH TOYHOCTHIO BBISBISTH CHIDKEHUE
MJIOTHOCTH TKAHH B 30HAX, MOPAXKEHHBIX HHCYIBTOM [23, 24].

bezonacnocmo u konguoenyuanbHocms

Bce wpeHTHUMKATOpPHl MAMEHTOB  3aMEHSUTUCh  IICEBJOHUMAMH. Y NAISIIUCH
MeTa/laHHble, CHOCOOHBIE PACKPBITh JIMYHOCTh (UMS, JaTa POXKIEHUS, HOMEP HCTOPUU
0ose3Hn). Pe3ynbrarhl aHann3a XpaHWIUCH B 3alIM(POBAHHOM BHJIE HA 3aAILUIICHHOM CEpBEpe
«Cerebra» ¢ pasrpannueHreM mpaB H0CTyma. JIOCTyI K M300pakeHHSIM U MOJIEIIAM HMEITH
TOJIBKO YITOJTHOMOYEHHBIC YJICHBI UCCIEA0BATEIbCKOM Tpynibl [25, 26].

Cmamucmuyeckuil anaiu3z

J7sl OIIEHKN TOYHOCTH JAETEKIIMU CHIDKEHUS TUIOTHOCTH TKaHH HCIIOJIb30BAIM METPUKH
Accuracy, Precision, Recall u F1-Score. Ouenky cornmacus Mexy MOJEIbI0 U MHEHUEM TPEX
Bpayeil-painosioroB MpoBoAuiu ¢ momoinbio kodddunmenta Kanma (Cohen’s Kappa) [14, 15].
Martpuiia ommb0oK aHaATM3UPOBATACh OTIEIBHO A Kaxaoro roaa (2022, 2023, 2024) u mis
kaxgoro tumna obopymoBanus (Fujifilm Healthcare, GE, Hitachi, Siemens, UIH).
Craructudeckas ooOpaboTka Benach B Python (v3.8) ¢ ucnonb3oBanuem OubnmuoTek pandas,
numpy, scikit-learn (v1.0), scipy (v1.7.1) [16]. TIpoBepky pacupeaencHui MTPOBOIMIH
HermapaMeTpuYecKUMH MeTofaMu (KpuTepuit MaHHa—YUTHH, TecT BuikokcoHa), ypoBeHb
3HaUYMMOCTH (pukcupoBanu Ha yposHe p<0,05

Pe3yabTaTsl. B 0011ei cli0’)kHOCTH B UCCIeIOBaHUE ObLIM BKJIIOUEHBI 246 MAIlEeHTOB
(Pucynok 1) (127 myxxuns u 119 XeHUIMH) ¢ MOATBEPKIEHHBIM TUAarHO30M HIIEMUYECKOTO
MHCYJIbTA, COOTBETCTBYIOIINX KPUTEPUSAM BKIIOUEHUS (CM. paszzien «MaTtepuaibl U METOABIY).

Cpennuii Bo3pacT My>KYuH cocTtaBui 58,96 + 8 jer, a skeHmuH — 62,15 + 8 ner. Jlns
OLIGHKM CHIKEHHS TIUIOTHOCTM TKAaHM Ha HeKoHTpacTHbIX KT-ckaHax mpumeHsics
pa3paOoTaHHBIN AJITOPUTM Ha OCHOBE TIIYOOKHX HEHpPOHHBIX ceTel, MHTErPUPOBAHHBIA B
cuctemy «Cerebray.

Bce nomy4eHHbIe pe3yinbTaThl OBUTH JOMTOJHUTEIHHO TPOBEPEHBI TPEMST HE3aBUCHMBIMH
BpayaMH-paguoIOraMy, YTO TO3BOJIMIO OOECIeUNUTh HAASKHBIA 3TanoH (ground truth) mpu
OIIEHKE TOYHOCTH, YYBCTBUTEILHOCTH M JPYI'MX METpPHK. B maHHOM paszzene mpuBeIeHBI
UTOTOBbIE KOJTMUECTBEHHbIE TIOKA3aTeIN pabOoThI alropuT™Ma B AnHamMuKe 3a 2022, 2023 u 2024
TOJIbl, @ TAKXKE PACCMOTPEHBI OCOOEHHOCTH €ro paboThl Ha Pa3IMYHBIX TUIIAX 000PYAOBAHHUS.
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[Tpumep >ddexra KoperucTpanu Ha KauecTBO AaHHBIX (PucyHok 2) wutoctpupyer
ucxonuele KT-m300pakeHuss (0 KOperucTpamuu) M TOT K€ OOBEM JaHHBIX TIOCKE
HOpMaJIM3alliM B CTaHAAPTHOE aHAaTOMHUYeckoe mpoctpaHcTBo MNI (mocie kopeructpanum).
[Tocne Hopmamu3anud CHUMKH MPUOOpETaroT 0OoJjiee CTaHAAPTU3UPOBAHHBIA BHUJ, YTO
o0JieryaeT MoCJeAyIOLIMe 3Tanbl aBTOMAaTHUECKOW CerMeHTaluu 00JIacTel MOTEHIUAIbHOTO
CHI)KEHHUSI IIJIOTHOCTH U TIOBBIIIAET COMOCTaBUMOCTD MEXAY HUCCIIEIOBAHUSIMU.

Pucynoxk 2. Ilpumep o>ddexra Koperucrpanuu (I0 KOPETUCTPALUU, TOCHE
KOPETrUCTPAaLIUHN )

Ha cnenyromem mare, ncnonb3ys y:k€ HOPMaJIU30BAHHBIN CHUMOK, MOJENIb HA OCHOBE
apxutektypbl U-Net c¢ sukomepom EfficientNet B6 aBTOomMaTWdeckud BBISBISIET 30HBI
BEPOSATHOIO CHWKEHUS IUNIOTHOCTH Ha CPE3ax MO3ra.

Ha wnmoctpanuu (PucyHok 3) mpuBeaéH mnpumep aBTOMAaTHYECKOW pa3METKH, I71e
pa3IMyYHbIE 1IBETA NOTYEPKUBAIOT YYaCTKH, PACIIO3HAHHBIE AJITOPUTMOM.
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PlflcyHOK 3. PesyanaT CErMCHTAllMU CHUXKCHU A IJIOTHOCTHU ITOCJIC KOPCTUCTPAlUU

[IpenBaputenpHas mpoBepka W 00pabOTKa JaHHBIX IIOKAa3ajd BBICOKOE KadyecTBO
BXoHOro Marepuaina (Tabmauua 1). M3 u3HauanbHO MOCTYNUBIINX HCCIEIOBAHUHN JUIS aHATTU3a
Ob1710 0TOOpaHOo 246 ciydaeB, yAOBIETBOPSIOLIUX KPUTEPHUSIM BKIIOUYEHUS (TOJIIMHA Cpe3a HE
6onee 1,25 MM, OTCYTCTBHUE CYIIECTBEHHBIX apTe(aKTOB).

B urorosyto BeiOOpKy Bonu 127 myxunn (51,6%) u 119 xenmun (48,4%). Cpenamii
BO3pAcCT Cpely MYKCKOU IpyIibl coctaBun 58,96 + 8 ner, cpenu xeHcko — 62,15 + 8 ner.
Bce KT-cxkanupoBanus mponumd (QUIBTPAIMIO W OBUIM JONOJHHUTEIBHO OIEHEHBI TPeMs
BpayaMH-pauoIoraMy, YToObl 00ECTIEYUTh JOCTOBEPHOCTh STAIOHHOM pa3MeTKH.

[Ipouecc xonBepranuu naHHbIX B crangapTHbiil popmar (NIfTI) npomén Oe3 ommboxk.
Cpennee BpeMs HOpMaIM3allMy OJHOTO UCClIe0BaHus B mpocTpancTBO MNI coctaBmiio okoso
120 + 5 cexyHA, IpU STOM B MMOBTOPHOM KOPETHCTPALlMU HE BO3HUKIIO HEOOXOIUMOCTH. J{iIst
KOHTpOJIs KauecTBa Obuta oToOpaHa 10%-Has moJBbIOOpKA; MOCIEe BU3YaJIbHOI'O MPOCMOTpA
HOPMAaJTM30BaHHBIX W300paKeHWI HE OBUIO BBIABICHO HUKAKUX TPETCH3WH K KAdeCTBY
UTOTOBOM perucTpanmu.

Ta6suua 1. [IpensaputensHas 06paboTka 1 HOpMATU3ALHS] JAaHHbBIX

[Tapamerp 3HaueHue
WcxonHoe KOIMuecTBO MOCTYNUBIINX UCCIIET0BAaHUI 246

Jons uccnenoBanuii ¢ TonmmHou cpesa < 1,25 MM 100%
Jlonst manHbBIX, peoOpazoBanHbIX B NIfTI 6e3 ommbok 100%
CpenHee BpeMsi HOpMaJIM3aIUN OJJHOTO HCCIIEIOBAHUS 120 +5
(cex) -
[TpoueHT ciyyaes, TpeOOBABIIUX TOBTOPHOM 0%
HOpMaJTU3aI1H

Jons BeIOOpKH, Mpoleaieil BU3yalbHbIil KOHTPOJIb 10% (6e3
KayecTBa 3aMevaHuil)

Pesynomamui no 2o0am
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AHanau3 TOYHOCTH alNTOPUTMA MPOBOJWICS IO CTaHAAPTHBIM METPHUKaM, BKJIIOYAs
Accuracy (101 BEpHO KIIaCCU(PUITUPOBAHHBIX cIydaeB), Precision (TOYHOCTH MOTOKHUTEIBLHBIX
npeackazanuii), Recall (ayBctBHTenbHOCTh), F1-Score (rapMoHmueckoe cpemHee MEXIY
Precision u Recall) u ko3 uument Kanna (Cohen’s Kappa) (tabnuna 2).

Ha ocHoBanuu gannbix B Tabnuiie, mpeacTaBIeHHON HIXKE, OBLIO BBISIBJICHO MO3TAITHOE
yIy4lIEHUE TUAarHOCTUYECKUX XapaKkTepucTuk Mozaenu ¢ 2022 no 2024 roxa.

Tabauua 2. CpaBHeHHE pe3yJabTaTOB pabOTBl MOJENW JAMArHOCTHKH HHCYJIbTa
"lepebpa" mo rogam

T'on Tounoc | TouHOCTH UysctBuTenbHOCTH | F1- Koaddurment
™ (%) | monoxutensHbIx | (Recall) (%) Score | Kanma
MpeICKa3aHMA (%)

(Precision) (%)
2022 | 56.0 43.8 87.5 58,5 |0.15
2023 | 90.7 92.2 92.9 925 |08
2024 | 92.3 100 92.3 96 0.9

[To uroram 2022 roga TouHOCTh anroputma (Accuracy) coctaBuia 56%, a F1-Score
Haxonuics Ha ypoBHe 58,5%. Monens ycmemHo pacro3HaBajia OOJIBIIMHCTBO CITy4aeB
umemuyeckoro uHcynbTa (Recall = 87,5%), onHako HabI01aM0CH 3HAYUTEIFHOE KOJIHMYECTBO
JIOKHOMOJIOKHUTENbHBIX pe3ynbraToB (Precision = 43,8%). Koaddunuent Kanna cocraBuin
0,15, 94TO COOTBETCTBYET HU3KOMY YPOBHIO COTJIACOBAHHOCTH MEXIY aJlTOPUTMOM U BpauaMu.
Ilomy4yeHHble IOKa3aTeNM  COTJIACYOTCA C  pe3yabTaTamMu  JIPYIMX  HCCIEIOBaHUM,
YKa3bIBAIOIIUX Ha CIOXKHOCTH muddepeHnmanuu subtle-usmMeHeHuit Mpu UIIEMUU B MEPBBIC
yacel (Antipova et al. [3], Powers et al. [4]).

B 2023 roay TouHOCTH asroputMa Bo3pocia 10 90,7%, 4To OTpaskaeT CyLEeCTBEHHOE
yIaydlIeHHe KadecTBa pabOThl MOJENM ¥ COOTBETCTBYET 00jee BBICOKOMY YPOBHIO
JIMarHOCTHYECKOH IeHHOCTH. 3HaueHue Precision mocturio 92,2%, Recall — 92,9%, a F1-
Score — 92,5%. Koadpdumment Kanma (0,80) mpomeMOHCTpUpPOBAN BBICOKYIO CTETEHb
COIJIacHsl MEXAY aJIrOpUTMOM M «30JOTBIM CTaHJIapTOM» (OLEHKaMM TpEX Bpayeii-
PaAMOoIOroB). DTOT Mporpecc 0OBACHAETCS HECKOIBKUMU (DaKTOpaMH: paclIMpeHueM 00bEMa
oOyyaromux JaHHbBIX, Oojee TiayOokoil mocToOpaboTkoM u300pakeHUil (¢ yuérom
MEKCKaHEPHBIX Pa3NINYnii) U BHEJAPECHHEM COBPEMEHHBIX apXHUTEKTYp IIIyOOKOTO 00y4eHUs, O
4yéM Takke coobmanock B aureparype (Sheth et al. [14], Lo et al. [15]).

K 2024 rogy Mozenb npoAeMOHCTPUPOBAIa YCTOMYMBO BBICOKHE Pe3ynbTaThl (Accuracy
= 92,3%; F1-Score = 96%). IlomHOoe OTCyTCTBHE IOKHOMOJOKUTEIBHBIX 3aKIIOYCHHMA
(Precision = 100%) conpoBoXkaajnoch BEICOKUM YPOBHEM PACIIO3HABAHUS UCTUHHBIX CIIy4aeB
uHcynbTa (Recall = 92,3%). Ognako koadpdunment Kanma Obin paBen 0, 4yTo CBs3aHO ¢
OTCYTCTBUEM JIOKHOTIOJIO)KUATEIBHBIX U UCTHHHO OTPUIIATEIBFHBIX CITy4acB B aHATU3UPYEMOM
MOJMHOXECTBE JaHHBIX (cM. «Matepuansl U MeTOb»). HecMOTpst Ha 3Ty CTaTHCTHYECKYIO
0COOEHHOCTh, UTOTOBBIE MOKA3aTEeNH MOJITBEPXKIAIOT CIIOCOOHOCTh anroputMa 3PpGeKTUBHO
BBISBIISITH CHU)KEHHUE IJIOTHOCTH TKAHU JJa’Ke B CUTYAIMSX, I71€ U3MEHEHUS MaJlo 3aMETHBI TN
HEOJJHO3HAYHBI NPH BH3YAJLHOM aHAJM3€, YTO COTJIACYETCSl C Pe3yJbTaTaMH IPEIbITYIIHX
pabot (Kumar et al. [16], Jiang et al. [17]).

CyMMapHO IMHaMUKa TIOKa3aTeseil 3a TpU To/1a WILTFOCTPUPYET MPOTPece B aITOPHTMax
MaIIMHHOTO OOYy4YeHHMsS W COBEPIICHCTBOBAHHE IPOTOKOJIOB cOOpa JAaHHBIX: PErYIpHOE
0OHOBIIEHHE 00ydJaromeil BHIOOPKH, ONTUMM3AIMS TUIIEPIIapaMEeTPOB U YIYUIIEHHE METO/I0B

145



BECTHUK KA3HMY Ne4 (71) — 2024

ISSN 2524 - 0684 e-ISSN 2524 - 0692

HOpMaJIM3aI[MM TO3BOJIIIA 3HAYUTEIBHO MOBBICUTH TOYHOCTh JETEKIUU HWIIEMHYECKUX
u3menenuit (Rigual et al. [5], Daidone et al. [28]).

Ananuz pe3ynomamos Ha pasiuyHoM 060py0osanHuu

B paMkax MeXIEHTpPOBOW NPOBEPKH OBUIM YYTEHBI JAaHHBIE C pa3HBIX THUIIOB
KOMIIBIOTEPHBIX TOMOTpadoB, YTOOBI OLIEHUTH BOCIPOU3BOJUMOCTh M YHUBEPCAJIBLHOCTD
anroput™a. Tabiuia HWKE MOKa3bIBaeT, YTO AJTOPUTM COXPaHsUT BBICOKYIO TOYHOCTH (OT
83,3% no 100%) na ammaparax pa3HBIX MPOU3BOJIUTENIECH, XOTS HEKOTOpPHIE MapaMeTphbl
(Precision, Recall) BappupoBasin B 3aBUCHIMOCTH OT IPOTOKOJIA CKAHUPOBAHUS M TEXHUYECKHUX
xapakrepuctuk yctaHoBku (Lv et al. [6], Nordberg et al. [24]).

Tabauna 3. JlanHbIe ¢ pa3HBIX THIIOB KOMIIBIOTEPHBIX TOMOTpadoB
OGopysoBate Tounocts, | Precision, | Recall, | F1- Koaddunment
% % % Score, % | Kanmna
Fujifilm Healthcare
Corporation 100.0 100.0 100.0 | 100.0 1
GE Medical Systems 83.9 91.1 90.1 90.6 0.80
Hitachi, Ltd. 88.4 91.6 95.7 93.6 0.90
Siemens 86.6 90.6 90.6 90.6 0.70
UIH 83.3 80.0 100.0 | 88.8 0.90

HauGonpimryro tounocts (100%) Mozenb mpoAaeMOHCTpUpOBaia Ipu padore ¢
tomorpadamu Fujifilm Healthcare Corporation. [Tpu s3Tom Bbicokast wyBcTBUTENBHOCTH (100%
Recall) u cnemmduanocts (100% Precision) B maHHOM ciay4ae MOTJM OBITh YaCTUYHO
00yCIIOBJIEHBI 0COOEHHOCTSIMHU BBEIOOPKHU M300paskeHU UIMEHHO ¢ 3Toro ToMorpada (cMm. Sheth
et al. [14]). Cxoxue pe3ynbpTaThl okazanu ycranoBku Hitachi m UIH, rae mokasarens Recall
nocturan 95,7% u 100% cooTBETCTBEHHO, YTO MOATBEPXkAaeT 3 (HEeKTUBHOCTh aJrOpUTMa B
BBISIBJICHUH BBIPAKEHHOT'O CHUKEHUS INIOTHOCTH TKaHU Ha HEKOHTPACTHBIX CHUMKAX.

B 1o ke Bpems ucnosnb3oBanue anmnapatoB GE u Siemens xapakrepuszoBanoch Oonee
cOalaHCUpOBaHHBIMU TIOKazarensiMu Precision u Recall, 4To mo3Bonumo 1ocTuyb corjacus ¢
skcniepramu-paguonioramMu (Cohen’s Kappa > 0,70) 3a cuér Oosnee TUNMYHON KIMHUYECKON
BbIOOpKH (Luo et al. [26]).

Oocy:xnenme. [lonyyeHHble pe3yabTaThl JEMOHCTPUPYIOT, UTO pa3paboTaHHAs CUCTEMA
ABTOMATU3UPOBAHHOW JETEKIMM 30H CHW)KCHHOM IUIOTHOCTHM TKaHM IIPU  OCTPOM
UIIEMUYECKOM HHCYJIbT€ Ha OCHOBE INyOOKHMX HEMpPOHHBIX ceTell crnocoOHa obecreunBaTh
BBICOKHE [T0OKA3aTeIN TOYHOCTH U BOCIIPOM3BOAMMOCTH. B 11€710M 3TO corytacyercs ¢ JaHHBIMU
MpEeIbIIYIINX HCCIeI0BaHUH, MOKa3aBIIUX 3(PPEKTUBHOCTh METOJOB IIyOOKOro 0OydeHus: 1
cBepTOUYHBIX HepoHHBIX ceTelt (CNN) B aHanM3e HEKOHTPACTHBIX KOMITBIOTEPHBIX TOMOIpPaMM
(NCCT) npu uncynete [14—16]. BaxxHbIM IpaKTHUECKUM NMPEUMYIIECTBOM MPEACTABIEHHOTO
QITOPUTMA SIBJSIETCS BO3MOKHOCTH OBICTPOIO BBISBIEHHUS «subtle» M3MEHEHUH IUIOTHOCTH
MO3rOBOM TKaHHM, 4YacTO YCKOJb3alOIIMX IpPU BHU3YaJbHOM OIIEHKE, YTO OTPaKEHO B
noBbIIeHHBIX 3HaUeHusax Recall u F1-Score 3a 2023 u 2024 rozsl.

Junamuka kimro4yeBbIX MeTpuk (Accuracy, Precision, Recall, F1-Score) 3a Tpéxnernuit
nepuop (2022—-2024 rr.) yka3sIBaeT Ha MOATATHOE COBEPIICHCTBOBAHUE MOenu. Takol TpeH I
MOJKET OOBSICHATHCSI HECKOJIbKUMU NMPUYUHAMU. Bo-mepBrIX, 00bEM M KauecTBO 00y4aroImuX
JAHHBIX TIOCTOSHHO YBEJIMYMBAJIMCh, YTO TMIO3BOJIMJIO MOJIENHM «y4UThCcsS» Ha Oonee
pa3zHoO0Opa3HBIX IPUMeEpax U JIydlle aJanTUPOBAThCS K BApUATUBHOCTH KIMHUUYECKUX CITydaeB
[16, 17]. Bo-BrophIX, NOCTENEHHas ontuMu3auus apxutekTypsl U-Net u BHeapeHue
COBpEMEHHBIX 3HKO/IepoB (Hanpumep, EfficientNet B6) moMoriu ynydmuTh cerMeHTalNo 30H
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MOTEHIIMAIBHOTO CHIMKEHHS TUIOTHOCTU TKaHU, OCOOCHHO B paHHHE CPOKU MHCYJIbTa, KOTJa
KOHTPAacT MEXJy 3/I0POBOH M MOBPEKIECHHON TKaHBbIO MOXET ObITh MuHUMaJeH [18-20]. B-
TPETHhUX, PACHIUPUIIICH METOABI MPe100paboTKU N300paKeHH, BKIIOUas KOPETUCTPALUIO B
CTaHgapTHOe aHaTtoMuueckoe mnpoctpanctBo (MNI) u ¢wuibTpanuio apredakToB, YTO
CIOCOOCTBOBAJIO MOBBIIEHUIO YCTOMYMBOCTH U IIEPEHOCHMOCTH alroputMma [23, 24].

Anamm3 mokazateneit Cohen’s Kappa cBuIeTEIbCTBYET O MPOTPECCHPYIONIEM POCTE
COTJIACOBAaHHOCTH MEXIy MOJEIbI0 M PYYHOH pa3sMeTKoW TpEX HE3aBUCUMBIX Bpauei-
panuonoros. Hampumep, B 2023 roay xoaddunuent Kanmna moctur 0,80, 4TO0 COOTBETCTBYET
BBICOKOM cTemeHu coriacusi, a B 2024 rony, HECMOTpPS Ha CTaTHCTUYECKYIO OCOOEHHOCTb,
CBA3aHHYI0O C OTCYTCTBHEM JIOXKHOIIOJIOXHUTENbHBIX 3aKIOYEHHUH, HTOrOBBIE METPUKHU
MOJITBEPAUIIU BHICOKYIO UYBCTBUTEIBHOCTD U CIIEUU()UYHOCTD IPU BBISIBICHUH UIIIEMUYECKOTO
uHCynbTa. [logoOHas AMHAMUKa COTJIaCyeTCsl ¢ JTUTEPaTypHBIMU JaHHBIMHU, YKa3bIBAIOIIMMU
Ha TO, YTO CUCTEMATHUYECKOE Y4acCTHE OIBITHBIX HKCIIEPTOB, HAPSAIY C COBEPILIEHCTBOBAHUEM
AJITOPUTMOB, ITOBBIILIAET TOYHOCTh ABTOMAaTU3UPOBAHHBIX METO/I0B AMATHOCTUKH [3, 14].

ComnocraBneHue  pe3yabTaTOB  Ha  KOMIBIOTEPHBIX  ToMorpadax  paziudHbIX
npousBoguteneil (Fujifilm, GE, Hitachi, Siemens, UIH) moka3ayio, 9To cucrema B IICJIOM
COXpaHsIeT BBICOKYIO TOYHOCTb U YyBCTBUTEIBLHOCTb, XOTSI OTMEYATUCh HEKOTOPbIE BapUaIluU
B MeTpukax Precision u Recall. Dtu paznuuusi, BEposTHO, 00YCIOBIEHB KaK OCOOCHHOCTSIMHU
anmapatypsl (pa3nuuHas KOHGUTypalus ITaTYUKOB, IPOTOKOJBI CKAaHUPOBAHHS), TaK U
HEOJIHOPOJHOCTHIO BBIOOPKM TMAlMEHTOB, MPOIIEAIIMX OOCIEeI0BaHUE Ha KOHKPETHOM
tomorpade [6, 24]. Tem He MeHee Aaxke mpH ydere 3TuX (hakTopoB mokaszarenu F1-Score
OCTaBAJIUCh BBICOKMMH, YTO TOBOPUT O XOPOIIEH YCTOWYMBOCTU Pa3paOOTaHHOIO PELICHUS.
JlaHHbIi pe3ynbTaT 0OCOOCHHO Ba)KEH, YUHTHIBAS, UTO MHOTHE HHCYJIBTHBIC LIEHTPHl UMEIOT
pa3HOE TEXHUYECKOE OCHAILEHUE, U aJITOPUTM JIOJKEH YHUBEPCAJILHO pad0TaTh IPU HATUUYUU
MEKCKaHEepHbIX oTiinumii [16, 17].

[ToyueHHblE NaHHbIE O NPUMEHUMOCTH alrOPUTMa B PEANBHBIX KIMHUYECKUX
YCIOBUAX TOATBEPKIAIOT HEOOXOAUMOCTh AaBTOMATHU3MPOBAHHBIX CHUCTEM JJIsl paHHEH
JUArHOCTUKYU MHCYJIbTA. B yCIIOBUSAX OrpaHMUE€HHOT0 BPEMEHHU 1 O0JIBILIOT0 MOTOKA MAllUEHTOB
BBICOK PUCK MPOIYCTUTH subtle-M3MeHEeHUs UM JONMYCTUTh 3aJePXKKY B IPUHATHH PELICHUs
[14, 15]. IlpeacraBnennas cucrema «Cerebray MO3BOJIIET MUHUMH3UPOBATH IMOJO00HBIE
omnoOku Onaronapst 6sicTpoMy aHanu3zy NCCT, 4yTO COOTBETCTBYET COBPEMEHHBIM TPEHJIaM
Pa3BUTHUSI TEXHOJOTMI MCKYCCTBEHHOTO MHTEUIeKTa B MeaunuHe [5, 25]. Kpome Toro,
UCIMOJIb30BaHUE O00BACHUMBIX MeTOJI0B (explainable Al) B Oyaymiem MoxeT chenath paboTy
anroputMa Oosiee MpO3payHOW Ui KIMHULUCTOB U TNOBBICUTH YPOBEHb JIOBEpUS K
ABTOMATU3UPOBAHHBIM 3aKIIOUEHUsIM [27].

BaxxHpIM acnekToM HCCIENOBaHUS  SIBISETCS TINATENbHAas pa3MeTKa JIaHHBIX,
BBITNIOJIHEHHASI TPEMsl HE3aBHCHMBIMHU DPAJUOJIOTaMHU. Takod IOIXO0J IOMOIaeT YCTPaHUTh
CcyOBeKTUBHBIE (DaKTOPBI M 00eCTIeuuTh 00Jiee HAIeKHBIN «30JI0TOM CTaHAAPT» AJIT OO yUEeHUS
u TecTupoBaHuss wmojenau [21, 22]. OnelT pagvooroB M UX COBMECTHBIE pEIICHUS
(KOHCEHCYCHas pa3MeTKa) TrapaHTUPYIOT, YTO CIOpHbIE CilIy4al — HalpuMep, odaru ¢
HE3HAUUTENIbHBIM CHIDKEHHEM IUIOTHOCTH MM apTeakThl — HE OKaXYyTCs OHIMOOYHO
BKJIIOUEHBI B 00YUaloIyl0 BEIOOPKY KaK HCTUHHBIE HIlleMUYeckue nopaxenus [9, 25]. Oto, B
CBOIO OdYepenb, yiaydllaeT OOOOMIAIONIYI0 CIIOCOOHOCTh alropuTMa M MpPeAOoTBpaIlaeT
HaKOIUICHUE CHCTEeMaTHYeCKUX ommoOok [18].

OrpaHuyeHHs  MCCIEOBAaHUS  BKIIOYAIOT  OTHOCHTEIbHO  HEOONbIIONH  00BbeM
aHAIM3UPYEMBbIX cilydaeB (n=246), a Takke TO, 4TO HE Bce ToMorpadbl ObLTU PaBHOMEPHO
npezcTaBieHsl (Hanpumep, BeiOopka Fujifilm okasanmach orpaHudeHHON, U BCe pe3ynbTaThl
OBLIM TOJNIOKUTENbHBIMU). Takke CTOUT Y4YUTHIBATh, 4YTO MCUYEpIBIBAIOUIAsl IPOBEpKa
IrOpuUTMAa Ha Pa3NIUYHBIX MOMYJSAIUAX U MPU Pa3HBIX MapaMeTpax CKaHUPOBaHUs (HE TOJIBKO
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120 xB u 250 MA) motpeOyeTr maabHEWIIUX HCCICIOBaHUA. TeM HEe MEHee OIMCAHHBIN
KOMILJIEKC Mep 1O IpeaoOopaboTKe NaHHBIX, KOHTPOJIIO Ka4eCTBa U BaJTHIAIIMH HA HECKOIBKHX
HEHTpax YK€ JAEMOHCTPUPYET BBICOKMN TMOTEHIMA] BHEAPEHUS CHCTEMbl B PYTHHHYIO
KIIMHUYECKYIO IPAKTHUKY [3, 16, 28].

Takum oOpa3om, paspabotanHas B pamkax Iuiatrgopmbl  «Cerebra» Momenb
ABTOMATH3UPOBAHHOTO PACIO3HABAHUS OYAroB CHI)KEHHOW IJIOTHOCTH TKaHMU CIIOCOOHA
3¢ dexTUBHO MONOMHATH pabOTy Bpada-paauosora, YCKOpsii U TMOBbIIAsg TOYHOCTh
JUArHOCTUKHU MIIEMUYECKOI0 MHCYNbTA. Pe3ynbTaTel, MOIyYEHHBIE B Pa3IMUHblE BPEMEHHbIE
nepuo bl (2022—2024 rr.), TOBOPSAT O MOCJIEIOBATEILHOM COBEPIICHCTBOBAHUHT aJITOPUTMA IO/
BIIMSIHUEM paclIpeHus oOyJaromeid BHIOOPKH U ONTUMHU3AINK apXUTEKTYphl HelipoceTeil. B
KOMIUIEKCE C COBMECTUMOM HPOTrpaMMHOM Cpelol M MOJJICPKKOW MYJIbTUCAUTHOMN
WHTETPAllMM  JTAHHBI T[OJXOJ MOXET CYIIECTBEHHO TOBBICUTh CKOPOCTb MPUHATHUS
KIIMHUYECKHUX PEIICHUH U YIYy4IIUTh UCXO/bI JICYSHHS MMAllMEHTOB C OCTPHIM UHCYIBTOM.

BbiBoa. PesynbraThl IpOBEAEHHOIO HCCIEAOBAHMUS MOATBEPXKIAIOT 3PPEKTUBHOCTD
pa3paboTaHHOTO aNropuTMa aBTOMATH3WPOBAHHOM AETEKIMH 30H CHIDKEHHOW IIOTHOCTH
TKaHU TIPU OCTPOM HIIEMHYECKOM HHCYJbTE. VCronb30BaHHME COBPEMEHHBIX ApPXUTEKTYP
IyOOKOro o0y4eHHsI M KacKaJHOTO MOJIX0Ja K CErMEHTAlUU MO3BOJMIO JOCTUYb BBICOKOM
TOYHOCTH M BOCIIPOU3BOIMMOCTH PE3Y/IbTATOB HA JAHHBIX, IOJYYEHHBIX C MYJIbTUCIUPATIbHBIX
KOMIIBIOTEPHBIX TOMOTpadoB pa3HbIX MPOU3BOAUTENEH. J[MHAMUKa KIIOYEBBIX METPUK 3a
2022-2024 romel AEMOHCTPHPYET TOATAIHOE COBEPIICHCTBOBAHHE aIrOPUTMa 3a CYET
pacumpenusi 00yJaromiei BhIOOPKH, ONTUMU3ALUHU TTPe1o0paboTKu N300pakeHUN U pa3BUTHS
HEHUPOCETEBBIX MOJIENIEH.

VYyactue TpEX HE3aBUCHUMBIX Bpaudel-paauoNIOrOB MpH BajlWJalUW [Al0 HaJISKHBIN
3TaJIOH JJ1s1 00y4eHUs 1 O0BEKTUBHOM OLIEHKH padOThl CHCTEMbI, MUHUMHU3UPYS CYObEKTHBHbBIE
dakropsl. CpaBHUTENbHO BhicOKUe 3HadeHus Recall u F1-Score moaTeepxxaatoT cnocoOHOCTh
QIropuTMa BBISABISATH M aKKYpaTHO CErMEHTHpOBaTh subtle-u3MeHeHusi MJIOTHOCTH,
XapaKTepHbIEe A paHHEH (a3bl UIIEMUYECKOro MHCYJIbTA. J[aHHBIE O BOCHPOU3BOIMMOCTH
CUCTEMBI Ha pa3JIMYHBbIX TOMOrpadax yKa3bIBalOT Ha HIMPOKUN MOTEHIHANl €€ KIMHUYECKOTO
MPUMEHEHHUS B UHCYJIBTHBIX LIEHTPAX C Pa3HbIM TEXHUYECKUM OCHAIICHUEM.

Takum 00pa3zom, pazpabotanHoe porpaMmHoe obecriedenre «Cerebra» MoXeT CIyKUTh
HaJCKHbIM MHCTPYMEHTOM MOJAEPKKH MHPUHATHS PELIEHUN MpH MOJO03PEHUH Ha OCTPBIN
UIIeMUYECKUH MHCYNbT. BbicTpas M TO4YHas aBTOMAaTHYecKas JETEKIUs 30H CHUKEHHS
IUIOTHOCTH TKAaHW CHIDKAET PHUCK MPOIMycKa HIIEMHYECKUX OYaroB M CHOCOOCTBYET
CBOEBPEMEHHOMY Hauaily penepdy3noHHoW Tepanuu. I[lomyuyeHHBIE pe3ynbTaThl CO3AAIOT
MPEINOChUIKM 7Sl JaldbHEHIIero MaclTaOUpOBaHUsl alIropuT™Ma B JPYrHe KIMHUYECKUE
LHEHTPbl U MHTETpalluy €ro B paboune Mpolecchl HEMpOBU3yalM3alluM, YTO B NEPCIEKTHUBE
MOXKET YJAY4YIIUTh MapIIPYTHU3aLMI0 U MOBBICUTh KaUY€CTBO OKAa3aHUs MOMOUIM MAaLUEHTaM C
MHCYJIBTOM.

Konduaukr unrepecon

MBp1 3asiBIsieM 00 OTCYTCTBUHM KOH(JIMKTA HHTEPECOB.

Bkaan aBropoB Paspaborka xonnernumu — M. Caiidymnakes, A. C. Xycynosa. Vcnonnenne- M.
Caiipymnakeizel, A. C. XKycymoBa, E.K. JlrocembekoB, E.T.MaxamberoB. OOpaboTka pe3ynbTaToB - M.
Caiipymmakesel, A. C.Kycynosa, E.K. [lrocembekoB. uTepnperanus pe3ynsratoB - M. Caiipyuiake3sl, A.
C.XKycymoBa, E.K. IHiocembexoB, E.T. MaxamberoB, P.M.Kacteii, X.b.[lrocembaeBa, XK. H.CarmmOaes.
Hamucanue cratem - M. Caiidymnakeizel, A. C.XKycynosa, E.K. [Trocembexos,, E. T.MaxambetoB, P.M.Kacreii,
K.B.Mocembaera, K. H.CarumbaeB, M. K.Ymypzakoa, W.P. ®axpanuen. 3asBiseM, 4TO JaHHBIA MaTepHa
paHee He MyOJIMKOBAJICS U HE HAXOAUTCS Ha PACCMOTPEHHH B IPYTUX M3JATEIbCTBAX.

®unancuposanne: OTCyTCTBYET.

148



10.

11.

12.

13.

BECTHUK KA3HMY Ne4 (71) — 2024

ISSN 2524 - 0684 e-ISSN 2524 - 0692

CIIUCOK JIUTEPATYPHBI
Choi EY, Nieves GA and Jones DE. Acute Stroke Diagnosis. American family physician
2022; 105: 616-624. 2022/06/16.
Sutcliffe L, Lumley H, Shaw L, et al. Surface electroencephalography (EEG) during the
acute phase of stroke to assist with diagnosis and prediction of prognosis: a scoping
review. BMC emergency medicine 2022; 22: 29. 2022/03/02. DOI: 10.1186/512873-022-
00585-w.
Antipova D, Eadie L, Macaden A, et al. Diagnostic accuracy of clinical tools for
assessment of acute stroke: a systematic review. BMC emergency medicine 2019; 19: 49.
2019/09/06. DOI: 10.1186/s12873-019-0262-1.
Powers WJ, Rabinstein AA, Ackerson T, et al. Guidelines for the Early Management of
Patients With Acute Ischemic Stroke: 2019 Update to the 2018 Guidelines for the Early
Management of Acute Ischemic Stroke: A Guideline for Healthcare Professionals From
the American Heart Association/American Stroke Association. Stroke 2019; 50: e344-
e418. 2019/10/31. DOI: 10.1161/str.0000000000000211.
Rigual R, Fuentes B and Diez-Tejedor E. Management of acute ischemic stroke.
Medicina clinica 2023; 161: 485-492. 2023/08/03. DOI: 10.1016/j.medcli.2023.06.022.
Lv XN, Deng L, Yang WS, et al. Computed Tomography Imaging Predictors of
Intracerebral Hemorrhage Expansion. Current neurology and neuroscience reports 2021;
21: 22. 2021/03/13. DOI: 10.1007/s11910-021-01108-z.
Adamit T, Shames J and Rand D. Effectiveness of the Functional and Cognitive
Occupational Therapy (FaC(o)T) Intervention for Improving Daily Functioning and
Participation of Individuals with Mild Stroke: A Randomized Controlled Trial.
International journal of environmental research and public health 2021; 18 2021/08/08.
DOI: 10.3390/ijerph18157988.
Helboe KS, Eddelien HS and Kruuse C. Visual symptoms in acute stroke - A systematic
review of observational studies. Clinical neurology and neurosurgery 2023; 229: 107749.
2023/05/11. DOI: 10.1016/j.clineuro.2023.107749.
Heran M, Lindsay P, Gubitz G, et al. Canadian Stroke Best Practice Recommendations:
Acute Stroke Management, 7(th) Edition Practice Guidelines Update, 2022. The
Canadian journal of neurological sciences Le journal canadien des sciences neurologiques
2024; 51: 1-31. 2022/12/19. DOI: 10.1017/cjn.2022.344.,
Liu CF, Li J, Kim G, et al. Automatic comprehensive aspects reports in clinical acute
stroke MRIs. Scientific reports 2023; 13: 3784. 2023/03/08. DOI: 10.1038/s41598-023-
30242-6.
Scavasine VC, Ferreti LA, da Costa RT, et al. Automated evaluation of ASPECTS from
brain computerized tomography of patients with acute ischemic stroke. Journal of
neuroimaging : official journal of the American Society of Neuroimaging 2023; 33: 134-
137.2022/10/29. DOI: 10.1111/jon.13066.
Wu RR, Cao YZ, Xu XQ, et al. ASPECTS-based net water uptake outperforms target
mismatch for outcome prediction in patients with acute ischemic stroke and late
therapeutic window. European radiology 2023; 33: 9130-9138. 2023/07/27. DOI:
10.1007/s00330-023-09965-7.
Jose A, Dhar M, Ajmal M, et al. Stroke Characteristics as Predictors of New-onset Seizure
in Patients with Acute Ischemic Stroke. The Journal of the Association of Physicians of
India 2022; 70: 11-12. 2023/06/25. DOI: 10.5005/japi-11001-0160.

149



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

BECTHUK KA3HMY Ne4 (71) — 2024

ISSN 2524 - 0684 e-ISSN 2524 - 0692

Sheth SA, Giancardo L, Colasurdo M, et al. Machine learning and acute stroke imaging.
Journal of neurointerventional surgery 2023; 15: 195-199. 2022/05/26. DOI:
10.1136/neurintsurg-2021-018142.

Lo CM, Syed-Abdul S and Jack Li YC. The integration of image processing and machine
learning for the diagnosis of stroke in CT. Computer methods and programs in
biomedicine 2017; 148: Al. 2017/08/05. DOI: 10.1016/s0169-2607(17)30952-5.

Kumar A, Ghosal P, Kundu SS, et al. A lightweight asymmetric U-Net framework for
acute ischemic stroke lesion segmentation in CT and CTP images. Computer methods
and programs in biomedicine 2022; 226: 107157. 2022/10/09. DOI:
10.1016/j.cmpb.2022.107157.

Jiang F, Jiang Y, Zhi H, et al. Artificial intelligence in healthcare: past, present and future.
Stroke and vascular neurology 2017; 2: 230-243. 2018/03/07. DOI: 10.1136/svn-2017-
000101.

Kim DY, Choi KH, Kim JH, et al. Deep learning-based personalised outcome prediction
after acute ischaemic stroke. Journal of neurology, neurosurgery, and psychiatry 2023;
94: 369-378. 2023/01/18. DOI: 10.1136/jnnp-2022-330230.

Ewert S, Plettig P, Li N, et al. Toward defining deep brain stimulation targets in MNI
space: A subcortical atlas based on multimodal MRI, histology and structural
connectivity. Neurolmage  2018; 170: 271-282. 2017/05/26. DOI:
10.1016/j.neuroimage.2017.05.015.

Baures R, Fourteau M, Thébault S, et al. Time-to-contact perception in the brain. Journal
of neuroscience research 2021; 99: 455-466. 2020/10/19. DOI: 10.1002/jnr.24740.
Kaliannan S and Rengaraj A. Differentiating the Presence of Brain Stroke Types in MR
Images using CNN Architecture. Current medical imaging 2024; 20: e15734056273238.
2024/02/23. DOI: 10.2174/0115734056273238231203105157.

Li S, Zheng J and Li D. Precise segmentation of non-enhanced computed tomography in
patients with ischemic stroke based on multi-scale U-Net deep network model. Computer
methods and programs in biomedicine 2021; 208: 106278. 2021/07/19. DOI:
10.1016/j.cmpb.2021.106278.

Eshmawi AA, Khayyat M, Algarni AD, et al. An Ensemble of Deep Learning Enabled
Brain Stroke Classification Model in Magnetic Resonance Images. Journal of healthcare
engineering 2022; 2022: 7815434. 2022/11/29. DOI: 10.1155/2022/7815434.

Nordberg J, Schaper F, Bucci M, et al. Brain lesion locations associated with secondary
seizure generalization in tumors and strokes. Human brain mapping 2023; 44: 3136-3146.
2023/03/28. DOI: 10.1002/hbm.26268.

Core A, Pinner N, Bethea B, et al. Timing of Anticoagulation in Atrial Fibrillation Status
Post Cardioembolic Stroke. Journal of pharmacy practice 2020; 33: 612-617. 2019/02/02.
DOI: 10.1177/0897190019825577.

Luo J, Dai P, He Z, et al. Deep learning models for ischemic stroke lesion segmentation
in medical images: A survey. Computers in biology and medicine 2024; 175: 1085009.
2024/04/28. DOI: 10.1016/j.compbiomed.2024.108509.

Chavva IR, Crawford AL, Mazurek MH, et al. Deep Learning Applications for Acute
Stroke Management. Annals of neurology 2022; 92: 574-587. 2022/06/12. DOI:
10.1002/ana.26435.

Daidone M, Ferrantelli S and Tuttolomondo A. Machine learning applications in stroke
medicine: advancements, challenges, and future prospectives. Neural regeneration
research 2024; 19: 769-773. 2023/10/16. DOI: 10.4103/1673-5374.382228.

150



BECTHUK KA3HMY Ne4 (71) — 2024

ISSN 2524 - 0684 e-ISSN 2524 - 0692

Cgenenus 00 aBTopax

Caiipymnakezer M., MD, wneiipopaauonor, rmaBabiii Bpad UK «Cerebra.ai Ltd.»
npenoaaBaresb Kadeapsl MOCIEAUINIOMHOT0 00pa3oBanus, HalmoHanbHbId HAyYHBIH LIEHTP
xupypruu uM. CeizranoBa, meruyertsaifulla@gmail.com, https://orcid.org/ 0009-0007-1900-
5716.

Kycymora A.C., MD, PhD, npodeccop, Hayunsiii pykoBoauTens B UK «Cerebra.ai Ltd.»,
npesugeHT  Kasaxcranckod — acconupanumu  HeBposiorud, — alma.zhussup2l@gmail.com,
https://orcid.org/ 0009-0003-4764-8656.

Hrocembexor E.K., MD, PhD, npodeccop, Kazaxckuii HanlmoHaIbHBIA MEIUITMHCKUI
yauBepcureT uM.C.J.AcheHnuspoBa, ropojckas KiIMHHYecKas OoipHHMIA No7, AJMaThl,
Kazaxcran. ydyussembekov@bk.ru, https://orcid.org/ 0000-0002-5245-0797.

Maxamberos E.T., MD, PhD, Heilipoxupypr, npodeccop kadeapsl COCyTUCTON H
dbyHKIIMOHAIBHOU Helpoxupyprun HannonanbHOro 1eHtpa Heiipoxupypruu, ymakhambetov
@mail.ru, https://orcid.org/ 0009-0007-7756-1008

Kacreit P.M., MD, Bpau-Helpoxupypr, ropojckas KiIuHHYeckas OoipHHUIIa Ne 7
r.AJMaThl, MarucTp Meauiuabl, rkastey@bk.ru, https://orcid.org/ 0000-0002-0906-8664.

Hiocembaea XK.b. , MD, HeBposor, 3aBeayOUINi OTAEICHUEM UHCYIbTA, TOPOACKas
KIMHUYecKast 6onmbHUIA No 7 T.AnMathl, MarucTp Meaunuabl, dyussembayevazh(Q1@mail.ru,
https://orcid.org/ 0009-0005-0631-2595.

Carumbaes XK.H., Benymmii nnxenep no mammaHoMy oOydennto B YK «Cerebra.ai
Ltd.», zhuldyzzhan.sagimbayev@cerebraai.ai, https://orcid.org/ 0009-0006-5126-733X.

Ymyp3akoBa M.K., MBA,PykoBonutens otnena Ousnec-pazsutusi B UK «Cerebra.ai
Ltd.», madina@cerebra.kz , https://orcid.org/ 0009-0009-3394-778X.

®axpaaues U.P., MD, PhD, npopekrop, Kazaxckuil HanMoHanbHbIA MEAULMHCKUMA
yauBepeuteT uM. C.JI. Achenmusipopa, fakhradiyev.i@kaznmu.kz, https://orcid.org/ 0000-
0003-0528-3874.

ABTOpJIAp TYpajbl MdJIiMeTTep

Caiipymiakpzel M., MD, nelipopaauonor, «Cerebra.ai Ltd.» KK Gac nopirepi, A.H.
ChI3raHOB aTBIHJIAFBl ¥JITTHIK FRUIBIMU XUPYPTHUS OPTAIBIFBIHBIH KEHIHT1 OKY KadeapachIHbIH
okpITyIIBICE, Meruyertsaifulla@gmail.com, ORCID: 0009-0007-1900-5716.

Kycynosa A.C., MD, PhD, mpodeccop, «Cerebra.ai.Ltd» XK reutbiMu xetexirici,
KazakcTan HeBpOJOTHs KaybIMAACTBIFBIHBIH Mpe3uaeHTi, alma.zhussup2l@gmail.com,
ORCID: 0009-0007-7756-1008.

Hrocembexo E.K., MD, PhD, npodeccop, C. XK. ActhenausapoB atsinaarsl Kazak
YITTBHIK MEJMIIMHA YHUBEPCUTETI, No7 KallalblK KIMHUKAJIBIK aypyxaHa, Anmatsl, KazakcTas.
ydyussembekov@bk.ru, ORCID: 0000-0002-5245-0797.

MaxamberoB E.T., MD, PhD, neiipoxupypr, ¥ATTbIK HEHPOXUPYPIHsI OPTAIBIFbIHBIH
TaMBIPIBl  JKOHE  (YHKUMOHAJABI  HEHpoXupyprust  KadeapachlHbIH  MpOogeccopsl,
ymakhambetov@mail.ru, ORCID: 0009-0007-7756-1008.

Kacteit P.M., MD, neiipoxupypr nspirep, Ne7 KamaiblK KIMHUKAIBIK aypyxaHa,
Anmartel, MemaunuHa ~ Maructpi, rkastey@bk.ru, ORCID:  0000-0002-0906-8664.

HrocembaeBa XK.b., MD, HeBposor, HHCYAbT OemiMiHIH MeHrepyiuici, No7 KajajblK
KIMHUKAIBIK aypyxaHa, AJMaTel, MeaumuHa wMaructpi, dyussembayevazhOl@mail.ru,
ORCID: 0009-0005-0631-2595.

CarpimbaeB K., «Cerebra.ai.Ltd» XK wMamumHaneik OKbITY OOMBIHINIA >KETEKII
umwkenepi,  zhuldyzzhan.sagimbayev@cerebraai.ai, ORCID:  0009-0006-5126-733X.

VYmyp3akoBa M.K.,MBA «Cerebra.ai.Ltd» )KK OuszHec mampiTy OemimMiHIH OaCHIBICHI,
madina@cerebra.kz, ORCID: 0009-0009-3394-778X.

151


mailto:meruyertsaifulla@gmail.com
mailto:alma.zhussup21@gmail.com
mailto:ydyussembekov@bk.ru
mailto:rkastey@bk.ru
mailto:zhuldyzzhan.sagimbayev@cerebraai.ai
mailto:madina@cerebra.kz
mailto:meruyertsaifulla@gmail.com
mailto:alma.zhussup21@gmail.com
mailto:zhuldyzzhan.sagimbayev@cerebraai.ai
mailto:madina@cerebra.kz

BECTHUK KA3HMY Ne4 (71) — 2024

ISSN 2524 - 0684 e-ISSN 2524 - 0692

®daxpanues U.P., MD, PhD, npopektop, C.2K. AchennuspoB aTeiHaarsl Kazak yaTThIK
meaunuHa yauBepcuteTi, fakhradiyev.i@kaznmu.kz, ORCID: 0000-0003-0528-3874.

Information about the authors

Saifullakyzy M., MD - Neuroradiologist, Chief Physician at Private company
«Cerebra.ai.Ltd», Lecturer at the Department of Postgraduate Education, A. Syzganov National
Scientific Center of Surgery, Email: meruyertsaifulla@gmail.com, ORCID: 0009-0007-1900-
5716.

Zhussupova A.S., MD, PhD - Professor, Scientific Supervisor at Cerebra.ai Ltd,
President of the Kazakhstan Association of Neurology, Email: alma.zhussup21@gmail.com,
ORCID: 0009-0007-7756-1008.

Dyussembekov E.K., MD, PhD — Professor at S.D. Asfendiyarov Kazakh National
Medical University, City Clinical Hospital No. 7, Almaty, Kazakhstan, Email:
ydyussembekov@bk.ru, ORCID: 0000-0002-5245-0797.

Makhambetov E.T., MD, PhD, Neurosurgeon, Professor at the Department of Vascular
and Functional Neurosurgery, National Neurosurgery Center, Email: ymakhambetov@mail.ru,
ORCID: 0009-0007-7756-1008

Kastey R.M., MD, Neurosurgeon at City Clinical Hospital No. 7, Almaty, Master of
Medicine, Email: rkastey@bk.ru, ORCID: 0000-0002-0906-8664.

Dyussembayeva Zh.B., MD, Neurologist, Head of the Stroke Department at City Clinical
Hospital No. 7, Almaty, Master of Medicine, Email: dyussembayevazh01@mail.ru, ORCID:
0009-0005-0631-2595.

Sagimbayev Zh.N.,Lead Machine Learning Engineer at Private company
«Cerebra.ai.Ltd»,Email: zhuldyzzhan.sagimbayev@cerebraai.ai, ORCID: 0009-0006-5126-
733X.

Umurzakova M.K., MBA Head of Business Development at Private company
«Cerebra.ai.Ltd», Email: madina@cerebra.kz, ORCID: 0009-0009-3394-778X.

Fakhradiyev 1.R., MD, PhD — Vice-Rector at S.D. Asfendiyarov Kazakh National
Medical University, Email: fakhradiyev.i@kaznmu.kz, ORCID: 0000-0003-0528-3874.

AUTOMATED DETECTION OF TISSUE DENSITY DECREASE IN ACUTE
ISCHEMIC STROKE USING NON-CONTRAST CT IMAGES AND DEEP NEURAL
NETWORK MODELS IN THE CEREBRA SYSTEM
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Abstract
Introduction. Acute ischemic stroke remains one of the leading causes of disability and
mortality worldwide. Non-contrast computed tomography (NCCT) is the standard primary
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imaging method, but early ischemic changes (“subtle” tissue density reduction) may be difficult
to detect visually. The goal of this study was to develop and evaluate an automated system for
detecting regions of reduced density in CT images, based on deep neural network models, and
integrated into the «Cerebra» platform.

Materials and Methods. The study included 246 patients (127 males and 119 females)
with a confirmed diagnosis of acute ischemic stroke. The mean age for males was 58.96 + 8
years, for females—62.15 + 8 years. All CT scans were performed on multislice scanners
(Fujifilm, GE, Hitachi, Siemens, UIH) using standard protocols. Cascading U-Net-based
models (in particular, with an EfficientNet B6 encoder), trained on annotated data verified by
three independent radiologists, were used for automatic segmentation of areas with reduced
density. Performance was evaluated using Accuracy, Precision, Recall, F1-Score, and Cohen’s
Kappa.

Results. During 2022-2024, a stepwise improvement in accuracy was observed. In 2024,
the Accuracy reached 92.3%, F1-Score was 96.0%, Recall 92.3%, and Precision reached 100%.
In 2023, Cohen’s Kappa was 0.80, indicating high agreement with expert assessments. Analysis
on different CT scanner models showed the algorithm maintained high reproducibility (F1-
Score from 88.8% to 100%) under varying technical conditions.

Discussion. These findings confirm that the combined use of image normalization (MNI
space), cascading deep neural networks, and consensus annotation by three experts enhances
early detection of ischemic changes. Improvements over the years were associated with
expansion of the training dataset and regular updating of the model architecture. The “Cerebra”
system has demonstrated versatility due to stable results on scanners from different
manufacturers.

Conclusion. The developed automated system for detecting reduced tissue density can
significantly improve diagnostic accuracy in acute ischemic stroke and reduce decision-making
time. Further dataset expansion and multicenter validation will enable this solution to be scaled
up for widespread clinical use.

Keywords: ischemic stroke, non-contrast CT, tissue density decrease, deep learning, U-
Net, Cerebra, automated detection, early diagnosis.

CEREBRA JKYHECIHJIE TEPEH HEIPOJKEJII MOJEJIBIEPII
MAWJIAJIAHA OTBIPBIT, KOHTPACTCBI3 KT-BEMHEJIEPI HET'T3IH/IE
"KEJIEJI MITEMHUSUIBIK MHCYJIBTTETT MUJIBIH TOKBIMA
TBIFbI3ABIFBIHBIH TOMEHJEYIH ABTOMATTHI TYPJE AHBIKTAY
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Tyiiingeme

Kipicne. Xenen wumemMusuiblK WHCYNBT JOyHHME 3Ky3li OOWBIHIIA OJIM-XKITIM MEH
MYTEIeKTIKTIH  Heri3ri  cebentepiHiH  Oipi  Oosbim  Kama  Oepemi.  bacramkbr
HEWPOBU3yAIN3alMSIHBIH CTaHIApThl — KOHTPAcTChI3 KommbloTepiaik Tomorpadus (NCCT),
O0ipaKk epTe Ke3eHJeri HUHIeMHsUIBIK —o3repictep («Subtle» MuabiH  TOKBIMACBIHBIH
TBIFBI3JIBIFBIHBIH TOMCHCYI) BHU3yaJbl Taljay/la aHbIKTaAMai Kaiybl MYMKiH. OCBI
3eprreyaiH MakcaTbl — KT-OeiiHenepiHeH ThIFbI3/IbIFBI TOMEHIETCH aiMaKTap/ bl aBTOMATTHI
TYpZIe aHBIKTAHTHIH TEPEeH HEHpPO’KeNli MOJENiHEe HETi3JeNreH Xyie »kacar, oHbl «Cerebrax»
maTdopmachiHa OipIKTIpy.

Marepuangap MeH JmicTep. 3epTTeyre JKeaen HIIEMUSUIBIK HHCYJIBT JTUATHO3bI
pacranran 246 nanuent (127 ep agam xone 119 oiien) kipai. Epnepain oprama sxacer — 58,96
*+ 8 xbu1, oHenaepaiki — 62,15 *+ 8 »xbur. bapabsik KT-3epTreynep MynbTUCTHpAIIbIBI
ckanepnepae (Fujifilm, GE, Hitachi, Siemens, UIH) cranmaprrel mpotokongap OOHbIHIIA
JKYPri3inai. MUIBIH THIFBI3ABIFE TOMEHICTEH ailMaKTaphIH aBTOMATTHI TYPE CETMEHTAIUSIIAY
yuiin Oip-6ipimen kackanarel Oaiimanbickan U-Net yorinepi (ocipece, EfficientNet B6
SHKOJIEPIMEH) KOJAAHBUIABI, OV YJTUIEp YII TOYyeNCi3 PEHTICHOJIOT pacrtam OelriiereH
JepeKTepae OKBITBUIABI. AJIBIHFAH HOTHKedep Accuracy, Precision, Recall, F1-Score xone
Koon Kammacer (Cohen’s Kappa) apkpuibl OaraiaHibI.

Hotmxkenep. 2022 xpuiman 2024 xpurFa JEHWIHTT Ke3€HIE MOJCHBAIH JIOJIIK
KOpPCETKIITepl Ke3eH-Ke3eHIMeH jkakcapranbl Oaiikamisl. 2024 >xeuisl Accuracy 92,3%-ra
xerce, F1-Score 96,0%, Recall 92,3%, an Precision 100% kypausi. 2023 sxbuisr Koss Kamnmnace
0,80-re »xerim, capammbiiap OarajgaybIMEH JKOFapbl YHJIeCIMIUTIKTI KepceTti. Optypmi KT-
CKaHepJiep/ie alIbIHFaH MAIIIMETTEPIi Tajl/Iay HOTHKECIHIE, AITOPUTM TEXHUKAIBIK JKaFaiiap
e3repreH karjaia Ja >KOFapbl KaWTalaHFBINTHIKTBI caktaiTeiabl (F1-Score 88,8%-man
100%-ra neitin) 6enriai OOIIbL.

Tanaxkpuiay. byn notmkenep MNI keHicTirine kenTipuireH OeliHenepAl KaablTaHAbIPY,
TEepPEeH HEeHpOoXKeNiIep/IiH KacKaaThl oliCTepiH >KOHE YII MaMaHHBIH KOHCEHCYCIIEH )KacaraH
CEerMEHTAMAChIH Oipiiece KOJAAaHy epTe HIIEMHSUIBIK ©3repicTep/ll aHBbIKTAayAbIH JSJIIrH
apTThIpaThIHBIH Aonenaeiiai. XKeungap OOWBIHIIA >KaKCapFaH HOTHXKE OKBITY JEpeKTepiHIH
KOJIEeMiH KOOEHTYyTe )KOHE YIITl apXUTEKTypallapbiH XKyiiemi skaHapTyra OaitnansicTel. «Cerebra»
KyHecl opTypili OHIIpYLIUIEpAIH CKaHepJepiHAe e TYPaKThl KOPCETKILITep KOpCeTil,
OMOEeOaNTHIFbIH TAHBITTHI.

KopbITbiHabl. KalbIHABIKTEIH TOMEHACYIH aBTOMATTHI TYPAE aHbIKTayFa apHAIFaH Oy
JKy#e JKellel UIIEMUSUIBIK WHCYJIBTTI aHBIKTayJarbl JNIIKTI €I9ylp KOFapbhUIATHIN, MIEHIM
KaObUIay YaKbITBIH KbICKApPTyFa MYMKIHAIK Oepesi. ANAarbl yaKpITTa TaHJaMaHbl KEHEHTY
JKOHE KOMOPTAIBIKTHI TEKCEpy OWI IIenmimai KeH ayKbIMAbl KIWHUKAIBIK IPAaKTHKAIa
KOJIJIaHy Ibl KAMTaMachI3 €Te/i.

Tyitinai ce3mep: MIIEMHUSIIBIK WHCYJIBT, KOHTpacTchi3 KT, MHUIBIH TOKBIMACHIHBIH
TBIFBI3JIBIFBIHBIH TOMEHZCYl, TepeH okbiTy, U-Net, Cerebra, aBroMarThl aHBIKTay, €pTe
JTMAarHOCTHUKA.
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FOBUJIEN

K 85-neruro npodeccopa boiara Xadbmxanosrnya XaOmkaHoBa

bonar XabwxkanoBuu XaOm:xkaHOB - meAuarp, npodeccop, ZOKTOp MEAUIIMHCKUX HAYK,
3acmyxenHblid Bpad Pecryonmkn Kazaxcran. OH U3BECTEH M TOYMTAEM KaK YUCHBIH-TICIUATP,
KIMHUIUCT BHICOKON KBATU(DUKAIIMY U YUUTEIb HECKOJIBKUX MOKOJICHUI TIeIMaTPOB HE TOJIBKO
cpeau MeIUIMHCKOM olmiecTBeHHOCTH Ka3zaxcraHa, HO U 1ajieKo 3a ero npejaeaamu.

bonat XabuxanoBud poauics 8 nekadps 1939 rona B MectHoctu Tonbibait MHaepckoro
paiioHa ATbIpayCKoW 00JIacTH, B CEMbE CeJIbCKOTO yuutens. [locie okoHUaHus cpenHen
LIKOJIBI OH Cpa3y nmocTynui B AiMa-ATHHCKUI ['O0CyapCTBEHHBIN MEIULIUHCKANA WHCTUTYT.
Bonwiyto pons B BbIOOpe ero mpodeccuu cwirpan crapimii opat baceip XabmwkanoBuu —
XUPYPT, JOKTOP MEAMIMHCKUX HayK, Mpodeccop, OCHOBOMOJIOXKHHUK Kadeapsl OpTONEaNH U
TpaBMaToa0rui B CeMHUNaaaTHHCKOM MEIULIMHCKOM HHCTUTYTE, BHECIINN HEOIICHUMBIN BKJIA]]
B OpraHM3allii0 M Pa3BUTHE CIIY>KObI TPaBMATOJOTMHM M opTonenuud B CeMHIIaTaTHHCKOH,
Bocrouno-Ka3zaxcranckoi, [laBmomgapckoit oomactsx.

VYcenemHo 3akoHuuB B 1962 rony neamatpuyeckuil ¢akynpTer, bonmar XabuxkaHoBUY
Hayajl CBOIO TPYJIOBYIO JI€ATEIbHOCTh BpauoM-TieIuaTpoM B I.ATeipay. Ho jkaxia Kk HayuHbIM
uccnenoBanusM npusena ero B HUM nenuatrpum (HeiHe Hayunsiit LlenTp nemmatrpuu u
JETCKOM XUPYpPrUM), I7I€ OH MPOLIEI CIaBHBIM MyTh OT MJIAJIIIETO0 HAYYHOTO COTPYAHMKA J10
npodeccopa, CTaB HACTOSALIMM MacTepoM CBOEro Jena. biecrsie 3aluTui AuccepTaiyy, B
1968 r. — xamauaarckyro 1 B 1981 romy nokrtopckyro. JloKTopckas auccepTanus Ha
TeMy «JIekapcTBEHHas ajuleprus y JeTeil Ipu peBMaTu3Me (KJIMHUKA, TUarHOCTHKA, IIPOTHO3,
npoduIakTUKa)» OblUIa BBITIOJNIHEHA U 3ammieHa B cteHax HUUW pesmatonorum AMH CCCP
(r.MockBaa).

'ogpl oOyueHust B TOKTOPAHTYpe Jalu MPOYHbIE 3HAHUS, MPUBWIM JTIOOOBb K HayKe,
pasBWIIM HABBIKM MENAarornyeckod W JIeueOHOM JesTeNbHOCTH, KOTOpBIE 10 HACTOSIIETO
BPEMEHH ITOMOTAIOT B €r0 ITOBCEHEBHOM JESATEIBHOCTH.

[Tocne oxoHuaHHsI TOKTOpaHTYpbl Oyaymuii nmpodeccop Bo3Bpariaercs B csoit HUUN
neauaTpur, B ropoa AiMa-ATy, Tie aKTUBHO IPOJOJIKAET CBOIO HAyYHO-KIMHUYECKYIO
nestenbHOCTh. B 1991 rony oH um3bupaercs 3aBeayromuM Kadeapbl IETCKUX Oose3Hen
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Kazaxckoro  HamumonanmpHoro - memummHCKOro — yHuBepcurera  (HpiHE — KazsHMY
uM.C. [I.Achenmusipoa). Ilpm 93TOM, OH aKTHBHO COBMEIMIAET MPENOJABATEIBCKYIO
JEATEIIBHOCTh C HAYYHBIMU HCCIIEIOBAaHUSAMU, OCTABAACH [TIaBHBIM HAY4YHBIM COTPYAHHUKOM, a
TaK)K€ PYKOBOJIUTEIEM HAay4yHbIX mporpamm pogHoro HUM menmarpun. Emy ponrue roisl
yJlaBaJlIOCh YCIEIIHO OObEIUHATh HAaydyHbIE MHTEPECHl JBYX KOJUIEKTMBOB, paOOTAIONIMX B
tecHoM cotpyanndectse: KasHMY um.C.[A. Achenauspoa n HII menmatpum u nerckoin
xupyprun M3 PK (knmuandeckas 6aza kadeapsl).

OcHOBHBIE €ro Hay4Hble pabOTHl MOCBSAILICHB MpoOJIeMaM JETCKOH PEeBMATOJOTHH U
kapauosoruu. MM ony6iukoBaHo okosio 300 HaydHbIX pa®oT, B TOM 4Hcie MoOHorpadus
«JlexapcTBeHHAs anjeprust y AeTeid, OOJbHBIX PEeBMATU3MOMY», YIOCTOEHHAas MpeMHuu AJlb-
®apabu Munznpasa PK B 1988r. OH siBisieTcss aBTOPOM MHOXKECTBA ITATECHTOB HA M300PETCHUS,
METOJMYECKMX PEKOMEHJAIMN M KIMHUYECKUX IPOTOKOJIOB JAMATHOCTUKM U JICYEHMUS
CUCTEMHBIX 3200JI€BaHUI COETUHUTENbHOM TKaHU y JeTeil. Cpeau ero TpynoB 0coboe MecTo
3aHUMAaeT TEPBBIM OTEYECTBEHHBIM yueOHUK neTckux Oonesnel «bamamap aypymnapbl» Ha
TrOCYIapCTBEHHOM $3bIKE, CTABIIMM KJIACCUYECKMM W BHECIIMM HEOLIEHUMBIM BKJIAJL B
NEeIUATPUIECKYI0 TEPMUHOJIOTHIO ¥ (OPMHUPOBAHUE METUIIMHCKOHN JIGKCMKHA Ha Ka3aXxCKOM
A3bIKe. DTOT yueOHUK Obl1 pekoMennoBaH MOH PK B 2013r. B kauecTBe OCHOBHOT'O yueOHHMKaA
[0 NeauaTpuu s MeauuuHCKuX By30B Kazaxcrana. B 2005 u 2012 romax yueOHUK ObLI
JIOTIOJIHEH U Nlepen3iaH 1o HazBaHueM «lleauatpus» u nosp3yercs OOJBIIMM CIIPOCOM CPean
CTYJEHTOB M€/IBY30B U Bpadeil-neauatpoB Kazaxcrana. CBUIETENCTBOM 00LIETPU3HAHHOCTH
JAHHOTO Yy4eOHMKa siBiisseTcsl npucyxiaeHue Accouuanueit BY3os Pecnyonuku Kaszaxcran
npodeccopy XadbmwxkanoBy b.X. B 2014 rogy menanu umenu Axmera baidtypcsiHOBa.

Kak npusnaer cam bonar XabuxaHoBu4, B €ro NpopecCHOHaIbHOM POCTE U HaY4HBIX
JOCTHKEHHUSX OTPOMHYIO pPOJIb ChITpajld €ro HAaCTaBHUKMU - JIOKTOpa MEIMLHMHCKHX HayK,
npodeccopa TatbsiHa Hukonaesna Hukonosa u Knasaus I'puropreBna Iletposa, 3ametuBiive
€ro MOTEHIINAJ €I11€ B CTYJICHUYECTBE U JABIINX COBET 3aHATHCA HAYYHOH JesTeNbHOCThI0; HuHa
AxwmetoBHa bapneibaeBa u Exarepuna Anekcannpona Hanexauna (HUU neguatpun AMH
CCCP, r.MockBa) ObUIM pPYKOBOJIUTENSIMM UM  Hay4YHbIMM KOHCYJIbTAaHTAMU  €TO
JCCepTalMOHHBIX paboT; Aknuma bucenoBHa bucenoBa, npunsBiias ero Ha padoty B HUU
neANaTpUM U Co3JaBias yCJIOBUs Ui MPodecCHoHaTbHOTO POCTa.

Crnenys TpanuuusiM CBOUX YuuTesled M HacTaBHUKOB, b.X.XaOWkaHOB MpPOAOIKUI
pa3BUTHE U YKpEIUIEHHWE WIKOJIbI JETCKOM KapauopeBmaroioruu B Pecnybnmuke. Hayunas
LIEIPOCTh YYEHOT'0 U Telarora XapakTepU3yeTcs €ro yYeHUKaMHU U ITOCJIEI0BATENSIMU: MTOJT €TO0
PYKOBOJACTBOM 3alliuiieHbl 25 aucceprauuit (5 goktopckux u 20 KaHAMJIATCKUX),
NOCBALICHHBIX JIMAarHOCTUKE, JICUCHHIO U TNPOPUIAKTHKE CEpACYHO-COCYAMCTBIX U
peBMaTHYecKuX 3a00seBaHui y neTel U noApocTKoB. Ero yueHuku pykoBosT kadeapamu u
CHELMATU3UPOBAHHBIMU OTJICIEHUSIMH B CTpaHe, paboTaroT BpadyaMH BO BCEX YrojKax
Kazaxcrana u B cTpaHax OJMKHETO 3apyOeKbs.

Kak cnemumanuct nperckuil kapauopeBmaroiior mnpodeccop XaOMKaHOB OKasbIBall
HEOLICHUMYIO TIOMOIIIb B OpraHM3allMi MEIUIMHCKON moMomu JeTsM Bcero Kaszaxcrana c
NaTOJIOTHEH Cep/IeYHO-COCYAUCTON CHCTEMBI, JOJITHe TOJbl ObUI TJIaBHBIM BHELITATHBIM
JIeTCKUM KapauopeBmartosnoroM Munsapasa PK, Bbieskan Bo Bce pernonsl PecnyOnuku st
IPOBEICHUS KOHCYIbTAllUN U OKa3aHUs OPraHNU3allMOHHO-METOJMUECKOM MOMOIIH, paboTall B
TECHOM CBS3M C KapJIMOpPEBMATOJIOTaMU M KapAHMOXHPYpramH, CHOCOOCTBOBAJl BHEIPEHHIO
HOBBIX TEXHOJIOTUH JIEYEHUs] U JUATHOCTUKHM BPOKIEHHBIX IOPOKOB CEPAECYHO-COCYAMCTOMN
CUCTEMBbl M CHCTEMHBIX 3a00JIeBaHM COCIWHUTEIHLHOM TKaHW Yy JETe B CTpaHe.
HecrangapTHOCTh MBILIUIEHUS,, B COYETAHMM C TJIYOOKOH »pyauluMeil mnpeBpamajli ero
OObIUHbIE KOHCYJIbTALIMM TAlMEHTOB B MAacTep-Kiacchl M YpPOKU MpodeccuoHamm3ma Juist
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MoJiobIX Bpaueld. CBOMMHU TITyOOKMMU 3HAHUSIMH, OTPOMHBIM OINBITOM KiIuWHUIUCTa bonat
XabmKaHOBUY OXOTHO JEJIUTCS CO CTYJEHTaMH, PE3UJCHTAMU U KOJIJIETAMHU.

AKTHBHYI0O Hay4yHYyI0, [PENOJABaTEIbCKYI0 U KIMHUYECKYI JeSTeNIbHOCTh Ha
POTSDKEHUH MHOTHX JieT bonat Xa0mkaHoBUY coyeTaeT ¢ OONbIION OOIIECTBEHHOW paboTOMH.
B pa3Hblie rogipl OH ABIISIICA Mpe/icenaTesIeM MPEAMETHON KOMUCCHU o neauaTpuu npu PYMO
M3 PK, unenom Jucceprauuonnoro Cosera mno mneauarpuu (O] 09.10.01), unenom
PecniyOnnkaHckoil  KBanu(UKALMOHHOW aTTECTAlMOHHOW KOMHCCHUU IO TPUCBOCHHIO
KBAJTM(PUKAIIMOHHBIX KaTETOPHH MO TeTUaTPHH, YWICHOM Accoluanuy peBMaTonoroB Cpeanei
A3zun n Kazaxcrana, yupeaureneM U Bulie-npe3usienToMm Accounanuu [lenquarpos PK, unenom
[TpaBnenus OO «Cor3 nenuatpoB» KazaxcraHa, ujIeHOM pPEJAKLIMOHHOW TIPYIIIbI
«ArputibiHIIa-Kazakima Meaunnnansik Ce3ik»; SBISETCS YWICHOM PEIaKIIMOHHBIX KOJIIeTuit
BEAYIINX  CHEIHMAJIM3UPOBAHHBIX JKypHAJOB W  COOPHMKOB  HAyYHO-TIPAKTHUECKUX
KOH(epeHIIHiA.

3a 3aciayru B oOnactu 3apaBooxpaHeHHus: bonar XaOwkaHOBUY 1O IpaBy YJIOCTOEH
noueTHoro 3BaHus «3acimyxeHHbI Bpau Kazaxckoit CCCP», mpemun um.Anb-®apabu
MunuctepcrBa  3apaBooxpaHenuss PK, mnpemun um.C.J{.Acpenguspoa KazHMY,
HarpyaHeiMu 3HakamMu «OTian4HMKY 3apaBooxpaHeHuss MunszgpaBa CCCPy», «3a pa3Burtue
Hayku B Pecniyonuke Kazaxcran» MOH PK (2006 r.), «IlodyeTHblii paboTHUK 00pa3oBaHUs
PecnyOnuku Kazaxcran», OmarogapHocTs MM UM rpamoTamu aaMmubHuctpaunu KazsHMY
uM.C.J[.AchenausipoBa, OH HOMHHAHT KOHKypca <«JIydmuii 3aBeqyromuii KIMHHYECKOU
kadenpoit» (2008r.), B 2019 roay emy Obuio mpucBoeHo I[lodyerHoe 3Banme «I'opmocTh
YHUBEPCUTETAY.

bonar XabuxaHoBUY SBISETCS HE TOJIBKO 00pa3IoM BBICOKOTO IpodeccuoHanu3Ma, Ho
U NPEKPacHOIro 4YeJIOBEKa, Y HEr0 €CTh BHYTPEHHUW HPAaBCTBEHHBIM CTEpXKEHb, HA KOTOPOM
JIEpKaTCs TaKMe ero KauecTBa KaK YeCTHOCTh, CKDOMHOCTb, HaJIe)KHOCTh, YBaXKEHHE K JIFOJISIM,
TOTOBHOCTb OKa3aTh OECKOPBICTHYIO MOMOIIb HyXaawmemycs. OH Tiyooko yOexaeH U He
ycTaeT MoBTOPsATh, uro Cuia Bpaya B €ro cepjie, A00poTe M B CIOBE, OOpAlIEHHOM K
HAUEHTY.

[Tpodeccop XabmkaHOB U CErOAHS MPOAOIDKAET 3aHUMATHCSI CBOMM JIFOOUMBIM JIEJIOM,
IpenoAaeT CTyACHTaM U PEe3UACHTaM, KOHCYJIbTUPYET MAallMEHTOB U, YTO OTPaJHO, TOTOBUT K
nepeusjaHnio cBoi yueOHuk «lleauarpus».

Hoporoii bonat XabwkanoBud, OT Bcel Tymiu no3apasiisieM Bac ¢ 85-neTHuM roduieem,
JKEJIaeM KPEMKOTO 370pPOBbsi U KAYECTBEHHOI'O JOJTOJIETHS, HOBBIX TBOPUYECKHUX YCIIEXOB,
0J1arornoyy4rs U 4eJI0Be4YeCKOro c4acThbs!

Komnextus KasHMY um.C.JI. Achenausaposa, Hayunoro LlenTpa neguarpuu U AeTCKOi
xupypruu, OO «Coro3 neauaTposy.
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