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«Poccuiicknii skypHaa racTpoIHTEPOJIOTIH, TeIlaTOJOTHI, KOJOIPOKTOJOTHIY> SIB-
Jsietcsl opUIMaTbHbBIM HAaydyHbIM u3AaHueM OOIIEPOCCUCKOI OOIIECTBEHHO Opra-
Hu3amn «Poccuiickasi TacTpOIHTEPOIOTHYECKast accorualmsi». MupopMaiuio o ie-
J1ax, crpykrype u pearenpnoctu PI'A cM. na caiite www.gastro.ru.

[TaptHepamu «Poccuiickoro sxypHaja TacTPO3HTEPOJOTUH, TelaToJOTUH, KO-
JIOIIpOKTOIoruny sBjsiiorcss O61iepoccuiickas o6lecTBeHHas opranu3aius «Poc-
cuiickoe o6uecTtso mo maydenuio nedenn» (POIINIL; https://rsls.ru) u Hayu-
HOE COOOIIECTBO MO COAENCTBUIO KINHUYECKOMY M3YYEHHWI0 MUKPOOMOMA YeIoBeKa
(HCOMM; https://merbm.com).

[Tenp «Poccwiickoro sKypHaja TaCTPOSHTEPOJIOTHH, TelaToJOTHH, KOJOIPOKTOIO-
> — O0OECIIEYNTh YnuTaTeNell akTyaJlbHON U JOCTOBEPHOI nHMOPMaIeil B 06JacTi
racTPOHTEPOJIOTHH, TENaTOJOTNH, KOJOIMPOKTOJOTUH, & TaKXKe CMEKHDIX KJIMHUYe-
CKUX U (PyHJAMEHTAJIbHBIX AUCIUILUINH. sKypHas paccuuTaH He TOJIbKO Ha CIIEIH-
AJIMCTOB-TACTPOIHTEPOJIOTOB, A6OMUHATIBHBIX XHPYPIOB, KOJOIPOKTOJIOTOB, Bpayeii-
9H/IOCKOMKCTOB, HO W TEPAIeBTOB, TeAaTpoB, Bpaueil obiieil mpaktuku. OG30pbI,
OPUTHHAJIbHBIE WCCIEIOBAHNS, KIMHIYECKIE HAOMIOMAEHNS TIPE/ICTABIISIOT HOBEHTIINE
JOCTHZKEHMS TaCTPOIHTEPOJIOTUN W TIPAKTUYECKUI OIBIT JUATHOCTUKU U JICUEHUS 3a-
6OJIEBAHWI JKEJTyIOYHO-KUIIEYHOTO TPAKTA, TIEYEHU U TO/KETYI0YHOH JKeTe3bl.

Henp «Poccuiickoro sxypHaja racTPOIHTEPOJIOTUN, TEMATOJOTUN, KOJOIPOKTOIO-
rUi» — MPEIOCTABUTH BpauaM OObEKTHBHBIE HCTOYHUKY MH(MOPMAIMN JJIsS HEIIPEPHIB-
HOTO MOCJIEIUIIIOMHOTO 06pa3oBaHusi, B TOM 4ncJ/e Oarogaps mapraepctBy ¢ Hammo-
HAJIBHOI MIKOJIOH ractposnTeposiornn, rematoiornn PTA (www.gastrohep.ru).

«Poccuiicknii KypHaJa TacTPOIHTEPOJIOTHH, TeNaTOJOTHH, KOJOIPOKTOJIOTANS
myOIUKYyeT I O3HAKOMJIEHHMS MIMPOKOW MeAMIMHCKON ayantopun KimHuveckue
pexoMmenmaun Poccuiickoil TacTpOIHTEPOIOTHYECKON acCOIMAlUN M0 BEeIeHUIO Ia-
IMEHTOB C PA3JIMYHBIMU 3260/I€BAaHUSIMU OPTAaHOB NHUIEBAPEHNs, pa3pabaTbiBaeMble
moJ1 aruioil MuHucTepeTBa 31paBooxpanenusi Poccun.

«Poccuticknii )xypHaJa TaCTPOIHTEPOJIOTHH, TEMAaTOJIOTHH, KOJOIPOKTOJIOTAN> W3-
JIaeTCsT Ha PYCCKOM sI3bIKe W TIpeHa3HavyeH /i Bpaveil B Poccuiickoit Denepannn,
crpanax CHI u Bo BceM Mmpe. MbI mepeBOANM HA AHTJAUNHCKUN S3BIK HE TOJbBKO
abCTPaKThl, HO W Cco/lepKaHue TabJauI] U PUCyHKOB. yKypHas npuHuMaer K my6Jin-
Kallu¥ PYKOIIUCH, [IPUCJIAHHbIe HA aHTJIMIICKOM $I3blIKe, U MbI IJIAHUPYEM YBEJIUYUTD
YUCJ0 MyOTMKAIUI HA AHTJUICKOM SI3bIKE JIJISI IPUBJICYEHUS MEKIYHAPOIHON Me-
JIMIITHCKON YMTATeTbCKON ayAnTOPHH.
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MeTaboAOMHAI AMArHOCTUYECKAasI TeXHOAOT'USI
KAK OCHOBA DOPMUPOBAHUA IIPUHIIUIIOB
MeTabDOANYECKOTO 3A0POBbA

B.T. Usamkun, O.10. 3ompuukosa®, B.B. Tapacos, C.A. AnmoJsioHoBa

DTIAOY BO <Ilepsviti Mockosckuii zocydapcmeentviii meduyunckuil ynusepcumem um. U.M. Ceuenosas
Munucmepcmea 30pasooxpanenus Poccuticxoti @edepayuu ( Ceuenoscxuii Ynusepcumem), Mockea, Poccuiickas Dedepayus

Llenb: paccMOTpeTb COBPEMEHHbIE JAHHbLIE O KJIOUYEBbLIX METAOOIMYECKNX NBMEHEHUSX, OTPAXAIOLLMX OCHOBHbIE
naToreHeTMyeckne ocu metabonuyeckoro cuHapoma (MC), 1 OLEHUTb MX NOTEeHUMaN ois OUarHoCTUKN U CTpaTu-
dukauum MC.

OcHOBHbIe NoJsIoXeHus. B 0630pe BblAeNeHbl NATb KIOYEBbIX METAOOOMHbIX NaTtoreHeTnyeckmx ocen MC: aHa-
6onmyeckasi PE3NCTEHTHOCTb, MUTOXOHAPUANbHAas OUCPYHKUUS, CUCTEMHOE BOCMANIEHME, UHCYIMHOPE3NCTEHT-
HOCTb 1 IM30COMaJibHas He4OCTaTOYHOCTb. Kaxaan n3 HMX NpencTaBnsieT BaXXHOE 3BEHO MaToreHesa, BAnsgioLLee
Ha pa3BuTMe ocnoxHeHun MC. nsa kaxaoi oCu onmcaHbl XapakTepHbIE M3MEHEHNS HU3KOMOJIEKYNSAPHbIX MeTa-
00/MTOB (HaNpUMep, aMUHOKUCIIOT, OPraHNYEeCKMX KUCIOT) 1 IMNNAOB, BbIBIEHHbIE COBPEMEHHbLIMU METOAAMU
MeTab0JIOMHOro aHanusa, 1 0bcyxaaeTcs Ux KinHnyeckoe 3HadyeHne. Ocoboe BHUMaHMe yoeneHo poan KOMOUHN-
POBaHHbIX NaHesnel MeTabonnMToB, KOTOPbLIE Yy4LIalT paHHio anarHoctuky MC v npepnmabeta, No3BONSIOT CTpa-
TNOULMPOBATL PUCK OCIIOXHEHUI (CaxapHbIl auabeT 2-ro Tmna, aTepoCckiepo3, HeasnkoronbHas xmnposas 601e3Hb
MeYeHn 1 Ap.) U MOHUTOPUPOBaTb 3PPEKTUBHOCTbL Tepanum. OTMeyaeTcs, 4TO MeTaboIOMHbIe BroMapKkepbl oba-
[AlOT BbICOKOWM AMArHOCTUYECKOM N MPOrHOCTUYECKOW LIEHHOCTbIO, AOMOJIHAS CTaHOAPTHbIE KIIMHMYECKMe nokasa-
Tenu. NokasaHo, 4TO NHTEerpaLmns MeTaboIOMHbIX AaHHbIX C KITIMHUYECKMMW NoKa3aTeNsiMn NOBbILLAET TOYHOCTb ON-
arHOCTVKM (Hanpumep, 00beanHeHe MeTaboNoMHbIX MapPKEPOB C TECTOM TOJIEPAHTHOCTU K [JTIOKO3€ YBENYNBAET
€ro NPOrHOCTUYECKYIO LIEHHOCTb). PaspaboTka MHTerpanbHbix MeTaboIOMHbIX MHOEKCOB (Takux, kak MetSCORE)
obecneynBaeT BbICOKYIO TOYHOCTb pacno3HaBaHus MC (AUROC ~0,9). MeTabonomMHble nccnenoBaHns NOATBEPXK-
[atoT reteporeHHocTb MC 1 NO3BONSAOT BbIAENATL €ro MOATUMbI B 3aBUCUMOCTM OT npeobnagaroLmx natopusno-
JIOFMYECKMX HApYLLUEHWI, YTO OTKPbLIBAET NEPCMNEKTUBLI MPELM3NOHHOM MEeANLMHbI.

3akn4yeHue. MetabonoMHbI NOOX0A CYLLECTBEHHO PacLUMpPsSeT BO3MOXHOCTU ANArHOCTUKM 1 MEPCOHaNM3npo-
BaHHOM Tepanun naumeHtToB ¢ MC. OH NO3BONSIET BbIABAATL CKPbITblE METAb0ANYECKME HAPYLLUEHNS HA OOKINHN-
4YecKkon cTagmu 3abonieBaHusl, JOMONHASA PYTUHHbIE MeToAbl 06cnenoBaHns. Onsa ero BHeAPEHUS B KIIMHUYECKYHO
NnpakTUKy HE0O6XOAMMbI CTaHAAPTU3ALMS METOAMK MeTaboIOMHOI0 aHann3a, Banuaaums MeTabosIoMHbIX 6romap-
KEPOB U UHTErpaumst MyJibTMOMUKCHbIX MOAXOA0B, YTO 00eCneymnT BOCMPON3BOANMOCTb PE3YJIbTAaTOB U UX LLMPOKOE
NpYMEHEeHNE B MegULIMHE.

KnioueBble cnoBa: MeTabosiomMuka, MeTabonnyeckuii CMHAPOM, Gromapkepsbl, NPeLM3oHHas MeauLumHa, cTpa-
Tndukaumsa pucka

KoH)NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ana uutupoBanusa: MeawkuH B.T., BonbHukosa O.10., Tapacos B.B., AnnonoHosa C.A. MeTabonomMHas anarHoctnyeckas TexHo-
ornst Kak ocHoea POPMMPOBaAHMS MPUHLMMOB MeTaboIMYeCcKoro 340Pp0Bbs. POCCUMICKIMI XXypHan racTpO3HTEPOsIorium, renaTosno-
ruu, kononpokronorun. 2025. https://doi.org/10.22416/1382-4376-2025-1894-5323

Metabolomic Diagnostic Technology as a Basis for the Establishing the Principles
of Metabolic Health

Vladimir T. Ivashkin, Oxana Yu. Zolnikova*, Vadim V. Tarasov, Svetlana A. Appolonova
I.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: to examine current evidence on the key metabolic alterations that reflect the major pathogenetic axes of meta-
bolic syndrome (MS) and to assess their potential for the diagnosis and stratification of MS.

Key points. The review highlights five major metabolomic pathogenetic axes of MS: anabolic resistance, mitochon-
drial dysfunction, systemic inflammation, insulin resistance, and lysosomal insufficiency. Each represents an es-
sential pathogenic link influencing the development of MS complications. Characteristic alterations of low-molecu-
lar-weight metabolites (such as amino acids and organic acids) and lipids identified through modern metabolomic
analytical methods are described for each axis, and their clinical significance is discussed. Special attention is given
to the role of combined metabolite panels, which improve early diagnosis of MS and prediabetes, allow risk stratifica-
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tion for complications (type 2 diabetes, atherosclerosis, nonalcoholic fatty liver disease, etc.), and enable monitoring
of treatment effectiveness. It is noted that metabolomic biomarkers possess high diagnostic and prognostic value,
complementing standard clinical indicators. Evidence is presented showing that integrating metabolomic data with
clinical parameters increases diagnostic accuracy (for example, combining metabolomic markers with the glucose
tolerance test improves its predictive value). The development of integrated metabolomic indices (such as Met-
SCORE) provides high accuracy in identifying MS (AUROC ~0.9). Metabolomic studies confirm the heterogeneity
of MS and allow subclassification according to predominant pathophysiological disturbances, opening prospects
for precision medicine.

Conclusion. Thus, the metabolomic approach substantially expands the possibilities for diagnosis and personal-
ized therapy in patients with MS. It enables the detection of latent metabolic disturbances at the preclinical stage
of disease, complementing routine diagnostic methods. Implementation into clinical practice requires standardiza-
tion of metabolomic analytical protocols, validation of metabolomic biomarkers, and integration of multi-omics ap-

proaches, which will ensure the reproducibility of results and their broad application in medicine.
Keywords: metabolomics, metabolic syndrome, biomarkers, precision medicine, risk stratification
Conflict of interest: the authors declare no conflict of interest.

For citation:

lvashkin V.T., Zolnikova O.Yu., Tarasov V.V., Appolonova S.A. Metabolomic Diagnostic Technology as a Basis for

the Establishing the Principles of Metabolic Health. Russian Journal of Gastroenterology, Hepatology, Coloproctology. 2025.

https://doi.org/10.22416/1382-4376-2025-1894-5323

BBeaenue

Mera6ommueckuii cungpom (MC) — 310 KOM-
MJIEKCHOE COCTOSTHUE, XapaKTepusyiolieecss coYeTaHu-
eM aGJOMUHAJIBHOTO OKMPEHUs, WHCYJMHOPE3NUCTEHT-
HOCTH, THINEPrINKEMHAN, AuCaunuzeMun (BBICOKHI
YPOBEHb TPUTJINIEPUIOB, HUZKUH — JIUIIOTIPOTENHOB
BBICOKOIl IIOTHOCTH) W apTEPUAIbHOIl THUIIEPTEH3HN
[1—3]. Pacnpocrpanennoctp MC TOCTOSHHO pac-
TET W JIOCTUTAET MOPSJIKA TPETH B3POCJOrO HaceJe-
HUSI, YBENMINBasACh ¢ BozpactoM (10 ~40—50 % vy iy
crapme 60 ser) [4]. Hammuwe MC accorumposano
C TIOBBINIEHHBIM PHUCKOM PAa3BUTHS CaXapHOTO /Ua-
Gera 2-ro tuma (C/I2) u cepaevHO-COCYUCTHIX 3260-
JIEBaHUI, yBeJUUnBasi OO6IIyI0 CMEPTHOCTb TIPUMEPHO
B 1,5 pasa [5]. HecMoTpsg Ha cepbe3HOCTb 3TOi TIPO-
6JieMbl, COBpeMeHHble KJanHudeckne kKpurepuu MC
UMEIOT OTPAHWYCHHS: OHW HE OTPAYKAIOT MOJIEKYJISIP-
HYIO TeTePOTeHHOCTbh CHHAPOMA M He T03BOJISIIOT TOY-
HO OIIEHUTH PUCK OCJOKHEHUI Y KOHKPETHOTO Mali-
enta. B cBs3u ¢ 3TMM akTyadbHa paszpaboTKa OoJee
TOHKHUX TIOIXO/IOB K [UATHOCTUKE U CTpaTudUKaInm
pucka ipu MC [6].

Mera6osioMuKa MpejcTaBisieT coO0i COBPeMeHHbII
AHAJINTUYECKUH METOJI, TIO3BOJIIONINN KOTIMYECTBEHHO
npoPUIMPOBATh TMUPOKWIT CHEKTP HU3KOMOJIEKYJISP-
HBIX MeTaboIMTOB B Guosiornueckux o6pasmax (Kposb,
Moua u ap.). ITomydaembie «MeTaboONMYECKUE CUTHA-
TYPbI» OTPAKAIOT U3MEHEHUs MHOXKecTBa GMOXuUMUIYe-
CKUX ITyTell U MOTYT CJIYKUTb MOJIEKYJISPHBIMUA MapKe-
paM¥ TIaTOJIOTUYECKHUX TIpotieccoB [6]. 3a mocaennue
JIECSITUJIETHS TIpPUMeHeHne MeTaGOJOMUKA U CMesKHOU
JINTIUJIOMUKHI CYIIECTBEHHO IPOJIBUHYJIO MOHUMAaHUe
natorede3a MC, BBISIBUB yYHUKaJbHbIE KOMOUHAIIH
MeTabOJUTOB, CBSI3AHHBIE C WHCYJHMHOPE3UCTEHTHO-
CTbIO, BUCIEPATbHBIM OKUPEHUEM, JAUCJIUNNeMUe
u BocnasenuneM [7—9]. Tak, o6Hapy:KeHO, 4TO TOBbI-
HIEHHBIE YPOBHHM HEKOTOPBIX aMUHOKHCIOT (passer-
BaeHHbix BCAA 1 apoMaTHuecKnx) W JTUIMHBIX MeTa-
6OJINTOB TIO3BOJISIIOT 3apaHee BbISIBUTH JIUI] C BBICOKUM

puckom passutusg CJ/I2 u MC [10]. MeraGosomibie
nccJaeoBanms moaATBepskaaoT, 4To MC mpencrasiager
co6oii He eIMHOE COCTOSHUE, a COBOKYITHOCTb GJIH3-
kux geHotnnos («MeTaGoTHIIOB»), Pa3IUYAIOTIMXCS
npeo6IalafoNUMK  HapYIIEHUSIMI: Y OJHUX Ial[ieH-
TOB JJIOMUHUPYET WHCYJUHOPE3UCTEHTHOCTD, Y JIPYTUX
BocliaJieHre Mian JUCYHKIMUSA MUTOXOHAPUN U T. .
[1]. 1O OTKpBIBaET BOZMOXKHOCTH [IJIsI TIPEIIU3UOHHON
MenunuHbl. Vpentnduxarms MeTaGoJMYECKUX IMOJ-
tinoB MC mo3BOJISIET afaNTHPOBATh MPOMUIAKTHKY
u JedeHue (HanpuMep, Ha3HAYaTh TAPreTHyo MeTaGo-
JITYECKYIO Tepanuio TeM GOJbHBIM, Yy KOTOPBIX Mpeol-
JlajlaeT MUTOXOH/pHasbHas QuCYHKIM 1ian ayroda-
ruueckuii gedurmr).

BaxkHo oTMeTUTb, 4YTO YKa3aHHbIE IISTb IaToOre-
HeTnuecknx <«oceit» MC TecHO B3amMoOJEHCTBYIOT
MeKy co0oit, (hOpMUPYST €AWHDBINH MAaTOJOrMYECKUil
Kackaj. Hampumep, XpoHmdeckoe BocmajieHue, 00-
YCJIOBJICHHOE HM30BbITKOM BHUCIEPAJbHOIO SKHUPA, YCU-
JINBAET MHCYJUHOPE3UCTEHTHOCTh U SHIOTETHATDHYIO
quchynknuio. VHCYIMHOPE3UCTEHTHOCTb M U30BITOK
MUTATETHHBIX CyOCTPATOB TMEPErpyKAI0T  MUTOXOH-
JIpUN, CHOCOGCTBYSI MeTabOJMYECKON «PUTUIAHOCTH
U HAKOILJIEHWIO TT0O0YHBIX MeTabonToB. [locTosinubrit
aHAGOIMYECKUIl CUTHAJ IPH IepeefaHiy I0aBJser
aytodaruio, 4To Be/leT K HAKOIJICHHUIO /1e(DEeKTHBIX Op-
rafeJI M JIMIM/JIOB, YCUJIUBAs OKCHUAATUBHBIN cTpecc
u Bocnajenue. Takum o6pa3oM, Bce MATh «OcCeii» B3a-
IMOCBS3aHbl U COBMECTHO OIIPEAEJISIOT KJIMHUYECKUil
dpernorun MC u puck ero ocioxkuenuit (puc.).

Hwxe mupexncraBien 0630p TOC/HEIHUX [aHHBIX
0 MeTaboJoMHBIX MapkepaX MC B KOHTEKCTe HATH
KJIIOYEBDBIX HATOI€HETUYECKUX «OCeil» CHHApOMa: aHa-
6OJINYECKONl  PE3UCTEHTHOCTH, MUTOXOH/IPUAJBHOMN
JUChYHKINN,  WHCYJUHOPE3UCTEHTHOCTH,  CHCTEM-
HOTO BOCTJICHUS U JM30COMAJIBHOW HEJIOCTaTOY-
noctu. [l Kask/10il ocu OIMCaHbl OCHOBHbBIE MeXa-
HU3MbI 1 XapaKTepPHble MeTaGoJIOMHbIE/ JIUITHIOMHbIE
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Figure. Five key pathogenetic axes of metabolic syndrome and their interactions

MapKepbl, a TaKKe KJIWHUYECKHe MPUMEPBI, WILIIO-
CTPUPYIOIME 3HAUEHUE HTUX Mapkepos (Hampumep,
nposiBiiennss MC npu conyterBytomem C/[2, Heanko-
rosbHoi skuposoii Gonesan nedenn (HAJKBID), Go-
ne3nn  [TapKkuHCOHA, CAPKONMEHWYECKOM OXKMPEHUN).
OG6cysxaeTcss MarHocTudeckass M IPOTHOCTUYECKAs
IEHHOCTH MeTa00JOMHOTO TOAX0/1a IS KINMHUYECKO
IPAKTUKK, a TaKyKe IEePCIEKTHBBI €ro JaIbHeIero
Pa3BUTHS.

Anabosyeckasi pe3uCTEHTHOCTD
(cHUKeHHEe MBIIIEYHOTO aHa00IM3Ma)

Mexanusmol

[Tog ana6osmmyeckoil Pe3NCTEHTHOCTBIO MOHUMAIOT
CHIKEHIE CIIOCOOHOCTU CKEETHBIX MBIMII] aJeKBATHO
pearupoBath POCTOM Ha aHaGosndecKkue cTumybl (1n-
MeBoH mporenH, (U3NYECKAA HATPY3Ka, TOPMOHBI)
[11]. /laHHOE sIBEHME JIEXKUT B OCHOBE CAapKOICHUN
OpU CTapeHnu, MAJOIMOABUMKHOCTU, XPOHUYECKUX 3a-
60JIEBAHIAX, a TakKe HAGJIOJAEeTCsl TIPU OKHPEHUN
u MC [11]. ¥ suil ¢ okUpeHreM U CapKOIeHNYeCKUM
OXXKUpEHNeM MBIIIIbl MeHee 3((EKTUBHO OTKIMKAIOT-
cs1 HA TIPUEM aMUHOKHCJIOT U CUJIOBbIE YIPasKHEHI,
YTO BeJeT K MPOTPeccCUpyomieil aTpopui MbIIIEYHBIX
Bosiokon [12]. K daxropam, npuBogsunmM K aHa6o-
JIMYECKON PEe3NCTEHTHOCTH, OTHOCITCS KaK BHEIIHHUE
npuunibl  (HU3Kasg (usuvecKass aKTUBHOCTb, HEI0-
craroyHoe norpebjeHue Gejaka), Tak W BHYTPEHHUE
HapyieHust (XPOHUYECKOe BOCTAIEHNE, SKUPOBAsA WH-
usbTpalus W MHCYJINHOPE3UCTEHTHOCTD B MbIIIEY-
Hoit Tkann) [11]. B wactHoCTH, IIpH a6aOMIHAIBHOM
OKUPEHNH U3OBITOK JIMIUAOB B Mbiiax (BHYTpH-
MBIIIEYHBIA KU, [ePaMU/Ibl) HAPYIIAET CUTHAJIbHBIE
nyTu uacyanna,/IGF-1 u akruBanuio cucreMbl mTOR
(mammalian target of rapamycin), uro ocmabser
cuHTe3 MbIedHoro 6enka [13]. Hampumep, mokasa-
HO, YTO HAKOILJIEHWE [ePAMUIOB TIPU JUETe C BHICOKUM

coJIepsKaHNeM SKUPOB HapyliaeT HHCyImHOBoe (hocdo-
puposanue Akt (Protein Kinase B, serine/threo-
nine-specific protein kinases) u TeM caMbIM OB
eT aHaGosmvecKue npoiecchl B Mbimiax [13]. B utore
aHabomYecKast Pe3UCTEHTHOCTD CIIOCOOCTBYET CHUMKE-
HUIO GE3KUPOBOII Macchl TeJa U yCyryOssieT capKo-
MEHNYECKOE OXKUPEHUE, COCTOSIHUE OJIHOBPEMEHHOIO
n30bITKA JKUpa U JAeUIINTa MBINIEYHONH MacChl y Ta-
muentos ¢ MC [11].

Kniouesvie memabonommnvie maprepol

MeTaboJIOMHBIE WCCTEIOBAHNS BBISSBUIN PSI/I 1IHP-
KyJUPYIOIIUX MeTa00JUTOB, OTPAKAIONNX aHaG0-
JMYeCcKyto pesucteHTHocTh Mpimn (ta6m. 1), Yacto
y narnuentoB ¢ MC TOBbIIIEH YPOBEHH aMHHOKHCJIOT
¢ passerBiennoii mennio (BCAA: nelinyn, nsoreiinum,
Basun) [14], 4ro cuuraercs yacTbio MeTaGOJUYECKOIL
CUTHATYPbI HHCYJUHOPE3UCTEHTHOCTH U OXKUPEHUS
[1]. Opnako mapaJoKcanibHO, YTO TPH BbBIPAKEH-
Hoit capkonennu (Hanpumep, y noxmiabix ¢ C/12)
YPOBEHD JIEHITMHA MOKeT ObITh MOHUKEH M3-3a MHC-
TOIIEHUs] MBIIIEYHOTO IIyJla AMUHOKHCJIOT U HEIO-
crarounoro norpebyenust 6eska ¢ nuimeit [15]. Tax,
B uccaegopanun mnaruenTos ¢ C/[2 ObLIO HOKa3aHo,
9TO y OOJBHBIX C CApKOINEHWeH KOHIEHTPAIUs Jieli-
IIMHA 3HAYNTETHHO HIDKE, a TJAyTaMara — BBIIIE, YeM
y naruentoB 6e3 capkonenun [15]. Huskuit ypoenb
JIeiIInHA ¥ BBICOKHI TJIyTaMaT aCCOIMMPOBAHBI C MbI-
IIeYHON ¢J1a60CThIO U CHYKEHHON MBIIIEYHONH Maccoi
[16]. [ToBbINIeHHbIE KOHIIEHTPAIMH TJyTaMaTa B TIJ1a3-
Me HePEeJIKO HAOJIONAIOTCS TPU CHIPKEHUN MbIIEYHO
MacChl U OTPAXKAIOT YCUJIEHHbIE KaTaGoOIMYecKue mpo-
1[eCChl B CKeJIETHBIX MbIax [17], kpome Toro, ns6ni-
TOK TJyTaMaTa CnocoOeH aKTHBUPOBATH Tepudepuye-
CKWe HOIUIENITUBHBIE U MeTab0JUYecKrue PEIenTophI,
YTO CBSI3bIBAIOT C MOBBIIIEHHON MBIIIEYHON yTOMJIsIE-
MOCTBIO U CHIZKEHHEeM (DYHKIIMOHATBHON pPaboTOCIIO-
co6rocTn [18].
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Taéauua 1. MeraGosoMHble MapKepbl aHa00INYecKoi pesucTeHTHOCTH (MbIeuHbiii KoMnornenT MC)
Table 1. Metabolomic markers of anabolic resistance (muscle component of MS)

Mapkep u nyTh
Marker and path

Hamenenus npu MC (ana6o-
JMYecKasi pe3UCTEHTHOCTD )
Changes in M'S
(anabolic resistance)

Kiunnyeckoe 3naueHue
Clinical significance

AMHHOKHCJIOTBI C pa3BETBJIEH-
Hoii nenbio (BCAA) —
JIEUIMH, U30JE€HIINH, BaJauH
Branched-chain amino
acids (BCAA) — leucine,
isoleucine, valine

TToBbIiIEHBI B KPOBH HATOIIAK
Elevated in fasting blood

Yy JINIT C OXUpeHueM u NHCYJIMHOPE3NUCTEHT-
Hocthio TmazMennble BCAA XpOHWUYECKH TIO-
BbIIIEHbBI, YTO OTpPa’Xa€T HHU3KOE IIOIJIOIIEHNE
amuHOKHUCAOT MbImmamu [14]. Bseicokne BCAA
ACCOTMMUPOBAHBI C PICKOM pa3BuThs amadera
2-ro Tina [1]

In obese individuals with insulin resistance,
plasma BCAAs are chronically elevated, re-
flecting low amino acid uptake by muscle
[14]. High BCAAs are associated with the risk
of developing type 2 diabetes [1]

Tuctuaun (scceHiuanbHas
AMUHOKUCJIOTA)

Histidine (essential amino
acid)

CHuXeH B I1a3Me
Decreased in plasma

Huskuil ypoBeHb I'MCTUAMHA YacCTO BbIABJISETCS
nmpu MC [6]. Tuctuauu o6amaer MPOTHBOBOC-
MAJTUTENBbHBIM 3(pheKTOM, U ero JedUuIUT MOKET
CITOCOGCTBOBATD ~ XPOHUYECKOMY — BOCTIAJIEHWIO
1 OKHUCIuTeNbHOMY cTpeccy mpu MC

Low histidine levels are often found in MS
[6]. Histidine has an anti-inflammatory effect,
and its deficiency may contribute to chronic
inflammation and oxidative stress in M.S

3-METHJITHCTHAMH — NPOLYKT
pacmajia MbIIIEYHBIX GETKOB
(MeTuIMpoOBaHUe TUCTHIMHA

B aKTHHE, MUO3UHE)
3-methylhistidine —

a breakdown product of mus-
cle proteins (methylation

of histidine in actin/myosin)

1 B Moue u mma3me npu ycu-
JIEHHOM MBbIIIEYHOM KaTabo-
muaMe (capKoneHusi, KaXek-
cus)

1 In urine and plasma with
increased muscle catabolism
(sarcopenia, cachexia)

Y manmeHTOB € CApKOTEHWEH W CapKOMeHUde-
CKUM OKHPEHHEM HAGTIOMAETCS MOBBIIEHHAS
akckpers 3-MH [20], ykasbiBatomast Ha ycKo-
PeHHbI pacnas MuoGuOPUILI n3-3a aHabO TIYe-
CKOIl pe3UCTEHTHOCTH

In patients with sarcopenia and sarcopenic
obesity, increased excretion of 3-MH is ob-
served [20], indicating accelerated myofibril
breakdown due to anabolic resistance

Tayramar (rJayTaMHHOBasi KHC-
JI0Ta) — TIPOAYKT Je3aMHUHU-
POBaHUs TJIyTaMUHA, YYaCTBY-
€T B 9HEPTETHYECKOM OOMeHe

1 a30THCTOM GajiaHce
Glutamate (glutamic acid) —
a product of glutamine deam-
ination, involved in energy
metabolism and

nitrogen balance

1 ¥V mammentoB ¢ MC u cHu-
JKEHHO! MBIIIEYHON Maccoi
1 In patients with MS

and reduced muscle mass

Bopicokuii rayramar B IJ1a3Me acCOIMMPOBAH
C MBIIIEYHON CIa60CTbIO; BO3MOXKEH KaK ITTOKa-
3aTesb MEPErpy3KN a30THCTBHIMU COETMHEHMSIMH
M CTPECCOBOTO METAGOIM3MA B MBIIIIAX

High plasma glutamate is associated with mus-
cle weakness and may be an indicator of nitro-
gen overload and stress metabolism in muscles

IIposmuH — riamKoreHHas
AMHUHOKHCJIOTA, KOMIIOHEHT
KOJITareHa

Proline — a glycogenic
amino acid, a component
of collagen

1 Y maimeHToB ¢ capkorie-
Hueit (IIOBBIMIEHHBIA MTPOJIIH

B ILI1a3Me)

1 In patients with sarcopenia
(increased plasma proline)

MoskeT OTpasKaTh pacraj COeqMHHTEIbHOTKAH-
HOTO MaTPHUKCA MBIIIIT; TTOTEHIIMATbHbBII PaHHUIT
MapKep CapKOTEHUH

May reflect breakdown of muscle connective
tissue matrix; potential early marker of sar-
copenia

Kpeatunun — KOHEUHBIN IPO-
yKT pactajia kpearuHdocda-
Ta B MblIIax (3aBUCUT OT MbI-
MIEYHO} MACChL)

Creatinine — the end prod-
uct of creatine phosphate
breakdown in muscles
(depending on muscle mass)

| Ilpu ymeHblIeHHH MBbIIIEY-
Hoit Macchl (capKoIeHus);
HensMmeHeH un 1T npu MC
6e3 capKOTeHNN

| With decreased muscle
mass (sarcopenia); unchanged
or 1 in MS without sarco-
penia

Hwuskuii ypoBeHb KpeaTHHMHA TIPH HOPMAJIbHOM
(YyHKIMM TOYEK KOCBEHHO YKa3bIBaeT Ha IIOTe-
PIO MBITIEYHON MACChI; UCMOJIb3YETCSI KIMHIYE-
CKM JIJIS1 OLEHKH MBIIIEYHOTO TIyJIa

Low creatinine levels with normal kidney
function indirectly indicate muscle loss; used
clinically to assess muscle mass

Hpumeuanue: cmpesxamu (1 u |) 0603naueno nogviuenue il NOHUKEHUE KOHUECHMPAUUU MAPKEPA NPU AHAGOIUYECKOl pe3u-
cmenmuocmu; MC — memaboauneckuii cundpom; BCAA (branched-chain amino acids) — amunoxuciomol c pa3eemeienHou

uenvio.

Note: arrows (1 and |) indicate an increase or decrease in marker concentration in anabolic resistance; MS — metabolic
syndrome; BCAA — branched-chain amino acids.
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[pyruM MapkepoM yCKOPEHHOTI'O MBIIIIEYHOTO KaTa-
6omama cayxuT 3-meruaructuaud (3-MH) — mpo-
JYKT JIETPAJIAllid  COKPATUTEJIbHBIX 6elKOB (aKTHH-
MHO3UHOBOTO KOMILJIEKCA), €ro BBIIEJEHHE € MOYOii
YBEJIMYMBAETCS IIPU paclajie MbIIIEYHOTO IPOTEHHa,
U OH CJIYKUT WHINKATOPOM WHTEHCUBHOCTH MBIIIEY-
Horo mporeosn3a [19]. ¥ nanuenToB ¢ capkonenmye-
CKUM OXXUPEHHEM [IeHICTBUTENIbHO HAXOJST MOBBIIIEH-
HyI0 aKckpenuio 3-MH, urto orpaskaer ycuieHHBIHI
MBIIITEYHBIN pacra/] Ha (oHe aHAGOIUYECKON pe3u-
crentHocTu [20].

Takske WHTepeC TPEACTABJASET AMUHOKUCIOTA TIPO-
JUH — IOBbIIIEHHE IIJIa3MEHHOTO MPOJHMHA OO6HA-
PY’KEHO y JIUI[ € CapKOMNeHWel, BEpOsSTHO, OTpaykas
pacra/i KoJIareHoBoro MaTpHUKCa MBI WK KOMIIEH-
CaTOpPHOE WCMOJb30BaHNE HEKOTOPBIX AMUHOKHUCIOT
npu MbimeuynoMm pacrajie [21]. Hakonern, xapakrep-
HbI W3MeHeHUs TPOMUIbHBIX AMUHOKHUCJIOT, CBSI3aH-
HBIX C BOCIAJIEHHUEeM: HAlpUMep, CHIDKEHHbIE YPOBHU
TUCTUAMHA W JIN3WHA. JTH aMUHOKHUCJIOTHI 06JAJatoT
AHTUOKCUJAHTHBIMM ¥ TIPOTHBOBOCHATUTEIHHBIMU
CBOWCTBaMM, M WX HU3Kasg KoHIeHTpamus npu MC
KoppeJupyer ¢ 6oJiee BbIPAKEHHBIM OKUCIUTETbHBIM
cTpeccoM ¥ BocmnanenueM [6]. B coBokymHOCTH Me-
TaGOJIOMHDbIE HM3MEeHEeHUs IpHU aHaOOJUYeCKOHl pesu-
CTEHTHOCTH OTPAXKAIOT MAPAJOKC U3OBITKA THTATEJD-
HBIX BeriecTB (BBICOKME TuyTamar, 3-MeTHJITHCTUINH
W Jp.) TPU OAHOBPEMEHHOM <«TOJIOJAHUN» MBIIIETHOIT
TkaHn (HU3KUI JIefiI[MH W CBsA3aHHBIE C HUM CTUMY-
JIMPYIOIIUE TYTH), HECTIOCOGHON aJIeKBATHO HMCIIOJIb30-
BaTh Cy6CTpAThI JIJIsI CHHTE3a 6eJKa.

Kaunuueckue npumepuol

Y manuentoB ¢ C/I2 yacrto pa3BuBaeTcs capKole-
HUYeCKOoe OKUPEHNe, CBI3aHHOE ¢ aHAOOJUYeCKOi pe-
3UCTEHTHOCTBIO, Ja’Ke IIPU a/leKBAaTHOM HUTAHUU MX
MBIIIITBI He MPUGABJALIOT Maccy, TOTJa KaK SKIUPOBast
TKaHb pacteT. MeTa0oJOMHBIH TPOMUIbL TaKUX Ia-
IUEHTOB XapaKTepu3yeTcss KOMOWHAINMEH TPU3HAKOB,
B YacTHOCTH, ycToiumBO Bbicokme BCAA, cBujeresn-
CTByIOIHE 06 WHCYJIMHOPE3UCTEHTHOCTH, COYETAIOTCS
C MapKepaMH MbIIIeYyHOro KartaGosuaMa (MOBBIIIEH-
Hble 3-MeTmarucTHAMH, Taytamar) [19, 22]. B kiac-
CHYeCKOM IpOocHeKTuBHOM uccaenoBanun T.J. Wang
et al. (2011) 6bLIO IIOKA3aHO, YTO COBMECTHOE IIOBBI-
HIeHnue YpOBHeH IISATH aMMHOKUCJIOT: JieHInHa, H30-
JIeHIIMHA, BajlWHA, TUPO3WHA W (heHWTAJTaHWHA, MO-
3BOJISIET TIPECKA3aTh Pa3BUTHE caxapHOro amabera
3a 3—5 JIeT 0 KJIMHWYECKOTO TMPOSBJIeHUS OOJEe3HM,
[IpuyYeM Takasg aMMHOKUCJIOTHAS IIaHeJb IPEeBOCXO-
JIUT 1O MPOTHOCTHYECKON 3HAYUMOCTU TPAJAUITUOHHBIE
daxropsr pucka [23]. Bosee Toro, npemioxkeHo wuc-
MOJIb30BATh KOMOWHAITMIO ATHX AMUHOKUCIOT C JPY-
rumMu - MetaGosutamu  (HampuMep,  alUIKAPHUTHHBI
W 0-TUAPOKCUOYTUPAT) AT CKPUHUHTA CKPBITON MHCY-
JINHOPE3UCTEHTHOCTH JIaske IIPU HOPMAJIbHBIX TIOKa3a-
tessx HOMA-IR [24]. Y:xe BHEIpeH Ja60PATOPHBII
TecT Ha o-ruApokcuGyTupar (a-I'B), moGounslii mMpo-
JIyKT MeTaboJm3Ma TpeoHWHa W Tuytarnona. OH 3a-
peKoMeHIoBaJ ceOs1 Kak paHHuil OmoMapkep HHCYJIU-
HOpE3UCTEHTHOCTH W Tpeanadera [25]. Kpome Toro,

[IOKA3aHO, YTO Yy MOXWJIbIX maiuentoB ¢ C/12 wamm-
Yyle CapKONEHWU COMPSDKEHO C MOBBIMIEHUEM YPOB-
HSL acCUMMETPUYHOTO auMeTniaprububa (asymmetric
dimethylarginine, ADMA) wu Gosiee BbIpasKeHHON
aHjoTenaNbHON aucdyuknueir [26]. Ito mamocrpu-
pyeT CBsSI3b MEXKIYy aHAGOIUYECKON PEe3MCTEHTHOCTDHIO
u cocyaucTeiMu Hapymenusimu ipu MC: morepst Mbl-
MIEYHON Macchl ycyryOsser MeTa0oJmuecKue OCTOXK-
HEHUsI, a BBbISIBJEHHE COOTBETCTBYIONIUX MeTaboJin-
ToB (HM3KOTO JIefiIMHa, BBICOKOTO TyTaMara u ap.)
[IOMOTAeT BOBPEMsI JMArHOCTHPOBATH CAPKONEHUIO
U CKOPPEKTHPOBATh Tepanuio (HanmpuMep, BKJIIOYUTDH
aHa6oJIYeCKIe TIPenapaThl, CUJIOBbIE YIPAKHEHUS
U JOCTaTOYHOE MoTpebrenne GeIKa).

MuroxonapuaibHas 1uchyHKIus
U MeTa0oJIMYecKasi «PUrHIHOCTb>

Mexanusmol

Mutoxonapuanbhas auchyuruus (MJ) wurpaer
HEHTPAJbHYI0 poJib B atoreHese MC, o6ycaoBauBas
TaK Ha3bIBAEMYIO MeTaGOJMYECKYI0 PUTUIHOCTH, He-
CIOCOOHOCTD OPraHu3Ma THOKO MePEKTI0YaThCT MEXK /Y
OKHUCJIEHNEM JKUPOB M TJIIOKO3bI B 3aBUCUMOCTHU OT YC-
JIOBUII nutanus u Harpyskum [27]. Y 310poBoro uesno-
BEKa B TIOKOE MPeoOsaJlaeT OKUCTEHUE KUPHBIX KUC-
JIOT, a 1nocJie mpueMa nuin — yriaesojos. IIpu MC
sTa MeTabosimuecKas ajantaius HapynieHa. [Ipuannpr
BKJTIOYAIOT CHMIKEHUE KOJM4YecTBa M (PYHKIIUU MUTO-
XOH/IPUIT B CKEJIETHBIX MBINIIAX U MeYeHH, HAKOILIe-
HUE B KJETKaX M30bITOYHBIX JHMUIHBIX CyOCTPaTOB,
yrueTaonmx (epMeHTbl B-OKUCTEHUs, a TaKKe Xpo-
HUYECKYIO THIEPUHCYJIMHEMHUIO, KOTOpas MO/aBJsSeT
gunonus [28]. B pesysabrare B-okucsaeHue >KUPHBIX
KHICJIOT IMPOTEKAET HE TOJHOCTBIO: CBOOOHBIE KUP-
HbIe KHCJOTBbI HE CTOPAIOT /10 KOHI[A B MUTOXOHPUSX,
YTO MPUBOJUT K HAKOIIEHUIO MTPOMEKYTOYHBIX IPO-
AykToB (aIUJIKapHUTHHBI, OPraHM4ecKHe KHCJIOThI),
a YTUJIM3aIns TJIIOKO3bl TaKyKe HapyIIeHa, YTO MPOsB-
Jgercs HakomenneM Jjakrara [28, 29]. Haxormrenue
AINIKAPHUTHHOB CBHU/IETEJIBCTBYET O HEMOJHOW mepe-
paBoTKe KUPHBIX KUCJIOT M CBSI3AHO C PE3UCTEHTHO-
crpio k wacymuny [30]. Takske mpum M/l Mosker Ha-
6moIaThcsi U3OBITOUHBIN KETOTEHE3: MapaJloKCcaIbHOE
MOBBINIEHNE KETOHOBBIX Tea (B-ruapoxcubyrupara)
Ha (poHe HOPMOTJIMKEMUM YyKasbiBaeT Ha Heahdhek-
THBHYI0 yTmiansammio anetmn-CoA B mukiae Kpe6Gea
[31]. Kpome TOro, Hapymaercs OKHCJIUTEIHLHO-BOC-
CTAaHOBUTEJbHDIH GajlaHC, MOBBINIAETCS COOTHOIIECHUE
BoccTanoBnennbix skBuBasentos (NADH) k NAD*,
T. €. CHIJKAeTCS OTHOCUTETbHBIN ypoBenb NAD* [32].
ITO TaK Ha3bIBAEMOE «BOCCTAHOBJIEHHOE» COCTOSIHUE
MeTabo/m3Ma TPUBOAUT K Jakratanugody (Haxoruie-
HMIO JlaKTaTa) M CONPOBOKIAETCS OKCH/ATHBHBIM
cTpeccoM W AuC(YHKIMEH IernporeHas, a TakKe
MOJKET BJIMSTH HA CUTHAJbHbIE TYTH KJETOUYHOTO BbI-
skuBanus (Hampumep, CHIUKATh AKTUBHOCTbH CHPTYH-
HOB — TPOAYKTOB TeHOB STRT m yCcKOpsTb cTapeHue
trkaHeil) [33]. TunuyHbIM MeTaGOJNYECKUM CBUTOM
npu MC sBisiercsi XpPOHUYECKU TOBBINIEHHBIH YPO-
BeHDb aJaHWHA, MO-BUAMMOMY, BCJEICTBHE aKTHBAIIH
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TJTIOKO30-aTaHNHOBOTO TIKJIA MEK/y MBIIIAMI 1 Tie-
YeHbI0. AJIAHWH BO3PACTAeT TPU WHCYJTMHOPE3NUCTEHT-
HOCTH W CT€aTo3e MeYeHH, OTPaKas aKTUBAIMIO TJIIO-
KOHeoreHe3a 13 aMUHOKHCIOT [34].

Kniouesvie memaboiomnvie maprepol

g MJl xapakTepHbl HU3MEHEHWS B TIPOdU-
JISX KApHUTHHOB, OPTraHUYeCKUX KHCJOT U JIPY-
mx MeTaGoMTOB OKUCAUTETbHBIX myTedt (Taba. 2).
AIUIKapHUTHHBI — 3(UPbI KAaPHUTHHA U KUPHBIX
KICJOT — CJIYXKaT CBOEOOPA3HBIM  «OTHEYaATKOM»
apdexruBnoctn B-oxucnenusi. Y guig ¢ MC u uH-
CYJMHOPE3UCTEHTHOCTBIO CTAOMIBHO OGHAPYSKUBAIOT-
CsI TIOBBINIIEHHBIE KOHIIEHTPAIMKM CpeJHe- W JJIHHHO-
HENOYEHbIX AIMJIKAPHUTHHOB B KpoBu (Hampumep,
kapuutunbl C8:0, C10:0, C12:0) [35]. 910 oTpaska-
€T HeNMoJHOEe OKHCJTIEeHUEe JKUPHBIX KHUCJIOT: U3OLITOK
anmi-CoA, He mpomuiefnnii MoJHOCTBIO MK Kpebea,
BBIBOJINTCS U3 MUTOXOHJPUI B IUTO30JIb B BH/IE AllNJI-
kapHuTHOB [30].

[TokaszaTtesbHO, 4YTO Yy JHO/lell ¢ WHCYJWHOPE3U-
CTEHTHOCTBIO CHIKEHNUE YPOBHSI CPEIHEIeTIOUeuHbIX
AIUTKAPDHUTHHOB BO BpeMs TJIOKO3HOW HArpy3Ku
BBIPa)KEHO cjabee, 4eM y MeTaboJUYecKUu 30POBbIX,
TO €CThb WX MHUTOXOHAPUU MeHee THUOKO TepeKJIova-
I0TCST C JKMPOB Ha YTraeBoJbl [35]. DTo roBopuT 0 TOM,
YTO y WHCYJUHOPE3UCTEHTHBIX CYGBHEKTOB KUPHbBIE
KICJOTBI TPOJO/UKAIOT U30BITOYHO HCIOJb30BATHCS
1 HEMOJHOCTBIO OKHUCISATBCS Jake MPHU TMOCTYTLICHIH
IJIIOKO3BI. DBosiee TOTO, 3KCIEPUMEHTHI in VIitro TPo-
JIEMOHCTPUPOBAJIN, YTO M3OBITOK WMEHHO CpeHerle-
noueynbrx anuakapautuHos (C10, C12) cmocoben
HAMpsIMYIO YXY/IIaTh YCBOEHUE TJIOKO3bI KUPOBBIMU
KJIETKaMHU, TO €CThb caM 1o cebe BHOCHUT BKJAJl B MHCY-
JIMHOPE3UCTEHTHOCTH [35].

Jlpyroii xapakTepHblii MeTaGOJUT — 3TO JIAKTAT.
[ToBbIIieHTe KOHIIEHTPAINHN JIAKTATAa HATOIAK — YacToe
seienne 1ipu oskupennn u MC [36]. 36bTok J1akTa-
Ta OTPA’KAET C/IBUT SHEPTETUYECKOTO OGMEHA B CTOPOHY
aHa’pPOOHOTO TJIMKOJIM3a M3-32 HEAOCTATOYHOW aKTHB-
HOCTH MUTOXOH/PHU. RIIMHWKO-3MI/1eMIOJIOTTYEeCKIe
JIAaHHDbIE TIOKA3bIBAIOT, UTO TOBBINIEHHBI YPOBEHD JIAK-
TaTta MOXKET CIYKUTh PAHHUM TPEIUKTOPOM PHCKA pas-
sutusa MC u guabera [36].

JIpyryto TPyIIy MapKepoB COCTABJISIIOT AHKAapOO-
HOBBIE U JIPYTHE OpPraHMYeCKHe KHCJIOTHI, CBSI3aHHDIE
C TUKJIOM TPUKAPOOHOBBIX KUCJOT U TOOGOUYHBIMU Me-
TaboTMIeCKUMHU TTyTsMu. Y manueHToB ¢ MC Hepenko
BO3pacTaeT ypoBeHb CyKIMHATA, hyMapara, MaJoHaTa,
OKcasoalerata u JAPYrux TPOMEKYTOUHBIX MeTaGou-
toB nukia Kpe6ea [37]. Hakomnnenue sTux mpoMexKy-
TOYHBIX MPOJYKTOB YKa3bIBaeT Ha IMEPErpy3Ky IUKJIA
Kpeb6ca cyOGctpaTaMu W ero OTHOCHTETHHYIO OJOKATY.
Wurepecto, 4to caM 1o cebe CyKIMHAT CIIOCOOGEH BbI-
CTyNaTh KaK CHTHAJIbHAS MOJIEKYJA: 4epe3 PeIernTop
SUCNR1 (Succinate Receptor 1) on crumynupyer
mposndepaluio KUPOBOil TKAaHW W TPOIYIINPOBAHUE
BOCHATUTEJbHBIX IMUTOKMHOB Makpodaramu [38], cBs-
3bIBasi T€M CaMbIM MHUTOXOH/PUATHHYIO MUC(HYHKIIUIO
C OXKHMpEHWeM U BOcTajeHueM. Y MaIlMeHTOB C OXKHU-
peHueM JIefICTBUTENbHO OOHAPYSKUBAIOT TTOBBIIEHHBIT

yPOBEHb CYKIIMHAaTa B IJIa3Me, KOPPEJUPYIOMnit
¢ xyammM MerabosmdeckuM npoduiem [38]. Takum
06pa3oM, covyeTaHWe BBICOKUX AIMJIKAPHUTUHOB, JaK-
TaTa W CYKIIMHATA B KPOBU CJYJKHUT <OTIEYATKOM> MU-
TOXOHpHaIbHOU Auchyuriun mpu MC.

B-ruapoxcubGytupar (B-TB) — KiI0UeBOE KETOHO-
BOe TeJslo, Y MeTaGoJIMuecK! HEe3/[0OPOBbIX MAI[IIEHTOB
CHIDKEH HATOIAK W3-32 TOCTOSIHHOW TUIIEPUHCYJIU-
Hemun (1IO/[aBJeHUE KETOTEHe3a), OJIHAKO MpU Ts-
JKEJION WHCYJMHOPE3UCTEHTHOCTH TIeYeHW BO3MOKHO
[IapaJIOKCAJBbHOE TOBBIINIEHNE KETOHOBBIX TeJT Jaxe
npu HopMasibHO Tiioko3e [39]. Cumkenne B-I'B cun-
TAeTCs MHIMKATOPOM MeTab0MYecKoil pe3uCcTeHTHO-
ctn (CHMKEHHOTO SKMPOCIKUTAHUS), TOT/la Kak yMe-
PEHHBII O/beM KeTOHOBBIX TeJl Ha HU3KOYTJIEBOAHOIL
JeTe MOXKeT CBHJIETEIbCTBOBATH 06 3¢ dexTHBHOM
HCIOJIb30BAHNN JKUPOB B KayecTBe TOILIMBA U COIPS-
JKEH ¢ yJIydlieHneM MeTaGoIMIecKX MOoKa3aTeseil.

Hapymienne  OKHCJINTENbHO-BOCCTAHOBUTEIBLHOTO
6amanca pu MC TposiBiseTcss CMeNeHueM COOTHO-
menuss NAD*/NADH B cTopoHy BOCCTaHOBJIEHHOI
dopmpr (makomrerne NADH). KocBeHHO 9TO MpOsiB-
JigeTcsl, HalpuMep, IHOBbBIINIEHNEM COOTHOIIEHUS JIaK-
TaT/MUPyBaT, a HEMOCPEACTBEHHO — yMEHbIIEHUEM
YPOBHA HUKOTHHAMUJAJECHUHANHYKJICOTHIA B OKHC-
aennoit popme (NAD') [40]. Taroe «BoccTaHOBJIEH-
HOE» COCTOsIHHE MeTaboJIM3Ma CBSI3aHO C OKCH/ATHB-
HBIM CTPECCOM U HapyllleHueM paloThl JIeTHAPOTEHA3,
a TaKKe MOJKET BJINATD Ha CUTHAJbHBIE IIyTH JOJITOJIe-
s (HampuMep, MOHMKEHWE aKTHBHOCTH OENKOB CHP-
TYMHOB, MI'PAIONINX BaKHEHIIyI0 poJib B pelapanun
JTHK) [32].

Eme oxuH THIIOBOII MeTabOIMYeCKUl CABUL, IIO-
BBIIIEHHBIN ~aJaHUH. AJIaHUH = SBJSETCS  OOGMEHHO
CBA3YIOIUM 3BEHOM MEX/Y MBbIIIAMI U IeYeHbIO
(rIOK030-aTaHUHOBBIH  TIMKA); TPH  WUHCYJNHOPE3H-
CTEHTHOCTH M CTeaTro3e IleYeHH YPOBEHb aJlaHhHA
B TIaszMe nosbimnaercs (OTpaskaer yCUIIeHHBIH TIIOKO-
HeoreHe3 N3 aMUHOKUCJIOT) [41].

Kaunuueckue npumepot

[Ipn HeanmKOroJbHON KUPOBOI GOJIE3HU MeYeHN
(HAJKBII) MuTOXOHApHAIbHAL JUChYHKIMS — BbBI-
pakeHa oco6o oryerauBo. Hampumep, npu mpo-
TPECCUPOBAHUM K HEAJTKOTOJbHOMY CTeaTOTemaTuTy
(HACT) wnapymraercss mpoiiecc Jgumodaruu, ayroda-
THYECKOTO PACIIeTIeHUsT JIMHI/IHBIX Kaleidb B Tema-
TOLUTAX, 4YTO BeJeT K Ieperpyske II€YeHU KUPOM
1 TIOBPEXIEHUI0 MUTOXOH/IpUI. OTMEUeHO CHIKEHUe
AKTUBHOCTU JIM30COMAJIBHOW KHUCJIOH Jinna3bl U Ha-
KomteHue TpursniepunoB B medenn npu HACT [42].
MeTa00JIOMIYECKH 3TO COIIPOBOK/AETCS IOBbBIIMICHN-
€M YPOBHEI alIKAPHUTUHOB M OPTAHNYECKUX KUCJIOT
B CBIBOPOTKE, YTO yKa3bIBaeT Ha OJIOKaLy B-OKUCIIEHUS
U Teperpy3Ky MHUTOXOHJIpHATbHOTO mukia Kpebca
cybcTpaTaMu.

CTouT OTMETUTH, YTO MeTaOOJIOMHbBIE MapKepbl MU-
TOXOH/JIPUAJTBHON AUC(HYHKIUN MOTYT IIPOSBIATHCS
3a/I0JITO /10 SBHBIX KJIMHWYECKUX MPU3HAKOB. Tak, 1mo-
BbIIIIEHNE AIMJIKADHUTUHOB M JAUKAPOOHOBBIX KUCJOT
B MJIA3M€ MOJKET BBISIBUTH CKPBITYIO HETIOJTHOIIEHHOCTD
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Tab6auua 2. MetaGonoMHbIe MapKepbl MUTOXOH/[pHAIbHON aucdyrkimm mpu MC
Table 2. Metabolomic markers of mitochondrial dysfunction in MS

Mapkep (yTh)
Marker (path)

Namenenns npu MC (M)
Changes in MS (MD)

Kiannunyeckasi 3HAUMMOCTh W MHTEPIPETALUS
Clinical significance and interpretation

Amkapaumissr (C2—C18) —
IIPOM3BOAHbIE KAPHUTH-

Ha, MEPEHOCAT KUPHbIE
KHCJIOTBI B MUTOXOH/IPUH

I B-OKUCJICHUS
Acylcarnitines (C2—C18) —
derivatives of carnitine that
transport fatty acids into
the mitochondria

for B-oxidation

1 CpenHe- M UIMHHOIETIOYEY-
HbIE€ allMJIKaDHUTUHBI B ILJIa3-
Mme ipu MC u P

1 Medium- and long-chain
acylcarnitines in plasma

in MS and insulin resistance

HaxoiieHue anuiKapHUTUHOB OTPAKAET HEIIOJHOE
OKHUCJIEHUE JKUPHBIX KUCJIOT. [[OBBIIIEHHBIE YPOBHI
cBsg3aHbl ¢ puckoM pasButusg C/[2 u MOTyT Hemo-
CPE/ICTBEHHO YXY/IIaTh HWHCYJMHOBYIO YyBCTBU-
TEJIbHOCTD

The accumulation of acylcarnitines reflects in-
complete oxidation of fatty acids. Elevated lev-
els are associated with the risk of developing
DM?2 and can directly impair insulin sensitivity

CykuuHar, MaJjar, UTPaT
(metaGomursl mukia Kpebea)
Succinate, malate, citrate
(metabolites of the Krebs
cycle)

1 B mrasme ipu MC/CJI2
(Hapacranme TTPOMEKYTOUHBIX
MIPOAYKTOB IUKJIA TPUKAPOO-
HOBBIX KHCJIOT

1 In plasma in MS/DM?2
(increase in intermediate
products of the tricarboxylic
acid cycle)

YkasbiBaer Ha Ieperpysky iukiaa Kpe6ea cy6erpa-
TaMu 1 6J0Kaxy OKuCIeHusA. [IoBBIMEeHHbIN CyKITH-
HAT, MOMUMO 3TOr0, CIOCOGEH CTHMYJIUPOBATH IIPO-
JiepaIio JKUPOBOil TKAHH U IIPOBOCTIAIUTEIbHBIE
peaxunm

Indicates substrate overload of the Krebs cycle
and blockage of oxidation. Elevated succinate
can also stimulate adipose tissue proliferation
and proinflammatory reactions

Jlaktar — KOHEUHBII POAYKT
TJIIKOJIN3a
Lactate — the end product

of glycolysis

1 Haromak uiau npu Harpys-
ke y jun ¢ UP u MC
(maxTarayaemMus)

1 On an empty stomach

or under load in individuals
with IR and MS (lactic ac-
idemia)

Orpakaer npeobiasanre aHadpPOOGHOTO TJIUKOJIU3A
¥ CHIDKEHIE OKHCJIUTEIbHON CIIOCOOHOCTH TKAHEH.
XPOHUYECKN IOBBIIIEHHDBIN JIAKTAT aCCOIMUPOBaH
C TIOBBINIIEHHBIM PUCKOM auabeTa W CepleyHoil He-
JIOCTAaTOYHOCTI

Reflects the predominance of anaerobic glycoly-
sis and reduced tissue oxidative capacity. Chron-
ically elevated lactate is associated with an in-
creased risk of diabetes and heart failure

B-ruapoxcubytupar (B-I'B) —
KETOHOBOE TEJIO
p-hydroxybutyrate

(B-HB) — a ketone body

| Haromak npu runepuHcy-
JuHeMun (yrHETEH KeTore-
HE3); BO3MOXHO 1 IIPU JEKOM-
nencanuu VP neuenn

| On an empty stomach

with hyperinsulinemia
(ketogenesis is inhibited);

1 is possible with
decompensation of liver IR

Huskwuit B-I'D ykasbiBaeT Ha CHIDKEHHOE SKUPOCIKH-
rarue (MeTaGoNMYeCKyi0 PUIHAHOCTD). YMEPEHHO
noBbImeHHbIN B-I'D, HapPOTUB, MOXKET GBITH 6JIaTO-
MPUSATHBIM MapKepoM 3(P@EeKTUBHOTO HCMOJb30BA-
HUS JKUPOB KaK TOILIMBA

Low p-HB indicates reduced fat burning (met-
abolic rigidity). Moderately elevated p-HB,
on the other hand, can be a favorable marker
of efficient fat utilization as fuel

NAD*/NADH — HuxoruHa-
MU/IHBIE KOAKTOPHI OKHUCIIH-
TEJBHO-BOCCTAHOBUTETBHBIX
peaxuuii

NAD*/NADH — nicotin-
amide cofactors of oxida-
tion-reduction reactions

| Cmernenne 6amanca B CTO-
porry NADH (cHmkenue ot-
HOCHUTEJIBHOTO ypoBHA NAD')
npu MC

| Shift in balance towards
NADH (decrease in relative
NAD? level) in MS

OTpaskaeT «BOCCTAaHOBJIEHHOE» COCTOSIHIE MeTab0-
JIM3Ma, COIIPOBOSKIAIONIEECS OKCHIATHBHBIM CTPeC-
COM U HapylleHuneM paGoThl JETHPOTreHas; CHU-
skeHue NAD' Mo)xeT BJIMATb Ha CUTHAJIbHbIE IIyTU
(cupTyuHBI U Ap.), YCKOPSA cTapeHue TKaHeit
Reflects a “restored” metabolic state, accompa-
nied by oxidative stress and impaired dehydro-
genase function; a decrease in NAD+ can affect
signaling pathways (sirtuins, etc.), accelerating
tissue aging

AJIaHUH — TIPOME)KYTOYHBIIT
MeTaGoJIUT TJIMKOJIM3a U TPAHC-
aMI/IHI/IpOBaHI/IH

Alanine — an intermedi-
ate metabolite of glycolysis
and transamination

1 IIpu P u HeankoroabHOU
JKUPOBOI GOJIE3HU TT€UEHN;
HOBDBIIIEH y MoJesell fuabera
(b db/db)

1 In IR and non-alcoholic
fatty liver disease; in-
creased in diabetes models

(db/db mice)

Bbicokuil ajaHuUH B ChIBOPOTKE CBsI3aH C YCHUJIEH-
HBIM TJTIOK030-TAHWHOBBIM IIMKJIOM M TJIIOKOHEOTe-
HE30M, YTO XapaKTEPHO JJISI WHCYJMHOPE3UCTEHT-
HOCTH TIEYEHN U JKUPOBOH MHOUIBTPAINN TEICHN
High serum alanine is associated with enhanced
glucose-alanine cycling and gluconeogenesis,
which is characteristic of liver insulin resistance
and fatty liver infiltration

ITpumeuanue: MC — memaboruueckutl cundpom, M/ — mumoxondpuarvnas oucpynxyus, C/A2 — caxapnoiii duabem
2-20 muna, NAD — nuxomunamuodadenunounyxieomud, HP — uncyrunopesucmenmmuocmo.

Note: MS — metabolic syndrome, MD — mitochondrial dysfunction, DM2 — type 2 diabetes mellitus, NAD — nicotinamide
adenine dinucleotide, IR — insulin resistance.
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MUTOXOH/IPUATIBHOTO OKUCJIEHUS ellle Ha CTa/ U TIpe/l-
qnaGeta. B ofHOM KPYIMHOM TOMYJSIIMOHHOM HC-
CeIOBaHUN OOHAPYKWJIM, YTO M00aBJeHNe TaHegn
AIMIKAPHUTHHOB ¥ CBSI3aHHBIX MeTa0O0JUTOB K KJIU-
HuyeckuM (hakTopaM TO3BOJUIO HECKOJIbKO YJIyu-
MIATH TTPOTHO3UPOBAHNE HAPYIIEHHON TOJEPAHTHOCTH
K riaoxose (AUC nporaoctuueckoit Mogenn ~0,84 vs.
~0,80 % TpM WMCMONB30BAHUM TOJBKO KJINHUUECKUX
pannbix) [43]. [dunamuyeckue tectbl (Hampumep,
OPAJIBHBIA TJIIOKO30TOJIEPAHTHBIA TECT) B COYETAHUH
¢ MeTaboJIOMUKOIT etie Gosiee MHGMOPMATUBHDI, Y JINI
C WHCYJWHOPE3UCTEHTHOCTHIO CHIUKEHWE AlMJIKApHU-
TUHOB TIOCJIe TJIIOKO3HOW HArpy3KH HeJI0CTaTOYHOE,
TOT/Ia KaK Y 3/I0POBBIX OTMEUYAEeTCS UX 3aMeTHOe Tajie-
HHUE TI0 Mepe TMepeKTioYeHnsT MeTaboIn3Ma Ha YTIIeBo-
ol [44]. Takum o6pasoM, 1O XapakTepy HU3MEHEHUs
MeTaGoJIMTOB BO BpPeMs HArPy3KW MOXKHO crpatudmu-
1IUPOBATh MAIMEHTOB, BBIJE/SIA, HAIPUMED, MOJTHUIL
MC c BbIpa’keHHON MUTOXOH/[PUAJTBHON PUTHIHOCTDIO,
TpebyoIuii HanpaBJaeHHoN Tepannu (HarmpuMep, Mu-
TOTPOIHBIX NIPenapaToB, KO(GepMeHTOB U T. I.).

NHcyIMHOpe3nCTEHNTHOCTD (MeTabonyecKue
HapylleHus NMpU HHCYJNHOPE3UCTEHTHOCTH)

Mexanusmol

Wucymunopesucrentaocts (MP) — kpaeyrosbHblii
naroreHerndecknii komnonenT MC, XapaxkTepusyio-
HUICST CHUKEHUEM YyBCTBUTEJbHOCTH TKaHel K Jeil-
cTBUIO MHCyJanHA. B ocHoBe P jexaT MHOMKeCTBEH-
Hble MEXAHU3MBI: 9TO W Meperpy3Ka MBI, HeYeHH
mnugamu (JIMIOTOKCHMYHOCTD), XPOHMYECKOE HU3KOY-
POBHEBOE BOCHAJICHIE, MUTOXOHJAPHAJIbHAS IUCHYHK-
st u regernueckue dakropsl [2]. lpn abmomunab-
HOM OKUPEHUHN U30BITOK CBOOOHDBIX JKUPHBIX KUCJIOT
U3 BUCIIEPATBHON KUPOBOI TKAHU TOCTYHAET B TIOP-
Ta7 W BbBI3BIBACT JKUPOBYIO WH(MUIBTPAIMIO IMEYCHU
n MbIl. HakoreHue TPUTIUIEPUIOB U TOKCUIHBIX
JIIM/IHBIX  TIPOMEKYTOUYHBIX — TPOAYKTOB  (amarnu-
[JIMIEPOJIOB, 1EPaMKUI0B) B 9THX OpraHax Hapylia-
eT Tepejayy CHUTHAJIA OT WMHCYJMHOBOTO PEIENTopa
k adpdexropupiv nyrsam (PI3K-Akt), npusoas K mo-
cTperienniTopHoMy jiedperty neiictBug mucynuna [13].
OIHOBPEMEHHO B TEYEHU YCUJIUBAECTCS TIPOLYKIIUS
IJIIOKO3bI, & B MBINIIAX CHUMKAETCS TOTJIONIEHNEe TJIIO-
KO3bl. [unepuHCyIuHEeMUS, PA3BUBAIONIASICS KOM-
MEHCATOPHO, 3aMbIKAET TOPOYHBINH KPYT, YCyryOss
aucbananc. Xponmdeckoe Bocnanenue (aKTBaIus
MakpodaroB B JKUPOBOW TKAHW, CEKPeIUsl IUTOKU-
woB 1L-6, TNF-a) Takske HarpsgaMyio Bbi3biBaeT P
yepe3 MH/IYKIUIO cTpecc-KuHa3, (ocdopuampyionmx
WHCYJIMHOBBII PEIENTOP 110 CEPUHOBBIM OCTaTKaM [45].
B wnrore y manmentoB ¢ MC pasBuBaercss KOMILJIEKC-
Hast kKaptuHa VP, OT MOBBINIEHHOTO YPOBHS WHCYJINHA
HATOIMIAK [0 HAPYIIEHHON TOJIEPAHTHOCTH K TJIIOKO3€.
NP saBasercs npeaukTopoM mnporpeccupoBanusi MC
B caxapublii quabet 2-ro Tuna [2] u KJI04YeBbIM Tapre-
TOM [IJISI TEPANIEBTHUYECKUX BMEIIATETbCTB.

Karouesvie memaborommnvie mapkepol

MeTtaboJIOMHDIE HCCIEIOBAHUS MOCJAEJHUX JIET TIO-
3BOJIUJIH BBISIBUTD CUTHATYPY MHCYJIMHOPE3UCTEHTHOCTH

KaK XapaKTepHbIN CIIEKTp MeTaGoJUTOB B KPOBH, OT-
auvatomnii jgnit ¢ VP oT 4yBCTBUTEJNBHBIX K WHCY-
suny. OpnuM n3 HamboJiee BOCHPOM3BOJMMBIX MOKA-
3aTesieil CAYKUT TOBBIICHIE YPOBHS apOMaTHYE€CKUX
AMUHOKHUCJOT THUPO3MHA U (peHUIaJaHuHA Y IaI[eH-
toB ¢ oxuperueM u WP [14]. IloBbrenne denm-
aJlaHnHa,/ TUPO3NHA CBSI3aHO C MEPErpy3Koll MmeyeHou-
HOro epMeHTa (PEHWTATAHUHTUAPOKCUIA3BI W MO-
JKET yKas3blBaTh HA HapYyIIEHHE IeYeHOYHOro MeTabo-
masma ipu IP. Hapsny ¢ BCAA (nefiunn, Basvw,
U30JICHINH ), BBICOKME YPOBHU OTHX aAPOMATHYCCKUX
AMUHOKHCJIOT (POPMUPYIOT aMUHOKUCJIOTHBIH —MPO-
usb, npenckaszbIBAIONINIT PUCK pPasBuTUsS auabera
32 HECKOJIBKO JIeT 10 KJWHWYECKOW MaHudecraiun
[14]. Bpuio moxasaHo, YTO cOYeTAHUE IMOBBIIIEHHBIX
BCAA, TuposuHa n (eHHIaTaHNHA YeTKO OTIMYaeT
HAIMEHTOB € OKMPEHUEM M HMHCYJIMHOPE3UCTEHTHO-
CTBIO OT MeTa0OJMYECKN 3JI0POBBIX XY/bIX, a BBeje-
HHUe TAaKOHl cMecH aMHUHOKMCJIOT SKMBOTHDBIM BbI3bIBAJIO
npusnaku passutus UP [1].

Eme ogun mapkep — 3TO HU3KUH YDOBEHb IJIU-
nuHa. TaMmmH — HescceHIMATbHAS AMUHOKHUCIOTA,
HeoOXoAUMast JUIsl CHHTe3a TiayTaTnoHa (Bakueiirie-
r0 KJETOYHOTO AHTHOKCUJIAHTA) W JACTOKCUKAIIUH.
IIpn MC konueHTpanug IJIMIMHA B IJIa3Me CHUXKEHa,
U 9TO OTPAKAET KaK HAJIWYNE OKHCJIUTEIHbHOTO CTpec-
ca, TaK U CHIDKeHNe MeTaboInyecKoil BapuabesbHOCTH
[46]. Huskwuii rymiub accoruupoBan ¢ 6oJiee BbIpa-
SKEHHON MHCYJIMHOPE3UCTEHTHOCTBIO U PUCKOM Juale-
ta [14, 46]. Ilpeamnonaraercs, 4to pAeUIUT TIAUIINHA
yeyry6asier P, mockosibky ocsabisieT aHTHOKCH-
JMAHTHYIO 3alllUTy W YCHJINBAET BOCIAJEHNE, BbI3BAH-
HOe U30bITOYHBIM IuTanueM [46].

[TomuMo aMWHOKHMCTIOT, 1leHHbIME Mapkepamu WP
cayxar orpenesneHubie gunuapl. Ocoboe BHUMaHIE
MPUBJICYEHO K COUHTOJUIIIAM, a UMEHHO IepaMu-
nam. Ilepamuapl (KOMIOHEHTHI KJIETOUHBIX MeMOpaH,
o0pasyloluecs: 13 HACBINEHHBIX JKIUPHBIX KUCJOT, Ha-
IpUMep TaJbMHUTaTa) CHOCOGHBI HATIPSIMYIO HAPYIIATH
WHCYJIMHOBBINI CUTHAJT B KJIETKAX, aKTUBUPYS CTpecc-
kuHasbl 1 uHrn6upys Akt (protein kinase B, serine/
threonine-specific protein kinases) [13]. B Mbrmeu-
HOW W TI€YeHOUYHON TKaHu marnueHtoB ¢ VP o6uapy-
JKUBAIOT TOBBINIEHHOE CO/IEPIKAHUE IEPAMUIOB, KPO-
Me TOro, B KPOBH KOHIIEHTPAIIUU OTJEJIbHBIX BH/OB
nepamuzgos (mampmmep, C:16 mmm cootnomenne Cer
(d18:1/16:0) x Cer (d18:1/24:1)) xoppeaupyior
¢ ypoBaeM NP u puckom cep/edHO-COCYUCTBIX OC-
JIOKHEHUH 10 JaHHBIM JIMIH/IOMHBIX HCCJIeI0BaHU
[1, 13]. HecayuaiiHo nmaHesb CbIBOPOTOYHBIX IEepaMuU-
JIOB yKe IIpejijlaraeTcsl B KauecTBe CTPaTH(UKAIMOH-
HOTO TecTa s olleHKu pucka npu UP u nuabete.

[pyroit munuanblii Mapkep — M3MEHEHHUS B CcOCTa-
Be QocdommmnugoB aUMONpoTenHos. Tak, B cucreMa-
THYECKOM 0630pe MO MeTaGOJOMHBIM UCCJIE[OBAHUSIM
MC orMmeueHo, 4TO ABa BHJAa (HOCHaTH/IIIXOJITHOB
(PC 34:1 u PC 34:2) 3na4uMO U3MEHEHbBI Y TIAllMEHTOB
¢ MC no cpaBHeHmo co 310poBbiMu [6]. It docdo-
JIUTIAZBI MOTYT OTPA’KaTh MePecTpoiiky MeMOpaH W Jiu-
MONPOTENHOB TIPU TUCTUNUIEMUN, ACCOTTMUPOBAHHOMN
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Tab6auua 3. OcHoBHbIe MeTaGOJOMHBIE MapKePhl HHCYIMHOPE3UCTeHTHOCTH Tipn MC
Table 3. Main metabolomic markers of insulin resistance in MS

Mapkep (myTh)
Marker (path)

N3menenns npu UP (MC)
Changes in IR (MS)

Kannuyeckoe 3HaueHue
Clinical significance

AMHHOKHUCJIOTBI C Pa3BeT-
BJIEHHOI nenbio (JeiinuH,
130JIeHIIH, BaJIUH)
Branched-chain amino
acids (leucine, isoleucine,
valine)

1 CTaGUIbHO TIOBBIIIEHBI

npu oxuperann 1 MC. OcobeH-
HO M30JIEHIUH — OOIINii MapKep
aucraukemun [11]

1 Consistently elevated in obe-
sity and MS. Especially isoleu-
cine, a general marker of dys-
glycemia [11]

Pannue npenmkropst pasputusi C/I12. Xponude-
cku noBbierHble BCAA yeyry6asiior P Besen-
CTBHE HAKOILUTEHUS] TOKCHYHBIX METa00JHTOB
Early predictors of type 2 diabetes. Chron-
ically elevated BCAAs exacerbate IR due
to the accumulation of toxic metabolites

ApoMaTHYecKHe aMHHOKHCJIO-
b1 ((peHnIaNaHuH, THPO3KH)
Aromatic amino acids
(phenylalanine, tyrosine)

1 Ilpu MC u oxxupenun
1 In MS and obesity

AcconuupoBanbl ¢ VIP medenu m cHuxeHueM
kinpeHca amuHokucsiot. [losbrmenne Phe u Tyr
npezckasbiBaeT puck CJI2
Associated with liver IR and decreased amino
acid clearance. Elevated Phe and Tyr levels
predict the risk of DM2

Tompra (AaHTHOKCHIAHTHAS
AMUHOKHCJIOTA )

Glycine (antioxidant amino
acid)

| IIpu MC
lIn MS

Huskuii ypoBeHb TJIMIMHA OTPASKAET OKCH/IA-
TUBHBIIl CTPECC W BOCTAJIEHUE, XapaKTEPHBIE
mins UP. Casan ¢ puckoM amabeta W cepied-
HO-COCYAMCTBIX 3a60JI€BaHMIT

Low glycine levels reflect oxidative stress
and inflammation, characteristic of IR. They
are associated with a risk of diabetes and car-
diovascular disease

CooTHOmEHHEe TIyTaMuH /
rJIyTamatr
Glutamine / glutamate ratio

| Hpu MC (riyTaMuH CHUKEH,
TJIyTaMaT MOBbINIEH )

L In MS (glutamine is reduced,
glutamate is increased)

Huskoe coornomenue accoruuposano ¢ MIP u Boc-
nasieHreM. Bblcokuil rryramMar — NpusHak yCHIeH-
HOTO TJTIOKOHEOTEHE3a W CTPECCOBOTO MeTabo/m3Ma
A low ratio is associated with IR and inflam-
mation. High glutamate is a sign of increased
gluconeogenesis and stress metabolism

Ammikapaurunast C3, C5
(IIPONMOHU- ¥ M30BaNEPUI-
KapHUTHH)

Acylcarnitines C3, C5
(propionyl- and isovaleryl-
carnitine)

1t IIpu VP (saxomieHue MeTaGo-
muros BCAA)

1 In IR (accumulation of BCAA
metabolites)

Mapxkepbl HemoaHOro pacnaga BCAA; accomm-
MUPOBAHBI C PUCKOM HAPYIIEHUS] TOJEPAHTHOCTH
K T[JIIOKO3e. MOryT yrHeTath WHCYJIUHOBYIO CUT-
HATBHYTO T[€Mb B MBIIIIAX

Markers of incomplete BCAA breakdown; asso-
ciated with the risk of impaired glucose toler-
ance. May inhibit insulin signaling in muscle

Iepamuapr (nanpumep, Cer
16:0, 24:1) — cduHTOIUINLBI
Ceramides (e.g., Cer 16:0,
24:1) — sphingolipids

1 B cbIBOpOTKe M TKaHSIX

npu MC, C/I2

t In serum and tissues in M.S,
DM?2

WNunykroper VIP: TOpMO3sT nepefady cursasia
OT WHCYJMHOBOTO PENENnTOpa. BBICOKME ypOBHH
OT/IEJIbHBIX IIepaMH/IOB CBsi3aHbl ¢ puckom CJI2
U CepPAEYHO-COCY/IUCTBIX 3a00I€BAHNUI

IR inducers: inhibit signaling from the insu-
lin rveceptor. High levels of certain cevamides
are associated with the risk of DM2 and car-
diovascular disease

Jurmanepuast (JIAT) —
JIVITTV/THBIE TTOCPETHUKI
Diglycerides (DAGs) —
lipid intermediaries

1 B neuenn u mbiax mpu MC
(HaKoIIeHNEe BHYTPUK/JIETOUHBIX
JIAT)

t In the liver and muscles
in MS (accumulation of intra-
cellular DAGs)

AktuBupyior nporenHkuHazy C 1 Hapymaior
docopumpoBaHie UHCYJINHOBOTO PETIETITOPA,
cioco6etByst UP. TloTeHnuanbHble TKaHEBbIE
6nomapkepel HAYKBII n newenounoit P
They activate protein kinase C and disrupt
insulin receptor phosphorylation, contribut-
ing to IR. Potential tissue biomarkers of NA-
FLD and hepatic IR

1,5-aHTUAPOTTIOLUTO
(1,5-AT') — nunieBoii mOJNO
1,5-anhydroglucitol
(1,5-AG) — a food polyol

| B cpiBopoTKe 1pu yacTtoii ru-
TEPIINKEMIN

| In serum with frequent hyper-
glycemia

Husknit 1,5-AI — #WHAWKATOP YacTBIX THIEP-
TJINKEMUYECKUX <«BCIIECKOB»> mipu VP, mcmosn-
3y€TCsl LTSI KOHTPOJISI TJINKEMUH B MEXKIIPHCTYII-
HOM IIeproje

Low 1,5-AG — an indicator of frequent hy-
perglycemic “spikes” in IR and is used to con-
trol glycemia in the interictal period

Hpumeuanue: MC — memaboruveckui cunopom, HP — uncyaunopesucmenmuocmo, C/J2 — caxapnovii duabem 2-z0 mund,
HAJKBII — neanxozoivnas Kuposds 601e3Hb NeueHu.

Note: MS — metabolic syndrome, IR — insulin resistance, DM2 — type 2 diabetes mellitus, NAFLD — non-alcoholic fatty

liver disease.
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¢ UNP. B mnemom xoMOMHaAIMg aMHUHOKUCJIOTHBIX

(BCAA, tuposumn, (permananH — BbBICOKWE, TJIHU-
MUH — HU3KWHA) M JUIUAHbIX (IIepaMuabl — BBICO-
Kue; omnpeznenennbie (Hochomnnmuas — NIMEHEHDI)

HokasareJseil MpesocTaBJsgeT MyJbTHOMHBIH HOPTPET
MHCYJUHOPE3UCTEHTHOCTH.

Taxzxe ¢ P cBazanbr auanuaraunepunst ([1AT).
[Tpn MC B mevyeHn yBeJWYMBAETCS COJEPIKaHNeE OIpe-
nenennpix JATD, xortopble aKTHBUPYIOT IIPOTEMHKNHA-
3y C u Hapymaior (ochopuampoBanie WHCYJINHOBO-
ro penenropa. B niasme cnennduueckue n3o¢gpopMbl
JIAT u HachINEHHBIX CBOOOIHBIX JKUPHBIX KHUCJIOT MO-
TYT CJYXKHUTbh MapKepaMu JUTOTOKCUYHOCTH [47].

Kpowme toro, k MerabosimueckuM uHankaropam P
OTHOCAT TPOAYKTHI HApPYUIEHHOTO MeTabomu3Ma IJIio-
Ko3bl. [Ipumep 1,5-anruapormonuroa (1,5-AT).
ITOT TOJINOJIOBbII META60UT YMEHbIIAETCS B CHIBO-
pPOTKe TIPU YaCTBIX BSIH30/[aX TUNEPIIUKEMUN, TaK
KaK IPU HPEBBINIEHUN IOYEYHOTO II0POra IJIIOKO3bI
OH KOHKYPHPYET C IJTIOK030i 3a peabGcopOnuio B 1MOU-
kax u BbiBojuTcs [48]. Hwuskwmit yposenb 1,5-AT
CIYKUT YYBCTBUTEJIbHBIM WHIMKATOPOM HEIABHUX
TUIIEPTJMKEMIYECKUX BCIIECKOB ¥ HCIIOJIb3YeTCs
B KJIWHUYECKON MPaKTUKe [JIsT OIEHKHW BapualOesbHO-
ctu raukemun pu P u quabere. Xotst cam 110 cebe
1,5-ATl’ He y4yacTByeT HANPSIMYIO B WHCYJMHOBOM CHT-
HaJle, ero CHIDKeHMe YKa3blBaeT Ha YXy/ILIeHNe IJIHKe-
MUYECKOro KOHTPOJis [48].

Kaunuueckue npumepol

MHOroIeHTpoBoe  MPOCIEKTUBHOE  UCCJIeI0Ba-
e T.J. Wang et al. (2011) mpomeMOHCTPHPOBAJIO,
YTO COYETAHHOE MOBBINIEHUE B TIa3Me MATH aMHHO-
kucaor (Jefiiun, W30JeiInH, BaJuH, TUPO3WH, ¢e-
HUJIAJaHUH) pejacKasbiBaer passutne C/I2 B Teyenne
3—35 JIeT y 3/I0POBBIX JIO/Eil, TpuueM 3Ta MeTab0JIoM-
Hasd TaHeJb ONepeskaeT MO MPOTHOCTHYECKOH IeHHO-
¢t Kyaccmyeckne pakTopbl pucka [23]. Itn gaHHbIE
CTaJIi OJTHUM U3 TIEPBBIX [[OKA3aTEIbCTB TOTO, YTO Me-
taboJOMHUKAa CIOCO6HA WAEeHTUDUIINPOBATD MPEIIU-
abeT 3aJ0]TO JI0 €r0 KJIMHUYECKOTO IPOSBJICHUS.
Kak ormeuasnocb, Ha 3TOHl OCHOBE ysKe IPe/JIO’KEHDI
naHesn MeTaGoJNUTOB, COCOOHBIE BBIABJISATD JIUI] C Ha-
YMHAOUIENHCS MHCYJNHOPE3UCTEHTHOCTBIO IPH  HOP-
MaJThbHOM TJIMKEMUYECKOM CTaTyce, B TIEPBYIO OYepe/lb
couetanne BCAA, apoMaTniyeckux aMUHOKHCJOT
n a-ruapokcubyrynparta (a-HB), a Takske JumuaHbIX
MeTaGoJIMTOB M allMJIKapHUTHHOB [24, 25]. B pyrun-
HOW TIPaKTUKe TOM00HDbIE TIAHEJU TTOKA He MOJIYYUITH
HINPOKOTO IIPUMEHEHNUs, HO OT/eJIbHbIE TECTbI YKe Cy-
mectBytoT (ynoMsiHyThIil Bbiiie o-[B-Tect).

¥ nanueHToB ¢ MaHU(ECTHBIM caXapHbIM AnabeToM
2-T0 THMAa MeTa0OJOMHDIH TTPOMUIb OTPAXKAET CTETIEHD
MHCYJIMHOPE3UCTEHTHOCTH U KOMIIEHCAIIUN YTJIEBOIHO-
ro oOMeHa. Tak, MpHW TJIOXOM TJIMKEMHYECKOM KOH-
tposie (Bpicokuit HbA_1c) ormewaiorcst pesko 1o-
ormenHble BCAA u apoMarndyeckne aMUHOKHCJIOTHI,
HAKOTIJIEHHE KETOHOBBIX Tesl (13-32 OTHOCHTENBHOTO
nedumTa MHCYIMHA) M BBIPAKEHHOE CHUKEHHE TJIH-
1nuHa. B ciydyae OTHOCHTEJbHO KOMIEHCHPOBAHHO-
ro quaGera (HOPMaJBHBIA MM CJIETKa ITOBBINICHHBIN

HbA_1c), Ho coxpansonieiicst nepudepudeckoii NP,
4acTo OOGHAPYKUBAIOT N30JUPOBAHHO BbhicOke BCAA
Ha ¢oHe MOYTH HOPMAJBHON TJIMKeMUU — MeTaloJIu-
YeCKUI <«OTIEYaTOK», KOTOPBII MOYKET YCKOJb3HYTh
MPU CTAaHAAPTHBIX KJIMHWYECKUX aHamm3ax [49—54].
Taxkum o6pasoM, MeTaGOJIOMHBIN MOAXOJ IIEHEH TeM,
4yTo (uKcupyer cyOKJINHIYeCKHe N3MeHeHUsT 0OMeHa:
Kk mpumepy, y narmerToB ¢ HAJKBII mpu HOpMass-
HOM yPOBHE TJIIOKO3bl, HO Haauuuu nedeHoyHoit NP
MOBBINIEHBI (PeHUTAJMAHUH U TUPO3uH [51, 52, 55] —
YTO CUTHAJU3UPYET O CHIDKEHHH CIIOCOOGHOCTH Ieve-
HU OYWIIATh KPOBH OT apOMATUYECKUX AMUHOKHICJOT
(aHasornyHo HaGJIOaeMOMY [IPU HAYAIBHBIX CTa/H-
4X IeyeHOYHOl HegocTatounocTu) [56].

CucreMHO€E BOCHAJEHHE H MHKPOOHOTA

Mexanusmwi

Xponnyeckoe CyOKINHIYECKOE BOCHAJEHIE — He-
orbemyeMas yactb MC, cBsi3aHHasl rJIaBHbIM 06pa3oM
C BHCIEPATbHBIM OXKUPeHneM 1 AUCOYHKINeH BPOXK-
JleHHoro umMmynutera [2]. BuciepanbHasi Kupobas
tkaub npu MC unduiabrpupoBana npoundaaMmMaTop-
HBIMU MakpodaraMu, KOTOpble MPOAYIUPYIOT IIUTOKHU-
abl (TNF-0, I1L-6 u ap.), BBI3BIBAIONINE UHCYJINHOPE-
3UCTEHTHOCTb B MBIIIIAX W IMEYeHW. ITH IUTOKWHBI
MOCTYTAIOT B CHCTEMHBIN KPOBOTOK 1 BBI3BIBAIOT CYO-
KJIMHUYECKOEe BOCIAajieHne BO BCEM OpraHusMe, TOBbI-
menne yposust C-peakrusnoro Genka (CPB), cbiBo-
POTOYHOTO aMuJionJia A W JIPYTUX MapKepoOB OCTPOii
daspr [57]. Y nanumentoB ¢ MC kounenrtpanuu 11L-6
n TNF-o B HUPKYJIAIMM CTaTUCTUYECKH BBIIIE, 4YeM
y MeTaboTMYECKH 30POBBIX JIHI, YTO TMOITBEPIK/IA-
eT yuactue Bocnasenus [45]. Ilapamnenpro BaskHYIO
pOJIb UTpaer KuieyHas MUKpPOO6HOTa, NpuU JucOuo-
3€ TOBBINIAETCS MMPOHUI[AEMOCTb KHINEUYHONH CTEHKH,
U JuIonoaucaxapuabl (9HIOTOKCHH) M3 TPaMOTPHU-
1aTeJbHBIX OaKTepWil TPAHCIOIMUPYIOTCS B KPOBbD,
BbI3BIBAsT META0OJUIECKYIO IHIOTOKCEMHIO, TO €CTb
COCTOSTHME XPOHUYECKOTO HU3KOYPOBHEBOIO BOC-
najgeHusi, acCOUUUPOBAHHOTO C WHCYJUHOPE3U-
CTEHTHOCTBIO, SKMPOBON WHOUIbTPAIUEN [eYeHN
n areporene3oM [58]. OrjenbHbI BKJAJ BHOCUT
Hapynierne Merabonuama apruauia npu MC. B yc-
JIOBUSIX BOCMAJEHUST TIOBBIMIAETCS AKTHBHOCTH ap-
ruHa3pl B Makpodarax, KoTopas KOHKYpHUPYET
¢ NO-cunrazoit 3a L-aprunwmH, mnpespaimiasi ero
B OPHUTHH U MOYEBUHY. IDTO CHIKAET OUOMOCTYII-
HOCTh apTUHHMHA IS cuHTe3a okcupa asora (NO)
sngoresaueM [59]. Oxnospemenno npu UP u guciu-
MUAEMUT PAacTeT YPOBEHDb SHAOTEHHBIX HHIMOUTOPOB
NO-cuHTa3bl, TaKUX KaK aCUMMETPUYHBIH JuMe-
tunaprunud (ADMA). Bce 10 npuBOAUT K 9HIO-
TEMUAJBHON MUCHYHKIUU, CHUKEHWIO HPOIYKIINN
NO, nHapyieHnio BasojuJaTalliu, IIOBBIMIEHUIO PHU-
THTHOCTH COCY/IOB U JIOTIOJTHUTEJBHO TMOJJICP3KUBAET
Bocnanenue [60]. Takum o6pazom, MC MoxHO pac-
cMaTpUBaTh KaK COCTOSIHUE XPOHUYECKOTO MeTaloJIn-
YeCKOTO BOCHAJIEHWs, DU KOTOPOM HUMMYHHbBIE ITyTH
c1a60, HO MOCTOSIHHO aKTUBUPOBAHBI, IMOJJEPKUBAS
MaTOJIOTUYECKU MeTaboJnyecKuii poH.
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Kniouegvie memabonommnvie mapkepor 60cnaienus

Haubosnee nokaszaresnbHublii METaO0OJIOMHDBIN WHNKA-
Top MMYHHOH akTuBanuu 1p MC — aT0 COOTHOIIEHNE
kunypennn / tpunitodpan (Kyn/Trp). Tloa aeiictsu-
eM (epMeHTa WHIOTAMWH-2,3-INOKCUTEHA3BI (IDO),
MHAYIUPYEMOTO IPOBOCHATUTETHbHBIMI ITUTOKMHAMHE
(mampumep, IFN-y), tpuntodpan B Makpodarax n geH-
JPUTHBIX KJETKAX KaTaGoJu3upyeTcs 10 KUHYpPeHU-
na [61]. ¥V mammentos ¢ MC oTMedaeTcsd MOBBIIIEHTE
orHomreruss Kyn/Trp, 4ro ykasbiBaeT Ha XPOHHYE-
CKYIO aKTHBAIMIO TPOBOCIAJUTENbHLIX TryTeir [62].
WccnenoBanns coo0IMaoT, 4TO y JHIL C OKUPEHUEM
u MeraGosdecknM cungpoMoM Kyn/Trp MoxkeT ObITh
yBeander Ha 30—50 % O CPaBHEHHIO CO 3J0POBBIMU
KoHTpoJisiMu [63], IpuveM 3TOT MoKasarejb 4YaCTUIHO
HOpMAJM3yeTcs MocJe CHUXKEHUS Beca Wi Oapuarpu-
YecKoil orepary. AKTHBAIMS KUHYPEHUHOBOTO TIyTH
OPUBOIUT K O6PA30BAHUIO Psifia MMMYHOAKTUBHBIX
MeTa6omToB (KMHYpeHOBass KHCJIO0Ta, XMHOJTUHOBAS
KUCJOTA U JP.), KOTOPbIE CIIOCOGHBI BJIUATH HA YyB-
CTBUTEJIBHOCTh K MHCYJUHY, alleTUT W JeATeTHHOCTD
HellpoHoB Tunorasamyca. Takum o6pasom, Kyn/Trp
BBICTYHAET WHTEIPATbHBIM OMOMAapKEPOM CHCTEMHOTO
BOCIIAJICHNSI, CBSA3aHHOTO ¢ oxupenueM nu MC, u Mo-
JKeT OBITh TPEJUKTOPOM Pa3BUTHS [uabeTa U COCy/Iu-
CTBIX OCJIOJKHeHUIl [64].

[lpyroit MeTaGoMT — CYKIMHAT, YK€ YIIOMSIHY-
ThIit Boinie. CYKIIMHAT, TOMIMO Y4acTHs B METab0 13-
Me, CJIyKUT CUTHAJbHOI MOJIeKYJIOH /I MMMYHHOI
cuctembl, perienitopbl SUCNRI Ha feHIpUTHBIX KJeT-
KaxX 1 Makpodarax pacrno3HaioT MOBBIIIEHHbIE KOHIIEH-
TpPaIlMK CYKIIMHATA, YTO MOXKET YCHUJIMBATH CEKPEIHio
nutoknnos (manpumep, [L-1B) [65]. B xuposoii Tka-
HU TYYHBIX MBINIEH CYKIMHAT HAKAIJIMBAETCS U CIIO-
cOOCTBYET XPOHUYECKOMY BOCIAJIEHUIO B BUCIEPAJID-
HoM kupe [65]. B koHTekcTe Jojieil ¢ oXupeHueMm
BBICOKWI CBIBOPOTOYHDBIN CYKIIMHAT, KaK OTMEYaJoCh,
ACCOIMUPYETCH € MPOBOCHANUTENbHBIM (DEHOTUIIOM
U PE3UCTEHTHOCTBIO K WHCYIMHY [38].

ADMA — opuH M3 KJIOYEBBIX MApKepOB JH/OTE-
JguanpHOll qucdynkinuun npu MC, npu Merabosinde-
CKHMX HAPYHIEHUSAX ero KOHIIEHTPAIHS B IIJIa3Me 4acTo
MOBBINIIEHA, YTO MPUBOAUT K KOHKYPEHTHOMY TMO/Ia-
Birennio NO-cunTaszpl u cHmkenuio NO-3aBucumon
Bazonunatanuu [66]. Tlokazawo, 4TO BBICOKHI yPO-
BeHb ADMA accouuupoBaH ¢ yXy/IIIeHHEM 3HI0Te-
JIN-3aBUCUMOM  Ba30MJIaTall, TOBBIMIEHHONW ap-
TEepUAJbHON JKECTKOCTbIO M 0oJiee BBICOKMM PHCKOM
Cep/IeYHO-COCYANCThIX ocaokHeHnit. CoveTaHne BbI-
cokoro ADMA ¢ moabeMoM BBICOKOUYBCTBUTEILHOTO
CPb ycuimBaer mMporHOCTHYECKYIO 3HAUYUMOCTD. Tak,
y JHIL ¢ oHOBpeMeHHO TtoBbIitiennbiMu ADMA u CPb
BepOATHOCTh Hammuust MC CyIIecTBEHHO BBIIIE, YeM
MPU HOPMAJIbHBIX 3HAYEHUSIX ITHX MapKepos [67].

B wmeraGosomubix uccaenoBanussx ADMA  pac-
CMATpUBAETCS KaK BO3MOKHBII MOCT MEXKIy 39HIOTe-
JINATBHON AcyHKINEH W MBIIIEYHO JereHepaluei.
Y mnamnuentoB ¢ auabeToM 2-To THUIMA W CapKOIEHHel
o6HapyskeH 6oJie BBICOKMIT ypoBeHb ADMA, ueM y nn-
abeTnkoB Ge3 capkornenun [68]. IKcmepuMeHTaTbHBIE

JIaHHDIEe TaK)Ke CBU/ETEJIbCTBYIOT, UTO COCYAMCTAs He-
JIOCTATOYHOCTD MOJKET 3aMe[JISITh CHHTE3 MBIIIeYHO-
ro Oeska u crocoOctBoBaTh atpodun [69]. OgHako
MpsSMble JOKa3aTeJbCcTBa, YTO MOBBITMeHHBIT ADMA
BbI3bIBAET MBIIIECYHYIO UIIEMHIO U TEM CAMBIM CapKO-
MEeHNI0, MOKAa OTCYTCTBYIOT, HYKHBI HPOCTEKTHBHbBIE
U MHCTPYMEHTAJbHbIE MCCIIe[OBAHMS.

FoBops o MuKpOOWOTE, CJHEAYET  BbLIAEIUTDH
tpuMerniamua-N-okcung (TMAO) —  kioueBoii
MeTa0oJUT KHITeYHOTO mpoucxoxaenns mpu MC.
TMAQO o6pasyercss B I€4eHM W3 TPUMETHJIAMUHA
(TMA), KOTOPBIi MPOAYIHPYIOT KUIIEYHbIE GAKTEPUH
npu (epMeHTAluN XOJMHA U KapHUTHHA U3 IIHIIN.
Yposeub TMAO JgocTOBEepHO Bblllle Y IAl[UEHTOB
¢ MC, n nokasano, 4To KoHIeHTpaims > 8,74 MkM
MOJKET PACCMATPUBATLCS KaK TOPOTOBBLIH TIPEAMKTOD
Hasmunst MC [70]. TMAO, nomMmuMo npouero, ycuJn-
BaeT aTepOCKJIEPOTHYECKUE MPOIECChI, CIIOCOOGCTBYET
OTJIOXKEHUIO XoslecTepua B Makpodarax (o6pasoBa-
HWIO MEHWCTBIX KJETOK) M Yepe3 aKTUBAIMIO MMMYH-
HBIX PEeIEeNTOPOB CTUMYJUPYET BBICBOOOXK/IEHME I1IU-
TOKUHOB. B HECKOJbKHX WCCIEOBAHUSAX MOKA3aHO,
YTO Yy TAlMEHTOB ¢ MeTaB0IMYeCKUM CHUHIPOMOM YpO-
Beab TMAQO craTtucTudecku BBINE, W €TO POCT KOpP-
pesiupyer ¢ MoKa3aTeasIMU BUCLEPATbHOTO OXKUPEHNS,
cTearo3a TeYeHn W MapKepaMu Bocnajgenus [71].

[pyrue MeTaGoJUTDI, CBS3aHHBIE C MHKPOOHO-
TOIl ¥ BOCHAJEHIEM, BKJIIOYAIOT HHAOKCHICYIbdar
u m-Kpe3wicyabdar, TPOAYKTH OAKTEPUATBHOTO Me-
tabomm3Ma TpunTodaHa U THPO3MHA COOTBETCTBEH-
HO. B HOpMe OHM ObICTPO 3JIUMHHUPYIOTCS IOYKaMH,
Ho pu MC (ocoGenno Ha (hoHe HauMHAIOMEHcs moyey-
HOW TUCYHKIMEI) WX KOHIEHTPAIMN MOTYT HapacTarh.
ITH ypeMudYecKue TOKCUHBI B BBICOKUX KOHIIEHTPAIli-
SIX OKa3bIBAIOT IIPOBOCHAJIUTEIBHOE U ITPOOKCHIAHTHOE
JIelicTBIe Ha COCYIMCTYIO CTEHKY U TOYKH, CIOCOOCTBYS
MIPOTPECCUPOBAHNIO XPOHUYECKOI Oosie3Hn Tmovek [72].
Hamporus, runmypoBasi Kucjaora — MeTaOOJHUT apoMa-
THYeCKUX coeuHennit iy (mosydaercst u3 (heHonon
MuKpo6uoToii), mpu MC o6brHO moHmKeHa. Huskmit
yYPOBEHb THIIIypaTa paccMaTpuBaeTcd Kak MapKep
HeOJIarONPUATHOTO  (DYHKITHOHMPOBAHUST — MIKPOOUO-
Tl U auerndeckoro gedurmra (HU3Koe mMOTpebieHte
(PPYKTOB/OBOMIEH W HENBHBIX 3JaKOB), XapaKTEPHOTO
g oxxupenud 1 MC, 4To HMOATBEpP:KAECHO CHUKEHUEM
rummypara y Jogeit ¢ MC 1o cpaBHeHMIO ¢ MeTabom-
4ecKM 3/10poBbiMH [73].

CoctaB  KOPOTKOIIETIOYEYHBIX ~ JKUPHBIX  KHC-
JIOT — Ba)KHBII Mapkep MUKpo6uoTHON ocu mipu MC.
[Ipn oxUpeHUN ¥ WHCYJUHOPE3UCTEHTHOCTH HEpPeI-
KO HAO6JIO/IaeTCsl CHUKEHNE YPOBHsI OyTupara, KJIio-
YeBOTO TIPOTUBOBOCHATUTETIHHOTO MeTa00JnTa, TIO/-
JIep>KUBAIOIIET0  I1eJOCTHOCTb KHUIIEYHOro 6Gapbepa,
MIPU OTHOCUTETHHOM TOBBIEHIH TPOMMOHATA U alle-
tata. Takue nsMeHeHNs KOPPEIUPYIOT C yXY/IIECHIEM
MeTa0O0JMIECKOTO CTaTyCca, CHIKEHHEM YyBCTBUTEJb-
HOCTH K WHCYJINHY U XPOHUYECKUM BocrasenueM [74].

Kaunuueckue npumepuol

Heankoromapubiii creatorenatur (HACT) kak cra-
JIUsl  HEAJKOTOJIbHON  JKUPOBOU  GOJIE3HU  [eYeHU

Poc skypH ractposuTepoJi rematon koaonpokros 2025; 35(6) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(6)

17



Penmaximonnas / Editorial

www.gastro-j.ru

Ta6auua 4. MeTaGo0OMHbBIE MAPKePb! CUCTEMHOTO BOCHAJIEHUS M 9HAOTENAIBHOMN ancdynkimm mpu MC
Table 4. Metabolomic markers of systemic inflammation and endothelial dysfunction in MS

Kynurenine / Tryptophan
(Kyn/ Trp) (tryptophan-
IDO pathway)

kata6osmsm Trp)
1 Increased ratio in MS and obe-
sity (increased Trp catabolism)

Mapxkep N3menenns npu MC (Bocnajenue) Kiaunnyeckoe 3naueHue
Marker Changes in MS (inflammation) Clinical significance
Kunypenun / Tpunrodan N TOBbILEHHOE COOTHOMICHIE Mapkep aKkTHBAIMM  UMMYHHOI  CHCTEMBI
(Kyn /Trp) (irytp «Tpumro- - |(TFN-y). Boicoknii Kyn/Trp ciayskut npemu-
npu MC u oxxupernn (yCuIeHHBbIH
dan — IDO») kropoM pucka CZI2 u cocyucToro BocnaaeHus

A marker of immune system activation
(IFN-y). High Kyn/Trp levels predict
the risk of DM?2 and vascular inflammation

CykunuHat
Succinate

1 IloBblmen B maa3me
1 Increased in plasma

CykimHar «MeTaboImYecKuii  Bo30y -
TeJIb» MMMYHHBIX pelentopoB. IIpu oxkupe-
HUW TOBBIIEHHBII CYKI[MHAT CBSI3aH C aK-
TuBaimeil MakpodaroB B JKUPOBOI TKaHWU.
Y mopeit ¢ oXupeHUEM BBICOKUN YyDPOBEHb
CYKITIHATA ACCOIMUPOBAH C TOBBIIEHHBIM
CPb 1 uHCYIMHOPE3UCTEHTHOCTHIO
Succinate — a “metabolic stimulant” of im-
mune receptors. In obesity, elevated succi-
nate levels are associated with macrophage
activation in adipose tissue. In obese indi-
viduals, high succinate levels are associated
with elevated CRP and insulin resistance

ADMA (acuMMeTpUYHBII
JMMETHIAPTHHIH )
9H/IOTEHHDBIH MHTUGHTOD
NO-cunTa3bl

ADMA (asymmetric
dimethylarginine) —
an endogenous NO
synthase inhibitor

1 IIpu MC, ocobenHo Ha dhoHE 3H/I0-
TeIUAIbHON AucYHKIUN

T In MS, especially against
the background of endothelial dys-
function

Boicokuit ADMA cBs3an co camxenneM NO,
SH/IOTETMAIBHON MUCHYHKIINEH W MOBbIIIEH-
HBIM PUCKOM CEPJIETHO-COCYAUCTHIX 3a60JI€Ba-
HUH. SBASeTcS HE3aBHCHMBIM IIPEJUKTOPOM
UIIEMUYECKOil 6OJIe3HH Cep/lla U HMHCYJIbTa
B IIOITY AN

High ADMA is associated with decreased
NO, endothelial dysfunction, and an in-
creased risk of cardiovascular disease. It is
an independent predictor of coronary heart
disease and stroke in the population

L-aprusus / OpHUTHH
(nyTb «aprunaza — NO»)
L-arginine / ornithine
(arginase-NO pathway)

| OrHomenne Arg/Orn  CHIKEHO
(ycusieHa KOHBEPCUSI aprUHUHA B OP-
HUTHH)

L The Arg/Orn ratio is reduced
(the conversion of arginine to orni-
thine is increased)

Huskuit Arg w Bbicokmit Orn yKa3biBa-
I0T Ha IIOBBIIIEHHYIO AKTHBHOCTb APrUHA3BI
(B Makpodarax) u ymenbiierue cunresa NO.
C110co6CTBYIOT 9HAOTETHATBHOU TUCHYHKITUH
U THIIEPTEH3UN

Low Arg and high Orn indicate increased
arginase activity (in macrophages) and de-
creased NO synthesis. They contribute
to endothelial dysfunction and hyperten-
sion

TMAO (rpumerniaMuH-
N-okcuj) — MHKpPOGHBII
MeTaGo/IUT XOJIMHA, KAPHUTHHA
TMAO (trimethylamine-
N-oxide) — a microbial
metabolite of choline/
carnitine

1 3HauuMo Bbllle y naiueHToB ¢ MC,
4eM Y 3J0POBBIX

1 Significantly higher in patients
with MS than in healthy individu-
als

Boicokuiit TMAO (>8—9 MxM) — panuuit
6uomapkep pucka MC; acconuupoBaH ¢ pas-
BUTHEM aTEPOCKJIEPO3a, HEATKOTOJBHOTO CTe-
arorenatura u CJ[2

High TMAO (> 8—9 uM) is an early bio-
marker of MS risk; it is associated with
the development of atherosclerosis, non-al-
coholic steatohepatitis, and DM?2

Byrupar (SCFA) — xopor-
KOIENIOYeYHasT JKUPHAsT KIC-
gora (IIPOAYKT MUKPOGHOTHI)
Butyrate (SCFA) —

a short-chain fatty acid
(microbiota product)

| TIpu MC (cHu>KeHHe TPOLYLEHTOB
Gytupara)

| In case of MS (decreased bu-
tyrate producers)

Huskuii 6ytupar cBsizan ¢ npouHdiraMMarop-
HBIM TpoduieM MHKPO6UOTHI; aedunut 6y-
TUpaTa ocaabiser 6apbepHylo (PyHKIHIO KH-
MEYHNKA U CTIOCOOCTBYET IHIOTOKCEMUH
Low butyrate is associated with a proin-
flammatory microbiota profile; butyrate de-
ficiency weakens intestinal barrier function
and promotes endotoxemia
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pynxmmm npn MC

End of Table 4. Metabolomic markers of systemic inflammation and endothelial dysfunction in MS

Mapxkep
Marker

Namenenns npu MC (BocnajeHue)
Changes in MS (inflammation)

Kiunnyeckoe 3HaueHHe
Clinical significance

Nugokcuacyapdar (Gaxre-
puasbHblil MeTaboauT Trp)
Indoxyl sulfate (bacterial
metabolite of Trp)

PaXKeHHbIM }:[I/IC61/IOSOM

biosis

1 Mozxer nosbimatbes mpu MC ¢ Ha-
pymieHneM (yHKIINN TOYeK WA BbI-

1 May increase in MS with im-
paired renal function or severe dys-

«YC/IOBHBIIT» yPEeMUYECKUI TOKCUH; BbICOKHIA
MHIOKCWICY/Ib(AT — YCHIMBAeT — OKCHUIATHBHDBIH
cTpece 1 ANCQYHKITIIO SHIOTENNS, YCKOPSIST TIPO-
IPECCUPOBAHIE XPOHMYECKOI GONE3HHU MOYEK

A “conditional” uremic toxin; high indoxyl
sulfate increases oxidative stress and en-
dothelial dysfunction, accelerating the pro-
gression of chronic kidney disease

I'nnmypoBast kucaoTa
(Metabomutr GeHoIoB,
NPOAYKT MUKPOGUOTBI)
Hippuric acid (a phenol
metabolite, a microbiota
product)

Ho ang MC)

tic of MS)

| CHmkeH mpu muere, GeHON KJIeT-
yarkoit, u npu gucéuose (xapakrep-

| Decreased with a diet low in fib-
er and with dysbiosis (characteris-

Huskuil runmypar accoliupoBaH € <HE3/0-
poBoit» Mukpobuoroit (gedunur (pykros/
OBOIIEH B IINTAHUH); MOTEHIMAIbHbIL MapKep
HE3/[0pPOBOro muranus u gucéuosa npu MC
Low hippurate is associated with an “un-
healthy” microbiota (deficiency of fruits/
vegetables in the diet); a potential marker
of unhealthy diet and dysbiosis in M.S

Ipumeuanue: MC — memaboruueckui cunopon, C/A2 — caxapnvii duabem 2-z0 muna, CPE — C-peakmusHuiii 6eJ10K.
Note: MS — metabolic syndrome, DM2 — type 2 diabetes mellitus, CRP — C-reactive protein.

(HAJKBII) wmumocTpupyer TecHoe B3auMOAeHCTBIE
Bocriavierust 1 Metabomama ipu MC. Ilpu HAJKBII,
apJigionieicst medyeHoyHoir Manudecranmein MC, Mu-
TOXOH/IPUAJbHAS W SHIAOTEJNATbHAS TUCPYHKIIUS BbI-
paskeHbl 0cobeHHo otdeTinBo. B padore T. Kasumov
et al. (2011) mokasano, 4To y TAIMEHTOB ¢ GUONCHIA-
Ho moarBepkaennoii HAJKBII (sriouas HACT)
MJTA3MEHHDBIN  YPOBEHb ACUMMETPUYHOTO JUMETHJIApP-
ruaria (ADMA) 3HauuMo BbIIIE, Y€MY 310POBbBIX,
M OH CBSI3aH C TSKECTBbIO 3a00JIEBAaHUS W WHCYJHHO-
pesucrenTHOCTbIO [75]. C y4eToM JaHHBIX O POJHU
aprUHA3bl U I[UKJIA MOYEBUHDBI MOXKHO TPE/IOJOXKUTD,
YTO y 4YacTu nainueHToB ¢ nporpeccupyitomum HACT
HaOJIIOIAIOTCST C/IBUTH B TIyJie apTUHUHA, OPHHUTHHA
U IUTPYJUINHA, OTPasKaloliue Iepepacipe/eieHie ap-
ruanHa 13 NO-cuHTe3a B ypearenes [75].

Bonesup ITapkuncona (BII), kak y»xe ymoMuHa-
JIOCh, ACCOIMUPOBAHA C CHUCTEMHBIM BOCIIAJIEHUEM.
Y mnamnumento ¢ BII wacro o6HapyskuBaiorcst MeTabo-
Jnvyeckne m3MeHeHus1, cxogHble ¢ MC, TNOBbBIIEHBI
nposocnanurensubie Mapkepor (CPB, dakrtop He-
KpO3a OIMyXO0JIn), a MUKPOGHOTa KHUIEYHUKA CMeIeHa
B CTOPOHY MHPOBOCHAJUTENbHON aKTUBHOCTH (HAIPU-
Mep, CHIDKeHUe OaKTepwii —  MPOJYIEHTOB OyTH-
para). Mccnepoanue L. Udovin et al. (2025) mno-
Kazayno, uro y nauuenros ¢ BII ¢ comyrcrBylomum
MC Gome3ub mporpeccupyer ObicTpee, W aBTOPHI da-
CTUYHO OODBSCHUJN 3TO YCUJIEHHBIM CHCTEMHBIM BOC-
najieHueM ¥ aHjoTesnasbuoil gucdynximeit npu MC
[76]. Takum o6pazom, Hammune MC MoxeT ycyry6-
JIATb HEIPOBOCIIAJIEHNE U COCY[IUCTbIe HAPYIIEHUs
P HeWpo/leTeHepaTUBHBIX GoJie3HSIX. B mepcrexTu-
Be MeTaGoJIOMHbIe MapKepbl (Hampumep, MOBbILIEH-
et Kyn/Trp win onpenesentbie C(i)I/IHFOJII/IHI/I,[[bI)
Morji 6bl MCIOJIb30BATHCS [JIsI MOHUTOPHHIA TAaKUX
MAIIeHTOB 1 BBIOOpa GoJiee arpecCUBHON TaKTUKH

(HampuMmep, paHHee HasHaYeHHe POTHBOBOCIAJIN-
TEJbHBIX UJIM MHCYJIUH-CEHCUTA3EPHBIX PENapaTos).

Ha npakTike HeKOTOpbIe TOKA3aTeJn BOCHAJIEHUS
13 MeTabOJIOMUKH YKe TPEeIarafoTcsi K MCIoJb30Ba-
0. Tak, r100aJbHbIii MHAEKC apTUHMHOBOIN GHO-
nocrynuoctu (GABR), paccunrsiBaembrii kak [ Arg] /
([Orn] + [Cit]), ucnonbsyercs B KapAHOJOTUH: HHU3-
kuit GABR tummuen gas MC m accomumpoBaH ¢ 9H-
nporesananbuoil aucdynkiumeit. [lokazano, 4To ero 1o-
Bhimenye (HampuMmep, IIPH Tepamuyd L-aprEuHIHOM)
COTIPOBOXKIAETCS YJIYUIIIEHUEM COCY/IMCTBIX (DYHKIIHIA
npu MC [77].

JIuzocoma/ibHag HEJOCTATOYHOCTD
U Hapyienue ayrodaruu

Mexanusmol

Jluzocomanbhast (aytodarnyeckast) HeIOCTATOY-
Hoctb Ipu MC HOCUT BTOPUYHBIN XapaKTep U Pa3BU-
BaeTCs BCJIECTBHE XPOHMUECKOTO M3OBITKA MTUTATEJb-
HBIX BellecTB U sHepruu B opranusMme. [locTosHubIN
ana6ommueckuii curnan (uepes uncymut, IGF-1 (uH-
cysmnOonoA06HbIH (akrop pocra 1) 1 mTORC1) no-
JlaBJsieT ayTodaruio, INpouecc yTUIM3aluU TOBPEXK-
JICHHBIX OpraHe/JJl U MaKpoMoJeKysa. B pesysbrare
B KJeTKax ([eYeHy, MBI, TTO/KETyI0YHON JKeesbl,
SKMPOBOI TKAHM) HAKAIUIMBAIOTCS Je(DEKTHBIE MHUTO-
XOH/IpUM, arperatbl GeJKOB M HepacllelJieHHbIe Jn-
mubl. Takoe cocTosiHue MOYKHO HasBaTh <«MeTabo-
JUYECKHM CHHAPOMOM Ieperpy3KH» Ha KJIETOYHOM
YPOBHe, KOTJa JIM30COMBI HE YCIIEBAIOT TepepadaThl-
Barb M30BITOK cyOcTparoB. Hampumep, B remaroiu-
Tax MpH MU3ObITKE JKUPOB U CaXapoOB CHUKAETCS aK-
TUBHOCTH JUTNOQArny, TapreTHPOBAaHHON ayTodarnm
JIMIUAHBIX KalleIb, YTO BeJeT K UX HaKOILIeHuio |78,
79]. UsBectHo, uTto mpu oxupeHnn 1 MC dyHKInM
JIN30COM U ayTO(harnu B JKUPOBOI TKAHM HAPYTIAIOTCA:
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aktuBHoCTh Katercuia B (CTSB) Mosker Moaudu-
IIIPOBATh ABTOJM30COMAJTLHBINA MOTOK B AUITOTMTAX
[80], a B MOAKOXKHOI >KUPOBOI TKAHW JIIOJEH € 0XKU-
penneM cHkeHue sxkcrpeccun CTSB cBsizano ¢ nHCY-
JuHope3ucTeHTHOCTBIO [81]. Xponuveckas u36bITOU-
Hasl HATPy3Ka MuTarelbHbIMU BertectBamu mpu MC/
HAJKBII npuBosuT K MHAYIMPOBAHHON 3KCIIPECCUN
6eaka Rubicon, sugorennoro wunruburopa ayrtoda-
run, 4T0o GJIOKUPYET CIAUSHIE ayToarocoM ¢ Jnu30co-
MaMu. ITto TmposBisiercs HakomtenneM LC3-11/p62,
cHmkenneM addexkTuBHOCTH ayTodarnyeckoro Ipo-
1ecca U yBeJMYeHneM JIUTH/IHBIX Karesab. B Mozmemnsx
¢ knock-out Rubicon creato3 u moBpexaenune rerma-
TOIUTOB 3HAYUTEJNbHO yMeHbImatorcs [82]. Wrorom
JIN30COMAJIBHOI HEIOCTATOYHOCTH SIBJISIIOTCST  YCHJIe-
HIUEe OKCHIATMBHOTO crpecca (M3-32 HEYTHIM3UPOBAH-
HbBIX JIeDEKTHBIX MUTOXOH/PHIT), TIPOBOCIATUTEIbHBIE
curHaabl  (HepacienyieHHple  JUMHAB  AKTUBHPYIOT
uHpIAMMacoMy) U ycyry6JieHre WHCYJTNHOPE3UCTEHT-
HOCTH.

Kntouesvie mapkepol au30ComMaivHol OUchyrKuuu

[TpAMBIX «MaJbIX» MeTaGOJUTOB, MapKepOB ayTo-
(harum, cpaBHUTETBHO MAaJso, IOCKOJBKY ayTodarus
3aTparmBaeT TJIaBHBIM OOPAa3oM KPYITHbIE KJIETOYHDBIE
cTPYKTYpbl. OMHAKO KOCBEHHO O JIM30COMAJIBHOI He-
JIOCTATOYHOCTH CBUIETETBCTBYET HAKOILJIEHHE CIeIH-
(uyeckux JTUNNI0B U MPOU3BOJAHBIX AMHHOKHUCJIOT.
B mepByo ouepenb 9TO CHPUHTONUMUABI, TI€PAMU/IDI
n cohunromnenuupl. B HOpMe u36BITOK MeMOpaH-
HBIX JINIHIOB YIajsercss depe3 ayTto/umodaruio,
a MpH ee YrHETEHUN OHU HAKAIJIMBAIOTCS B KJETKaX.
Tak, B nccrenoBannu ¢genoruna C/I2 ¢ capromnenueit
y MYKUMH OBLTO TIOKA3aHO, Y4TO YPOBHU CUHTOMIe-
mana (16:1) m nepamuga (24:1) B CBHIBOPOTKe Cylie-
CTBEHHO BBIIIIE Y MAIIMEHTOB C CAPKOIEHUYECKUM OKHU-
peHreM, 4eM Y KOHTPOJBHBIX JHI[ 6e3 CapKONeHUH
[83]. TIpuuem chunromuesun (16:1) nposeMoHcTpH-
pPOBAJT BBICOKHE UYBCTBUTENIBHOCTD M CHENU(PUIHOCTD
JUIS INarHOCTUKKM capkorienun [83]. Ito moarBepik-
JIaeT POJIb HApYIIeHUs ayTo(armdecKoil Jerpajarnu
JINIIUJIOB B PAa3BUTHM CAPKONEHUN Ipu MeTaboJimye-
CKUX HapyNIeHUSX. JKCIEePUMEHTATbHbIE Pa0OThl TO-
Ka3bIBAIOT, YTO HAKOIJIEHHE I[ePaMU/0OB B CKeJETHBIX
MDIITIAX TPU OXUPEHUH W JrabeTe COMPOBOXKIACTCS
HapyIIeHuIMN ayToarud ¥ MHCYJMHOBOH UYyBCTBU-
TEJBHOCTH, TOT/[A KaK CHIDKEHNE CHHTEe3a IepPaMUjioB
win ux dapmakosorndeckas 6J0KaJga YJIYUIIAiOT Mbl-
MIEYHBIN MeTaboJN3M U OTBeT WHCYJINHA [84].

JInzocomasnbHble (PepMEHTBI B KPOBU — €Ille OJUH
MOTEHIIMAJIBHDBI WHINKATOP, XOTS B HOpMe Kartel-
CHHBI TPUCYTCTBYIOT BHYTPHKJIETOUYHO, IPHU MeTabo-
JITYECKOM CTpecce 9YacThb W3 HUX MOXKET BBICBOOOK-
narbes Hapy:ky. Tak, B padore L. Ding et al. (2020)
MOKAa3aHO, 4TO y Jio/ell ¢ M30BITOYHOI Maccoil Tena
U OJKUPEeHHEeM aKTUBHOCTb IJIA3MEHHOTO KaTelcH-
Ha D o6parHo Koppenmpyer ¢ TE€YeHOYHON WHCY-
JITHOUYBCTBUTEIBHOCTBIO U TIPSIMO — C MapKepamu
BOCITJICHVSI, YTO CBUETETBCTBYET O BO3MOKHON JIHU-
30COMAJIbHOI TUCYHKIMYU U <«BHEKJIETOUHON CeKpe-
IINU» B YCJOBHUSX KUPOBOH meperpysku [85]. Taxum

06pa3oM, o6HApy:KeHHe TIOBBIIIEHHBIX YPOBHEI HeKo-
TOPBIX JU30COMANBHBIX (DEPMEHTOB B ILJIa3Me MOXKeT
CJIy’KUTb MapKepPOM CKPBITOTO JIN30COMATBHOTO CTPec-
ca B TKaHsax npu MC.

Iaukosunuapl, TakiWe Kak TJIIOKO3WJIIEPAMU/IBI
(GlcCer), 06bMHO paccMATPHBAIOTCS B KOHTEKCTE
HAC/Ie/ICTBEHHBIX GosiesHell Hakorenus (Hampumep,
6osesnn Tome). AKTyanbHbIE METaGOJOMHbBIE JAHHBIE
npu HAJKBII cBuieTetbcTBYIOT 0 3HAUUTENBHOM JTUC-
PETYJIANUN TIyTell TIUKOCHUWHTOJUTIIOB, YTO MOKET
orpaskarp Haxorienne GlcCer u apyrux ramkosnu-
muoB Ha (oHe meperpysku cyberparamu [86]. Ito
HOZTBEPSK/AET TUMOTE3Y O TOM, YTO OTHOCHUTEJbHDII
nepurur GBA  (B-rmoxonepe6posuaassl), mbo ee
cy6cTparHasl meperpyska, MOTYT IPUBOJIUTH K HAKO-
MJIEHWIO TJIINKOCHWHTOJIUTIH/IOB, AHAJOTHYHO HACTE/I-
CTBEHHBIM GoJie3HsIM HakoruieHus. OJHaxko mnpsiMast
mpoBepKa aToro MexaHuaMma y Jjozneir ¢ MC moka
He BBINTOJIHEHA.

Haxowrerr, mpogyKThl MEPEeKUCHOTO OKWUCJICHUS JIH-
migos (Hanpumep, 4-rugpokcunonnenan (4-HNE)
n MaaoHoBbiii amasbaerng (MDA)) KocseHHO
CBUJIETEBCTBYIOT O JIN30COMHON HEIOCTATOYHOCTH.
[Ipn mosbimennoiit ROS-Harpyske # JUTOTOKCHYHO-
ctu JedeKTHble MHUTOXOHAPUHM TeHepUpPYyIoT O60Jblie
ROS (Reactive oxygen species) — nakormenne LOPs
(Lipid peroxidation products). Itu LOPs, no man-
oM A. Gegotek u E. Skrzydlewska (2024), moryr
HH/IYIIUPOBATH KJI0YeBble OesKu ayTodarui 1 nHruéu-
poBaTh aKTUBHOCTH KartencuHoB B u D, uro mapyrraer
Kak $asy MHUIUHPOBAHUSI ayTodaruu, Tak U I03[-
Hue gerpagammn. Takmm o6pasoMm, 4-HNE/MDA
CO3/1AI0T «[TOPOYHBIII KPYr»: OKCUJATUBHBIN CTpecc —
MOBPEKEHNE JTU30COM — elle GobImas AUCHYHKITUS
ayrodaruu M HaKOIJIEHHe TOBPEXKJIEHHBIX OpraHesI
n qunuaos [87].

Kaunuueckue npumepuot

Bonesup Ilapxmmcona (BII) — kmaccmuecknii
npuUMep IMaTOJIOTHH, B KOTOPOH MEPBUYHO HAPYIIEHBI
JIM30COMHBIE,/ ayToarnieckue MyTH: MyTal[id B Te-
Hax GBA1, LRRK2 w np., Baugiomue Ha aytoda-
TUi0, BeAyT K HAKOIIEHUIO arperaToB o-CHHYKJEWHA.
HepaBuuii KpymnHblii TeHeTHUYECKUN aHaJu3 BLIIBIUII,
YTO CPE/IX TEHOB, CBSI3AHHDBIX C TIOBBITIEHHBIM PUCKOM
BII, 3HaumMyio [OJII0 COCTABJISIIOT TEHbI JHIOCOMHO-
m3ocoManbhoro mytn, srmodas CTSB (karencun B),
4TO TIOJYEPKUBAET POJIb JH30COM B IartoreHese 6o-
se3nu [88]. Y manwmenrtoB ¢ BII u MC, 1o cpasne-
uuio ¢ 6oabubiMiu BIT 6e3 MC, BbigBJIeHBI 60J€€ BbI-
paKeHHbIE JBUTATENbHbIE HAPYIIEHUS U YCKOPEHHOE
porpeccupoBanue 60JI€3HU, YTO ABTOPHI CBI3bIBAIOT
¢ 6oJiee BBICOKMM CHUCTEMHBIM BOCIAJeHNEM, MeTalo-
JIMYECKNM uCcOATAHCOM ¥, BO3MOKHO, CHIDKEHUEM
apdexTBHOCTH ayTOharnyeckoro KJiaupeHca Heipo-
HaJIBHBIX arperatoB [76]. DTor npumep mo[uepKuBaeT
JINATHOCTUYECKYIO I€HHOCTb BBISBJEHUS JIM30COMHO-
ayrodarnyeckux HapyIIeHHil: BO3MOXKHO, B OYIyIeM
mera6osomubie npoduan (HampuMmep, coueTaHme
MOBBINIEHHBIX TJIMKOCHUHTOMUIII0B U CPUHTOMMUE-
JIMHOB B KPOBM) TIOMOTYT OT6Mparth manuentos ¢ BII,
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Ta6auua 5. Mapkepbl JTM30COMATLHON HEOCTATOYHOCTH U HapyllieHHo# ayTodarmu npu MC
Table 5. Markers of lysosomal insufficiency and impaired autophagy in MS

Mapkep / mokazaTe.b
Marker /indicator

Nsmenenus npu MC (| ayrodarus)
Changes in MS (| autophagy)

3uauenne
Significance

Counromuenun (16:1),
nepamuz (24:1)
(MeMOpaHHbIE JTUITHIBI)
Sphingomyelin (16:1),
ceramide (24:1)
(membrane lipids)

1 B cbIBOpOTKE IIPH CapKOIleHnYe-
ckoM (penorune MC

1 In serum in sarcopenic phenotype
of MS

Haxoiienue ykaspiBaer Ha jgeduLuT UX Je-
rpazanuu. Beicoknii chunromuesnun (16:1) —
MOTEHINATbHBII MapKep CapKOIEeHNH
npu C/I2

Accumulation indicates a deficiency in their
degradation. High sphingomyelin (16:1)
is a potential marker of sarcopenia in DM2

JIuzocomaibubie (hepMeHTHI
(katencunbr D) B m1a3Me
Lysosomal enzymes
(cathepsin D) in plasma

1 Y HanMeHToB ¢ BUCHEPATBHBIM
oxxupennem u VP (nmoebrmena cexpe-
uust pepMEHTOB)

1 In patients with visceral obesity
and IR (increased secretion

of enzymes)

CBU/IETEBCTBYET O JIM30COMAJIBHOM CTPEC-
ce B TKaHsAX. MOJKET YCHJIMBATH BOCIIATEHIE
(BHEKIETOUHBIN KaTericuH D akTUBUpYyeT nH-
daammacomy)

Indicates lysosomal stress in tissues. May
increase inflammation (extracellular cathep-
sin D activates the inflammasome)

T aroKo3uepamMu/pi
(TJIMKOTUIIN/IBI)
Glucosylceramides
(glycolipids)

1 B neyenu npu MAJKBII
(HaKoIIEHUE B TeIaTOUTaX)

1 In the liver in MAFLD
(accumulation in hepatocytes)

Kocsenubrit NH/IMKATOP CHUIKEHUSA aKTUBHOC-
™ GBA1 (¢depmenta Gonesun Tome). Cesizan
¢ mporpeccupoBatueM (r6po3a MeYeHw; BO3-
MOJKHO, TIOBbBIIIAET PUCK HeﬁpoaereHepaHI/H/I
An indirect indicator of decreased GBAT
activity (an enzyme involved in Gauch-
er disease). It is associated with the pro-
gression of liver fibrosis and may increase
the risk of neurodegeneration

LC3-11 /LC31
(coornonrenune popm Genka
LC3 B Guorcuu TKaHei)
LC3-II/LC3-I

(ratio of LC3 protein forms
in tissue biopsy)

| lpu oxupenun u MC

(mapymreHo o6pasoBanue ayTodharocom)
| In obesity and MS

(the formation of autophagosomes
is impaired)

Xotrst He M3MepsieTcss MeTaGOJIOMHO, CHIKe-
nue LC3-11/LC3-1 B TKaHSAX IIOATBEPKIAET
yruerenue ayrodarun. HegocrarouHas ayro-
(baI‘I/IH BEAET K HAKOIIJIEHNUIO IMOBPEXIECHHDIX
opraseJut

Although not measurable metabolomical-
ly, a decrease in LC3-11/LC3-I in tissues
confirms inhibition of autophagy. Insuffi-
cient autophagy leads to the accumulation
of damaged organelles

4-TMIPOKCUHOHHEHA
(4-HNE), masnoHoBbIit
muasnsaerng (MDA) (iipo-
JYKTDI JIMOTIEPOKCU/IATIH)
4-hydroxynonenal
(4-HNE),
malondialdehyde (MDA)
(lipid peroxidation
products)

1 IIpu MC (oKcuaaTtuBHBIA cTpece
n3-3a J1eEKTHBIX MUTOXOH/PHH )
t In MS (oxidative stress due

to defective mitochondria)

Hakomienne OTpaskaeT MEPOKCUAHOE TIO-
BpEX/eHNE JHMIHIOB MeMOpaH. Bbicokmit
4-HNE mapymaer yHKIUN JI130COM U MO-
JKeT MHrHOUPOBaTh ayToharuio, CrrocoOCTBY ST
HOPOYHOMY KPYTY HOBPEKICHUS

The accumulation reflects peroxide damage
to membrane lipids. High 4-HNE levels
impair lysosome function and can inhibit
autophagy, contributing to a vicious cycle
of damage

IIpumeuanue: MC — memaboruueckuii cundpom, CA2 — caxapnoui duabem 2-20 muna, UP — UHCYAUHOPEIUCTEHNHOCTND,
MAJKBII — memaboauuecku accouuupoganias Kupoeas 001e3nb newei.
Note: MS — metabolic syndrome, DM2 — type 2 diabetes mellitus, IR — insulin resistance, MAFLD — metabolically

associated fatty liver disease

KOTOPBIM OCOGEHHO ToJie3Ha OyIeT Tepamus, CTUMY-
supytomas ayrodaruio (Hanpumep, aronuctsi TFEB
i uHAYKTOpbl AMMD-aKTHBUPYEMON TPOTEMHKMHASDI).
JKUPOBast
(HAJKBII) npenocrasister apyroit mpumep. M3sectHo,
uto npu crearorenature (HACT) nogasaen ayrodaru-
YeCKHUil MOTOK: B OMONCHAX TEYEHW MAIlMeHTOB CHUKE-
Ha sKkcrpeccust ayrodarnuecknx 6enkos (ATG, LC3),
HOBbIIIIeH ypoBenb unruéuropa Oenaxa Rubicon [82].
B pesysabrare HapyllleHa YTUIM3alUs JMIUIHBIX Ka-
neJb 1 TOBPEXIEHHBIX MUTOXOHJIPHIA, 4TO yCyryOsser

HeanxkorosbHas

60J1e3Hb [eyeHu

JIMTOTOKCHYHOCTh W BOCTAJIEHNE. JKCIEPUMEHTATHHbIE
paboTbl Ha MOJIENSIX C TNeYeHOUHO-CIEIMPUIHBIM HO-
kaytoM rena FIP200 (Rblccl), KpuTHuecKn BaykKHOTO
s aytodarun, MOATBEPKIAIOT, YTO HAapyIIeHUs ay-
tToaruy B renarorrax CyImecTBeHHO MOAMQPUINPYIOT
teuenne HAJKDBII, musMeHsiga couetaHue creatosa, BOC-
najieHus: u noppexxienus nevenn [89]. Ito nokasbiBaer,
qyro ayrodarusi 3alyiiaeT meyeHb OT MeTaboIMIeCKOro
«y[apar, a ee He[OCTATOYHOCTD JIEIAET OPTaH ySI3BUMbIM
(BepoATHO, aHAJIOTMYHO M /IS MBI, B-KJIETOK IOJKe-
JIyIOYHOIT SKEJIe3bl v AP. ).
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C mpakTUvecKoil TOUYKU 3peHus BO3HUKAET BOIPOC,
MOKHO JII aKTHBHPOBaTh ayrogaruio TepamneBTH-
YeCcKHU i JiedeHUsT MeTaGoJIMuecKuX HapyIleHui?
NccnemoBarmsi MOKa3bIBAIOT, YTO WHAYKTOPBI ayTO-
darnn (HampuMep, aKTHUBAIMsS CUPTYHHOB PecBepa-
TPOJIOM, TIEPHOMYECKOE TOMOJAHNE) YIYUIIAOT MeTa-
6osmueckue mokazatean npu MC [90]. Dusnueckas
Harpy3Ka — OJINH M3 MOIIHBIX €CTeCTBEHHBIX NHIYKTO-
poB ayTtodaruu, npy MbIIIEYHON paboTe AKTUBUPYETCS
AM®@-akTuBHUpyeMasi MPOTEeNHKNHA3a, YTO YCHJINBAET
ayrodaruio B MBIIIIAX, CIOCOOCTBYS YTUIN3AIUN
n30bITKA JUIH/HBIX Kaledb ¥ TOBbLIAs WHCYJIMHO-
YyBCTBUTEJNbHOCTb. Metrdopmun — 6a30Bblil IIpera-
par g jgedenus C/I2 — Taxske 4acTHYHO AeHCTByeT
yepe3 aKTUBAIMIO ayTO(aruu B IIeYeH U yMeHbIIIeHne
gunorokcmyHocTr [91]. MetabosoMHbBIE MapKepbl MO-
IyT TIOMOYb KOHTPOJHPOBATH 3(PPEKTUBHOCTD TAKUX
BMEIATEeNbCTB, U CHIYKEHNE YPOBHEH TOKCHYHBIX JIU-
ruoB (1epaMu/ioB, AWAIUITIUIEPUHOB) U MPOJAYK-
TOB MEpPeKNCHOTO OKHUCJeHNs OyJeT CBHU/ETENbCTBO-
BaTh 06 YCIIEITHOM BOCCTAHOBJIEHUH ayTodarmyeckoil
pysKTIITN.

3akaoueHue

MeTa60JIOMHDBII TTO/IX0]] 00eCIeunBaeT BCECTOPOH-
HUI B3JIs1/1 HA MeTaG0JINYeCKUil CHHIPOM, PacKpbIBas
CKPBITbIE OMOXMUMUYECKHE U3MEHEHUs 3aJ[0JT0 10 TO-
SBJICHUS KJIMHUYECKUX CUMIITOMOB. B jgaHHOM 00630-
pe PacCMOTPEHBI MSATb KJIOUEBBIX ITATOTEHETHYECKUX
oceii. MC m COOTBETCTBYyMOIIHE UM MeTab0JOMHBIE
1 JUNUJOMHBbIE Mapkepbl. Kaskgast ocb BHOCHT CBOH
BKJIQJI B pa3Butue ocjoxkuenuin MC, u [ Kaxk/100
BBISIBJIEHBI XapaKTePHbIe MeTAOGOJUTBI: OT TOBbIIIEH-
ubix BCAA u apomaTtnyeckux aMUHOKHUCJIOT NPU WH-
CYyJIMHOPE3NCTEHTHOCTH /0 M3MeHeHWH Npoduis Ku-
HIEYHBIX MeTA00JUTOB MPU CHUCTEMHOM BOCIIAJICHWH.
Baxkno, 4To MHOTHE M3 A3THX MeTa0OJOMHBIX GHOMap-
KepoB 00Ja/1al0T JMArHOCTHYECKOW M IIPOTHOCTHYE-
CKOIl 11eHHOCThI0. OHI MOTYT MCIIOJIb30BAaThCS JIJIS:

e paHHeil aMarHocTHkH 1pejanabera u MC:
nanenmn amvuHokucaor (BCAA, apomaruueckune)
U 0-TUAPOKCUOYTUPATA TTO3BOJISIIOT BBISIBUTH CKPBITYIO
MHCYJUHOPE3UCTEHTHOCTh ¥ HAPYIIEHUS TOJEPAHTHO-
CTH K TJIIOKO3€ Ha JIOKJUHUYECKOI CTa/nu;

e crparuduKanui PHCKA OCJOKHEHHIl: YPOBHU
crenuduueckux aunuaoB (HapuMep, OTAeIbHBIX 1epa-
muz08, TMAO) nporrosupyior passutne CJ/[2, HACT
U CepJIeYHO-COCY/IMCThIX coObITHii y naruento ¢ MC;

© MOHHTOPHHIra TEPaNMH: M3MEHEHUs MeTaG0IoM-
Horo npoduas (CHUXKEHHE YPOBHEHl <«TOKCHUYHBIX»
JIUTIIOB, HOPMAJIN3AIMs AMUHOKUCJIOTHBIX COOTHO-
IEeHWH W JIPYrUX MHAEKCOB) MOTYT CJIY’KUTh PAHHUM
MHAUKATOPOM 3(PdEKTUBHOCTH BMENIATENbCTB — [~
eTYecKnX, (PU3NYECKUX WJIU MeJANKAMEHTO3HbBIX.

Hampumep, mokasaHo, YTO AaroHUCTBI PEIENTOPOB
GLP-1 (ucmonbsyembie st gedenuss CJI2 u oxxupe-
HIIsI) He TOJIbKO CHUXKAIOT MacCy Teja, HO U GJaronpu-
SITHO BJIMSIIOT HA MeTa00JIOMHbBIE MAapKePbl BOCIIATIEHWS
1 WHCYJTUHOPE3UCTEHTHOCTH.

MeTaGoJIOMHBIN aHAIN3 B COYETAHUHN C KJAMHIYE-
CKUMU JAaHHBIMU TTO3BOJISIET BbIAEASATh (heHOoTHIIHI MC.
Hamnpumep, MeTabo/I0MUKA TOMOTAET OTJIUYUTh «MeTa-
GOJTMYECKN 3/I0POBOE» OKUPEHHE OT «MeTab0TNIeCKH
HE3/IOPOBOTO»: B TIEPBOM cjydae Tmpoduib MeTaboJn-
TOB OJIZKE K HOPME, a BO BTOPOM — 3HAYUTEIHHO OT-
xiaonen (Bboicokue BCAA, Huskuil TJIMIMH, BbICOKUI
Kyn/Trp u 1. .). ITO MOXKeT IOBJUATD Ha TAKTHKY
JIEYEeHNST — KOMY-TO M3 MAI[MeHTOB ToTpedyercs 6oJiee
arpeccuBHOe BMeIIaTeIbCTBO (MHTEHCUBHOE CHUYKEHIEe
Beca, paHHee Ha3HaueHHe MeJIUKAMEHTOB).

Koneuno, ocratorcsi — HepellieHHble  BOTIPOCHI.
Heob6xoaumo cranpapTuaupoBaTh MeETOIUKH MeTabo-
JIOMHOTO aHa/in3a, pa3paborarh eauHbie pedepeHt-
HbIE€ AMANa30HbI 10 KJYEBBIM MeTa0o/IMTaM, a TaK-
K€ HAYYUTHCS MHTEPIPEeTHpPOBaTh OOJbIIHE JaHHbIE
B KJIOYe KJIMHUYECKOTO MbIIIeHns. Tpebyercss MHO-
TOIIEHTPOBAST TIPOIOJIbHAST BATU/IAINS TIPE/TOKEHHBIX
O6uoMapkepoB Ha OGOJIBIINX KOTOPTaX, 4TOObI JIOKa-
3aTh WX HE3aBUCHMYIO TMPOTHOCTUYECKYIO IEHHOCTD
CBEpPX TPAAUIMOHHBIX (DaKTOPOB pucka. TeMm He Me-
Hee TIporpecc uaerT ObICTPhIMHU TeMmamu. B Gumxaii-
meM Oy/yIlieM, BEpOSTHO, MOSIBATCS KOMMEpUYECKHe
MeTa00JIOMHbIE TaHeJu I KOMILJIEKCHON OIeHKHU
KapnoMeTaboIMuecKoro prcKa. YiKe ceiidac HEKOTO-
pble JTabopaTOpUH TPEATATAIOT <«KapanoMeTaboinyie-
ckue npoduny, BKIIOYAIONIIEe aHATN3 aMUHOKHICJIOT,
AIMIKAPHUTHHOB W Psijfia JUMHAOB. BHenperue sTux
TEXHOJIOTUI B TPAKTHKY TTO3BOJUT BpadyaM 3HIOKPHU-
HOJIOTaM, Kap/AMnoJioTaM, TracTpodHTeposoraM GoJee
TOYHO OIIEHUBATH COCTOSTHHE OOMEHa Y KOHKPETHOTO
narenta ¢ MC 1 mog6upath MepCoOHATN3UPOBAHHYIO

Tepanuio.
B 3akiaioueHue oTMETHM, 4YTO MeTabOJMYEeCKUil
CUH/IDOM — 39TO He FOMOTEHHBI KJIMHUYEeCKWiT (heHO-

MEH, a COBOKYIIHOCTb KaK MUHUMYM IISITH MeTa00Ju-
yecknx denotunos (aHaboJaMYecKast PE3UCTEHTHOCTb,
MUTOXOH/IpUAJIbHASA  AUCHYHKIMA, HHCYJIUMHOPE3U-
CTEHTHOCTb, CUCTEeMHOE BOCIIaJIeHUe U JIN30COMa/IbHAas
HEJI0CTATOYHOCTh), CTENeHb BBIPAKEHHOCTH ¥ B3a-
WMOJIEHICTBE KOTOPBIX MOTYT ONpPEeIesATh KJINHU-
yecknii Bapuant MC, pHUCK €ero mporpeccupoBaHUsI
W WHIMBHU/YAJbHYIO TPAeKTOpUIO manueHTa. Bce aTo
BIIMCBIBAETCS B IAPAJUrMy HPENNU3MOHHON MeIuIu-
HBI, KOT/Ia JleueHne MOAONPaeTcss Ha OCHOBE KOHKpET-
HBbIX HapyIIeHuil MeTabosM3Ma y [JaHHOTO MaIleHTa.
[Tpomomkenne nccaeJoBaHM B 06aCTH METab0TIOMH-
ku MC Hens6eskHO HPUBEAET K HOBBIM OTKPBITHIM
U yJIYYIIEHUIO UCXOJI0B MAIMEHTOB ¢ MeTa00TMYECKIM
CHUH/IDOMOM.
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Metabolomic Diagnostic Technology
as a Basis for the Establishing the Principles
of Metabolic Health

Vladimir T. Ivashkin, Oxana Yu. Zolnikova*, Vadim V. Tarasov, Svetlana A. Appolonova

1.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: to examine current evidence on the key metabolic alterations that reflect the major pathogenetic axes of meta-
bolic syndrome (MS) and to assess their potential for the diagnosis and stratification of MS.

Key points. The review highlights five major metabolomic pathogenetic axes of MS: anabolic resistance, mitochon-
drial dysfunction, systemic inflammation, insulin resistance, and lysosomal insufficiency. Each represents an es-
sential pathogenic link influencing the development of MS complications. Characteristic alterations of low-molecu-
lar-weight metabolites (such as amino acids and organic acids) and lipids identified through modern metabolomic
analytical methods are described for each axis, and their clinical significance is discussed. Special attention is given
to the role of combined metabolite panels, which improve early diagnosis of MS and prediabetes, allow risk stratifica-
tion for complications (type 2 diabetes, atherosclerosis, nonalcoholic fatty liver disease, etc.), and enable monitoring
of treatment effectiveness. It is noted that metabolomic biomarkers possess high diagnostic and prognostic value,
complementing standard clinical indicators. Evidence is presented showing that integrating metabolomic data with
clinical parameters increases diagnostic accuracy (for example, combining metabolomic markers with the glucose
tolerance test improves its predictive value). The development of integrated metabolomic indices (such as Met-
SCORE) provides high accuracy in identifying MS (AUROC ~0.9). Metabolomic studies confirm the heterogeneity
of MS and allow subclassification according to predominant pathophysiological disturbances, opening prospects
for precision medicine.

Conclusion. Thus, the metabolomic approach substantially expands the possibilities for diagnosis and personal-
ized therapy in patients with MS. It enables the detection of latent metabolic disturbances at the preclinical stage
of disease, complementing routine diagnostic methods. Implementation into clinical practice requires standardiza-
tion of metabolomic analytical protocols, validation of metabolomic biomarkers, and integration of multi-omics ap-
proaches, which will ensure the reproducibility of results and their broad application in medicine.
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MeTabonoMHaa agnarHocTmyeckas TeXHoNorua Kak ocHoea GopmMupoBaHUa

npuHUUMNoB MeTabonnyeckoro 3A00poBbs

B.T. MBawwkuH, O.10. SonbHmkosa*, B.B. Tapacos, C.A. AnnosoHoBa

®rA0Y BO «[lepsbiti MockoBCkuii rocynapCTBEHHbI MEANLMHCKUE yHuBepcuTteT um. U.M. CeveHoBa» MuHucTepcTaa
3apaBooxpaHeHnsi Poccurickon deanepaumm (CedyeHoBCckuii YHnBepcuteT), MockBa, Poccuiickass Penepaumsi

Llenb: paccMOTpeTb COBPEMEHHbIE JAHHbIE O K/IOUYEBbLIX METAOOIMYECKNX NBMEHEHUSX, OTPAXAIOLLMX OCHOBHbIE
naToreHeTMyeckne ocu metabonuyeckoro cuHapoma (MC), 1 OLEHUTb UX NOTEeHUMAN o OUarHoCTUKN U CTpaTu-
dukauum MC.

OcHOBHbIe NoJsIoXeHus. B 0630pe BblAeNeHbl NATb KIOYEBbLIX METAOOOMHbIX NaTtoreHeTnyeckmx ocen MC: aHa-
6onmyeckasi PE3NCTEHTHOCTb, MUTOXOHAPUANbHAas OUCPYHKUUS, CUCTEMHOE BOCMANIEHME, UHCYIMHOPE3NCTEHT-
HOCTb 1 IM30COMaJibHas He4OCTaTOYHOCTb. Kaxaan nd HMX NpencTaBisieT BaXXHOE 3BEHO NaToreHesa, BAMsgioLLee
Ha pa3BuTMe ocnoxHeHun MC. nsa kaxaoi oCu onmcaHbl XapakTepHbIE M3MEHEHNS HU3KOMOJIEKYNSAPHbIX MeTa-
60/MTOB (HaNpUMep, aMUHOKUCIIOT, OPraHNYeCKMX KUCIOT) 1N IMNNAOB, BbIBIEHHbIE COBPEMEHHLIMU METOAAMU
MeTab0JIOMHOro aHanusa, 1 06cyXxaaeTcs Ux KinHrnyeckoe 3HadyeHne. Ocoboe BHUMaHMe yaeneHo poan KOMOUHN-
POBaHHbIX NaHesnel MeTabonnMToB, KOTOPbLIE Y/y4LlaoT paHHio anarHoctuky MC v npepnmabeta, No3BONSIOT CTpa-
TNOULMPOBATL PUCK OCIIOXHEHUI (CaxapHbIl auabeT 2-ro Tmna, aTepockiepo3, HeasnkoronbHas xmnposas 601e3Hb
MeYeHn 1 Ap.) U MOHUTOPUPOBaTb 3PPEKTUBHOCTbL Tepanum. OTMeyaeTcs, HTO MeTaboIOMHbIe BuoMapkepbl oba-
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[Al0T BbICOKOM ANArHOCTUYECKOM U MPOrHOCTUYECKOW LI@HHOCTbIO, AOMOJHAS CTaHOAPTHbIE KIIMHMYEeCKMe rnokasa-
Tenu. NMokasaHo, YTO MHTerpaums MeTaboIOMHbIX AaHHbIX C KTMHUYECKMMM NoKa3aTesisiMu1 MoBbILLAET TOYHOCTb Au-
arHOCTVKM (Hanpumep, 00beanHeHne MeTabonoOMHbIX MapPKEPOB C TECTOM TOJIEPAHTHOCTM K [TIIOKO3€ YBENYNBAET
€ro NMPOrHOCTUYECKYIO LIEHHOCTb). PaspaboTka MHTerpanbHbiXx MeTaboIOMHbIX MHAEKCOB (Takmx, kak MetSCORE)
obecneynBaeT BbICOKYIO TOYHOCTb pacnodHaBaHns MC (AUROC ~0,9). MeTabonomMHble nccnenoBaHns NOATBEPXK-
[atoT reteporeHHoCcTb MC 1 NO3BONSAOT BbIAENATL €ro NMOATUMbI B 3aBUCUMOCTM OT npeobnagaroLmx natopusno-
JNIOrNYECKNX HAPYLLIEHWI, YTO OTKPbLIBAET NEPCNEKTMBbI MPELIM3NOHHON MEOULIVHBI.

3akn4yeHue. MetabonoMHbI MOAX0A CYLLECTBEHHO PacLUMPSET BO3MOXHOCTU ANArHOCTUKM 1 MEPCOHaNM3nPOo-
BaHHOM Tepanun naupeHToB ¢ MC. OH No3BONSET BbIABNATL CKPbITbe METAOONNYECKNE HAPYLLIEHUSA HA AOKAUHN-
yeckon ctaammn 3aboneBaHus, AOMOJHAS PYTUHHbIE MeTOAbl 0OcnenoBaHus. Ona ero BHeAPEHUS B KIIMHNYECKYIO
npakTUKy HEOOXOAMMbI CTaHAAPTU3aLMS MeTOaMK MeTaboIOMHOr0 aHann3a, Banuaaums MeTabosioMHbIX Gromap-
KEPOB M MHTErpaLusa MyJIbTUOMUKCHbIX MOAXOA0B, HTO 06ecneynT BOCMPOM3BOANMOCTb PE3YNLTATOB U UX LLINPOKOEe
npUMeHeHne B MeguLIHE.

KnioueBble cnoBa: MeTabosiomMuka, MeTabonnyeckuii CMHAPOM, Bromapkepsbl, NPELM3NoHHas MeauumvHa, cTpa-
Tndunkaumsa pucka

KoHdNUKT MHTEepecoB: aBTOPbI 3asAB/AI0T 00 OTCYTCTBUN KOHPNKTA UHTEPECOB.

Ana uutupoBanusa: MeawkuH B.T., BonbHukosa O.10., Tapacos B.B., AnnonoHosa C.A. MeTabonomMHas anarHoctnyeckas TexHo-
NIornsi Kak ocHoBa (POPMUPOBAHMS MPUHLMMOB METaboIMYeCcKoro 340p0Bbs. POCCUMINCKUI XXypHan racTpO3HTEPOsIoriu1, renaTono-

rvun, kononpokronorun. 2025. https://doi.org/10.22416/1382-4376-2025-1894-5323

Introduction

Metabolic syndrome (MS) is a multifactorial
condition characterized by a combination of ab-
dominal obesity, insulin resistance, hyperglyce-
mia, dyslipidemia (elevated triglycerides, reduced
HDL cholesterol), and arterial hypertension [1—
3]. The prevalence of MS continues to rise and
affects approximately one-third of the adult pop-
ulation, increasing with age (up to ~40—50 % in
individuals over 60 years) [4]. The presence of MS
is associated with an increased risk of developing
type 2 diabetes mellitus (DM2) and cardiovascu-
lar diseases, raising overall mortality by approx-
imately 1.5-fold [5]. Despite the severity of this
issue, current clinical criteria for MS have limita-
tions: they do not reflect the molecular heteroge-
neity of the syndrome and do not allow precise
assessment of complication risk in individual pa-
tients. Therefore, the development of more refined
approaches for diagnosis and risk stratification in
MS is highly relevant [6].

Metabolomics is a modern analytical meth-
od that enables quantitative profiling of a wide
range of low-molecular-weight metabolites in bio-
logical samples (blood, urine, etc.). The resulting
“metabolic signatures” reflect alterations across
multiple biochemical pathways and can serve as
molecular markers of pathological processes [6].
Over recent decades, the application of metabo-
lomics and related lipidomics has significantly
advanced the understanding of the pathogenesis
of MS, identifying unique combinations of metab-
olites associated with insulin resistance, visceral
obesity, dyslipidemia, and inflammation [7—9].
For example, elevated levels of certain amino ac-
ids (branched-chain BCAAs and aromatic amino

acids) and lipid metabolites have been shown to
identify individuals at high risk for developing
DM2 and MS in advance [10]. Metabolomic stud-
ies confirm that MS is not a single condition but a
group of related phenotypes (“metabotypes”) that
differ in dominant abnormalities — some patients
primarily exhibit insulin resistance, while others
show predominant inflammation or mitochondri-
al dysfunction, etc. [1]. This opens opportunities
for precision medicine. Identification of metabolic
subtypes of MS allows tailoring prevention and
treatment strategies (for example, prescribing tar-
geted metabolic therapy to patients in whom mi-
tochondrial dysfunction or autophagic deficiency
predominates).

It is important to emphasize that the five patho-
genic “axes” of MS interact closely with each oth-
er, forming a unified pathological cascade. For
example, chronic inflammation driven by excess
visceral adiposity enhances insulin resistance and
endothelial dysfunction. Insulin resistance and
nutrient overload place metabolic stress on mito-
chondria, promoting metabolic “rigidity” and the
accumulation of secondary metabolites. Persistent
anabolic signaling under conditions of overeating
suppresses autophagy, leading to the accumulation
of defective organelles and lipids, thereby ampli-
fying oxidative stress and inflammation. Thus, all
five axes are interconnected and jointly determine
the clinical phenotype of MS and the risk of its
complications (Fig.).

Below is an overview of recent data on metab-
olomic markers of MS in the context of its five
key pathogenic axes: anabolic resistance, mito-
chondrial dysfunction, insulin resistance, systemic
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Figure. Five key pathogenetic axes of metabolic syndrome and their interactions
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inflammation, and lysosomal insufficiency. For
each axis, the main mechanisms and characteris-
tic metabolomic/lipidomic markers are described,
along with clinical examples illustrating the rel-
evance of these markers (e.g., manifestations of
MS in comorbid DM2, non-alcoholic fatty liver
disease (NAFLD), Parkinson’s disease, sarcopenic
obesity). The diagnostic and prognostic value of
the metabolomic approach for clinical practice is
discussed, as well as the prospects for its further
development.

Anabolic resistance
(reduced muscle anabolism)

Mechanisms

Anabolic resistance refers to a reduced abili-
ty of skeletal muscle to adequately respond with
growth to anabolic stimuli (dietary protein, physi-
cal exercise, hormones) [11]. This phenomenon un-
derlies sarcopenia associated with aging, physical
inactivity, chronic diseases, and is also observed
in obesity and MS [11]. In individuals with obesi-
ty and sarcopenic obesity, muscle tissue responds
less effectively to amino acid intake and resistance
exercise, leading to progressive atrophy of muscle
fibers [12]. Factors contributing to anabolic resis-
tance include both external causes (low physical
activity, insufficient protein intake) and internal
disturbances (chronic inflammation, lipid infiltra-
tion, and insulin resistance in muscle tissue) [11].
In particular, in abdominal obesity, an excess of
lipids within muscle (intramyocellular fat, cera-
mides) disrupts insulin/TIGF-1 signaling and acti-
vation of the mTOR (mammalian target of rapa-
mycin) pathway, thereby impairing muscle protein

synthesis [13]. For example, it has been shown
that ceramide accumulation in response to a high-
fat diet disrupts insulin-mediated phosphorylation
of Akt (protein kinase B, serine/threonine-specif-
ic protein kinases) and thereby suppresses anabol-
ic processes in muscles [13]. Ultimately, anabolic
resistance contributes to reduced fat-free mass and
aggravates sarcopenic obesity — defined as a com-
bination of excess adiposity and reduced muscle
mass in patients with MS [11].

Key metabolic markers

Metabolomic studies have identified a number
of circulating metabolites that reflect muscle an-
abolic resistance (Table 1). Patients with MS fre-
quently exhibit elevated levels of branched-chain
amino acids (BCAAs: leucine, isoleucine, valine)
[14], which are considered part of the metabol-
ic signature of insulin resistance and obesity [1].
However, paradoxically, in cases of pronounced
sarcopenia (e.g., in older adults with DM2), leu-
cine levels may be reduced due to depletion of the
intramuscular amino acid pool and insufficient di-
etary protein intake [15]. For example, in a study
of patients with DM2, those with sarcopenia had
significantly lower leucine concentrations and
higher glutamate levels compared with patients
without sarcopenia [15]. Low leucine and elevat-
ed glutamate are associated with muscle weakness
and reduced muscle mass [16]. Increased plasma
glutamate concentrations are frequently observed
with loss of muscle mass and reflect enhanced cat-
abolic processes in skeletal muscle [17]. In addi-
tion, excess glutamate can activate peripheral no-
ciceptive and metabolic receptors, which has been
linked to increased muscle fatigability and reduced
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Table 1. Metabolomic markers of anabolic resistance (muscle component of MS)
Taéauua 1. MeraGosoMHble MapKepbl aHa00JINYeCKOi pesucTeHTHOCTH (MbieuHbiii KoMmnonenT MC)

Marker and path
Mapxep u nymo

Changes in MS
(anabolic resistance)
H3zmenenus npu MC (anabo-
AUUECKAst Pe3UCNEHIMHOCTY)

Clinical significance
Kaunuuecxoe 3nauenue

Branched-chain amino

acids (BCAA) — leucine,
isoleucine, valine
Amunoxucaomot ¢ pazgem-
eaennoi uensvio (BCAA) —
NeUUUH, U30ACUUUH, BANUH

Elevated in fasting blood
Hosvuwenvl 6 Kpogu Hamowax

In obese individuals with insulin resistance,
plasma BCAAs are chronically elevated, re-
flecting low amino acid uptake by muscle [14].
High BCAAs are associated with the risk of de-
veloping type 2 diabetes [1]

Y nuy ¢ oxupenuem u umcyruropezucmerm-
Hocmoio naazmennvie BCAA xponuuecku no-
BLLULEHBL, UTNO OMPAXKaAem HU3KOe NozJouleHue
amunoxucaom moiuyamu [14]. Boicokue BCAA
ACCOUUUPOBAHBL C PUCKOM paseumust duabema
2-20 muna [1]

Histidine

(essential amino acid)
T'ucmudun (sccenyuanvias
amunoxucioma)

Decreased in plasm
CHuxxen 6 naazme

Low histidine levels are often found in MS
[6]. Histidine has an anti-inflammatory effect,
and its deficiency may contribute to chronic in-
flammation and oxidative stress in MS
Huskuil yposens zucmuduna 4acmo 6uls6asemcs.
npu MC [6]. Tucmudun obaadaem npomusosoc-
naiumenvHuiM Ahpexmom, u ezo depuyum mo-
JKem cnoco6cmeosams XPOHUUECKOMY 60CNAJIe-
HU0 U oKucaumenvHomy cmpeccy npu MC

3-methylhistidine — a break-
down product of muscle pro-
teins (methylation of histidine
in actin/myosin)
3-memuneucmuoun —
?Joayxm pacnaoa MolueunvLy
enxos (memuruposanue zu-
cmuouHa 6 akmuwe,/ Muo3une)

1 In urine and plasma with
increased muscle catabolism
(sarcopenia, cachexia)

1 B Moue u naasme npu ycunen-
HOM MbIUEUHOM KAMAOoIu3Me
(capronenus, xaxexcus)

In patients with sarcopenia and sarcopenic obe-
sity, increased excretion of 3-MH is observed
[20], indicating accelerated myofibril break-
down due to anabolic resistance

Y nayuenmos c¢ capxonenueti u capxonenuue-
CKUM OXXUpeHuem Habao0aemcs noGvluleHHas:
akckpeyus 3-MH [20], ykasvisarowas na ycko-
pennbll pacnad MuopuOpuil u3-3a andabou-
4eCKOU Pe3ucmenmHocmu

Glutamate (glutamic acid) —
a product of glutamine deam-
ination, involved in energy
metabolism and

nitrogen balance
T'aymamam (eaymamuno-
eas Kucaoma) — npooyxm
0e3aMUHUPOBAHUSL 21y MAMU-
Ha, yuacmeyem 6 IHepzemu-
UeCKOM 0OMEeHe U A30MUCTIOM
banance

1 In patients with MS

and reduced muscle mass

1 ¥ nayuenmos ¢ MC u cru-
JKEHHOU MblULeYHOU MACCOU

High plasma glutamate is associated with mus-
cle weakness and may be an indicator of nitro-
gen overload and stress metabolism in muscles
Buicokuil enymamam 6 niazme daccoyuuposan
C MbIULEeUHOU CA60CMbIO; 803MOKEH KAK NOKA-
3amenv nepezpysKu A30MucCmolMu COeOUHEHU-
SAMU U CINPECCOB020 MEMABOIUIMA 8 MOIUYAX

Proline — a glycogenic amino
acid, a component of collagen
HOpoaun — enuxozennas
AMUHOKUCTIOMA, KOMNOHEHM
KOJLNAzeHa

1 In patients with sarcopenia
(increased plasma proline)

1 Y nayuenmos ¢ capxone-
nuet (nosvuuennvlll nPoU
6 naasme)

May reflect breakdown of muscle connective tis-
sue matrix; potential early marker of sarcopenia
Moxem ompaxamv pacnad coeounHumesbHom-
KAHHO20 MAMPUKCA MbLUY, NOMEHYUAILHDLU
PAHHUL MApKep CapKoneHuu

Creatinine — the end product
of creatine phosphate break-
down in muscles

(depending on muscle mass)
Kpeamunun — xoneunwviii
npooyxm pacnaoa Kpeamu-
pocipama 6 mouuuax (3acu-
CUM Om MblUEUHOU MACCHL)

| With decreased muscle mass
(sarcopenia); unchanged

or 1 in MS without sarcope-
nia

| Ipu ymenvuwenuu motweu-
not maccol (capronenus);
Heusmenen uau T npu MC
be3 capxonenuu

Low creatinine levels with normal kidney func-
tion indirectly indicate muscle loss; used clini-
cally to assess muscle mass

Huskxuil yposenv xpeamunund npu HOPpMALv-
HOU  DYHKUUU NOUEK KOCBEHHO YKA3bIGAem
HA NOMEPI MblUEUHOU MACCOL, UCNOTbLIYEMCSL
KAUHUYECKU ONLSL OUCHKU MbLULEeYHOZ0 NYAA

Note: arrows (1 and |) indicate an increase or decrease in marker concentration in anabolic resistance; MS — metabolic
syndrome; BCAA — branched-chain amino acids.
Ipumeuanue: cmpeaxamu (1 u |) 0603naueno nogviuenue wil NOHUKEHUE KOHUECHMPAUUU MAPKEPA NPU AHAGOIUYeCKOl pe3u-
cmenmuocmu; MC — memaboauneckuii cunopom; BCAA (branched-chain amino acids) — amunoxuciomol c pa3eemeienHou

uenvio.
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functional performance [18]. Another marker of ac-
celerated muscle catabolism is 3-methylhistidine
(3-MH), a product of degradation of contractile
proteins (the actin-myosin complex). Its urinary
excretion increases during muscle protein break-
down and serves as an indicator of the intensity
of muscle proteolysis [19]. Indeed, patients with
sarcopenic obesity demonstrate elevated 3-MH
excretion, reflecting enhanced muscle degradation
in the setting of anabolic resistance [20]. Proline
is also of interest: increased plasma proline has
been observed in individuals with sarcopenia, like-
ly reflecting degradation of the muscular collagen
matrix or compensatory utilization of certain ami-
no acids during muscle breakdown [21]. Finally,
characteristic changes occur in amino acids asso-
ciated with inflammation — for example, reduced
levels of histidine and lysine. These amino acids
possess antioxidant and anti-inflammatory prop-
erties, and their low concentrations in MS cor-
relate with more pronounced oxidative stress and
inflammation [6]. Taken together, metabolomic
changes in anabolic resistance illustrate a paradox
of nutrient excess (high glutamate, 3-methylhisti-
dine, etc.) combined with functional “starvation”
of muscle tissue (low leucine and related anabolic
signaling), which is unable to adequately utilize
substrates for protein synthesis.

Clinical examples

In patients with DM2, sarcopenic obesity fre-
quently develops as a consequence of anabolic re-
sistance. Even with adequate dietary intake, their
muscles fail to gain mass, whereas adipose tissue
continues to expand. The metabolomic profile of
such patients is characterized by a specific combi-
nation of features: persistently elevated BCAAs,
indicative of insulin resistance, co-occur with
markers of muscle catabolism (increased 3-meth-
ylhistidine and glutamate) [19, 22]. A classic pro-
spective study by T.J. Wang et al. (2011) demon-
strated that a combined elevation of five amino
acids — leucine, isoleucine, valine, tyrosine, and
phenylalanine — can predict the onset of DM2
3—5 years before its clinical manifestation, and
that this amino acid panel surpasses traditional
risk factors in predictive value [23]. Moreover,
it has been proposed to use these amino acids in
combination with other metabolites (e.g., acyl-
carnitines and o-hydroxybutyrate) to screen for
latent insulin resistance even when HOMA-IR
values are within the normal range [24]. A labo-
ratory test for a-hydroxybutyrate (a-GB), a by-
product of threonine and glutathione metabolism,
has already been introduced. It has proven to be
an early biomarker of insulin resistance and pre-
diabetes [25]. Additionally, studies show that in
older adults with DM2, the presence of sarcopenia

is associated with elevated asymmetric dimethy-
larginine (ADMA) levels and more pronounced
endothelial dysfunction [26]. This illustrates the
connection between anabolic resistance and vascu-
lar impairment in metabolic syndrome: the loss of
muscle mass exacerbates metabolic complications,
and detecting the corresponding metabolites (low
leucine, elevated glutamate, etc.) enables timely
diagnosis of sarcopenia and adjustment of therapy
(e.g., introduction of anabolic agents, resistance
training, and adequate protein intake).

Mitochondrial dysfunction

and metabolic “rigidity”

Mechanisms

Mitochondrial dysfunction (MD) plays a cen-
tral role in the pathogenesis of MS, giving rise to
so-called metabolic rigidity — the inability of the
organism to flexibly switch between fatty acid and
glucose oxidation depending on nutritional state
and energy demands [27]. In healthy individuals,
fatty acid oxidation predominates at rest, where-
as after food intake the metabolism shifts toward
carbohydrate oxidation. In MS, this adaptive flex-
ibility is impaired. The underlying causes include
a reduced number and impaired function of mito-
chondria in skeletal muscle and liver, accumula-
tion of excess intracellular lipid substrates that
inhibit B-oxidation enzymes, as well as chronic
hyperinsulinemia, which suppresses lipolysis [28].
As a result, mitochondrial p-oxidation becomes in-
complete: free fatty acids are not fully oxidized,
leading to the accumulation of intermediate me-
tabolites (acylcarnitines, organic acids), while
glucose utilization is also impaired, manifesting
as lactate accumulation [28, 29]. Elevated acyl-
carnitine levels indicate incomplete fatty acid
oxidation and are associated with insulin resis-
tance [30]. Excessive ketogenesis may also occur
in the setting of MD: paradoxically elevated ke-
tone bodies (B-hydroxybutyrate) despite normo-
glycemia suggest inefficient utilization of ace-
tyl-CoA in the Krebs cycle [31]. In addition, the
cellular redox balance is disturbed: the ratio of
reduced to oxidized equivalents (NADH/NAD")
increases, reflecting a relative decline in NAD*
[32]. This so-called “over-reduced” metabol-
ic state promotes lactic acidosis (lactate accu-
mulation), oxidative stress, and dysfunction of
dehydrogenase enzymes, and may also affect
cell-survival signaling pathways — such as re-
ducing the activity of sirtuins (products of SIRT
genes), thereby accelerating tissue aging [33].
A characteristic metabolic shift in MS is chron-
ically elevated alanine, likely due to activation
of the glucose-alanine cycle between muscle and
liver. Alanine levels rise in insulin resistance and
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hepatic steatosis, reflecting enhanced gluconeo-
genesis from amino acids [34].

Key metabolomic markers

MD is characterized by distinct alterations
in carnitine profiles, organic acids, and oth-
er metabolites of oxidative pathways (Table 2).
Acylcarnitines — esters of carnitine and fat-
ty acids, — serve as a kind of “fingerprint” of
B-oxidation efficiency. Individuals with MS and
insulin resistance consistently exhibit elevated
concentrations of medium- and long-chain acyl-
carnitines in blood (e.g., C8:0, C10:0, C12:0 car-
nitines) [35]. This reflects incomplete fatty acid
oxidation: excess acyl-CoA that fails to fully enter
and complete the Krebs cycle is exported from mi-
tochondria into the cytosol as acylcarnitines [30].
Importantly, in insulin-resistant individuals, the
physiological decrease in medium-chain acylcarni-
tines during glucose challenge is less pronounced
than in metabolically healthy subjects, indicat-
ing reduced metabolic flexibility of mitochondria
to switch from fatty acids to carbohydrates [35].
This implies that in insulin-resistant states, fat-
ty acids continue to be used excessively and oxi-
dized incompletely even in the presence of glucose.
Furthermore, in vitro studies have shown that an
excess of medium-chain acylcarnitines (C10, C12)
can directly impair glucose uptake by adipocytes,
thereby contributing to insulin resistance inde-
pendently [35]. Another characteristic metabolite
is lactate. Elevated fasting lactate is common in
obesity and MS [36]. Excess lactate reflects a shift
toward anaerobic glycolysis due to insufficient mi-
tochondrial activity. Clinical and epidemiological
data indicate that elevated lactate may serve as an
early predictor of MS and diabetes risk [36].

Another group of markers includes dicarbox-
ylic and other organic acids associated with the
tricarboxylic acid cycle and related pathways.
Patients with MS frequently exhibit increased
levels of succinate, fumarate, malonate, oxalo-
acetate, and other intermediate metabolites of
the Krebs cycle [37]. Their accumulation indi-
cates substrate overload of the Krebs cycle and
partial blockade of its function. Notably, succi-
nate itself acts as a signaling molecule: via the
SUCNR1 (Succinate Receptor 1), it stimulates
adipose tissue proliferation and macrophage cy-
tokine production [38], thereby linking mito-
chondrial dysfunction with obesity and inflam-
mation. Indeed, individuals with obesity display
elevated plasma succinate levels that correlate
with a worse metabolic profile [38]. Thus, a
combination of elevated acylcarnitines, lactate,
and succinate in blood constitutes a character-
istic “signature” of mitochondrial dysfunction
in MS.

B-hydroxybutyrate (B-HB), a key ketone body,
is reduced in metabolically unhealthy individuals
in the fasting state due to chronic hyperinsulin-
emia (suppression of ketogenesis). However, in
severe hepatic insulin resistance, a paradoxical
elevation of ketone bodies can occur even under
normoglycemia [39]. Low B-HB is considered a
marker of metabolic inflexibility (impaired fat ox-
idation), whereas a moderate increase in ketone
bodies during a low-carbohydrate diet may indi-
cate efficient utilization of fatty acids as fuel and
is associated with improved metabolic parameters.

Disturbance of the redox state in MS manifests
as a shift of the NAD*/NADH ratio towards the
reduced form (NADH accumulation). Indirectly,
this is reflected by an increased lactate-to-pyru-
vate ratio, and directly — by decreased levels
of oxidized nicotinamide adenine dinucleotide
(NAD") [40]. This “over-reduced” metabolic state
is associated with oxidative stress and impaired
function of dehydrogenase enzymes, and may also
affect longevity pathways — for instance, by de-
creasing the activity of sirtuin proteins, which
play essential roles in DNA repair [32]. Another
characteristic shift is elevated alanine. Alanine is
a metabolic link between muscle and liver (the
glucose-alanine cycle); in insulin resistance and
hepatic steatosis, plasma alanine increases, re-
flecting enhanced gluconeogenesis from amino
acids [41].

Clinical examples

In non-alcoholic fatty liver disease (NAFLD),
mitochondrial dysfunction is particularly pro-
nounced. For example, as the condition progress-
es to non-alcoholic steatohepatitis (NASH), the
process of lipophagy, the autophagic breakdown
of lipid droplets in hepatocytes, is impaired, lead-
ing to hepatic lipid overload and mitochondrial
damage. Reduced activity of lysosomal acid lipase
and accumulation of triglycerides in the liver have
been reported in NASH [42]. Metabolomically,
this is accompanied by elevated serum acylcar-
nitines and organic acids, indicating blockade of
B-oxidation and substrate overload of the mito-
chondrial Krebs cycle.

It is important to note that metabolomic mark-
ers of mitochondrial dysfunction may appear long
before overt clinical manifestations. Elevated
acylcarnitines and dicarboxylic acids in plasma
can reveal subclinical defects of mitochondrial ox-
idation even at the stage of prediabetes. A large
population-based study demonstrated that adding
a panel of acylcarnitines and related metabolites
to clinical variables modestly improved the pre-
diction of impaired glucose tolerance (AUC of
the prognostic model ~0.84 vs. ~0.80 using clin-
ical data alone) [43]. Dynamic tests (e.g., oral
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Table 2. Metabolomic markers of mitochondrial dysfunction in MS
Tab6auua 2. MetaGonoMHbIe MapKepbl MUTOXOH/[pHAIbHON aucdyrkimm mpu MC

Marker (path)
Mapxep (nymov)

Changes in MS (MD)
H3zmenenuss npu MC (M/)

Clinical significance and interpretation
Kaunuueckas snauumocms u unmepnpemavus,

Acylcarnitines (C2—C18) —
derivatives of carnitine that
transport fatty acids into
the mitochondria

for B-oxidation
Awwxaprunmunol (C2—C18) —
npou3eoonvie KAPHUMU-

Ha, NEePEHOCIM KUPHbLLE
KUCJLOMbL 6 MUMOXOHOPUU
015 B-oxucaenust

1 Medium- and long-chain
acylcarnitines in plasma

in MS and insulin resistance
1 Cpedne- u Onunnoyeno-
yeuHvle AUUIKAPHUMUHDL

6 naasme npu MC u HP

The accumulation of acylcarnitines reflects in-
complete oxidation of fatty acids. Elevated levels
are associated with the risk of developing DM2
and can directly impair insulin sensitivity
Haxonnenue auuikapHumumnos ompaxadem HenoJi-
HOe oKucaenue KupHolx xucaiom. Ilosvuuentvie
YposHu ceszanvl ¢ puckom pazsumus CA2 u mo-
2Ym HenocpedcmeeHHo Yxyoudams UHCYAUHOBYIO
UYSCMBUMELHOCTND

Succinate, malate, citrate
(metabolites of the Krebs
cycle)

Cyxuunam, manam, uumpam
(memabonumvl yuxia Kpebea)

1 In plasma in MS/DM?2
(increase in intermediate
products of the tricarboxylic
acid cycle)

1 B naasme npu MC/C/2
(napacmanue npomexymou-
HOIX NPOOYKMOB YUKIA MPU-
Kap6ono6ovLx Kuciom)

Indicates substrate overload of the Krebs cycle
and blockage of oxidation. Elevated succinate
can also stimulate adipose tissue proliferation
and proinflammatory reactions

Yxasvieaem na nepeepysxy uwuxaa KpeGea cy6-
cmpamamu u 640kady okucaenus. ITogviuenmnwli
CYKUUHAM, NOMUMO IMO20, CROCOOEH CINUMYIUPO-
6AMb NPOIUDPEPAUUIO KUPOBOU MKAHU U NPOGOC-
naIumesvHbvle PeaKyull

Lactate — the end product
of glycolysis

Jlakxmam — KoHeunvii npo-
JyKm eauKoaU3a

1 On an empty stomach

or under load in individuals

with IR and MS (lactic aci-

demia)

t Hamowax unu npu na-

epyske y auy, ¢ UP u MC
AAKMAMAUUOeMUSL)

Reflects the predominance of anaerobic glycolysis
and reduced tissue oxidative capacity. Chronical-
ly elevated lactate is associated with an increased
risk of diabetes and heart failure

Ompaxaem npeobaadanue anaspPodHOz0 2AUKO-
JU3A U CHUXEHUE OKUCAUMENbHOU CROCOOHOCU
mxaneti. XpoHuuecku noeuluueHHulll 1aKmam dac-
COUUUPOBAH. C NOGLIUEHHBIM PUCKOM Oduabema
U cepoeunol HedoCmamoyrHocmu

p-hydroxybutyrate

(B-HB) — a ketone body
p-eudpoxcubymupam
(p-I'B) — xemonogoe meJio

| On an empty stomach
with hyperinsulinemia
(ketogenesis is inhibited);

1 is possible with
decompensation of liver IR
| Hamowax npu eunepun-
cyarunemuu (yenemen xemo-
zenes); 603moxno 1 npu de-
xomnencayuu UP neuenu

Low B-HB indicates reduced fat burning (metabolic
rigidity). Moderately elevated B-HB, on the other
hand, can be a favorable marker of efficient fat
utilization as fuel

Huskuu B-I'b yxa3vieaem Ha CHUXEHHOE XKUPOC-
skuzanue (memaboruueckyio puzudnocms). Yme-
penno noswviuennvii f-I'b, unanpomue, Mmoxem
ObLmMb OAZONPUAMHBIM MADKEPOM IPPeKmuenozo
UCTONB308AHUSL JKUPOE KAK MONIUBA

NAD*/NADH — nicotin-
amide cofactors of oxida-
tion-reduction reactions
NAD*/NADH — nuxomuna-
MuOHble KOpAKmMopvl OKUCAU-
MeNbHO-60CCMAHOGUMNEILHBIX
peaxuyutl

| Shift in balance towards
NADH (decrease in relative
NAD* level) in MS

| Cmewenue 6aranca 6 cmo-
pony NADH (cnuxenue
OMHOCUMENLHOZO YPOBHSL
NAD*) npu MC

Reflects a “restored” metabolic state, accompanied
by oxidative stress and impaired dehydrogenase
function; a decrease in NAD* can affect signaling
pathways (sirtuins, etc.), accelerating tissue aging
Ompacaem <«60CCMAHOBICHHOE> COCOSIHUE MEMAOO-
JUBMA, CONPOBOKOANUEECS. OKCUOAMUBHBIM CIMPeC-
COM U HApYweHueMm padomol 0ezudpozenas; CHUXeHue
NAD* noxem eausmo na cuznamvivie nymu (cupmy-
unbL U Op.), YCKopsisk cmapenue mranen

Alanine — an intermedi-
ate metabolite of glycolysis
and transamination
Ananun — npomexymou-
Holl Memaboaum 2AuKoIU3A
U MPAHCAMUHUPOBAHUSL

1 In IR and non-alcoholic
fatty liver disease; increased
in diabetes models (db/db
mice)

1 Ipu UP u neanxozonvHou
KUPOBOU 60Ie3HU NeueHu;
noewviuer y modesel duabe-
ma (mouuu db/db)

High serum alanine is associated with enhanced
glucose-alanine cycling and gluconeogenesis,
which is characteristic of liver insulin resistance
and fatty liver infiltration

Buicokuu ananun 6 coleopomie c8s3an ¢ yYCuaeH-
HOLM 2110K030-ANAHUHOBHIM UUKLOM U 2JIHI0KOHEO-
2EHE30M, UMO XAPAKMEPHO O UHCYIUHOPE3IU-
CMEHIMHOCINY NEYeHU U KUPOGOU UHDUILMPAUUU
neuexu

Note: MS — metabolic syndrome, MD — mitochondrial dysfunction, DM2 — type 2 diabetes mellitus, NAD — nicotinamide
adenine dinucleotide, IR — insulin resistance.

IIpumeuanue: MC — memabonruueckuu cundpom, M/l — mumoxondpuarvnas ducghynxyus, C/A2 — caxapnowl duabem
2-20 muna, NAD — nuxomunamudadenunounyxieomud, HP — unCYIUHOpe3ucmenmmocm.
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glucose tolerance test) combined with metabolo-
mics are even more informative: in individuals
with insulin resistance, the post-glucose decline
of acylcarnitines is insufficient, whereas healthy
subjects demonstrate a pronounced decrease as
their metabolism switches toward carbohydrate
oxidation [44]. Thus, the pattern of metabolite
changes during metabolic challenge allows patient
stratification — for example, identifying an MS
subtype with pronounced mitochondrial rigidity
that may require targeted therapy (such as mito-
tropic agents, cofactors, etc.).

Insulin resistance (metabolic abnormalities
in insulin resistance)

Mechanisms

Insulin resistance (IR) is the central pathogenic
component of metabolic syndrome, characterized
by reduced tissue sensitivity to insulin. Multiple
mechanisms underlie IR, including lipid overload
of muscle and liver (lipotoxicity), chronic low-
grade inflammation, mitochondrial dysfunction,
and genetic factors [2]. In abdominal obesity,
excess free fatty acids from visceral adipose tis-
sue enter the portal vein circulation and induce
lipid infiltration of the liver and skeletal muscle.
Accumulation of triglycerides and toxic lipid inter-
mediates (diacylglycerols, ceramides) in these or-
gans disrupts signal transduction from the insulin
receptor to downstream effector pathways (PI3K-
Akt), leading to a post-receptor defect in insulin
action [13]. Concurrently, hepatic glucose pro-
duction increases, while glucose uptake in skeletal
muscle decreases. Compensatory hyperinsulinemia
reinforces this vicious cycle, further exacerbating
the imbalance. Chronic inflammation (activation
of macrophages in adipose tissue, secretion of
IL-6, TNF-a) also directly induces IR through the
activation of stress kinases that phosphorylate the
insulin receptor at serine residues [45]. As a result,

metabolism in IR. Together with BCAAs (leucine,
valine, isoleucine), elevated aromatic amino acids
form an amino-acid profile that predicts the fu-
ture development of diabetes several years before
its clinical manifestation [14]. The combination of
elevated BCAAs, tyrosine, and phenylalanine reli-
ably distinguished obese insulin-resistant subjects
from metabolically healthy lean controls; further-
more, administration of this amino-acid mixture
to animals induced features of IR [1]. Another
important marker is reduced glycine. Glycine is
a nonessential amino acid required for glutathi-
one synthesis (the major intracellular antioxi-
dant) and detoxification pathways. In metabolic
syndrome, plasma glycine concentrations are re-
duced, reflecting both oxidative stress and de-
creased metabolic flexibility [46]. Low glycine is
associated with more severe insulin resistance and
increased diabetes risk [14, 46]. It is assumed that
glycine deficiency exacerbates IR by weakening
antioxidant defenses and amplifying nutrient-in-
duced inflammation [46]. In addition to amino
acids, specific lipids serve as informative markers
of TR. Among them, sphingolipids — particular-
ly ceramides — have received special attention.
Ceramides (membrane lipids synthesized from sat-
urated fatty acids, e.g., palmitate) can directly
impair insulin signaling by activating stress kinas-
es and inhibiting Akt (protein kinase B, serine/
threonine-specific protein kinases) [13]. Increased
ceramide content is found in the skeletal muscle
and liver of patients with IR, and plasma concen-
trations of specific ceramide species (e.g., C:16,
or the ratio Cer(d18:1,/16:0)/Cer(d18:1,/24:1))
correlate with IR severity and cardiovascular risk
in lipidomic studies [1, 13]. Consequently, serum
ceramide panels are already proposed as stratifica-
tion tools for assessing metabolic and cardiovascu-
lar risk in IR and diabetes. Another lipid marker
involves alterations in phospholipid composition.

patients with metabolic syndrome develop a com- A systematic review of metabolomic studies in

plex IR phenotype, ranging from elevated fast-
ing insulin to impaired glucose tolerance. IR is a
predictor of progression of metabolic syndrome to
DM2 [2] and represents a key therapeutic target.

Key metabolomic markers

Recent metabolomic studies have identified a
characteristic “signature” of insulin resistance —
a distinct spectrum of circulating metabolites that
differentiates insulin-resistant individuals from
those with preserved insulin sensitivity. One of
the most consistently reproduced findings is the
elevation of the aromatic amino acids tyrosine and
phenylalanine in individuals with obesity and IR
[14]. Increased phenylalanine/tyrosine is linked
to overload of hepatic phenylalanine hydroxylase
and may indicate impaired hepatic amino-acid

metabolic syndrome noted significant changes in
two phosphatidylcholines (PC 34:1 and PC 34:2)
in patients with MS compared with healthy in-
dividuals [6]. These phospholipids likely reflect
membrane and lipoprotein remodeling occurring
in dyslipidemia associated with IR. Overall, the
combination of amino-acid markers (BCAAs, ty-
rosine, phenylalanine — elevated; glycine — re-
duced) and lipid markers (ceramides — elevat-
ed; selected phospholipids — altered) provides a
multi-omic profile of insulin resistance.
Diacylglycerols (DAGs) are also associated
with TR. In MS, hepatic levels of specific DAG
species increase, activating protein kinase C and
impairing insulin-receptor phosphorylation. In
plasma, certain DAG isoforms and saturated

14
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Table 3. Main metabolomic markers of insulin resistance in MS
Tab6auua 3. OcHoBHbIe MeTaGOJOMHBIE MapKePhl HHCYIMHOPE3UCTeHTHOCTH Tipn MC

Marker (path)
Mapxep (nymov)

Changes in IR (MS)
H3menenus npu HP (MC)

Clinical significance
Kaunuuecxkoe snauenue

Branched-chain amino acids
(leucine, isoleucine, valine)
Amunoxucaomot c paséem-
esiennoit uenvto (neviyun,
U0NCUUYUH, GANUH)

1 Consistently elevated in obesity
and MS. Especially isoleucine, a gen-
eral marker of dysglycemia [11]

1 Cmabunsio nosvluuervl NP 0XKu-
penuu u MC. Ocobenno uszoneti-
yun — obuul Mapkep Jucziuke-
muu [11]

Early predictors of type 2 diabetes. Chronically
elevated BCAAs exacerbate IR due to the accu-
mulation of toxic metabolites

Pannue npeduxmopuvt passumus C/2. Xponuue-
cku nosviwennvie BCAA ycyeybasiom HUP ecaed-
CMBUe HAKONJEHUS MOKCUUHBLX MeMAGOIUNOE

Aromatic amino acids
(phenylalanine, tyrosine)
Apomamuueckue amuro-
xucaomut (penunananun,
muposun)

1 In MS and obesity
1 Hpu MC u oxupenuu

Associated with liver IR and decreased amino
acid clearance. Elevated Phe and Tyr levels
predict the risk of DM2

Accoyuuposanv. ¢ UP neuenu u cuuxenuem
Kaupenca amunoxucaom. Ilosviwenue Phe
u Tyr npedckasvisaem puck C/2

Glycine (antioxidant amino
acid)

Tauvun (anmuoxcudanmnas
AMUHOKUCIOMA)

| In MS
| IIpu MC

Low glycine levels reflect oxidative stress
and inflammation, characteristic of IR. They
are associated with a risk of diabetes and car-
diovascular disease

Husxui yposenv zauyuna ompaxaem oxcuoad-
MUBHBLI CIMPECC U 8OCNALEHUe, XAPAKMEPHbLE
oas UP. Ceszan c puckom duabema u cepoeuno-
cocyducmuix 3a60.1e6anUl

Glutamine / glutamate ratio
Coomnowenue eaymamun,/
eaymamam

| In MS (glutamine is reduced,
glutamate is increased
| Hpu MC (zaymamun cruxen,
2ymamam nogvluuen)

A low ratio is associated with IR and inflam-
mation. High glutamate is a sign of increased
gluconeogenesis and stress metabolism

Huskoe coomnowerue accouuuposano ¢ UP

u eocnanenuem. Bvicokuil eaymamam — npu-

3HAK YCULEHHOZO 2/IIOKOHE0ZeNne3d U CMPecco-

6020 MemMaboIUIMA

Acylcarnitines C3, C5
(propionyl- and isovalerylcar-
nitine)

Auuakapunumunot C3, C5H
(nponuonun- u usosarepu-
KapHumum)

1 In IR (accumulation of BCAA
metabolites)

t IIpu UP (naxonnenue mema-
6oaumos BCAA)

Markers of incomplete BCAA breakdown; associ-
ated with the risk of impaired glucose tolerance.
May inhibit insulin signaling in muscle
Mapxepor nenoanozo pacnaca BCAA; accoyu-
UPOBAHBL C PUCKOM HAPYULEHUS TMOLCPAHMHO-
cmu K 2moxoze. Mozym yznemams UHCYIAUHO-
BY10 CUZHATBHYIO UENb 8 MbIUYAX

Ceramides (e.g., Cer 16:0,
24:1) — sphingolipids

I epamudvt (nanpumep,
Cer 16:0, 24:1) — cunzo-
Junuodot

? In serum and tissues in MS,
DM2

1 B coisopomke u mxansx

npu MC, C/2

IR inducers: inhibit signaling from the insu-
lin receptor. High levels of certain ceramides
are associated with the risk of DM2 and car-
diovascular disease

Hnoyxmopwvr UP: mopmossim nepedauy cuznaia
0m UHCYIUHOB0ZO peyenmopd. Boicokue yposhu
omoeavHvlx yepamudog ceszanvt ¢ puckom C/2
u cepdeuno-cocyoucmolx 3a60ae6anuil

Diglycerides (DAGs) —
lipid intermediaries
Hueauuepuoovt (IAI') —
JUNUOHBLE NOCPEOHUKUL

1 In the liver and muscles in MS
(accumulation of intracellular
DAGsS)

1 B neuenu u moiuyax npu MC
(naxonaenue enympuxiemoy-
nowx JIAT)

They activate protein kinase C and disrupt in-
sulin receptor phosphorylation, contributing
to IR. Potential tissue biomarkers of NAFLD
and hepatic IR

Axmusupyrom npomeunxunazy C u Hapywawom
pochopunuposanue uncyuH08020 peyenmopd,
Cl’lOCO6€m€yﬂ HUP. Ilomenyuanvivie mraneevie
ouomapxepvt HAJKBII u neuenounou UP

1,5-anhydroglucitol

(1,5-AG) — a food polyo
1,5-anzuopozniouumoan
(1,5-AT') — nuweeoi noauon

| In serum with frequent hyper-
glycemia

| B cwigopomxe npu uacmou
zunepzauKemuu

Low 1,5-AG — an indicator of frequent hyper-
glycemic “spikes” in IR and is used to control
glycemia in the interictal period

Husxui 1,5-AI — unduxamop uacmoix zunep-
2NUKEMULECKUX <6CNAecKk08» npu U P, ucnoio-
3yemcst 04si KOHMPOJISL 2IUKEMUU 6 MEXNPU-
cmynHom nepuode

Note: MS — metabolic syndrome, IR — insulin resistance, DM2 — type 2 diabetes mellitus, NAFLD — non-alcoholic

fatty liver disease.

IIpumeuanue: MC — memaboruueckuii cundpom, UP — uncyaunopesucmenmmuocmo, C/A2 — caxapnoui Juabem 2-z0 muna,
HAKBII — neanxozonvnas xuposas 6071e3Hb neueHu.
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free fatty acids may serve as markers of lipotox-
icity [47].

Additionally, products of impaired glucose me-
tabolism serve as metabolic indicators of IR. A nota-
ble example is 1,53-anhydroglucitol (1,5-AG). This
polyol decreases in serum during frequent hyper-
glycemic episodes, because once the renal glucose
threshold is exceeded, it competes with glucose for
reabsorption and is excreted [48]. Low 1,5-AG is a
sensitive marker of recent glycemic excursions and
is used clinically to assess glycemic variability in IR
and diabetes. While 1,5-AG does not directly par-
ticipate in insulin signaling, its reduction indicates
deterioration of glycemic control [48].

Clinical examples

The multicenter prospective study by T.J. Wang
et al. (2011) demonstrated that a combined eleva-
tion of five amino acids (leucine, isoleucine, valine,
tyrosine, phenylalanine) in plasma predicts the
development of DM2 within 3—5 years in healthy
individuals, and that this metabolomic panel sur-
passes classical risk factors in predictive value
[23]. These data were one of the first proofs that
metabolomics can identify prediabetes long before
its clinical manifestation. As noted, on this basis,
metabolite panels have already been proposed that
are capable of identifying individuals with incipi-
ent insulin resistance with normal glycemic status,
primarily a combination of BCAA, aromatic ami-
no acids and -hydroxybutyrate (a-HB), as well
as lipid metabolites and acylcarnitines [24, 25].
In routine practice such panels are not yet widely
used, but some individual tests already exist (in-
cluding the a-HB test mentioned above).

In patients with manifest DM2, the metabolo-
mic profile reflects the degree of insulin resistance
and the status of glycemic compensation. For ex-
ample, with poor glycemic control (high HbA_1c¢),
markedly elevated BCAAs and aromatic amino
acids are observed, along with accumulation of
ketone bodies (due to relative insulin deficiency)
and a pronounced reduction in glycine. In rela-
tively compensated diabetes (normal or slightly
elevated HbA_1c) with persistent peripheral IR,
isolated elevation of BCAAs is often found against
a background of nearly normal glycemia — a met-
abolic “fingerprint” that may go unnoticed with
standard clinical tests [49—54]. Thus, the metabo-
lomic approach is valuable in detecting subclinical
metabolic disturbances: for example, in patients
with NAFLD, even with normal glucose levels
but hepatic insulin resistance, phenylalanine and
tyrosine are elevated [51, 52, 55], signaling re-
duced hepatic clearance of aromatic amino acids
(similar to what is observed in early stages of he-
patic insufficiency) [56].

Systemic inflammation and microbiota

Mechanisms

Chronic subclinical inflammation is an integral
component of MS, primarily associated with vis-
ceral obesity and dysfunction of the innate im-
mune system [2]. In MS, visceral adipose tissue is
infiltrated by pro-inflammatory macrophages that
produce cytokines (TNF-a, IL-6, etc.), which in-
duce insulin resistance in muscle and liver. These
cytokines enter the systemic circulation and cause
whole-body subclinical inflammation, including
elevated levels of C-reactive protein (CRP), se-
rum amyloid A, and other acute-phase markers
[57]. In patients with MS, circulating 1L-6 and
TNF-a are significantly higher than in metabol-
ically healthy individuals, confirming the contri-
bution of inflammation [45]. Simultaneously, the
gut microbiota plays an important role: dysbiosis
increases intestinal permeability, allowing lipo-
polysaccharides (endotoxin) from Gram-negative
bacteria to translocate into the bloodstream, driv-
ing metabolic endotoxemia — a state of chronic
low-grade inflammation associated with insulin re-
sistance, hepatic steatosis, and atherogenesis [58].
An additional contribution comes from altered
arginine metabolism in MS. Under inflammatory
conditions, macrophage arginase activity increases,
competing with NO-synthase for L-arginine and
converting it to ornithine and urea. This reduces
arginine availability for endothelial nitric oxide
(NO) synthesis [59]. At the same time, IR and
dyslipidemia increase levels of endogenous NO-
synthase inhibitors, such as asymmetric dimeth-
ylarginine (ADMA). Altogether this leads to en-
dothelial dysfunction, reduced NO production,
impaired vasodilation, increased vascular stiffness,
and further sustains inflammation [60]. Thus, MS
can be viewed as a state of chronic metabolic in-
flammation in which immune pathways are weak-
ly but persistently activated, maintaining a patho-
logical metabolic background.

Key metabolomic markers of inflammation

The most significant metabolomic indicator
of immune activation in MS is the kynurenine /
tryptophan (Kyn/Trp) ratio. Under the action
of indoleamine-2,3-dioxygenase (IDO) — an en-
zyme induced by pro-inflammatory cytokines (e.g.,
IFN-y) — tryptophan in macrophages and den-
dritic cells is catabolized to kynurenine [61]. In
patients with MS, the Kyn/Trp ratio is elevated,
indicating chronic activation of pro-inflammatory
pathways [62]. Studies report that in individu-
als with obesity and metabolic syndrome, Kyn/
Trp may be 30—50 % higher than in healthy con-
trols [63], and this marker partially normalizes after
weight loss or bariatric surgery. Activation of the
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kynurenine pathway leads to the formation of im-
mune-active metabolites (kynurenic acid, quino-
linic acid, etc.) that can influence insulin sensitiv-
ity, appetite, and hypothalamic neuronal activity.
Thus, Kyn/Trp represents an integrated biomark-
er of systemic inflammation associated with obesi-
ty and MS and may predict diabetes and vascular
complications [64]. Another metabolite of interest
is succinate, discussed earlier. Beyond its meta-
bolic role, succinate acts as a signaling molecule
for the immune system: SUCNR1 receptors on
dendritic cells and macrophages detect elevated
succinate levels and can enhance cytokine secre-
tion (e.g., IL-1B) [65]. In adipose tissue of obese
mice, succinate accumulates and contributes to
chronic inflammation in visceral fat [65]. In hu-
mans with obesity, elevated serum succinate is as-
sociated with a pro-inflammatory phenotype and
insulin resistance [38].

ADMA (asymmetric dimethylarginine) is a
key marker of endothelial dysfunction in MS. Its
plasma concentration is frequently elevated in
metabolic disorders, competitively inhibiting NO-
synthase and reducing NO-dependent vasodilation
[66]. High ADMA levels are associated with im-
paired endothelium-dependent vasodilation, in-
creased arterial stiffness, and greater cardiovascu-
lar risk. The combination of elevated ADMA and
high-sensitivity CRP yields particularly strong
prognostic value. Individuals with both markers
elevated have a significantly higher probability of
having MS than those with normal levels [67].
In metabolomic research, ADMA is viewed as a
potential link between endothelial dysfunction
and muscle degeneration. Patients with DM2 and
sarcopenia have higher ADMA levels than diabet-
ics without sarcopenia [68]. Experimental data
also suggest that vascular insufficiency can slow
muscle protein synthesis and contribute to muscle
atrophy [69]. However, direct evidence that ele-
vated ADMA causes muscle ischemia and thus sar-
copenia is still lacking — prospective and imaging
studies are needed.

Regarding microbiota, the key gut-derived
metabolite associated with MS is trimethyl-
amine-N-oxide (TMAOQO). TMAO is produced in
the liver from trimethylamine (TMA), which is
generated by intestinal bacteria by fermenting
choline and carnitine in food. TMAO levels are
significantly higher in patients with MS, and con-
centrations > 8.74 uM have been proposed as a
threshold predictor of MS [70]. TMAO promotes
atherosclerotic processes, enhances cholesterol
deposition in macrophages (foam cell formation),
and stimulates cytokine release by activating im-
mune receptors. Several studies have shown that
patients with MS have significantly elevated

TMAO levels, correlating with visceral obesity,
liver steatosis, and inflammatory markers [71].

Other inflammation- and microbiota-related
metabolites include indoxyl sulfate and p-cresyl
sulfate, products of bacterial metabolism of tryp-
tophan and tyrosine, respectively. Normally, these
metabolites are rapidly cleared by the kidneys,
but in MS (especially with early renal dysfunc-
tion) their concentration may increase. At high
levels, these uremic toxins exert pro-inflammatory
and pro-oxidant effects on the vascular wall and
kidneys, promoting progression of chronic kidney
disease [72]. Conversely, hippuric acid, a metab-
olite of microbial degradation of dietary aromatic
compounds (derived from phenolic plant foods),
is typically reduced in MS. Low hippurate levels
are considered a marker of impaired microbiota
function and diet quality — reflecting low intake
of fruits, vegetables, and whole grains — com-
monly seen in obesity and MS. Reduced hippu-
rate has been documented in individuals with MS
compared to metabolically healthy subjects [73].
The profile of short-chain fatty acids is another
important microbiota-related marker in MS. In
obesity and insulin resistance, a decrease in bu-
tyrate — a key anti-inflammatory metabolite that
maintains intestinal barrier integrity — is often
observed, alongside relatively increased propi-
onate and acetate. Such changes correlate with
worsened metabolic status, reduced insulin sensi-
tivity, and chronic inflammation [74].

Clinical examples

Non-alcoholic steatohepatitis (NASH), as a
stage of non-alcoholic fatty liver disease (NAFLD),
illustrates the close interaction between inflamma-
tion and metabolism in MS. In NAFLD, the he-
patic manifestation of MS, mitochondrial and en-
dothelial dysfunction are particularly pronounced.
In the study by T. Kasumov et al. (2011), pa-
tients with biopsy-confirmed NAFLD (including
NASH) had significantly higher plasma levels of
asymmetric dimethylarginine (ADMA) compared
with healthy controls, and this elevation correlat-
ed with disease severity and insulin resistance
[75]. Considering the role of arginase and the urea
cycle, it can be assumed that in some patients
with progressive NASH there are shifts in the pool
of arginine, ornithine, and citrulline that reflect
a redistribution of arginine from NO synthesis to
ureagenesis [75].

Parkinson’s disease (PD), as noted earlier, is
associated with systemic inflammation. Patients
with PD frequently exhibit metabolic alterations
similar to those seen in MS, including elevated
pro-inflammatory markers (CRP, TNF-a) and a gut
microbiota shifted toward pro-inflammatory activi-
ty (e.g. reduced butyrate-producing bacteria). The
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Table 4. Metabolomic markers of systemic inflammation and endothelial dysfunction in MS
Ta6auua 4. MetaGo0OMHbBIE MAPKEPB! CUCTEMHOTO BOCHAJIEHUS M 9HJAOTENAIBHOMN ancdynkimm mpu MC

Marker
Mapxep

Changes in MS (inflammation)
H3smenenus npu MC (8ocnanenue)

Clinical significance
Kaunuuecxoe 3anauenue

Kynurenine / Tryptophan
(Kyn /Trp) (tryptophan-
IDO pathway)
Kunypenun/ Tpunmodhan
(Kyn/ Trp) (nymv <mpun-
mogpan — IDO»)

1 Increased ratio in MS and obesity
(increased Trp catabolism)

1 Hosviuennoe coomuoulenue

npu MC u oxupenuu (ycurennoui
xama6oauszm Trp)

A marker of immune system activation
(IFN-y). High Kyn/Trp levels predict
the risk of DM2 and vascular inflammation

Mapkep axmueayuu UMMYHHOU CUCTREMbL
(IFN-y). Buicoxuti Kyn/Trp caysxum npedu-
xkmopom pucka C/I2 u cocyducmozo eocnaienust

Succinate
Cyxuunam

1 Increased in plasma
1 Iosviuen 6 naazme

Succinate — a “metabolic stimulant” of im-
mune receptors. In obesity, elevated succi-
nate levels are associated with macrophage ac-
tivation in adipose tissue. In obese individuals,
high succinate levels are associated with el-
evated CRP and insulin resistance

Cyxuyunam — <memaboruueckuii 6036you-
Meab> UMMYHHBIX peuenmopos. IIpu oxupe-
HUU NOBLIUEHHBI CYKUUHAM C8A3AH C aK-
mueauuel Makpoghazos 6 Kupogou MKAHU.
Y modeid ¢ oxupenuem 6vicokull yposemv
CYKUYUHAMA ACCOYUUPOBAN C NOBHIUEHHBIM
CPb u uncyaunope3ucmenmuocmoio

ADMA (asymmetric
dimethylarginine) —

an endogenous NO
synthase inhibitor

ADMA (acummempuunoul
Jumemunapeunumn) —
IHOOZEHHBLU UHZUOUMOP
NO-cunmasot

1 In MS, especially against the back-
ground of endothelial dysfunction

1t ITpu MC, ocobenno na pomne 31do-
MeaUarbHOU QUCHYHKUUU

High ADMA is associated with decreased
NO, endothelial dysfunction, and an in-
creased risk of cardiovascular disease. It is
an independent predictor of coronary heart
disease and stroke in the population
Buicokuii ADMA cea3an co CHuXeHuem
NO, sndomeruarvnoi ouchynrxyuei u no-
BOIULEHHBIM  PUCKOM  CePOeUHO-COCYOUCTNBLX
3abonesanuil. Sensemcs ne3asucumoin npe-
QuKkmopom uwemudeckor 0Oone3Hu cepoua
U UHCYTOMA 8 NONYLAUUU

L-arginine / ornithine (argi-
nase-NO pathway)
L-apeunun/ opnumun
(nymo <apzunaza — NO»)

| The Arg/Orn ratio is reduced
(the conversion of arginine to orni-
thine is increased)

|  Ommnowenue Arg/Orn chuxe-
no (ycunena xomeepcus apzunund
6 opHumum)

Low Arg and high Orn indicate increased
arginase activity (in macrophages) and de-
creased NO synthesis. They contribute to en-
dothelial dysfunction and hypertension
Husxui Arg u ewvicokuu Orn yxasvieaiom
HA NOBLIUEHHYIO AKIMUSHOCMb APZUHA3bL
(6 maxpoghazax) u ymewvwenue cummesa
NO. Cnocobcmesyiom andomeuanviot ouc-
PynKryuu U 2unepmenuu

TMAO (trimethylamine-
N-oxide) — a microbial me-
tabolite of choline/
carnitine

TMAO (mpumemunamuin-
N-oxcud) — mukpoGrwLi
Memaboum xoauna, KapHu-
mura

1 Significantly higher in patients
with MS than in healthy individuals
1 3uauumo eviwe y nayuenmos
¢ MC, yem y 300posbix

High TMAO (> 8-9 uM) is an early bio-
marker of MS risk; it is associated with the
development of atherosclerosis, non-alcohol-
ic steatohepatitis, and DM2

Bowcoxuii TMAO (>8—9 mxM) pan-
nuti 6uomapkep pucka MC; accoyuuposan
C paszeumuem amepockaeposd, HedalK0z01b-
Hnozo cmeamozenamuma u C/[2

Butyrate (SCFA) —

a short-chain fatty acid
(microbiota product)
Bymupam (SCFA) —
KOPOMKOUENOUeUHast Kup-
nas kucroma (npodyxm
MUKpo6UOmbL)

| In case of MS (decreased butyrate
producers)

| HIpu MC (cnuxenue npodyuen-
moe 6ymupama)

Low butyrate is associated with a proin-
flammatory microbiota profile; butyrate de-
ficiency weakens intestinal barrier function
and promotes endotoxemia

Husxui 6ymupam ceszan ¢ npourp.iamma-
mopHuLM npoghurem mukpobuomol, depuvum
6ymupama ociabasiem 6Oapvepnyio QyHK-
UUI0 KUUWEUHUKA U CNOCOOCm8eyem IHOOMOK-
cemuu
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End of Table 4. Metabolomic markers of systemic inflammation and endothelial dysfunction in MS
Oxonuanue mabauypt 4. MetaGoJOMHBIE MAPKePbI CHCTEMHOTO BOCITATEHHS M 9HIOTEIHATbHON JIC-

$pynxmmm npn MC

Marker
Mapxep

Changes in MS (inflammation)
H3smenenus npu MC (8ocnanenue)

Clinical significance
Kaunuuecxoe 3nauenue

Indoxyl sulfate (bacterial
metabolite of Trp)
Huooxcuacyavgpam (6ak-
Tepuanbhblii Metaosut Trp)

1 May increase in MS with impaired
renal function or severe dysbiosis

1 Moxem noevuuamvcs npu MC
C Hapywenuem QdyHKyuu nouex
U BBIPAXKEHHBIM OUCOUOI0M

A “conditional” uremic toxin; high indoxyl
sulfate increases oxidative stress and en-
dothelial dysfunction, accelerating the pro-
gression of chronic kidney disease
«Ycnoenvui» ypemuueckull MOKCUH; 6blCO-
KUt uHOOKCUACYIbham ycuarugaem okcudd-
MUGHBLT cmpecc U OUCPHYHKUUIO IHOOMeENUs],
YCKOPsist  NPOZpeccuposanue  XpoHuueckou
bose3HU NoueK

Hippuric acid (a phenol
metabolite, a microbiota
product)

T'unnypoeas xucaoma
(MeTaGosutr (peHooB,

| Decreased with a diet low in fiber
and with dysbiosis (characteristic
of MS)

| Cuuwxen npu OJueme, 6ednou
Kaemuamiol, u npu ducoéuose (xa-

Low hippurate is associated with an “un-
healthy” microbiota (deficiency of fruits/
vegetables in the diet); a potential marker
of unhealthy diet and dysbiosis in MS

Huskuu eunnypam accouyuuposamn ¢ <He-
300posou> muxpobuomoi (dedpuuum Gpyx-

MPOAYKT MUKPOGHOTHI) paxmepio das MC)

Moe,/ 060uweti 6 NUMAHULL); NOMEHUUALLHBLI
Mapkep He300p060zo numanus u 0ucouo3d
npu MC

Note: MS — metabolic syndrome, DM2 — type 2 diabetes mellitus, CRP — C-reactive protein.
HIpumeuanue: MC — memabdonruueckui cundpom, C/2 — caxapnowi duabem 2-z20 muna, CP5 — C-peaxmugnulii 6e10K.

study by L. Udovin et al. (2025) showed that in
patients with Parkinson’s disease and concomitant
MS, the disease progresses more rapidly, and the
authors partially attributed this to enhanced sys-
temic inflammation and endothelial dysfunction as-
sociated with MS [76]. Thus, MS may exacerbate
neuroinflammation and vascular disturbances in
neurodegenerative disorders. In the future, metabo-
lomic markers (such as elevated Kyn/Trp or specific
sphingolipids) could potentially be used to monitor
such patients and guide more aggressive therapeutic
strategies (for example, early use of anti-inflamma-
tory or insulin-sensitizing agents).

In clinical practice, several inflammation-re-
lated metabolomic markers have already been
proposed for use. For instance, the global argi-
nine bioavailability ratio (GABR), calculated as
[Arg] / ([Orn] + [Cit]), is used in cardiology:
low GABR is characteristic of MS and is asso-
ciated with endothelial dysfunction. It has been
shown that increasing this index (for example,
during L-arginine therapy) is accompanied by im-
proved vascular function in MS [77].

Lysosomal insufficiency and impaired

autophagy

Mechanisms

Lysosomal (autophagic) insufficiency in MS is
secondary in nature and develops due to a chron-
ic excess of nutrients and energy in the body.
Persistent anabolic signaling (via insulin, IGF-1
(insulin-like growth factor), and mTORC1)

suppresses autophagy, the process responsible for
the degradation of damaged organelles and macro-
molecules. As a result, defective mitochondria, pro-
tein aggregates, and non-degraded lipids accumulate
in cells of the liver, muscle, pancreas, and adipose
tissue. This condition can be described “metabolic
overload syndrome” at the cellular level, in which
lysosomes fail to process the excessive substrate load.
For example, in hepatocytes exposed to excess lip-
ids and sugars, the activity of lipophagy, — target-
ed autophagic degradation of lipid droplets — de-
creases, leading to their accumulation [78, 79]. It
is known that in obesity and metabolic syndrome,
the functions of lysosomes and autophagy in adi-
pose tissue are disrupted: The activity of cathep-
sin B (CTSB) may modify the autolysosomal flux
in adipocytes [80], and in the subcutaneous adipose
tissue of individuals with obesity, reduced CTSB
expression is associated with insulin resistance [81].
Chronic nutrient overload in MS/NAFLD induc-
es the expression of Rubicon, an endogenous auto-
phagy inhibitor, which blocks the fusion of auto-
phagosomes with lysosomes. This is manifested by
accumulation of LC3-I1/p62, reduced autophagic
efficiency, and increased lipid droplet content. In
Rubicon knock-out models, steatosis and hepatocyte
injury are markedly diminished [82]. The cumula-
tive effects of lysosomal insufficiency include exac-
erbation of oxidative stress (due to non-degraded de-
fective mitochondria), pro-inflammatory signaling
(non-digested lipids activate the inflammasome),
and worsening insulin resistance.
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Key markers of lysosomal dysfunction

Direct “small-molecule” metabolic markers
of autophagy are relatively limited, since auto-
phagy primarily targets large cellular structures.
However, lysosomal insufficiency can be inferred
indirectly from the accumulation of specific lipids
and amino-acid derivatives. Foremost among these
are sphingolipids, ceramides, and sphingomyelins.
Under normal conditions, excess membrane lipids
are removed via auto-/lipophagy, whereas when
autophagy is suppressed, they accumulate in cells.
For example, in a study of the DM2 phenotype
with sarcopenia in men, serum levels of sphingo-
myelin (16:1) and ceramide (24:1) were signifi-
cantly higher in patients with sarcopenic obesity
than in controls without sarcopenia [83]. Notably,
sphingomyelin (16:1) demonstrated high sensitiv-
ity and specificity for diagnosing sarcopenia [83].
This supports the role of impaired autophagic lip-
id degradation in the development of sarcopenia
in metabolic disorders. Experimental studies show
that ceramide accumulation in skeletal muscle in
obesity and diabetes is accompanied by disturbanc-
es in autophagy and insulin sensitivity, whereas
reducing ceramide synthesis or pharmacological
ly inhibiting ceramide pathways improves muscle
metabolism and insulin response [84].

Lysosomal enzymes in blood represent anoth-
er potential indicator, although cathepsins are
normally intracellular; under metabolic stress, a
portion of them may be released extracellularly.
In the study by L. Ding et al. (2020), plasma
cathepsin D activity in overweight and obese in-
dividuals was inversely correlated with hepatic in-
sulin sensitivity and positively correlated with in-
flammatory markers, indicating possible lysosomal
dysfunction and “extracellular secretion” under
lipid overload conditions [85]. Thus, detection of
elevated levels of certain lysosomal enzymes in
plasma may function as a marker of latent lyso-
somal stress in tissues in MS.

Glycolipids such as  glucosylceramides
(GlcCer) are typically discussed in the context of
inherited storage diseases (e.g., Gaucher disease).
Recent metabolomic data in NAFLD demon-
strate substantial dysregulation of glycosphingo-
lipid pathways, which may reflect accumulation
of GlcCer and other glycolipids under substrate
overload [86]. This supports the hypothesis that
relative deficiency of GBA (B-glucocerebrosidase),
or substrate overload, may lead to glycosphingo-
lipid accumulation, analogous to inherited stor-
age disorders. However, direct verification of this
mechanism in individuals with MS has not yet
been performed.

Finally, lipid peroxidation products (e.g., 4-hy-
droxynonnenal (4-HNE) and malondialdehyde

(MDA)), they indirectly indicate lysosomal in-
sufficiency. Under increased ROS load and lipo-
toxicity, defective mitochondria generate more
ROS — accumulation of LOPs (lipid peroxida-
tion products). According to A. Gegotek and
E. Skrzydlewska (2024), these LOPs can induce
key autophagy proteins and inhibit the activity
of cathepsins B and D, impairing both autoph-
agy initiation and late-stage degradation. Thus,
4-HNE/MDA create a “vicious cycle”: oxidative
stress — lysosomal damage — further autophagy
dysfunction and accumulation of damaged organ-
elles and lipids [87].

Clinical examples

Parkinson’s disease (PD) is a classical disor-
der in which lysosomal /autophagic pathways are
primarily impaired: mutations in GBA1, LRRK2,
and other genes affecting autophagy, lead to the
accumulation of o-synuclein aggregates. A recent
large-scale genetic analysis showed that a substan-
tial proportion of PD-associated risk genes belong
to the endosomal—lysosomal pathway, including
CTSB (cathepsin B), underscoring the role of ly-
sosomes in disease pathogenesis [88]. In patients
with PD and coexisting MS, compared with PD
patients without MS, more pronounced motor im-
pairment and faster clinical progression have been
observed. The authors attributed this to higher
systemic inflammation, metabolic imbalance, and
potentially reduced efficiency of autophagic clear-
ance of neuronal aggregates [76]. This example
highlights the diagnostic value of detecting ly-
sosomal—autophagic dysfunction: perhaps in the
future, metabolomic profiles (e.g., combined
elevation of glycosphingolipids and sphingomye-
lins in blood) may help identify PD patients who
would particularly benefit from autophagy-stimu-
lating therapies (such as TFEB agonists or AMP-
activated protein kinase inducers).

Non-alcoholic fatty liver disease (NAFLD)
provides another example. It is well established
that autophagic flux is suppressed in steatohepa-
titis (NASH): liver biopsies from patients demon-
strate reduced expression of autophagy-related
proteins (ATG, LC3) and increased levels of the
inhibitory protein Rubicon [82]. As a result, the
clearance of lipid droplets and damaged mito-
chondria is impaired, exacerbating lipotoxicity
and inflammation. Experimental models with he-
patocyte-specific knockout of FIP200 (Rbiccl), a
gene critical for autophagy, confirm that autoph-
agy defects in hepatocytes markedly modify the
course of NAFLD, altering the balance between
steatosis, inflammation, and hepatocellular injury
[89]. This demonstrates that autophagy protects
the liver from metabolic “stress hits”, and its in-
sufficiency renders the organ vulnerable (likely
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Table 5. Markers of lysosomal insufficiency and impaired autophagy in MS
Ta6auua 5. Mapkepbl JTM30COMATLHON HEOCTATOYHOCTH U HapyllieHHo# ayTodarmu npu MC

Marker /indicator
Mapxep /noxazamean

Changes in MS (| autophagy)
H3zmenenusa npu MC (| aymodpazusi)

Significance
3Hauenue

Sphingomyelin (16:1),
ceramide (24:1)
(membrane lipids)
Cdounzomuenun (16:1),
uepamud (24:1)
(membpannvie aunudo.)

1 In serum in sarcopenic phenotype
of MS

1 B coieopomxe npu caprxoneruye-
ckom pernomune MC

Accumulation indicates a deficiency in their
degradation. High sphingomyelin (16:1)
is a potential marker of sarcopenia in DM2
Haxonaenue yxasvieaem na degpuyum ux oe-
epadayuu. Boicokuti chunzomuenun(16:1) —
NOMEHUUANLHVLL — MAPKep — CAPKONEHUU
npu C/[2

Lysosomal enzymes
(cathepsin D) in plasma
Juzocomanvhoie
pepmenmut

(xamencunvt D) 6 naasme

1 In patients with visceral obesity
and IR (increased secretion

of enzymes)

1 ¥ nayuenmos ¢ sucuepanvrvim
oxupenuem u UP (nosvuuena
cexpeyus (hepmenmos)

Indicates lysosomal stress in tissues. May
increase inflammation (extracellular cathep-
sin D activates the inflammasome)
Ceudemenvcmeyem 0  JAU30COMATLHOM
cmpecce 6 mransax. Moxem ycurugamo
socnanenue (enexaemounvii xamencun D
akmusupyem unprammacomy)

Glucosylceramides
(glycolipids)

T aroxosunuepamudvt
(enurorunudvt)

1 In the liver in MAFLD
(accumulation in hepatocytes)

1 B neuenu npu MAKBII
(naxonnenue 6 zenamouumax)

An indirect indicator of decreased GBA1
activity (an enzyme involved in Gaucher dis-
ease). It is associated with the progression
of liver fibrosis and may increase the risk
of neurodegeneration

Koceennvuii unouxamop cuuxenuss axmue-
nocmu GBAT (¢hepmenma 6onesnu owe).
Csssan ¢ npozpeccuposanuem pubposa ne-
YEHU; B03MOKHO, NOGbLULAET PUCK Hetipode-
2eHepayull

LC3-11/LC3-1

(ratio of LC3 protein forms
in tissue biopsy)
LC3-II/LC3-I
(coomnowenue gopm 6enxa
LC3 6 6uoncuu mranei)

| In obesity and MS

(the formation of autophagosomes
is impaired)

| Hpu oxupenuu u MC
(napyweno obpasosanue aymoga-
20c0M)

Although not measurable metabolomically,
a decrease in LC3-II/LC3-1 in tissues con-
firms inhibition of autophagy. Insufficient
autophagy leads to the accumulation of dam-
aged organelles

Xomsi He usmepsiemcsi MemdaboIOMHO,
chuxenue LC3-11/LC3-1 6 mxausx noo-
meepkdaem yenemenue aymogazuu. Hedo-
cmamounas aymogazus éedem K HAKONJLe-
HUIO NOBPEKOCHHBIX OPZAHENT

4-hydroxynonenal
(4-HNE), malondialdehyde
(MDA) (lipid peroxidation
products)
4-2udpoxcunonnenan
(4-HNE), manonoesuwiii
Juaavdezud (MDA) (npo-
dyxmul Aunonepoxcudauuu)

1 In MS (oxidative stress due to de-
fective mitochondria)

t Ipu MC (oxcudamuenwiii cmpecc
u3-3a dehexmmolx MUMOXOHOPULL)

The accumulation reflects peroxide damage
to membrane lipids. High 4-HNE levels impair
lysosome function and can inhibit autophagy,
contributing to a vicious cycle of damage
Haxonaenue ompaxaem nepoxcudnoe no-
epesxdenue aunudos membpan. Boicoxuil
4-HNE napyuwaem yHKuuu 1u3ocom u Mo-
JKem umnzubuposamov aymogpazuio, cnocoo6-
CMBYsi NOPOUHOMY KPY2y NOBpPeKOeHUs.

Note: MS — metabolic syndrome, DM2 — type 2 diabetes mellitus, IR — insulin resistance, MAFLD — metabolically

associated fatty liver disease.

IIpumeuanue: MC — memadoruuecxkui cundpom, C/A2 — caxapuwiti duabem 2-z0 muna, HP — uncyunopesucmenmuocmo,
MAKBII — memabonuuecku accoyuuposanindas xuposas 601e3nb nedenu.

similarly in skeletal muscle, pancreatic B-cells,

and other tissues).

From a practical point of view, the question
arises, whether it is possible to activate autopha-
gy therapeutically for the treatment of metabolic
disorders? Studies show that autophagy inducers
(e.g., sirtuin activation by resveratrol, intermit-
tent fasting) improve metabolic parameters in MS
[90]. Physical exercise is one of the most powerful

natural autophagy inducers: during muscle activi-

ty, AMP-activated protein kinase is activated, en-

hancing autophagy in muscle and promoting the
removal of excess lipid droplets while improving
insulin sensitivity. Metformin, the cornerstone
therapy for DM2, also acts in part through au-
tophagy activation in the liver and reduction of
lipotoxicity [91]. Metabolomic markers may help
monitor the effectiveness of such interventions;

Poc skypH ractposuTepoJi rematon koaonpokros 2025; 35(6) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(6)



Editorial / Pemakimonnas

www.gastro-j.ru

reductions in toxic lipid species (ceramides, di-
acylglycerols) and lipid peroxidation products
would indicate successful restoration of autophag-
ic function.

Conclusion

The metabolomic approach provides a compre-
hensive view of metabolic syndrome (MS), reveal-
ing concealed biochemical alterations long before
the appearance of clinical symptoms. This review
has examined five key pathogenetic axes of MS
and their corresponding metabolomic and lipidom-
ic markers. Each axis contributes to MS compli-
cations, and characteristic metabolites have been
identified for each: from elevated BCAAs and aro-
matic amino acids in insulin resistance to shifts in
gut-derived metabolites in systemic inflammation.
Importantly, many of these metabolomic biomark-
ers possess diagnostic and prognostic value. They
may be used for:

- early diagnosis of prediabetes and MS: pan-
els of amino acids (BCAAs, aromatic amino acids)
and a-hydroxybutyrate allow identification of la-
tent insulin resistance and impaired glucose toler-
ance at a preclinical stage;

« risk stratifications: levels of specific lipids
(e.g., individual ceramides, TMAQO) predict the
development of DM2, NASH, and cardiovascular
events in patients with MS;

+ therapy monitoring: changes in the metab-
olomic profile (reductions in “toxic” lipids, nor-
malization of amino-acid ratios and other indices)
may serve as early indicators of treatment effica-
cy — dietary, physical, or pharmacological. For
example, GLP-1 receptor agonists (used for DM2
and obesity) not only reduce body weight but also
beneficially influence metabolomic markers of in-
flammation and insulin resistance.

Metabolomic analysis combined with clinical
data enables identification of MS phenotypes.
For instance, metabolomics helps distinguish
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VcKyCCTBEHHBIU UHTEAAEKT

MM VABTPA3BYKOBOU AMATHOCTUKU 3a00AEBAHUU

KHINIEeYHHWKad. COBpeMeHHbI€e BOSMOJXHOCTH

/1. Myxamerosa*, O.9. Tabakuu, /[.1. A6aynranuesa

DI'BOY BO «Kasanckuii 20cydapcmeentoini MeOuyunckull ynusepcumems Munucmepcemea 30pasooxpanenus
Poccuiickou ®edepayuu, Kasanv, Poccuiickas Dedepavus

Llenb. O630p COBPEMEHHbIX JOCTUXEHMIA, BOBMOXHOCTEN 1 MPOo6aeM NPUMEHEHNSA TEXHOOMMIA UCKYCCTBEHHOIO
vHTennekTa (MN) ona aHannsa n3obpaxeHuin ynsTpas3BykoBOro nccnenoBanus (Y3U) kuweyHmka.

OCHOBHbIE MOJIOXKEHUS. YbTPa3ByKOBOE WCCNeAOBaHNEe SBNSETCH BblICOKOMHMOPMATUBHLIM, 6e30MacHbIM
M LUMPOKOOOCTYMNHBbIM METOLOM ANArHOCTUKM NaToNorum KuwevyHmnka. BHegpeHne MW, B 4acTHOCTM METOO0B My-
OOKOro oby4eHus 1N pagnuoMMKK, HanNpPaBleHO Ha NMPeodosieHne onepartop-3asucumocTn Y3W, ctaHgapTusaumio
OVarHoCTUKN 1 NOBbILLEeHME ee 9DPEeKTUBHOCTU. B cTaTbe NpeacTaBneHbl JaHHbIe 0 pa3paboTtke v Banuaaumuu U -
QNroOpUTMOB 4151 KJIIOYEBbIX HANPaBAeHWIA: BOCNAUTESbHbIE 3a00NeBaHNS KMLLEYHMKa, OCTPbIN anneHanumT, HBa-
rMHaUMs KULWEYHMKA, KONOPEKTabHbIM pak. MpencTaBneHbl OrpaHMyeHnst U onaceHusl, KOTopble TPEDYIOT peLLeHns
ona sHegpeHns M B KNMHNYECKYIO NPaKTUKY.

3akn4yeHue. VHterpauva N B ynbTpasByKOBYIO OMArHOCTUKY 3ab60neBaHMN KMLIEYHVKA 00nafaeT 3Ha4YMTeb-
HbIM NOTEHLUMANOM [J15 NOBbILLIEHNSA TOYHOCTU, BOCNPOU3BOANMOCTU U 9DPEKTUBHOCTN paboThbl, 0COOEHHO B YC0-
BUMSAX BbICOKOWM HArpy3ku Ha CneuuanmcToB.

KnioueBble cnoBa: BocnanutesbHble 3ab0neBaHus KueyHnka, 601e3Hb KpoHa, S3BEeHHbIN KOSINT, UICKYCCTBEHHbI
nHTennekT, Y3U kuiuevyHmka

duHaHcupoBaHue: paboTa BbINMOJHEHA 3@ CHET rpaHTa AkageMmn Hayk Pecnybnuku TatapcTaH, NnpefocTaBieH-
HOrO MOMOAbIM KaHauaaTam Hayk (MOCTAOKTOPaHTaM) C Lefblo 3almThl JOKTOPCKON AMccepTaumn, BbIMOSHEHUS
Hay4yHO-UMCCNeaoBaTeNbCkMX PaboT, a TakKe BbINMOSHEHNS TPYA0BbLIX QYHKLNIA B HAYYHbIX 1 00pa3oBaTesbHbIX Opra-
Hu3aumsax Pecnybnukn TatapcTtaH «<Hay4yHO-TexHMYeckoe pa3sutme Pecnybnukm TatapcTan».

KoH®NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHMIMKTA UHTEPECOB.

Ana uutupoBanusa: Myxametosa [.[., Tabakun 0.9., AbaynraHvesa [.U. IckyCCTBEHHbIN MHTENNEKT 4S9 YbTPa3ByKOBOM Ana-
rFHOCTUKWN 3200NeBaHNI KNLLIEYHMKA: COBPEMEHHbIE BO3MOXHOCTU. POCCUNCKIIA XXypHan raCTpO3HTEPOIOrnn, renatonornum, Komno-
npokTonoruun. 2025;35(6):27-34. https://doi.org/10.22416/1382-4376-2025-35-6-27-34

Artificial Intelligence in Ultrasound Diagnosis of Bowel Diseases:

Modern Possibilities
Dilyara D. Mukhametova*, Olga E. Tabakchi, Diana |. Abdulganieva
Kazan State Medical University, Kazan, Russian Federation

Aim. Review of current achievements, opportunities and challenges in applying artificial intelligence (Al) for analyz-
ing intestinal ultrasound images.

Key points. Ultrasound examination is a highly informative, safe, and widely accessible method for bowel pathology
diagnosis. The integration of Al, particularly deep learning and radiomics methods, aims to overcome the opera-
tor-dependence of ultrasound, standardize diagnosis, and enhance its efficiency. This article reviews the develop-
ment and validation of Al algorithms for key areas: inflammatory bowel diseases, acute appendicitis, bowel intussus-
ception and colorectal cancer. Limitations and concerns that require resolution for the successful integration of Al
into clinical practice are also discussed.

Conclusion. The integration of Al into ultrasound diagnosis of bowel diseases has significant potency for improving
accuracy, reproducibility, and operational efficiency.

Keywords: inflammatory bowel disease, Crohn's disease, ulcerative colitis, artificial intelligence, intestinal ultra-
sound
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YabTpa3ByKoBoe HCCJEI0OBAaHIE (Y3U) saBasiercst
OIHUM M3 Hambojiee YacTO TPUMEHSIEMBIX METOJ0B
JINATHOCTUKKM B MeJUIIMHE, TOCKOJbKY 06Jajaer psi-
JIOM TIPEUMYIIECTB, TaKUMHU KaKk WH(OPMATUBHOCTD,
6€e30MacHOCTh, JIOCTYITHOCTb, HEMHBA3UBHOCTb W HU3-
Kast ctomMOoCcTh. COTJIaCHO OTYeTy TJIaBHOTO BHEIITAT-
HoTO criennasucta Mwunsgapaa Poccum 1o JsyueBoit
n uHCTpyMeHTasbHOH guarnoctuke UV.E. Tiopuna,
B 2020 r. O6bLIO BbIMONHEHO GoJiee 326 MJIH Jyue-
BBIX WCCJENOBAHWI, TPU 5STOM B CTPYKType [HaH-
HBIX HCCJEJOBAHUI TPe0OIalaeT  yIbTPA3BYKOBOE

Pucynox 1. IxorpamMma narueHra 25 JIeT ¢ WIeH-
ToM GosiesHn Kpona. OtMmedaercsi yTOJIEHNE KHUITEY-
HOIT cTeHKU 110 4 MM. IIaTucioiiHoe cTpoeHne KAIeYHOH
CTEHKH B TIPOJIOJIBHOM CE€UeHNUN: | — THUIEPIXOTeHHBIN
CJTOW TPAHUIIBI COAEPKUMOTO KHUIIKU U CJU3UCTONH 060-
JIOUKW, 2 — TUMO3XOTEHHBIN — MBIIIEYHAS TJIACTUHKA
CIMBUCTON 000MOYKH, 3 — TUIEPIXOTEHHDbIH — MOC/H-
3UCTDIN CJION, 4 — THUIMOIXOTEHHBI — MBIIEYHbBIH CJIO,
5 — THUNEepIXOreHHbIl — TIPaHKIA CEPO3HON 0OOJOUKH
1 OKPY>KafoIIel KIeT4aTKu

ITpumeuanue: sxorpaMmMa U3 JUYHOTO APXUBA aB-
TOPOB.

Figure 1. Ultrasound imaging of a 25-year-old
patient with Crohn’s disease ileitis. Intestinal wall
thickness is about 4 mm. A five-layered intestinal
wall in longitudinal section: 7 — hyperechoic layer
of the border of the contents of the intestine and
mucous, 2 — hypoechoic, muscularis mucosae, 3 —
hyperechoic, submucosa, 4 — hypoechoic, muscular
propria, 5 — hyperechoic, border of the serosa and
surrounding fiber

Note: ultrasound imaging from the personal
archive of the authors.

uccaegosanne — 43 % [1]. Becero B 2020 r. 6bL10
nposezieno 151 693 220 amarnHocTudecknx u npodu-
naxkruyecknx Y 3U. Coraacno FDA (Food and Drug
Administration — Ymupasienune no canuTapHoMy Haj-
30py 32 KAayeCcTBOM IIMIIEBBIX MPOJIYKTOB U MEJMKa-
MEHTOB), B paMKaX «V/IHUIMATHUBBI 110 CHIDKEHHIO U3-
JIUIITHETO PAIUAIMOHHOTO UBJIYUYEHUST OT MEJUITMHCKUX
npuboOpoBy» JJIs JMATHOCTUKU 3a60JIeBaHUI TIPE/Io-
ytuTesbHee npumeHenne Y3U. B cBg3u c¢ Gosbinoi
HArPy3KOil Ha yJbTPAa3BYKOBYIO JMATHOCTHKY ¥ 3Ha-
YUTEJIbHBIM €€ BKJIAJOM B JHATHOCTUKY HEOOXOJUMO
nosbIenne a¢g@exTuBHOCTH NpoBegeHus Y3 u om-
TUMHU3AIusT paboThl ¢ gaHHbIMU [2].

Y3U xumeuHWKa I03BOJSIET MOJYYHTb M300pa-
JKeHre KHUIIeYHOW CTEHKH B IPOJOJBHOM U IOTepey-
HOM CEYECHUH, TPe/CTaBIsoNee coO0i TATHCIONHYTO
CTPYKTYPY TPH HUCCJIEJIOBAHUU C TIOMOIIBIO BBICOKO-
YaCTOTHBIX JaTYUKOB B auamnasone 5—15 MI1, koro-
pble OTPEJEIAIOTCST 0COGEHHO YEeTKO TP MaTOJOTUN
(puc. 1), ONEHUTH TOMIMMHY CTEHKW M €€ BACKYJISAPU-
3a1nio. B cOOTBETCTBUU € KJIMHUYECKUMH PEKOMEH/[a-
mravMun EFSUMB (European Federation of Societies
for Ultrasound in Medicine and Biology), nopmanb-
Has TOJIMHA KUIIEYHOH CTEHKU COCTaB/IsgeT MeHee
2 MM IpHU U3MEPEHUH B COCTOSHUU HOPMaJbHOTO Ha-
MOJTHEHUS, TOJIIUHA JTyKOBUIbI [BEHAIATUIEPCTHON
KUIITKU ¥ TPSIMOM KUK — MeHee 3 MM. B 3/10poBoii
CTEHKE KHUMIEYHWKA PEIKO MOXKHO OOHapyXUTb O00-
Jgee 1 WM 2 CUTHATIOB COCY/IOB C TIOMOIIBIO 1[BETHOTO
WM 9HEPTeTHYecKoro jomaepa [3].

Corsacio Marepuaiam IlepBoro riao6aabHOro caM-
MuTa 1O MCKyccTBeHHoMy wunTemnekry (M) B ra-
CTPOIHTEPOJIOTUH W HHAOCKOINNU, TACTPOIHTEPOJIOTHS
SBJISETCS OJTHON W3 BeAYMMUX 0O0JacTeil sl PAHHETO
Bueapenuss WM. B aroit obaactu MU crpemuresn-
HO TIEPEXOMNT OT CTaUN HKCIEPUMEHTOB K KJIWHU-
yeckoMy mpuMeHeHuio. OKHIAeTCsi, YTO B TedeHHe
caenyiomero gecstunernss uHterpaus M B ractpo-
AHTEPOJIOTUIO OKasKeT 3HAYMTEJbHOE BJIUSHIE Ha MO-
HUTOPUPOBAHIE MAIMEHTOB € 3a00JI€BAHUSME JKEJy-
JIOUHO-KHUIIIEYHOro TpakTta [4].

OcHosBuble nousatus 06 N

HecMmoTpst Ha aBHOCTb IPUMEHEHUS METO/A U €T0
U3y4eHHOCTb, BblojHenue ¥ 3V 1o cux nop ocraet-
Csl CJIOJKHBIM OII€PATOP-3aBUCHMBIM METOJIOM, Tpeby-
IOII[IIM MHOTOJIETHETO O6y4YeHUsI U GOJBIIOTO TPaKTH-
YEeCKOro OIIbITa, YTO JleJaeT ero pe3yJbTaTbl HEPEIKO
TPYAHOBOCTIPON3BOANMBIMH. VIMEHHO 3TOT (haKT cran
IIyCKOBBIM MOMEHTOM B CO3JIaHMM CHCTEMbI aBTOMa-
tusupoBanroro o6napyskenns (CAO). Bogbmas
yacth CAQO ocHOBaHa Ha TIPHUHIMIIAX MaNTUHHOTO
ob6yueHnst — oOmactu MUV, xoropasi moapasymeBa-
er ofydyeHne KOMIIBIOTEPHOTO AJTOPUTMA PeIeHuio
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olnpe/ieleHHbIX 3a/1a4 HA OCHOBE MHOJKECTBA IIpUMe-
POB, [T KOTOPBIX MPaBUJIBHBIN OTBET y:Ke M3BECTCH
— oOyuaromieir Boi6opku. CAQO Bo3HHKaeT Ha Tmepe-
CEYEHWN CTATHCTUKU, KOTOPAsh CTPEMHTCS WU3Yy4aTb
B3aMIMOCBSI3U HA OCHOBE [AHHBIX, U KOMIIHIOTEPHBIX
HayK € aKIeHTOM Ha 2((PeKTUBHDbIE BBIYNCTUTETHHBIE
ajnropuTtmbr [2].

B mocaeame roaBI 0COOEHHYTO TIOMYJISPHOCTD TIPU-
obpenn HcKyccTBeHHble Heiiponnble cern (artificial
neural network, ANN) — IOIMHOKECTBO aJTOPHT-
MOB MAIIMHHOTO OGy4YeHUsl, TOCTPOEHHBIX MO IPUH-
UMY OpTaHU3auu OMOJOTUYECKIX HEHPOHHBIX Cce-
Teil. B oTsimune oT MeTOZ0OB KJIaCCHYECKOTO 06yueHMs,
B KOTOPBIX MCCIEIOBATEND [IOJIKEH CaM OTPEIe/sTh
OPU3HAKU OOBEKTOB, 10 KOTOPLIM OYeT MPOBOIMTD-
cs o6ydeHne aJrOpuTMa MAIUHHOTO OOydYeHWs, Heli-
pPOHHbBIE CeTH O00YYaioTCs BBIJAEJNSATb 3TU IIPU3HAKK
caMoCTOsITebHO. VICKycCTBEHHBIE HEHPOHHBIE CeTH
COCTOSIT M3 CBSI3AHHBIX MEX/y CO60Il HElipOHOB — BbI-
YUCJINTEJNbHBIX €ITHNII, KOTOPble TPUHUMAIOT HA BXO/
nHbOPMAIMIO, TPOU3BOJAT HAJ HEil MPOCTbIE BBIYHC-
JITeJbHBbIE ONepaIui 1 MepefafoT ee Jajbire. B Heil-
POHHBIX CETSIX BBIAEJSIIOT TPU THUIA CJOEB: BXOJIHOI
CJIOH, HEWPOHBI KOTOPOTO PACHPEENISIOT BXOIHYIO UH-
dgopMaImio 1Mo OCTaTbHBIM HEPOHAM, CKPBITHIH CJIOH,
HEHPOHBI KOTOPOTO MPeoOpa3yioT BXOJAHbIE JTaHHbBIE
B HEKOTOPBIE MPOMEKYTOUHbIE PE3YJIbTAThI, U BBIXO/-
HOIl CJIOH, HEHPOHBI KOTOPOTO MPeo6pa3yoT CUTHAIDBI
OT CKPBITBIX CJIOEB M BBIJIAIOT OTBET Ha 3ajauy [J].

3HAYNTEJSBbHO YJIYYITUTh KAuecTBO PENIeHUs MHO-
TUX 33/[a4 MAIIMHHOrO O0YyYeHUs yIaaoch Garomaps
ray6oknm wuefipornbm cersiv (deep neural network,
DNN) — HCKyCCTBEHHBIM HEHPOCETAM ¢ MHOMKECTBOM
CKPBITBIX CJI0EB, KOTOPbIE MO3BOJISIOT U3BJIEKATH TIPU-
3HAKM W3 CJIOKHBIX [aHHBIX: M300pakKeHuii, peyn
u ap. [5]. s ananusa u306paskeHuit U BUIEO HIHPO-
KO IIPUMEHSIOTCsSI ITyOOKIe CBEPTOYHbIE HelpPOHHBIE
cetn (convolutional neural networks, CNN). B cBep-
TOYHBIX HEHPOHHBIX CETSIX M306paKeHusi MHOTOKPAT-
HO 06pabaThIBAIOTCS C WCIOJb30BAHUEM PA3JTHUHBIX
(unbTpPOB B X0/ TpoOIlecca, HA3BIBAEMOTO CBEPTKOII,
B pe3yJbTaTe 4ero CO3/al0Tcs KapThl MPU3HAKOB [6].
OGyueHne CBePTOYHOI HEMPOHHOI CEeTH 3aKJII0YaeTCs
B nog6ope ayunmx GuabTpoB. CNN mosyummm 60Jb-
o€ PacIpocTpaHeHne B MeWIINHe [ aHaJIh3a Me-
JIIIUHCKUX n3o6paskenuit [7].

NN B ¥3-auarHoctuke BOCIaJIUTEIbHBIX
3a60/ieBaHMil KMIICYHUKA

BceM mammentaM ¢ BOCHAJUTEIbHBIMU 3260/ I€BAHI-
amu kumeuanka (B3K), corsacHo PoccuiickuM K-
HUYECKUM PEKOMEHIAINSM 10 BEJEHUIO MalieHTOB
¢ assennbiM koautoM (AK) u 6omesnbio Kpona (BK),
PEKOMEH/IOBAHO TIPOBEEHNE TPAHCAOMOMUHAIHLHOTO
Y3U kwuireyHnKka s OLEHKU TOJIUHBI KUIIETHOI
CTEHKM, HATW4Us 1e(eKTOB B 30HE MOPAKEHUS, OIpe-
Jlefienust crenenn Backysspusanuu [8, 9]. Y3U ku-
MIETHUKA BKJIIOYEHO U B METOANYECKIE PEKOMEH/AIIH
ESGAR (European Society of Gastrointestinal and
Abdominal Radiology) u ECCO (European Crohn’s

and Colitis Organisation) no auarnocruke B3K [10].
[To maHHBIM MOCJAEIHUX METAAHAIN30B, CPABHUBAIO-
nmx Y3U, KT u MPT pia guarnocruku B3K, He BbI-
SIBJIEHO CYIIECTBEHHBIX Pa3JIN4nil B [NArHOCTHYECKON
TOYHOCTH 3TUX MeTof0B. Ho IHOCKOJbKY HalueHTbl
¢ B3K nyxaaoTcst B 4acCTOM MOHUTOPHUHTE COCTOSTHUS
6osie3nu, Gojiee TPEANOUTHTEEH MeTo/] 6e3 JTydeBoit
Harpysku [11—13].

K yabrpasBykoBbiM mnpusznakam B3K orHocsT:
YTOJIIEHNE KUMIEYHOI CTeHKN 6osiee 4 MM y B3poc-
JpIX U Gojee 3 MM y [eTeil, BOBJEYEHHE B IATOJO-
THYECKUH TIPOTIECC CJAUBUCTON W TMOJCIU3UCTOH 060-
souek npu AK, tpancmypanmbHo — npu BK, rtakske
npu Jorieporpaduy  oTMeYaeTcss YCUJIEHHEe KPOBO-
TOKa B KuIIeyHoii crenke. Y 3V 1103BOJISIET BLISIBUTDH
Takke ocaoxkHeHnss B3K — Tokcuueckmii MerakoJioH,
pasBUTHE CTPUKTYP U MHQPUIbTPATOB, (hOpMUpOBaHUE
ceumieit u t.1. [14]. XapakrepHble U3MEHEHUS B KHU-
nreyHoil crenke npu BK ¢ passButnem ocsokHenns
B BU/E CTPUKTYPBI U (POPMUPOBAHUSA HHPUIbTPATA
npeJcTaBieHbl Ha pucynke 2. ¥Y3W kuleuyHuka pe-
KOMEH/[yeTCsl WMCHOJb30BaThb /s BbisgBaeHNsT B3K
B Je6iote GOJIe3HU, [JIs OLEHKH JIOKAJIM3AI[MH BOC-
MAJUTETBHOTO TPOIEcca, OIpPeJeNeHNsT aKTUBHOCTH
1 BO3MOKHBIX ocioxkuenwit mpu B3K [14].

B Hactosiee BpeMst HeT eINHO TOYKU 3PEHUS OT-
HOCUTEJbHO ucnoJb3oBanng WU 11 unTepnperanuu
uzobpakenuii rpancadgomutaabuoro Y 3U kuieunu-
Ka. llogBigiorcs eUHUYHbIE HCCJEJ0BAHUS, IPOBO-
quBIe o0ydeHrne HEHPOHHBIX ceTell s BbISBJICHIS
yrosmienns: kuteunoit crerku. Tak, D. Carter et al.
JUISE OOHAPY’KEHUST YTOJIIEHHON CTEHKN KHITEYHUKA
ucrosbzosasn Mozesab MM na ocnose CNN. B uccie-
JIOBaHUN ObLTO Mcnoib3oBaHo 1008 yIbTpasBYKOBBIX
nzo6pakenuii: 805 M3 HUX MPUMEHSINUCDH IS 00yue-
Hug, a 203 — 71 TecTUpoBaHusA paboThl 0O0YUEHHOI
Mojiesin. B pesysbraTe Mozesb IIPOJEMOHCTPUPOBAIA
OO0IyI0 TOYHOCTH, YYBCTBUTEJBHOCTD U crenudmy-
HOCTb [IJis1 OGHAPY’KEHUsT YTOJIIEHHUS] CTEHKH KHUIey-
nnka: 90,1, 86,4 u 94 % coorBerctBenHo. C mMOMO-
MbI0 OOYUYEHHOH HEHPOHHOW CETH YIAJOCh JOCTUYD
snauenus cpeaneit miomaan nogq ROC-kpusoit (AUC
ROC) pasnoro 0,97, 4To CBUIETENBCTBYET O BHICOKOI
TOYHOCTH MOJIEJIN B ONPEIeIEHUN YTOJIIEHHON W He-
YTOJIIEHHOI CTEHOK KumeuyHuka [15].

Ha panublil MOMEHT OTCYTCTBYIOT JaHHbIe O LIpUMe-
Henun TexHosoruii U B peasbHOM BpeMeHU B PYTHUH-
HBIX WCCJIEJOBAHUSAX YJIbTPA3BYKOBOH [UATHOCTUKH.
BHeqpenne Takux perreHuii MOrJo Gbl TOTEHIIHATBHO
HOBBICUTD 3(P(PEKTUBHOCTb OGHAPY>KEHNS TATOIOTIYe-
CKUX U3MEHEHWIl, HAPUMep IIyTeM OTOOPaKeHUsT MH-
JINKATOPOB HA dKpaHe — aHAJOTMYHO TOMY, KaK 3TO
pean30BaHO B HEKOTOPBIX IIPOrpaMMax /IS BU3YyaJlu-
saruu kouTpacraoro uccaegosanus (VCE) [16].

Takske B IOCJeQHHE TOJbl 3aMETHO BO3POC WH-
Tepec K pagnoMuke — 0O6JacTh, TAe MPOTrpaMMHOE
obecrieuenne CrocOOHO U3BJIEKATh OOUTUPHBIN HAGOD
MOTEHIIMAJIBHBIX KOJTMYECTBEHHBIX MPU3HAKOB U3 M30-
6paskeHuil, KOTOpbIe 3aTeM aHAJIU3UPYIOTCS C IIEJTbI0
oTIpe/ieJiecHNsT WX MPOTHOCTHYECKOH 1eHHocTn [17].
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Pucynox 2. Ixorpamma mnaienta 32 et ¢ 6Gose3nbio KpoHa cUTMOBHIHON KUITKH: A — YTOJIIEHUE
CTEHKN cUrMOBHAHON Kuinku g0 11,6 MM (3a cyer mogcamM3ucTOl M MbIIEYHOH 0GOJOYKM), CysKalollee IPo-
CBET KUIIKH, 110 nepudepur CUTMOBUIHONU KUIIKK OTMEYAeTCs TUIIOIXOTeHHBIN 0000K U (DUKCAIUsS IeTesb
C OKpYy’Karolell runepaXxoreHHo# KiertyaTkoi ¢ dopmupoBanneM mHUIbTpara; b — npu gomieporpadun
OTIpe/IeJISIETCS yCUIeHne KPOBOTOKA

IIpumeuanue: sxorpamMma u3 JUIHOTO apXUBA aBTOPOB.

Figure 2. Ultrasound imaging of a 32-year-old patient with Crohn’s disease sigmoiditis: A — in the
sigmoid colon, wall thickening is about 11.6 mm (due to the submucosa and muscular propria), intestinal
lumen is narrowed; along the periphery of the sigmoid colon, a hypoechoic rim and fixation of loops with
surrounding hyperechoic tissue with the formation of an infiltrate are noted; B — dopplerography reveals

30

increased blood flow

Note: ultrasound imaging from the personal archive of the authors.

Takum o6Gpas3oM, TOJ PAIUOMHUKON TOHUMAIOT OOGb-
e/IMHEHNE PAJUOJIOTHH, MATeMaTHYeCKOrO MOJEJNpPO-
BaHUsI ¥ IIyOOKOTO MAIlIMHHOTO 00yueHusi. B HaydHOI
JUTEpaType yiKe TIPe/CTaBJeHO HECKOJbKO Mojeeil
MalMHHOro o6yvenus: juisg auarnoctuku BK, paspa-
OOTAaHHBIX Ha OCHOBE PAJAMOMUYECKUX JaHHBIX 1Mo KT
u MPT [18, 19]. 11 TOAbKO OTHOCUTEJIHHO HELABHO
6bLTa OMy6JMKOBaHA PA60Ta 10 MCIOJb30BAHUIO PAJIN-
OMUKHU B aHajm3e M300pakeHuil TpancabIoMUHATBHO-
ro ¥Y3W y nauuentos ¢ B3K. B uccregosanun P.Gu
et al. Ha BBIGOpKE M3 125 M306pakeHW TpaHCcabI0-
MuHagbHOTO Y 3U y mammentoB ¢ B3K obyvann pas-
JIMYHDBIE KJACCHYECKUe aJTOPUTMbI MAIIMHHOTO o0yye-
HUSI U CBEPTOYHYTO HEHPOHHYIO CETb [IJIST OTIPEeIe/ICHIS
HOPMaJIBHBIX U AHOMAJbHBIX M306paskenuii. Jlyuree
KauecTBO KJACCH(UKAIMM  TIOKa3aal KJjaccupuka-
TOp HAa OCHOBE aJTOPUTMA TPAJMEHTHOrO OYCTHHTA.
Cpennne snauennss ROC AUC, 4yBCTBUTEIbHOCTH,
cneruUIHOCTH U TOYHOCTH Ha TECTOBON BBIGOPKE CO-
crasmumm 0,98, 93,8, 93,8 m 93,7 % COOTBETCTBEHHO.
[Ipn astoM ¢ TOMOMIbIO KiaaccU(UKATOpa Ha OCHOBE
CNN ympanocy goctnyb 3Havenns: ROC AUC mumb
0,75 [20].

Takum o6pasoM, HecMoTpst Ha To uto CNN ycmer-
HO UCTIOJIb3YIOTCS B 3a/1a4aX OOHAPY KEHUsT ATOJIOTHN
Ha OCHOBe N300paskeHNil, paIoMIKa TaksKe TIpe/iiara-
€T BO3MOKHOCTDb TJIyGOKOTO aHaJIM3a KOJUYeCTBEHHOM

nHdOpMaIMKU U3 MEIMIIMHCKUX U300pasKeHuil, KOTO-
pag oObIYHO He y3HaBaeMa WJIM He pasjnduMa HeBO-
OPY’KEHHBIM YeJIOBEYeCKUM TJIA30M, W B OIpe/esIeH-
HBIX 3a/la4aX MOXKeT He YCTYNaTb HeHPOHHBIM CETSIM.
Jlomo/THUTETPHO — PAMOMHUKA HMMEET 3HAYMTEJbHOEe
MIPEUMYTIECTBO B BO3MOKHOCTH WHTETPAIUU C JAPYTHU-
MU KJIWHWUYECKUMU JJAHHBIMY, OTKPBIBAsk BO3MOKHOCTH
JUISE MyJIbTUMOJATBHOTO aHAIN3a, KOTOPBI CocoOeH
pemaTth 6oJiee MUPOKUIT KPYT BOIIPOCOB.

NN B Y3U anarHocTHKe OCTPOTO ammeHAHIUTa

ANTNEHIUKC OTXOJUT OT CJeNoil KUIIKU MpuMep-
HO Ha 3 CM HIDKe WJIEOIeKaJbHOTO KJalaHa B TOY-
Ke, TJe CXOUATCs Tpu teniae coli. B Hopme anamerp
amnmeH/uKca peako mpesbimaer 4—5 MM [3]. K yub-
TPa3BYKOBBIM TIPU3HAKAM OCTPOTrO aMMeHJUIINTAa OT-
HOCSTCS: MaKCUMAJIbHBII HApY’KHBIH auameTp OoJiee
6 MM, MakcuMasbHas GOJE3HEHHOCTb HAJ YTOJIIEH-
HbBIM aIEHUKCOM IIPU KOMIIPECCUU JIATIYMKOM, PU-
TM/IHOCTD BOCIIAJIEHHOTO aIllEeHIMKCA TIPU KOMITPeCCun
JATYNKOM, TUTEPBACKYJISPHU3AIUsS MPU IBETHOM [10-
MJIEPOBCKOM KapTUPOBAHUU, MEPUIIEKAIbHDBIN abciiecc,
TUIEPIXOTEHHAsT TepUANeHuKyAsSpHas TKaHb, Me-
3eHTepuasibHast JauMdagenonatusi. Mcroab3oBanue
YJIBTPA3BYKOBON BU3yaTH3AIUN JOYKHO OBITh PYTHH-
HOI TIpoIelypoil Yy KasK/I0TO MallfeHTa ¢ MoJj03peHrneM
Ha ammesgumr [21].
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[Tpumenenne U B abromuHaIbHON Y 3-MarHOCTHKE
MOKa3bIBAET MHOTOOOEIIAIONINE TPeIBAPUTEbHBIE pe-
3yJbTaThl JUIS JIHArHOCTHKKE OCTPOTO  AllleHINITa
[22]. Mopgenb, paspaborannas R. Marcinkevics et al.
npu anaymze 1709 sxorpamm 579 mainmeHTroB, Mpo-
nemorctprupoBaia AUC 0,80 pist mporHosmpoBaHUs
armenunnta [23]. C. Stiel et al. paspaboramn Ho-
Bbifi M-mHAEeKC AMATHOCTUKYW OCTPOTO aNTeHIUITITa
Ha OCHOBAHUM YeTbIpeX KJACCHMYECKUX IIMKAJ allleH/n-
murta: lefimespbeprekas IKaga anmeHuInTa, ITKaIa
AnbBapazio, TeauaTpuyeckas IIKaja  alleHIuIuTa
u mrana llamakuca. B pesyabrare ucciaemoBaTesn
HOJIYYUJIH  TIOJIOKUTEJIbHYIO ITPOTHOCTUYECKYIO I1eH-
noctb (PPV) 95,0 % u oTpHIaTETbHYIO MPOTHOCTH-
gyeckyio HenHoctb (NPV) 70,0 % npu HeocJI0:KHEH-
HOM ammeHauIure, a npu nepdoparuBaom — PPV
34,4 % u NPV 93,8 % [24]. ITos:xe W. Ghareeb et al.
CPaBHUJIM MPOTHOCTUYECKYIO TIEHHOCTD MOJIEI OCTPO-
ro amnmeHjuIUTa, ocHoBaHHONW Ha MU, co mkajoi
AmbBapano, kputepusimu Y3U u ux o0beIUHEHHOI
OIIEHKOH, CTaHZapTOM CYUTAJIOCh TUCTOIATOJIOTHYE-
ckoe wuccnenoanue. [lns paspaborku momenn WU
ObLIN TIPEJBAPUTEIbHO 00pabOTaHbl JaHHbIE U3 MHO-
JKeCTBa TIepEeMeHHbBIX, TaKhe Kak pesyabraTel Y 31,
XapaKTePUCTUKN TAIUEHTOB, KJINHUYECKHe OCOOEH-
HOCTH, YTO TO3BOJSIO 3(MHEKTUBHO HWCIOJb30BATDH
MeTOo/Ibl MamuHHOro o6yueHns. OKasanoch, YTO MPO-
rHOcTHYecKass mMozenb MU mpomeMoncTpupoBaia 60-
Jiee BbICOKYT0 uyBcTBUTEabHOCTH (100 %) M TOUHOCTDH

(97,9 %), oanako ee crenuduanocTs coctasuna 80 %,
4TO OBLIO BBILIE, YEM y HIKaJbl AJbBapajo, HO HUXKE,
4yeM y 00beIMHEHHON OlleHKK AJTbBapajio 1 KpUTEpUEB
V31 (100 %) [25].

NN B Y3-anarsocruke MHBAarnHaIuy KHIICYHUKA

Y3  gBaserca  HaJEKHBIM  HHCTPYMEHTOM
JUIST INarHOCTUKY WHBArvMHAIIMKM KHIMeYHnKa y Jie-
Teil 6e3 pucka JydyeBOro BO3zelicTBUsA. Panee mpo-
BeJIEHHbIE MCCJEJ0BaHUsT € HeOGOJbIIMMU  BbIOOPKA-
MU TIPOJIEMOHCTPUPOBAIN BBICOKYIO 3(PPEKTUBHOCTD
YJAbTPa3BYKOBOI /IMAarHOCTUKM WHBATWHAIIMM, JIOCTH-
rasg 4yBcTBuTesbHOCTH OOsee 92 % [26]. C yuerom
CHIDKEHHOH 4yBCTBUTENbHOCTU JUArHOCTUKU y Y 3-
CIIEI[HAJIICTOB ¢ 0a30BbIMU HaBbIKAMI TOYHOCTb BBbI-
SBJIEHUST UHBAaTUHAIIMKM B 3HAYUTEJNbHON Mepe 3aBUCHT
OT KBaJauUKaIMN dKCIepTa, MoaToMy BHeapenue VU
MOJKET TIOMOYb TTOBBICUTH 3(D(HEKTUBHOCTD TUATHOCTHU-
ku. X. Chen et al. pagpaGoranu u mpoBepuu cucTeMy
CIDNet mnst guarHoCTUKM MHBArmHallMy KUIIEYHUKA
y neteii, koropas nokazaia AUC 0,9716 npu ananuse
ucciaenyembix ganabix. Cucrema CIDNet orimuanach
OT MHEHHsI 9KCIIEPTOB-PEHTIeHOJIOr0B 60Jjiee BbICOKOM
s dextusroctrio (AUC 0,97) [27]. B nuccreposannu
Y. Pei et al. amropurm pacmosnan 1086 m3o6pake-
HUI ¢ TpeMd TMpU3HAKAMHU WJIEOICKATbHON WHBA-
rudanmn (AUC 0,97), a Takke [QMarHOCTUPOBAJ
184 manuenToB 6e3 WHBArMHAIMHM, C HEXUPYpPruye-
CKOIl MHBAarMHaIMel W XUPYPruvecKoil MHBarnHanmen

Pucynox 3. Tanuent 64 jer: A — sXxorpaMMma € OIMYyXOJIbI0 CHIMOBUHON KHIIKH, T/Je Ha IIPOTSIKEHUN
okosi0 30 MM orpejiesisieTcsi HepaBHOMEPHOE THIO3XOTEHHOe YTOJIIeHNe KUIeYHON cTeHKn 0 11 MM ¢ Hapye-
HHEM ee CTPYKTYPbI, Cy’Kalollee MPOCBET, ¢ YCHJIEHHOI BaCKyJISIpU3aIueil mpu J0IIEPOBCKOM HCCJIEI0BAHIH;
b — sHaockommyeckas KapTUHA ¢ JajibHelell Mopgosornueckoil BepuduKaimeil aleHOKapInHOMBI

HIpumeuanue: sxorpaMMa 13 JMYHOTO aPXUBA ABTOPOB.

Figure 3. A 64-year-old patient: A — ultrasound imaging with a sigmoid tumor, where an uneven
hypoechoic thickening of the intestinal wall up to 11 mm with a violation of its structure, narrowing
the lumen, with increased vascularization in a Doppler are determined over a length of about 30 mm;
b — endoscopy with subsequent morphological verification of adenocarcinoma

Note: ultrasound imaging from the personal archive of the authors.
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B 184 ynbTpasBYKOBBIX BH/EO CO CPEIHUM 3HAUEHU-
eMm AUC 0,95. 9To T03BOMNIO MOBBICUTD 3(PHEKTHB-
HOCTb PaboThl Y 3-CHENUaJnCTOB ¢ (GAa30BBIMH HABbI-
kamu (cpeanee smauennme AUC: 0,966 mportus 0,857,
p <0,001; mexuanHoe BpeMs CKaHUPOBaHUL: 9,46 MuH.
nporus 3,66 muH., p < 0,001). dbdexTuBHOCTD OKa-
3aJlaCh COIIOCTaBUMa C IIOKa3aTessIMUA OIIBITHBIX CIle-
muamctos mo Y 3U (cpennee smauennme AUC: 0,966
nporus 0,973, p = 0,6) [28].

NN 8 Y3U auarHoctuke 3J10Ka4Y€CTBEHHDBIX
HOBOOOPa30BaHUIl KMIIEYHHKA

Kosopekranpupiii pak (KPP) gapnagerca ompum
U3 CaMbIX PACIPOCTPAHEHHBIX 3JI0KAYeCTBEHHBIX HOBO-
006pa3oBaHUl JKETYJOUHO-KUIIIEYHOTO TPaKTa B MHPE
[29]. Ocuonoit npo6eMoit SBJSETCST CJIOKHOCTH €ro
JIMArHOCTUKKM HA HAYAJBHOW CTAJIMU, TOITOMY PaHHSS
JIMArHOCTHKA VIMeeT BAXKHOE 3HAYeHUe /IS YCIENTHON
npOUIAKTUKI ¥ JiedeHUs JaHHoii natoyoruu. 1o yib-
Tpaconorpaduy Takue MPHU3HAKU, KAK THIOIXOTEHHOe
JIOKQJIbHOE YTOJIIIEHHE CTEHKU KHUITEYHUKA ¢ HEPOBHBIM
KOHTYpoM, noTeps AuddepeHImaIiy cIoeB KUIIeYHOH
CTEHKU U OTCYTCTBHE HOPMAJBHOIN TEPUCTATBTUKH, MO-
T'YT YyKa3bIBaTh Ha 3y0kadecTBeHHOCTH [30]. [Ipumep co-
HOrpadUIeCKOll KapTUHBI NPH a/ICHOKAPIIHHOME CUTMO-
BU/IHOHN KUIITIKK TIpe/ICTaBjeH Ha PUCYHKe 3.

HenaBno psjg wuccaenoBateseii o6paTtuyi BHUMA-
HEUE Ha ONyXOJieBble OTJAOKeHUs (CUHOHUM — OIly-
XOJIEBBIE  JIETIO3UTHI) TIPH  MOP(OJOTUUECKOM  HC-
CJIeJIOBAHUM TIPH  paKe TPSIMON KHUIIKU, KOTOPbIe
MPEJICTABISAIOT cO60il oUarum pocta aJeHOKAPIUMHOMBI
B ME30KOJUYECKON,/ Me30PEKTaIbHOIl KJIeT4aTKe BHE
JuMbaTHIecKuX y3/J0B. ITH 06pPa30BaHUS HE MMEIOT
CBSI3U C TIEPBUYHOI ONYXOJbIO U He ACCOIUUPOBAHDBI
¢ sumdarndeckuMn y3iaamu. Hanwuwe y mnanumenta
OITyXOJIEBBIX OTJIOKEHUIl SIBJSIETCS HETATHBHDBIM IPO-
FHOCTUYECKUM (PAKTOPOM, acCOIMUPOBAHHBIM ¢ Gosiee
BBICOKUM PHCKOM PelUNBa, CHIDKEHIEeM Oe3PelnB-
HOIT 1 o61ielt BbkuBaeMoctn [31, 32].

L. Chen et al. pazpaGoramu cucremy ¢ HCIIOJIb30-
BAHUEM YJbTPA3BYKOBON PAJUOMUKU M KIMHUYECKUX
[apaMeTpoB IS JMArHOCTUKU OITyXOJIEBBIX OTJIOKe-
Huii (ayBcTBUTENBHOCTD — 72,7 %, CHEUBUIHOCTD —
75,9 %, a AUC — 0,743). HccnegoBanne mpogeMOH-
CTPUPOBAJIO, UTO YJIbTPA3BYKOBasi PAJIMOMIKA 00J1a/1aeT
MOTEHI[HATIOM [IJisi TIPOTHO3UPOBAHUS OMYXOJEBBIX OT-
JoskeHnil 1o Hawasia JsedeHust [33]. D. Song et al.
paspaboraiu mojenb Ha ocHoBe ERUS, koropas
npe/lHa3Hau€eHa [T BBISIBIEHUST 3JI0KAYeCTBEHHBIX
KOJIOPEKTAJIBHbBIX OIyXOJell. JTa cucreMa MOKeT 3Ha-
YUTETHHO CHU3UTD HATPY3KY HA CIEIUATHUCTOB TI0 YJIb-
TPa3BYKOBOIl JMATHOCTHKE U yYMEHDBIIHUTb KOJHYECTBO
JMarHOCTUYECKUX OMMO0K [34].

OI'paHI/I‘leHI/IH U OnaCeHusd

Crioco6HOCTb K 0600111aeMOCTH MJIN TTIOUCKY OOTIIX
3aKOHOMEPHOCTE!l B JAHHBIX, OCTAETCHd CEpPbE3HOU

npo6eMoil 71T MHOTHX aJTOPUTMOB MAITMHHOTO
OoOy4YeHHs, YTO CO3/laeT TPYAHOCTH TPHU TIepexoje
OT WCCTEOBaHMil B 06JIACTH KOMIIBIOTEPHBIX HAyK
K KJMHNYeCKoi mpakTtuke. /laHHBIE, WCIONbB3yeMble
It o6ydyeHusi, TIPOBEPKU M TECTHPOBAHUST AJTOPHT-
MOB, KOTOPbIE MPOJIEMOHCTPUPOBAIN BIEYATISIONINE
pesyJbTaThl B HAYYHBIX HCCIEAOBAHUAX, 4aCTO HEO-
CTaTOYHO YYMTBIBAIOT M3MEHYMBOCTH B PEATHHON KJIU-
HUYECKO# mpaktuke [35].

[IpeaBastocTh Jofell K pemeHusM aBTOMaTH-
3UPOBAHHBIX CHCTEM SIBJISIETCS Cepbe3HOll mpobJe-
Moit pu BHegpeHnn WU B kamHWUecKyo MpakTH-
Ky. DTO sBJIeHWE O03HAaYaeT, YTO JIOJAU CKJIOHHDBI
HEKPUTUYHO [OBEPATb U MPEANOYNTATH PEIIeHMUS,
Hpe/JI0KeHHbIE aATOPUTMAMK, Ja’ke MPU HATHMUUH
MpOTHBOPEYNBOl WHPOpPMAIUNU UJIH COOCTBEHHBIX
comueHmnii. McciaenoBarenu cYMTAOT, YTO JIIOJAN
OyAYyT OXHAATbh NPAKTUYECKU UACATbHONU PaboOThI
NN, Ho Heynaum aaroput™MoB 6yAyT OIEHUBATHCS
MeHee cTporo, yeM onnbOku yesnoBeka [36]. Takske
CyIIeCTBYEeT PUCK PAa3BUTUS U3JUIIHEH 3aBUCUMO-
¢t (MM «CIenoro A0Bepusi») OT aBTOMATH3AIUN
CO CTOPOHBI Bpavya-AMArHOCTa, YTO MOYKET TOBJIEYb
3a co6oii pazBuTHE OOJIBIIOTO KOJUYECTBA OMUOOK
B caydae c6ost aaropurma M.

Kpome TOTO, CyIlecTBEeHHBIM HEIOCTATKOM Heii-
POHHBIX CeTeil SBJISeTCSl HEPO3PAYyHOCTh UX PABOTHI,
YTO CHJIBHO 3aTPYyAHSIET yCTaHOBJIeHne noBepus k M
B o61ecTBeHHOM co3Hanuu [37]. Meaumnunckoe co-
0o0611ecTBO MOXKeT TpeboBarth 0o0Jiee CTPOTUX HOP-
MATHUBHBIX CTAHIAPTOB JJs BHEIpPEHUS U 0n06pe-
g WMU-texnonoruii. Bompockl MOJOTUYETHOCTH,
OTBETCTBEHHOCTH OYAYyT TaK >Ke BaXKHBI JIJs1 006-
necTBa, Kak M TOYHOCTb M TTPOU3BOAMTEIbHOCTD
aaroput™moB. [lomumo atoro, mcnonabzoBanue MU
OyJZeT 3aTparuBaTb BOTPOC KOH(PUACHIIUATLHOCTH
nanabix [36].

Takske Heb3s He YMOMSHYTb O BBICOKOW CTOU-
Moctn ucnosb3oBanusi VI, uto Mosker craTb Tpe-
MATCTBUEM JIJISI BHEJAPEHUS AJTOPUTMOB B PEATHHYIO
KJINHUYECKYIO MPakTHKy. OIHAKO SKOHOMHUSI MOXKET
JIOCTUTATBCST 324 CYET MOBBIMEHNuS 3(PHEKTUBHOCTH
U COKpAIeHNsI KOJMYEeCTBA MPOMYIIEHHBIX MaTOJIOTH-
YecKUX cuMIToMoB [36].

3akaoueHue

Ikcreptbl [lepBoro ryobanbhioro cammura no M
B TACTPOIHTEPOJIOTUH U IH/IOCKOIMU TIPUIILIN K BbIBOJLY,
YTO TaCTPOSHTEPOJIOTHST MOXKET CTaTh OJIHOW M3 MEPBBIX
cnienasbHoCcTel ¢ panHuM BHeznpenuem MW B kamHUT-
yeckyto TpakTuky [4]. CoBpemennbie moaxozabt Y3U
¢ npuMeHenneM MW MoryT B masnbHeinieM yJIydIiuTb
JINArHOCTHKY  3a00JIEBaHUIT  JKeJYJI0YHO-KHUIIIEYHOTO
TPaKTa, CHU3WTL 3aTPaThl HA 3/[PABOOXPAHEHUE U OIl-
TUMM3UPOBATh MOHUTOPUPOBAHWE MAIMEHTOB Ha IIyTH
K JIOCTUIKEHUIO peMuccuu 3a6oseBanust [38].

Poc ypH racTposuTepoJ rematon koaonpokros 2025; 35(6) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(6)



www.gastro-j.ru

O630pHI / Reviews

10.

11.

12.

13.

Jluteparypa / References

Otyer 3a 2020 T. TJIaBHOTO BHENITATHOTO CIEIHAJNCTA
Munsapasa Poccun 1o sryueBoit u MHCTPYMEHTAJIbHON J1a-
raocruke Tiopuna W1.E. [Report for 2020 by the chief free-
lance specialist of the Ministry of Health of Russia on radi-
ation and instrumental diagnostics Tyurin I.E. (In Russ.)].
URL: https://static-0.minzdrav.gov.ru/system/ attach-
ments/attaches, 000,056,620/ original /Otuer_3a_ 2020
roa_Tropun.pdf? 1624967722 (accessed: 07.12.2022).
Jdebedes I.C., Iladepxun H.A., Illadepxuna A.H.
[ndposast TpanchopManust yJabTPasByKOBOIH IUATHOCTH-
xu. Poccutickuil xypnan menemeduuunvl u 31eKmMpoHHO-
20 30pasooxpanenus. 2022;8(4):21—45. [Lebedev G.S.,
Shaderkin 1.A., Shaderkina A.I. Digital transforma-
tion of ultrasound diagnostics. Russian Journal of Tel-
emedicine and E-Health. 2022;8(3):21—45. (In Russ.)].
DOI: 10.29188,/2712-9217-2022-8-4-21-45

Nylund K., Maconi G., Hollerweger A., Ripolles T., Pal-
lotta N., Higginson A., et al. EFSUMB recommendations
and guidelines for gastrointestinal ultrasound — part 1: ex-
amination techniques and normal findings (Short version).
Ultraschall in Med. 2017;38(3):1—15. DOIL: 10.1055/s-
0042—115853

Parasa S., Wallace M., Bagci U., Antonino M., Ber-
zin T., Byrne M., et al. Proceedings from the First Global
Artificial Intelligence in Gastroenterology and Endoscopy
Summit. Gastrointest Endosc. 2020;92(4):938—45.e1.
DOI: 10.1016,/j.gie.2020.04.044

Cannarozzi A.L., Latiano A., Massimino L., Bossa F.,
Giuliani F., Riva M., et al. Inflammatory bowel disease
genomics, transcriptomics, proteomics and metagenomics
meet artificial intelligence. United European Gastroen-
terol J. 2024;12(10):1461—80. DOI: 10.1002/ueg2.12655
Christou C.D., Tsoulfas G. Challenges and opportu-
nities in the application of artificial intelligence in gas-
troenterology and hepatology. World J Gastroenterol.
2021;27(37):6191—223. DOI: 10.3748/wjg.v27.i137.6191
Yang Y.J., Bang C.S. Application of artificial intel-
ligence in gastroenterology. World J Gastroenterol.
2019;25(14):1666—83. DOI: 10.3748/wjg.v25.i14.1666
Ilenvieun 10.A., Heawxun B.T., Auxacos C.H., Pewe-
moe U.B., Maes H.B., benoycosa E.A. u dp. Kmunu-
yeckue pexoMengamuu. bosesnb Kpona (K50), B3pocibie.
Kononpoxmonozus. 2023;22(3):10—49. [Shelygin Yu.A.,
Toashkin V.T., Achkasov S.I., Reshetov I.V., Maev 1.V.,
Belousova E.A., et al. Clinical guidelines. Crohn’s dis-
ease (K50), adults. Koloproktologia. 2023;22(3):10—49.
(In Russ.)]. DOI: 10.33878,/2073-7556-2023-22-3-10-49
Hlenvizun FO.A., Heawxun B.T., beaoycosa E.A., Pe-
wemos H.B., Maes H.B., Auxacos C.H. u dp. 3-
peunbiii kot (K51), B3pociasie.  Kononpoxmonozus.
2023;22(1):10—44. [Shelygin Yu.A., Tvashkin V.T., Bel-
ousova E.A., Reshetoo 1.V., Maev 1.V., Achkasoov S.I.,
et al. Ulcerative colitis (K51), adults. Koloproktologia.
2023;22(1):10—44. (In Russ.)]. DOI: 10.33878,/2073-7556-
2023-22-1-10-44

Sturm A., Maaser C., Calabrese E., Annese V., Fiori-
no G., Kucharzik T., at al. ECCO-ESGAR Guideline
for Diagnostic Assessment in IBD Part 2: IBD scores
and general principles and technical aspects. Journal
of Crohn’s & colitis. 2019;13(3):273—84. DOI: 10.1093/
ecco-jec/jjy114

Horsthuis K., Bipat S., Bennink R. J., Stoker J. Inflam-
matory bowel disease diagnosed with US, MR, scintigraphy,
and CT: Meta-analysis of prospective studies. Radiology.
2008;247(1):64—79. DOI: 10.1148 /radiol .2471070611
Panes J., Bouhnik Y., Reinisch W., Stoker J., Taylor S. A.,
Baumgart D. C., et al. Imaging techniques for assessment
of inflammatory bowel disease: Joint ECCO and ESGAR
evidence-based consensus guidelines. J Crohns Colitis.
2013;7:556—85. DOI: 10.1016/j.crohns.2013.02.020
Sasaki T., Kunisaki R., Kinoshita H., Yamamoto H.,
Kimura H., Hanzawa A., et al. Use of color Doppler ul-
trasonography for evaluating vascularity of small intesti-
nal lesions in Crohn’s disease: Correlation with endoscopic

14.

15.

16.

18.

19.

23.

25.

26.

N

28.

7.

and surgical macroscopic findings. Scand J Gastroenterol.
2014;49:295—301. DOI: 10.3109,/00365521.2013.871744
Maconi G., Nylund K., Ripolles T., Calabrese E.,
Dirks K., Dietrich C. F., et al. EFSUMB recommen-
dations and clinical guidelines for intestinal ultrasound
(GIUS) in inflammatory bowel diseases. Ultraschall Med.
2018;39(3):304—17. DOI: 10.1055/s-0043-125329

Carter D., Albshesh A., Shimon C., Segal B., Yershoov A.,
Kopylov U., et al. Automatized detection of crohn’s
disease in intestinal ultrasound using convolutional neu-
ral network. Inflamm Bowel Dis. 2023;29(12):1901—6.
DOI: 10.1093/ibd /izad014

Tagliamonte G., Santagata F., Fraquelli M. Cur-
rent developments and role of intestinal ultrasound in-
cluding the advent of Al. Diagnostics. 2024;14(7):759.
DOI: 10.3390/diagnostics14070759

. Hameed M., Taylor S.A. Small bowel imaging in inflam-

matory bowel disease: Updates for 2023. Expert Review
of Gastroenterology & Hepatology. 2023;17(11):1117—34.
DOI: 10.1080,/17474124.2023.2274926

Lin S., Lin X., Li X., Chen M., Mao R. Making quali-
tative intestinal stricture quantitative: Embracing radi-
omics in IBD. Inflamm Bowel Dis. 2020;26(5):743—5.
DOI: 10.1093/ibd /izz197

Xiao M.J., Pan Y.T., Tan J.H., Li H.O., Wang H.Y.
Computed tomography-based radiomics combined with
machine learning allows differentiation between primary
intestinal lymphoma and Crohn’s disease. World J Gas-
troenterol. 2024;30(25):3155—65. DOI: 10.3748/wjg.v30.
i25.3155

.Gu P., Chang J.H., Carter D., McGovern D.P.B.,

Moore J., Wang P., et al. Radiomics-based Analysis of in-
testinal ultrasound images for inflammatory bowel disease:
a feasibility study. Crohns Colitis 360. 2024;6(2):0tac034.
DOI: 10.1093/crocol /otae034

. Dirks K., Calabrese E., Dietrich C.F., Gilja O.H.,

Hausken T., Higginson A., et al. EFSUMB Position
Paper: Recommendations for gastrointestinal ultrasound
(GIUS) in Acute appendicitis and diverticulitis. Ultra-
schall Med. 2019;40(2):163—75. DOI: 10.1055,/a-0824-6952

. Cai L., Pfob A. Artificial intelligence in abdominal and

pelvic ultrasound imaging: current applications. Abdom
Radiol. 2025;50(4):1775—89. DOI: 10.1007,/s00261-024-
04640-x

Marcinkevicés R., Reis Wolfertstetter P., Klimiene U.,
Chin-Cheong K., Paschke A., Zerres J., et al. Interpreta-
ble and intervenable ultrasonography-based machine learn-
ing models for pediatric appendicitis. Med Image Anal.
2024;91:103042. DOI: 10.1016/j.media.2023.103042

. Stiel C., Elrod J., Klinke M., Herrmann J., Junge C.M.,

et al. The modified Heidelberg and the AI appendicitis
score are superior to current scores in predicting appendici-
tis in children: A two-center cohort study. Front Pediatr.
2020;8:592892. DOI: 10.3389/fped.2020.592892

Ghareeb W.M., Emile S.H., Elshobaky A. Artificial
intelligence compared to alvarado scoring system alone
or combined with ultrasound criteria in the diagnosis
of acute appendicitis. J Gastrointest Surg. 2022;26:655—8.
DOI: 10.1007/s11605-021-05147-2

Hryhorczuk A.L., Strouse P.J. Validation of US as a first-
line diagnostic test for assessment of pediatric ileocolic
intussusception. Pediatr Radiol. 2009;39(10):1075-9.
DOI: 10.1007,/500247-009-1353-z

Chen X., You G., Chen Q., Zhang X., Wang N.,
He X., et al. Development and evaluation of an artificial
intelligence system for children intussusception diagnosis
using ultrasound images. iScience. 2023;26(4):106456.
DOI: 10.1016/.isci.2023.106456

Pei Y., Wang G., Cao H., Jiang S., Wang D., Wang H.,
et al. A deep-learning pipeline to diagnose pediatric intus-
susception and assess severity during ultrasound scanning:
A multicenter retrospective-prospective study. NPJ Digit
Med. 2023;6(1):182. DOI: 10.1038/541746-023-00930-8

Poc skypH ractposuTepoJi rematon koaonpokros 2025; 35(6) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(6)



O630psI / Reviews

www.gastro-j.ru

29. Sawicki T., Ruszkowska M., Danielewicz A., Nied-
fwiedzka E., Artukowicz T., Przybylowicz K.E. A review
of colorectal cancer in terms of epidemiology, risk factors,
development, symptoms and diagnosis. Cancers (Basel).
2021;13(9):2025. DOI: 10.3390,/cancers13092025

30. Bor R., Fabian A., Szepes Z. Role of ultrasound in colorec-
tal diseases. World J Gastroenterol. 2016;22(43):9477—87.
DOI: 10.3748/wjg.v22.143.9477

31. Ueno H., Nagtegaal I.D., Quirke P., Sugihara K., Ajio-
ka Y. Tumor deposits in colorectal cancer: Refining their
definition in the TNM system. Ann Gastroenterol Surg.
2023;7(2):225—35. DOIL: 10.1002/ags3.12652

32. Khan H., Radomski S.N., Siddiqi A., Zhou N., Pane-
itz D.C., Johnston F.M. Tumor deposits are associated
with a higher risk of peritoneal disease in non-metastatic
colorectal cancer patients. J Surg Oncol. 2023;127(6):975—
82. DOI: 10.1002/js0.27207

33. Chen L.D., Li W., Xian M .F., Zheng X., LinY., Liu B.X.,
et al. Preoperative prediction of tumour deposits in rectal
cancer by an artificial neural network-based US radiomics
model. Eur Radiol. 2020;30(4):1969—79. DOI: 10.1007/
s00330-019-06558-1

34.Song D., Zhang Z., Li W., Yuan L., Zhang W. Judg-
ment of benign and early malignant colorectal tumors

Ceenenust 06 aBTopax

MyxameroBa /(uasipa [lamupoBHa® — KaHIUAaT MEIUITTHCKUX
HayK, JoueHT Kadeapbl rocrunrtanbhoii Tepamun, OI'BOY BO
«Kaszanckuii  TocyapCTBeHHbIH  MEJANINHCKINA  YHIBEPCUTET»
MunmncrepcrBa 3apaBooxpanennsi Poceniickoit Degepariuu.
Konrakruast undopmanus: muhdilyara@gmail.com;

420012, r. Kasamnb, yi1. Bytaeposa, 49.

ORCID: https://orcid.org,/0000-0003-2102-0142

TaGakuu Ousibra IpuKoBHa — acuupaHT Kadeapbl FOCTUTAIb-
noit tepanuu, MOIBOY BO «Kasanckuil rocyaapcrBeHHbIi
Me/ININHCKIN yHUBepcuTeT» MUHUCTEPCTBA 3/PaBOOXPAHEHHS
Poccniickoit Depeparui.

Konrakraas undopmanust: olya-akchurina@mail.ru;

420012, r. Kaszaub, yu. Bytaeposa, 49.

ORCID: https://orcid.org,/0009-0009-5739-7807

AoGpyaranuesa /Inana WiabgapoBHa — JIOKTOD MEAMIITHCKUX
Hayk, mpodeccop, 3aBeaylomas Kadeapoil rocIuTaabHOI Tepa-
nun, @I'BOY BO «Kaszanckuii rocy1apcTBeHHbII MeINTTMHCKUI
yHuBepcureT» MuHncTepcTBa 3/paBooxpaHeHus Poccuiickoi
Depepanun.

Konrakraas undopmanns: diana.abdulganieva@kazangmu.ru;

420012, r. Kazaub, yu. Bytaeposa, 49.

ORCID: https://orcid.org,/0000-0001-7069-2725

Bxkaan aBropoB

Komuemmusi u ¢opmy/mposanue ueau 0030pa JHTEPaTyphbi:
Myxamerosa /I./1., A6aynrannesa /I.11.

C6op u o6paboTka Marepuanos: Myxamerosa /[./1., TaGakun O.9.
Hanucanne texcra: Myxamerosa /[./l., Tabaxuun O.3.
PepaxrupoBanne: Myxamerosa /I./1., Tabaxuun O.D., AGxy/ranu-
esa /.M.

IIpoBepka BepCTKH M €€ COIJIACOBaHHE C aBTOPCKUM KOJLIEKTH-
Bom: Myxamerosa /[./l., TaGakun O.9., A6aynrannesa /I.11.

from ultrasound images with deep multi-View fusion.
Comput Methods Programs Biomed. 2022;215:106634.
DOTI: 10.1016/j.cmpb.2022.106634

35. Kim D.W., Jang H.Y., Kim K.W., Shin Y., Park S.H.
Design characteristics of studies reporting the performance
of artificial intelligence algorithms for diagnostic analysis
of medical images: results from recently published papers.
Korean J Radiol. 2019;20(3):405—10. DOI: 10.3348/
kjr.2019.0025

36. Mervak B.M., Fried J.G., Wasnik A.P. A review
of the clinical applications of artificial intelligence in ab-
dominal imaging. diagnostics (Basel). 2023;13(18):2889.
DOI: 10.3390/diagnostics13182889

37. Coppola F., Faggioni L., Gabelloni M., De Vietro F.,
Mendola V., Cattabriga A., et al. Human, all too hu-
man? an all-around appraisal of the “artificial intel-
ligence revolution” in medical imaging. Front Psychol.
2021;12:710982. DOI: 10.3389/fpsyg.2021.710982

38. AkkusZ.,CaiJ., Boonrod A., ZeinoddiniA., WestonA.D.,
Philbrick K.A., et al. A survey of deep-learning ap-
plications in ultrasound: artificial intelligence — pow-
ered ultrasound for improving clinical workflow. J Am
Coll Radiol. 2019;16(B):1318—28. DOI: 10.1016/j.
jacr.2019.06.004

Information about the authors

Dilyara D. Mukhametova* — Cand. Sci. (Med.), Associate
Professor of the Department of Hospital Therapy, Kazan State
Medical University.

Contact information: muhdilyara@gmail.com;

420012, Kazan, Butlerova str., 49.

ORCID: https://orcid.org,/0000-0003-2102-0142

Olga E. Tabakchi — Postgraduate of the Department
of Hospital Therapy, Kazan State Medical University.
Contact information: olya-akchurina@mail.ru;

420012, Kazan, Butlerova str., 49.

ORCID: https://orcid.org,/0009-0009-5739-7807

Diana I. Abdulganieva — Dr. Sci. (Med.), Professor, Head
of the Department of Hospital Therapy, Kazan State Medical
University.

Contact information: diana.abdulganieva@kazangmu.ru;
420012, Kazan, Butlerova str., 49.

ORCID: https://orcid.org/0000-0001-7069-2725

Authors’ contributions

Concept and design of the study: Mukhametova D.D., Abdul-
ganieva D.I.

Collection and processing of the material: Mukhametova D.D.,
Tabakchi O.E.

Writing of the text: Mukhametova D.D., Tabakchi O.E.
Editing: Mukhametova D.D., Tabakchi O.E., Abdulganieva D.I.
Proof checking and approval with authors: Mukhameto-
va D.D., Tabakchi O.E., Abdulganieva D.I.

Mocrynuna: 23.02.2025 [punsra: 09.04.2025 Omy6saukosana: 20.12.2025
Submitted: 23.02.2025 Accepted: 09.04.2025 Published: 20.12.2025

* ABrop, orBercrBeHHbiil 3a nepernucky / Corresponding author

34

Poc ypH racTposuTepoJ rematon koaonpokros 2025; 35(6) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(6)



www.gastro-j.ru Reviews / O630pbi

https://doi.org/10.22416,/1382-4376-2025-35-6-27-34
UDC 616.34-073.43:004.8 @

Artificial Intelligence in Ultrasound Diagnosis
of Bowel Diseases: Modern Possibilities

Dilyara D. Mukhametova*, Olga E. Tabakchi, Diana I. Abdulganieva
Kazan State Medical University, Kazan, Russian Federation

Aim. Review of current achievements, opportunities and challenges in applying artificial intelligence (Al) for analyz-
ing intestinal ultrasound images.

Key points. Ultrasound examination is a highly informative, safe, and widely accessible method for bowel pathology
diagnosis. The integration of Al, particularly deep learning and radiomics methods, aims to overcome the opera-
tor-dependence of ultrasound, standardize diagnosis, and enhance its efficiency. This article reviews the develop-
ment and validation of Al algorithms for key areas: inflammatory bowel diseases, acute appendicitis, bowel intussus-
ception and colorectal cancer. Limitations and concerns that require resolution for the successful integration of Al
into clinical practice are also discussed.

Conclusion. The integration of Al into ultrasound diagnosis of bowel diseases has significant potency for improving
accuracy, reproducibility, and operational efficiency.
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MCKyCCTBEHHbIN MHTEJJIEKT AJIA YJIbTPa3BYKOBOW ANArHOCTUKM 3a0oneBaHui

Knie4yHuka. coepemMeHHblie BO3MOXXHOCTU

0.0. MyxameToBa*, 0.3. Tabakuu, [.1. AbgynraHvesa
Prb0Y BO «KasaHckuii rocynapCcTBeHHbIV MeAVNLIMHCKWIA yHuBepcuTeT» MuHucTepcTaa 3apaBooxpaHeHsi Poccuiickor
®enepaunmn, KazaHb, Poccuiickas denepavms

Llenb. O630p COBPEMEHHbIX AOCTUXEHNI, BO3MOXHOCTEN 1 MPOBNEM NPUMEHEHUSA TEXHONOMMIA CKYCCTBEHHOIO
nHTennekta (M) ona aHanmsa n3obpaxeHnin ynbTpasBykoBOro nccnenosarus (Y3U) kuweyHmka.

OCHOBHbIE MOJNIOXEHUA. YNLTPa3BYKOBOE MWCC/IEA0OBAHME SBNSETCS BbICOKOMHGMOPMATUBHBLIM, ©€e30MacHbIM
M LUMPOKOAOCTYNHBIM METOAOM AMArHOCTUKN MaToNornmn KiwevHuka. BHegpenve MW, B yacTHOCTM METOLOB My-
60KOro oby4yeHns 1 pPaaMoOMUKKN, HANPaBIEHO Ha MPEOAOJIEHNE onepaTop-3aBucumocty Y3W, ctangapTusaumio
OMarHoCTUKN 1 NoBbILLeHne ee 9DPeKTUBHOCTU. B cTaTbe npeactaBneHbl AaHHbIe 0 pa3paboTtke v Banuaaumuu M-
aJIrOPUTMOB J191 KJTIOYEBbIX HanpaBaeHWin: BOCNanuTesbHble 3a601eBaHNS KALLIEYHMKA, OCTPbIV anneHanLnT, NHBA-
rMHaLMS KULLEYHMKA, KONIOPEKTaNbHbIN pak. MpeacTaBneHbl OrpaHMYeHUS U OMACEHMS, KOTOPbIE TPEDYIOT PELLEHNS
ansa sHegpeHuns NN B KNMHNYECKYIO NPaKTUKY.

3aknouyeHue. MHterpauva M B ynbTpasByKOBYIO OMArHOCTUKY 3ab0neBaHuin KMLeYHrKa obnagaeT 3Ha4YnUTeb-
HbIM MOTEHLMANOM A5 NOBbILLIEHUS TOYHOCTU, BOCMPOU3BOAMMOCTU 1 3PPEKTUBHOCTU PaboTbl, 0OCOOEHHO B yCO-
BUSIX BbICOKOW HArpy3ku Ha CneLmanncToB.

KnioueBble cnoBa: BocnanutesnbHbIe 3a00NeBaHNS KNLLIEYHMKA, 60ne3Hb KpoHa, S3BEHHbIN KOUT, MICKYCCTBEHHbIN
nutennekt, Y3U knweyHmka

duHaHcupoBaHue: paboTa BbINOHEHA 3a CYET rpaHTa Akagemun Hayk Pecnybnuku TatapctaH, NpeaocTaBieH-
HOr0 MOMOAbIM KaHAMAaTaM Hayk (MOCTAOKTOpaHTaM) C LeNbio 3aLiuThl JOKTOPCKOM AnccepTaLmn, BbiMOIHEHNS
Hay4YHO-MCCnenoBaTeNbCKMX PaboT, a TakxKe BbINOJHEHNS TPYA0BbIX PYHKLMIA B HAY4YHbIX 1 06pa3oBaTesibHbIX opra-
Hu3aumsax Pecnybnukm TatapctaH «Hay4yHO-TexHU4eckoe pa3sutne Pecnybnukm TatapcTaH».

KoH)NUKT nHTepecoB: aBTOPbI 3as9BASIOT 00 OTCYTCTBUM KOHMIMKTA UHTEPECOB.
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Ultrasound is one of the most commonly used
diagnostic methods in medicine due to its numer-
ous advantages, including high diagnostic val-
ue, safety, accessibility, non-invasiveness, and
low cost. According to the report by I.E. Tyurin,
Chief Freelance Specialist of the Russian Ministry
of Health for Radiation and Instrumental
Diagnostics, over 326 million radiation diagnostic
examinations were performed in 2020, with ultra-
sound examinations predominating, accounting

Figure 1. Ultrasound imaging of a 25-year-old
patient with Crohn’s disease ileitis. Intestinal wall
thickness is about 4 mm. A five-layered intestinal
wall in longitudinal section: 7 — hyperechoic layer
of the border of the contents of the intestine and
mucous, 2 — hypoechoic, muscularis mucosae, 3 —
hyperechoic, submucosa, 4 — hypoechoic, muscular
propria, 5 — hyperechoic, border of the serosa and
surrounding fiber

Note: ultrasound imaging from the personal
archive of the authors.

Pucynox 1. dxorpaMma manueHTa 25 JIeT ¢ WIeH-
toM GosiesHn Kpona. OtMedaercst yToJIEeHNE KHITEY-
HOWl cTeHKn 710 4 MM. [lsaTrcnoiiHoe cTpoeHne KUIeyHoi
CTEHKH B TIPOJIOJIBHOM CE€UYeHUU: | — THUIEPIXOTeHHBIN
CJTOW TPAHUIIBI COAEPKUMOTO KHUIMKU U CIU3KUCTOH 060-
JIOYKH, 2 — TUTOSXOTE€HHBI — MBIeYHas TJIACTHHKA
CIM3UCTON 000JI0UKH, 3 — THIEPIXOTeHHBI — TTO/C/IN-
3UCTBIN CJION, 4 — TUMOIXOTEHHBIA — MBIIIEYHBIH CJIO,
5 — THUNEpIXOreHHBINl — TI'PaHUIA CEPO3HON 0OGOJOUKH
1 OKpY>Kalollell KIeTyaTKu

IIpumeuanue: s5xorpaMMa U3 JUYHOTO apXHUBA aB-
TOPOB.

for 43 % of these studies [1]. In total, 151,693,220
diagnostic and preventive ultrasound examina-
tions were conducted in 2020. According to the
FDA (Food and Drug Administration), the use
of ultrasound is preferred for diagnosing diseases
as part of the “Initiative to Reduce Unnecessary
Radiation Exposure from Medical Devices”. Due
to the heavy workload on ultrasound diagnostics
and its significant contribution to diagnosis, there
is a need to improve the efficiency of ultrasound
examinations and optimize data management [2].

Intestinal ultrasound allows for imaging of the
bowel wall in longitudinal and transverse sections.
When examined using high-frequency probes
(5—15 MHz), the wall presents as a five-layer
structure, which is defined particularly clearly
in pathology (Fig. 1). The method also allows
for the assessment of wall thickness and vascu-
larization. According to the EFSUMB (European
Federation of Societies for Ultrasound in Medicine
and Biology) clinical guidelines, normal bowel
wall thickness is less than 2 mm when measured
in a state of normal filling, while the thickness of
the duodenal bulb and rectum is less than 3 mm.
In a healthy bowel wall, more than 1 or 2 vascular
signals are rarely detected using color or power
Doppler [3].

According to the First Global Summit on
Artificial Intelligence (AI) in Gastroenterology
and Endoscopy, gastroenterology is a leading field
for the early adoption of AI. In this field, AT is
rapidly transitioning from the experimental stage
to clinical application. Over the next decade, the
integration of Al into gastroenterology is expected
to have a significant impact on the monitoring of
patients with gastrointestinal diseases [4].

Basic Concepts of Al

Despite the longstanding application and exten-
sive study of the method, performing ultrasound
remains a complex, operator-dependent technique
requiring years of training and extensive practical
experience, which often makes results difficult to
reproduce. This fact served as the impetus for the
development of Computer-Aided Detection (CAD)
systems. The majority of CAD systems are based
on the principles of machine learning — a field of
Al that involves training a computer algorithm to
solve specific tasks using a multitude of examples
where the correct answer is already known (the
training set). CAD arises at the intersection of
statistics, which seeks to study relationships based
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on data, and computer science, with a focus on
efficient computational algorithms [2].

In recent years, artificial neural networks
(ANNSs) have gained particular popularity; they
are a subset of machine learning algorithms mod-
eled after the organization of biological neu-
ral networks. Unlike classical learning methods,
where the researcher must manually define the
object features used to train the machine learning
algorithm, neural networks learn to extract these
features independently. Artificial neural networks
consist of interconnected neurons — computational
units that receive input information, perform sim-
ple computational operations on it, and transmit it
further. Three types of layers are distinguished in
neural networks: the input layer, whose neurons dis-
tribute input information to the remaining neurons;
the hidden layer, whose neurons transform input
data into intermediate results; and the output lay-
er, whose neurons transform signals from the hidden
layers and generate the solution to the task [5].

Significant improvements in the performance of
many machine learning tasks have been achieved
thanks to deep neural networks (DNNs) — arti-
ficial neural networks with multiple hidden lay-
ers that enable feature extraction from complex
data such as images, speech, and others [5]. Deep
convolutional neural networks (CNNs) are wide-
ly used for image and video analysis. In convolu-
tional neural networks, images are repeatedly pro-
cessed using various filters during a process called
convolution, resulting in the creation of feature
maps [6]. Training a convolutional neural net-
work consists of selecting the best filters. CNNs
have gained widespread adoption in medicine for
medical image analysis [7].

Al in Ultrasound Diagnostics
of Inflammatory Bowel Disease

According to the Russian clinical guidelines
for the management of ulcerative colitis (UC)
and Crohn’s disease (CD), transabdominal bowel
ultrasound is recommended for all patients with
inflammatory bowel disease (IBD) to assess bow-
el wall thickness, the presence of defects in the
affected area, and the degree of vascularization
[8, 9]. Intestinal ultrasound is also included in
the ESGAR (European Society of Gastrointestinal
and Abdominal Radiology) and ECCO (European
Crohn’s and Colitis Organisation) guidelines for
the diagnosis of IBD [10]. Recent meta-analyses
comparing ultrasound, CT, and MRI for the di-
agnosis of IBD have found no significant differ-
ences in the diagnostic accuracy of these methods.
However, since patients with IBD require fre-
quent disease monitoring, a method free of radia-
tion exposure is preferable [11—13].

Ultrasound signs of IBD include bowel wall
thickening of more than 4 mm in adults and more
than 3 mm in children; involvement of the muco-
sal and submucosal layers in the pathological pro-
cess in UC, and transmural involvement in CD;
additionally, Doppler imaging reveals increased
blood flow within the bowel wall. Ultrasound
also allows for the detection of IBD complications,
such as toxic megacolon, the development of stric-
tures and infiltrates, fistula formation, etc. [14].
Characteristic changes in the bowel wall in CD,
accompanied by the development of complications
in the form of strictures and infiltrate formation,
are presented in Figure 2. Intestinal ultrasound is
recommended for detecting IBD at disease onset,
assessing the localization of the inflammatory pro-
cess, and determining disease activity and possible
complications in IBD [14].

Currently, there is no consensus regarding the
use of Al for interpreting transabdominal bowel
ultrasound images. Isolated studies have emerged
involving the training of neural networks to detect
bowel wall thickening. For instance, D. Carter
et al. utilized a CNN-based AI model to detect
thickened bowel walls. The study employed 1,008
ultrasound images: 805 were used for training,
and 203 for testing the trained model. As a re-
sult, the model demonstrated an overall accura-
cy, sensitivity, and specificity for detecting bowel
wall thickening of 90.1 %, 86.4 %, and 94 %, re-
spectively. The trained neural network achieved a
mean area under the ROC curve (AUC ROC) of
0.97, indicating the model’s high accuracy in dis-
tinguishing between thickened and non-thickened
bowel walls [15].

At present, there are no data on the real-time ap-
plication of Al technologies in routine ultrasound
diagnostic practice. The implementation of such
solutions could potentially enhance the efficiency
of detecting pathological changes, for example, by
displaying indicators on the screen — similar to
how it is implemented in certain software for the
visualization of contrast studies (VCE) [16].

In recent years, there has also been a marked
increase in interest in radiomics — a field where
software is capable of extracting a vast array of
potential quantitative features from images, which
are then analyzed to determine their prognostic
value [17]. Thus, radiomics is understood as the
combination of radiology, mathematical modeling,
and deep machine learning. The scientific liter-
ature already presents several machine learning
models for the diagnosis of CD, developed based
on radiomic data from CT and MRI [18, 19]. It
is only relatively recently that work has been
published on the use of radiomics in the analysis
of transabdominal ultrasound images in patients
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Figure 2. Ultrasound imaging of a 32-year-old patient with Crohn’s disease sigmoiditis: A — in the
sigmoid colon, wall thickening is about 11.6 mm (due to the submucosa and muscular propria), intestinal
lumen is narrowed; along the periphery of the sigmoid colon, a hypoechoic rim and fixation of loops with
surrounding hyperechoic tissue with the formation of an infiltrate are noted; B — dopplerography reveals
increased blood flow

Note: ultrasound imaging from the personal archive of the authors.

Pucynox 2. Ixorpamma naiuenra 32 Jjet ¢ 6Gose3nbio KpoHa cUTMOBHIHON KUITKH: A — YTOJIIIEHUE
CTeHKN cUrMoBHAHON Kuimku g0 11,6 MM (3a cyer moAcaM3ucTON M MBIIEYHOH 0GOJIOYKM), Cy’Kalollee IPo-
CBET KHIIKH, M0 Tepudepru CUrMOBH/IHON KUIIKA OTMEYAETCs] THUIIOIXOTEHHBINH 060M0K U (DUKCAIMS HeTesb
C OKpYy’Karolell IunepaXxoreHHo# KiaeTyaTkoil ¢ dopmupoBanneM wHUIbTpara; B — npu gomieporpadun

30

OnpesleJIAECTCA yCHUIEeHNE KPOBOTOKA

Hpumeuanue: 9XorpaMMa M3 JIMYHOTO apXuBa aBTOPOB.

with IBD. In a study by P. Gu et al., using a
sample of 125 transabdominal ultrasound images
from patients with IBD, various classical machine
learning algorithms and a convolutional neural
network were trained to distinguish between nor-
mal and abnormal images. The best classification
quality was demonstrated by a classifier based on
the gradient boosting algorithm. The mean values
for ROC AUC, sensitivity, specificity, and accu-
racy on the test set were 0.98, 93.8 %, 93.8 %, and
93.7 %, respectively. Meanwhile, the CNN-based
classifier achieved an ROC AUC value of only
0.75 [20].

Thus, although CNNs are successfully used in
image-based pathology detection tasks, radiom-
ics also offers the possibility of deep analysis of
quantitative information from medical images —
which is usually unrecognizable or indistinguish-
able to the naked human eye — and in certain
tasks, it may prove not inferior to neural networks.
Additionally, radiomics possesses a significant ad-
vantage in its ability to integrate with other clin-
ical data, opening up possibilities for multimodal
analysis capable of addressing a broader range of
issues.

Al in Ultrasound Diagnostics
of Acute Appendicitis

The appendix arises from the cecum approxi-
mately 3 cm below the ileocecal valve at the point
where the three teniae coli converge. Normally,
the diameter of the appendix rarely exceeds
4—5 mm [3]. Ultrasound signs of acute appendi-
citis include: a maximum outer diameter of more
than 6 mm, maximal tenderness over the thickened
appendix during transducer compression, rigidity
of the inflamed appendix during transducer com-
pression, hypervascularization on color Doppler
imaging, pericecal abscess, hyperechoic periappen-
dicular tissue, and mesenteric lymphadenopathy.
The use of ultrasound imaging should be a routine
procedure for every patient with suspected appen-
dicitis [21].

The application of AI in abdominal ultrasound
diagnostics shows promising preliminary results for
the diagnosis of acute appendicitis [22]. A model
developed by R. Marcinkeviés et al., analyzing
1,709 echograms from 579 patients, demonstrated
an AUC of 0.80 for predicting appendicitis [23].
C. Stiel et al. developed a new Al-based diagnostic
index for acute appendicitis based on four classic
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appendicitis scores: the Heidelberg Appendicitis
Score, the Alvarado Score, the Pediatric
Appendicitis Score, and the Tzanakis Score. As a
result, the researchers achieved a positive predic-
tive value (PPV) of 95.0 % and a negative predic-
tive value (NPV) of 70.0 % for uncomplicated ap-
pendicitis, while for perforated appendicitis, the
PPV was 34.4 % and the NPV was 93.8 % [24].
Later, W. Ghareeb et al. compared the predic-
tive value of an Al-based acute appendicitis model
with the Alvarado score, ultrasound criteria, and
their combined assessment, with histopathological
examination considered the standard. To develop
the AI model, data from multiple variables —such
as ultrasound results, patient characteristics, and
clinical features—were pre-processed, enabling
the effective use of machine learning methods. It
was found that the AI predictive model demon-
strated higher sensitivity (100 %) and accuracy
(97.9 %); however, its specificity was 80 %, which
was higher than that of the Alvarado score but
lower than that of the combined Alvarado score
and ultrasound criteria assessment (100 %) [25].

Al in Ultrasound Diagnostics of Intussusception

Ultrasound is a reliable tool for the diagno-
sis of intussusception in children without the

risk of radiation exposure. Previous studies with
small sample sizes have demonstrated high effica-
cy for the ultrasound diagnosis of intussusception,
achieving a sensitivity of over 92 % [26]. Given
the reduced diagnostic sensitivity among ultra-
sound specialists with basic skills, the accuracy of
intussusception detection depends largely on ex-
pert qualification; therefore, the implementation
of AI could help improve diagnostic efficiency.
X. Chen et al. developed and validated the
CIDNet system for the diagnosis of intussuscep-
tion in children, which showed an AUC of 0.9716
in the analysis of the study data. The CIDNet
system demonstrated higher efficiency compared
to the assessment by expert radiologists (AUC
0.97) [27]. In a study by Y. Pei et al., an al-
gorithm recognized 1,086 images exhibiting three
signs of ileocecal intussusception (AUC 0.97) and
also diagnosed 184 patients — including those
without intussusception, with non-surgical intus-
susception, and with surgical intussusception —
across 184 ultrasound videos, achieving a mean
AUC of 0.95. This improved the performance
of ultrasound specialists with basic skills (mean
AUC: 0.966 vs. 0.857, p < 0.001; median scan-
ning time: 9.46 min vs. 3.66 min, p < 0.001). The
performance was found to be comparable to that

Figure 3. A 64-year-old patient: A — ultrasound imaging with a sigmoid tumor, where an uneven
hypoechoic thickening of the intestinal wall up to 11 mm with a violation of its structure, narrowing
the lumen, with increased vascularization in a Doppler are determined over a length of about 30 mm;
B — endoscopy with subsequent morphological verification of adenocarcinoma

Note: ultrasound imaging from the personal archive of the authors.

Pucynox 3. Ilamment 64 ner: A — sXorpamMMa € OIMyX0JibI0O CUTMOBUJHOW KHINKHU, T/le HA MPOTSIKEHUN

okosio 30 MM orpe/iesisieTcs HepaBHOMEPHOE THIIO9XOTEeHHOe YTOoJIeHe KUIedHoi cteHkn 70 11 MM ¢ Hapyie-

HUeM ee CTPYKTYPbl, cyskalolllee IIPOCBET, ¢ YCUJIEHHOH BacKyJsipusalideil Ipu JOIJIEPOBCKOM UCCJIEJ0BAHUY;

B — sujockonmyeckast KapTuHa ¢ JlajbHeliineit Mopdosornueckoil Bepudukaiueil a[eHOKapiuHOMbI
ITpumeuanue: >xorpaMma U3 JUYHOIO apXUBa aBTOPOB.
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of experienced ultrasound specialists (mean AUC:
0.966 vs. 0.973, p = 0.6) [28].

Colorectal cancer (CRC) is one of the most com-
mon malignant neoplasms of the gastrointestinal
tract worldwide [29]. A major challenge is the dif-
ficulty of diagnosing it at an early stage; therefore,
early detection is crucial for the successful prevention
and treatment of this pathology. Sonographically,
features such as hypoechoic focal thickening of the
bowel wall with irregular contours, loss of wall lay-
er differentiation, and the absence of normal peri-
stalsis may indicate malignancy [30]. An example of
the sonographic appearance of sigmoid adenocarci-
noma is presented in Figure 3.

Recently, a number of researchers have focused
on tumor deposits during the morphological ex-
amination of rectal cancer; these represent foci
of adenocarcinoma growth within the mesocolic
or mesorectal adipose tissue distinct from lymph
nodes. These lesions are discontinuous from the
primary tumor and are not associated with lymph
nodes. The presence of tumor deposits in a patient
is a poor prognostic factor associated with a high-
er risk of recurrence and reduced disease-free and
overall survival [31, 32].

L. Chen et al. developed a system utilizing ul-
trasound radiomics and clinical parameters for the
diagnosis of tumor deposits (sensitivity: 72.7 %,
specificity: 75.9 %, AUC: 0.743). The study
demonstrated that ultrasound radiomics holds po-
tential for the pretreatment prediction of tumor
deposits [33]. D. Song et al. developed a mod-
el based on ERUS designed to detect malignant
colorectal tumors. This system could significantly
reduce the workload of ultrasound specialists and
decrease the rate of diagnostic errors [34].

Limitations and Concerns

Generalizability, or the ability to find gener-
al patterns within data, remains a serious chal-
lenge for many machine learning algorithms, cre-
ating difficulties in translating computer science
research into clinical practice. The data used for
training, validating, and testing algorithms that
have demonstrated impressive results in research
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KaMHU B JKEAUYHBIX ITPOTOKAX [MOCAE
IIQHKPEATOAYOAEHAABHOU PE3EKIIUN:
IIPUYUHBI U AeUeHUe

B.1. Eropos'?

" DIrBOY BO <«Kasanckui zocydapcmeenmoitl meduyunckuil ynusepcumems Munucmepcemea 30pasooxpanenus: Poccutickotl
Dedepavuu, Kasanv, Poccuiickas Dedepayus

2 TAY3 «Pecnybauxanckuti kaunudeckutl onKoI0zudeckutl oucnanceps Munucmepcmea 30pasooxpanenus Pecnybiuxu
Tamapcman, Kasanv, Poccuiickas Dedepavus

MaHkpeaTogyoneHanbHaa pesdekuus (MAP) saBnsSeTcs OCHOBHbIM METOAOM XMPYPrUYECKOrO JIEYEHUS 30Kaye-
CTBEHHbIX HOBOOOPAa30BaHWI NepuamnynsapHoi 3oHbl. [o3gHre ocnoxHeHus nocne MAP BcTpevatotes B 31,5 %
cnyyaeB. Hanbonee cepbe3HbIMU U3 HUX SBASIOTCSA CTPUKTYPbl GUINOOUrecTMBHOrO aHactoMo3a U obpasoBaHue
KaMHeW B XeNYHbIX NpoToKax (bunnapHble 0CNOXHEHKs1), YacToTa KOTopbIX MoxeT gocturatb 10,2 %.

Llenb paHHOro o63opa — aHanu3 NNTEPATYPbl, MOCBSLLEHHOM NPUYMHAM PA3BUTUS OUIMAPHBIX OCNOXHEHWA,
BKJItOYas 06pa3oBaHMe KaMHEI B XeNYHbIX npoTokax nocne MNAP, 1 metogam neveHns Takux naumeHToB.
OcHoBHble nonoxeHus. K npegpacnonarawowmm daktopam kamHeobpasoBaHus rnocne MAP oTHocaTcs 3acToi
XEenyn (BcneacTeme CTPUKTYPbl aHAaCTOMO3a), OCTaTKM LLOBHOIO MaTepuana uiamn Knnnc, MHPekums n pedaiokc K-
LLIEYHOro COAEPXMMOro B XeNYHblE NPOTOKN. BbiGOp ManoMHBasnBHOrO METOAA NEYEHUS NALMEHTOB C KAMHAMMU
XKEMYHbIX NPOTOKOB nocne MNAP 3aBucut ot kBanmdbukaumm CneumannctoB M TEXHUYECKON OCHALLEHHOCTU Meaun-
LIMHCKOIO Y4peXaeHnsl. QHO0CKOMMYECKIMI OCTYN XapakTepPU3yeTcs ObICTPbLIM AOCTUXEHNEM KIIMHNYECKOrO yCne-
Xa U MEHbLLEN NPOAOMKUTENBHOCTBIO rocnuTan3aumm, ogHako obnagaet 6onee HU3KOW YaCcTOTON TEXHUYECKOrO
ycrexa B YCNOBUSAX N3MEHEHHOM aHaToMUN. YpecKoXXHbIN A0CTyN NpeacTaBnsieT cobon BblICOKOI(MPEKTUBHLIN Me-
TOZ, MasIOMHBA3MBHOTO JIEYEHWNS MO3AHNX OUIMAPHbIX OCIOXHEHWI, MOXET MPUMEHSITLCS B KQYECTBE NEPBOro aTa-
na unm y nauneHToB Mocsie HeYAa4YHOro 9HAO0CKOMNUYECKOro BMeLLIaTenbcTBa. Micnonb3oBaHne paccachiBaloLLLErocs
LLIOBHOrO MaTepuana, MMHMMN3auus KOIMYeCTBa LUBOB NPy (G OPMUPOBaHMM aHACTOMO3a, MPUMEHEHNE Pa3SINYHbIX
BapMaHTOB renaTmkoniacTuki 1 NPeaoTBpaLLeHne N3NULLIHEN MOBUIM3aLIMM XENYHOrO NMPOTOKA MOIYT CIYXUTb
MepaMu NPodUNakTUKN KaMHeobpa3oBaHUS NOC/E NaHKPeaToayOAEHAIbHOW PE3EKLIN.

Sakn4yeHue. KaMHN XenyHbIXx MPOTOKOB Kak OC/IOXHEHME NO34HEro nocrieonepauyoHHoro nepuoga NAP tpeby-
10T OKa3aHWS BbICOKOKBaNN@PUUNPOBAHHOM XMPYPrMYecKon MOMOLLM, B TOM YMCe ManionHBasneHon. Heobxoaumel
JanbHelLne nccnefoBaHus C LIENbIo MOMCKa BO3MOXHbIX NyTE NpoduUnakTukn U COBEPLLEHCTBOBAHNS METOA0B
JiedeHunst bunmapHbIX 0CnoxHeHnn MNAP.

KnioueBbie cnoBa: naHkpeaTonyofeHabHas pe3ekumsl, KAMHU XEeNYHbIX MPOTOKOB, XONMaHINT, CTPUKTYPbI Gunmo-
OUrecTMBHOIrO aHaCcTOMO3a, MEXaHMNYECKas XenTyxa, Pak rofIoBKU NOAXENYA04YHON Xenesbl

KoH)NUKT nHTepecoB: aBTop 3asB/sieT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ans umtnpoBaHusa: Eropos B./. KaMHKM B XXenyHbIX NPOTOKax Nocne naHkpeaTtoayoneHanbHOM PE3EKLMN: MPUYMHBI U NIEYEHNE.
Poccuinckunia xxypHan racTposHTEPOOriuv, renatonoruuv, kononpokronorun. 2025;35(6):35-41. https://doi.org/10.22416/1382-4376-
2025-35-6-35-41

Bile Ducts Stones After Pancreatoduodenal Resection: Risk Factors

and Treatment

Vasiliy . Egorov'?
! Kazan State Medical University, Kazan, Russian Federation
2 Republican Clinical Oncological Dispensary, Kazan, Russian Federation

Pancreaticoduodenectomy (PDR) is the primary surgical treatment for periampullary malignancies. Late complica-
tions after PDR occur in 31.5 % of cases. The most serious of these are biliary anastomotic strictures and bile duct
stone formation (biliary complications), which can occur in up to 10.2 %.

Aim: to analyze the literature concerning the causes of biliary complications, particularly stone formation in the bile
ducts after PDR, and the treatment methods for these patients.

Key points. Predisposing factors for stone formation after PDR include bile stasis (due to anastomotic stricture),
remnants of suture material or clips, infection, and reflux of intestinal contents into the bile ducts. The choice of a min-
imally invasive treatment method for patients with bile duct stones after PDR depends on the qualifications of special-
ists and the technical resources of the medical institution. The endoscopic approach is characterized by rapid clinical
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success and shorter hospitalization but has a lower technical success rate due to altered anatomy. Percutaneous
access is a highly effective minimally invasive treatment for late biliary complications, which can be used as a first-
line option or in cases where endoscopic intervention has failed. The use of absorbable suture material, minimizing
the number of anastomotic sutures, various hepaticoplasty techniques, and avoiding excessive bile duct mobilization
may help prevent stone formation after pancreaticoduodenectomy.

Conclusion. Bile duct stones as a complication of the late postoperative period of PDR require highly qualified sur-
gical care, including minimally invasive techniques. Further research is needed to identify possible ways to prevent
and improve treatment methods for biliary complications of postpartum biliary reflux.

Keywords: pancreatoduodenectomy, bile duct stones, cholangitis, biliodigestive anastomosis stricture, mechanical

jaundice, pancreatic head cancer
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Bseaeunune

[Tankpearoayonenanbaas  pesexus (IT/IP) npen-
craByisier co6oil OCHOBHOM METOJ| XMUPYPrUYeCcKOro Jie-
YeHNS 3JI0KAYeCTBEHHBIX HOBOOGPA30BaHMII OPraHoB
nepuaMIry/isipHoii 30ub1 [1]. D10 OneparuBHOE BMelIa-
TEICTBO XaPAKTEPU3YETCsl BBICOKOH TPABMATHYHOCTHIO
U CONPOBOKAAETCS 3HAYUTEIBbHON 4acTOTOH  mocJie-

OTIEPAITMOHHBIX OCJIOXKHEHUN U JeTaabHOCTH — 10 63
u 2—6 % coorsercrento [2, 3].
Pannme mocnmeomepalmoHHble  OCTOKHEHWUS — 3a-

TPYAHSIOT IIPOBE/IEHNE a/[bIOBAHTHOH XUMHUOTEPAINN
WM 3HAUNTEJIbHO 3a/IeP;KUBAIOT ee Hadasao, 4To YXy/I-
IaeT OTJAJIeHHbIe PE3YJIbTaThl JeueHus [4].

Ocnoxxuenus nocae I[P MoryT Bo3HUKaTh He TOJb-
KO B PaHHEM, HO M B OT/IQJIEHHOM MOCJI€ONEPAIIMOHHOM
nepuojie. [losanue ocnoxkuenust [1/IP nabmionaorcs
BILUIOTD /10 31,5 % cJIydaeB M 4acTo coyeraioTcs ¢ PyHK-
IIMOHAJILHBIMU HAPYTIEHUSIMU, XapPAKTEPHBIMU [T JIaH-
HOIl oreparuy, — 3K30KPUHHON U SHIOKPUHHON HeJ0-
CTATOYHOCTBIO TIO/KETYOUHOM sKese3nl [5, 6].

Opnumu 13 Hanbostee cepbe3HbiX ocioxxHenuit 11/[P
B [O3/IHEM TIOCJIEONIEPAIIIOHHOM TIEPHUO/IE SIBJISIIOTCS OU-
JMapHble OCT0KHeHU (CTPUKTYPbI OUIHOAMIECTUBHOTO
aHacToMo3a, 0Opa3oBaHUe KaMHell B JKETYHbIX IPOTO-
Kax), 4acToTa KOTOPbIX MoskeT jocturath 10,2 % [7—9].

Oxka3zamne MOMOIN MAIfeHTaM ¢ KaMHIMHI JKEeJTUHDBIX
nporokoB mocse II/IP gBiserca npeporatuBoil crerm-
AJM3UPOBAHHBIX I[EHTPOB, TOCKOJbKY 3HAYUTEJbHbIE
AHATOMUYECKNE W3MEHEHUs TIaHKPeaToyo/leHATbHOI
30HBI TIOCTIE JAHHOW OTepaliii MOTYT BBbI3bIBATh Cepbhes-
HbIe TPY/HOCTU MPU TPOBEIEHUN MAJONHBA3WBHBIX Ma-
HUITY AU 1 XUPYPTrUdeckux BMeraTeabers [10, 11].

B mnacrosiee BpeMsi Mcce/0BaHNUS, TOCBSIIEHHbIE
METOo/IaM JIeYeHUsT TAIIUEHTOB ¢ KAMHSIMU JKETUHBIX MPO-
TokoB 1ocsie [T1/[P, HeMHOroumcjieHHbI, a OOIIETPUHSI-
Thle KJIMHUYECKUE PEKOMEH/IAINK 110 JIAHHOI 11pobyeme
OTCYTCTBYIOT.

Ilensio 0630pa sABJSIETCS aHAIN3 JINTEPATYPBI, IO-
CBSIIIEHHON TPUYMHAM PA3BUTUST OMJIMAPHBIX  OCJIOK-
HEHWI, B YACTHOCTH KaMHeOOPA30BAHUSI B >KETUHBIX
nporokax nocye [IJIP, u crmocob6am Jjiedenus: JAaHHOI
KaTeTOPUN TAINEHTOB.

Pacnpocrpanennocts
u (akTOphI pUCKa KaMHEOGPa30BaAHHUS
B JKeJIYHBIX mpoTokax nocJie II/[P

KaMH1 B KeYHBIX MPOTOKAX TIPEJICTABJSIOT COOOM
JIOCTATOYHO PEIKOE OCJOXKHEHUE OTAAJEHHOTO TI0C/Ie-
omnepatuontoro nepuoga II/IP. AxryampHOCTb HU3yye-
HUS JJAHHOTO BOTIPOCa OOYCJIOBJIEHA TEM, YTO B TOCJIE[I-
HUE TOJIbl 3HAYMTEJILHO PACHINPHUIINCD ToKasanus K [1/IP
IIPU  PA3JINYHBIX OIMYXOJSAX W YJIYUITHJIACh BBIKHBAE-
MocTb mnarueHToB. [lonnManwe npuyuH 06PAa30BAHUS
KaMHell B KeTUHBbIX mpoTokax mocie II/[P cocraBmser
OCHOBY WX BO3MOKHOUW mpodmiaktukn. Ilatorenes o6-
pasoBaHus KemyHbIX Kamuelt mocie [P #a ceromms-
HUIT JIeHb OKOHYATEeJIbHO He MU3y4yeH, OJTHAKO CUMTAETCS,
YTO TTyCKOBBIM MEXAHU3MOM CJIY>KUT CTPUKTypa OHJIIO-
JurecTHBHOTO aHactomosa [12—14]. Ha ¢one crpukry-
PBI AHACTOMO3a YaCTOTa KaMHEOOPA30BAHUS B JKEITIHBIX
mpoToKax Mosker jgocturatb 81 % [15].

T. Ito et al. (2018) mokasaim, 4To OUIMAPHBIE OC-
JIOKHEHUs pasunch y 3,8 % (28/732) maumentos,
nepenecmx I1JIP, B cpoku 23,4 (0,7—98,9) Mecsma.
U3 Hux y 11 (39,2 %) Gbliu BbISBJIEHBI KAMHU B KEJT4-
HbIX mportokax. Ilpu anamuse ¢axkropoB pucka ObLIO
YCTaHOBJIEHO, YTO Y TIAIMEHTOB C JUAMETPOM OOIIEro
nevenounoro mporoka (OIIII) < 4 MM GummapHble oc-
JIOJKHEHWST PA3BUBAJIUCH JIOCTOBEPHO Yallle, YeM IPU ero
auamerpe > 4 MM (27,6 % vs. 1,3 %; p < 0,001). Taroke
OBLTO OTMEYEHO, YTO OUJIMAPHBIE OCJOKHEHUS JOCTOBED-
HO yaiie BcTpevasich nocse IT/IP o mosoxmy omyxoseit
aseHaaruepcrtoii kumku (p < 0,001) [7]. Boicokast
YyacToTa OWJIMAPHBIX OCTOKHEHUIl y TaIMeHTOB TOCJe
ITP 1o noBoay omyxoseil [BeHaAlaTUIIEPCTHON KUIIKY
ObLTa OTMEYEHA U B JpyroM mccienoannu [16]. Bouio
YCTaHOBJIEHO, YTO AJIBIOBAHTHAS XUMHUOTEPAIUS W JIy-
yepag Tepaiys, a TakyKe HaJIW4ue HeCOCTOATENHbHOCTH
OUIMOIUTECTUBHOTO AHACTOMO3a HE BJMSIOT HA PUCK
PasBUTUS XOJIAHTUTA ¥ TETMATHKOINTHA3A B TIO3[HEM TIO-
CJIeOTIePAIIMOHHOM TIepro/ie. ABTOPbI IIPHUIIIN K BBIBOLY,
yto naiuentoB ¢ quamerpoM OIIIT menee 4 MM HEo6XO0-
MO MHMOPMUPOBATH O BO3MOYKHOCTU PA3BUTUST KaM-
Hell B JKEJYHBIX MTPOTOKAX M CTPUKTYP aHacTomo3a [7].
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H. Zhan et al. (2016) BbigBUIN KaMHEOGPa3OBAHIE
y 1,2 % (6/489) nanmeHToB B OTJAJIEHHOM TOCTIEOIIE-
paronroM tiepuogie nocste I1/[P. Kak m B panee 1u-
THPOBAHHOM WCCJIEOBAHNN, OCHOBHON JIOKa/IM3aIei
OITYXOJIH, TI0 TIOBOZY KOTOPOI BBIMOJHSIACH OTIEPAITHs,
OblIa ABEHaJUATHIEPCTHAad Kumka — 66,7 % (4/6).
03106 n Jmxopajka orMevamch y 100 % maieHTos,
TOrIa Kak SKeITyXa pasBuiach TobKo y tpex (50 %).
Cpennee BpeMst BbIsiBaeHust kamueii mocae [1/[P cocra-
Buso 47,3 + 27,8 mecsma [16].

Bunmapnbie ocnoxxuenus B uccaenoanun A. Henry
et al. (2024) passummcs y 10,3 % (93,/900) manmnentos,
nepenecimx [1/[P. Yactora KaMHEOOPA30BaHUST B JKeJTU-
HBIX TIPOTOKAX cocTaBmia 3,2 % OT OOIIETO UHCIa OTre-
pupoBaHHbIX. /[0CTOBEPHDBIM (DAKTOPOM PUCKA PAa3BUTHS
MO3AHUX OUJIMAPHBIX OCJTOKHEHUI SIBUJIOCHh HAJMYKe
HECOCTOSATEIbHOCT  OMJIMOUTECTUBHOIO  aHACTOMO3a
B paHHEM MOCJIEONEPAOHNHOM meprofe (oTHomEeHne
mancos (OII) — 2,56; 95%-Hblil HOBEpPUTENbHBINA HH-
tepan (95% [IN): 1,42—4,62; p = 0,018). Meauana
BpEMEHHU [I0 TEepPBOTO 3MM30/la XOJAHTUTA COCTaBHUJIA
8 (4—16) Mecaues mocne omeparm. Y 44 (47,3 %)
MAIMEHTOB TIPUCTYIIBI TIOBTOPSIACH OoJiee BYX pas,
a HeoOXOMMOCTh B CTAIIMOHAPHOM JIEYEHUH BO3HUKJIA
y 83 (89,2 %) narmenTos [9].

M. Hiyoshi et al. (2016) mokasaam, uTto TO3AHWE
GuapHble ocI0KHeHns BosHukan y 8,1 % (13/161)
MAIMEeHTOB TIOC/Ie Olepalii. Y CTAaHOBJIEHO, YTO HE3aBU-
CUMBIM (haKTOPOM pasBUTHsI GUINAPHBIX OCJIOKHEHWI
SIBJISIETCST COOTHOIIIEHME TUAMETPA KEJTTHOTO TIPOTOKA T10-
cJie oTepanny K ero JHaMeTpy 0 OTepallii, BbIPayKeH-
HOe B mpoleHTax. /[aHHoe cooTHOIIeHre ObLIO 3HAYNMO
MeHbIIIe B IPYTITE TMAIUEHTOB € MO3HIUMI GUINAPHBIMH
OCJTIOKHEHUSIMU TI0 CPABHEHHIO C TPYITIOi (Ge3 OCJI0XKHe-
Huii (48,2 % vs. 63,5 %; p = 0,0028). ABropbI U3y4nIH
BJINSTHUE TENATUKOIUIACTUKY TIPU TIEPBUYHON Olepariun
(pacumpenne OIII myTeM MOPOJOJABHOTO paspesa €ero
CTEHKH cJIeBa Ha mpoTskennn 5—10 my). Jlokammsamnmio
paspesa cJeBa aBTOPHI  OGBSICHSIOT AHATOMUYECKOIT
O0COOGEHHOCTBIO:  JIEBBIIT  JIOJIEBOI  TIPOTOK  BIIAJIAeT
TIO/T OCTPBIM YTJIOM, YTO MOKET CO3/IaBATh JOTIOJHUTEb-
HbIe YCJOBHS JUIS 3aCTOST JKeTud. [emaThKoIiacTiKa
B 11eJ10M ObLia BbimosneHa y 27,3 % (44,/161) nanuen-
toB. [Tokaszano, 4to GoJiee JTMHHBIN pa3pe3 MpU rernaTu-
KOIIACTHKE CHIDKAET CKOPOCTb YMEHDIIEHUsI JUaMeTpa
SKEJTTHOTO TIPOTOKA (p < 0,0001), TeM caMbIM TIO3BOJISIS
MIPEJIOTBPAIATh PA3BUTHE OCJIOKHEHWH; OJHAKO aBTO-
pbl He MPHUBOIAT IMOPOrOBOE 3HAUEHHE HeOOXOAUMOI
JUTMHBI paspe3a, yKas3bIBasi JIMIIb ee CpejiHee 3HaueHue
6,1 £ 1,2 mM. B Tpymnme manmeHToB ¢ TemaTHKOIIACTH-
KOl TTo3/iHNe OUIMapHble OCIOKHEHUsI He BCTPEYATHCH,
B OTJINUNE OT TAINEHTOB 6e3 TelmaTHKOILIACTIKN, Of[Ha-
KO Pa3inuusi He JOCTUTJIN CTaTHCTUYECKON 3HAYNMOCTH
(0 % vs. 5 %; p=10,08) [8].

T. Orii et al. (2014) usy4amu poab ocoGeHHOCTEN
(bopMupOBaHUS TEMATHKOEIOHOAHACTOMO3a B PHCKE pas-
BUTHST OMJIMAPHBIX OCJTOKHEHUE. ABTOPbHI YCTaHOBUIIH,
YTO KOJMYECTBO TIBOB W OCTaBJIeHUE CTEHTA TIpH (POpMU-
POBaHWH TETMAaTHKOEIOHOAHACTOMO3a JIOCTOBEPHO BJIHSIIOT
Ha PUCK Pa3BUTUS TO3HUX OUIMAPHBIX OCJIOKHEHUI.

Tak, ObLTO TTOKA3aHO, YTO B TPYIIIE MAIMEHTOB C KOJIH-
4ecTBOM MIBOB 33,2 + 8,4 GuiuapHbie OCJIOKHEHUs Ha-
GJTIOTAJTNCDH Yallle 10 CPABHEHUIO ¢ MAIlMeHTaMu, Y KOTO-
PBIX JaHHBII HOKa3aTenb cocrasma 14,0 + 2,3 (9,4 % vs.
2,9 %; p < 0,05, coorBercTBEHHO). [0 MHEHHIO ABTOPOB,
130BITOYHOE KOJIMYECTBO IIIBOB HA AHACTOMO3E CO3[A€eT
6oJiee BBIPAKEHHYIO UIIEMHIIO, KOTOpast TIPUBOJINT K Pas-
BUTHIO CTPUKTYPBI U KaMHell B mpoTokax [17].

S. Kobayashi et al. (2024) onpenemanu, 4to Hesa-
BUCUMBIMH (DaKTOPAMU PHCKA Pa3BUTHA OUINAPHBIX
ocsoskHeHnit mocae I[P apisiorcss auamerp SKemd-
HBIX IpoTOKOB Menee 8,8 mm (OII = 7,51; 95% [U:
1,75-52,40; p = 0,005) u myxckoit o (OII = 4,05;
95% MN: 1,10—19,49; p = 0,034) [18].

K mpenpacnomaraiomnmM (akrtopaMm KaMHeoOpa3oBa-
nua nocse I1JIP otHocsTes 3actoii skeruan (BeaeacTBre
CTPUKTYPBI aHACTOMO3a), OCTaTKHU IOBHOTO MaTrepuasa
WM KJUTC, MHOEKIMS 1 pedIIioke KUIIEYHOTO Cojep-
JKUMOTO B >KequHble Tipotoku [19, 20]. Anaromuueckue
uamenenuss mocyie IIIP  o6ycnaBimBaioT —pas3BuUTHE
peduiokca u peruauBupylomux nuHdekimii. CykeHne
aHacToMo3a, WHMEKs ¥ KaMHeoOpa3oBaHUe TIpell-
CTaBJISIIOT COOOW TECHO CBSI3aHHBIE PYT C JAPYTOM TIPO-
mecebl [21]. Takske maBecTHBI ciydan KaMHEOOPa3oBa-
HUSI B JKEJYHBIX IMPOTOKAX Ha (hOHE WHOPOIHBIX Tel,
HarpuMep BOKPYT pbiOHOI Koctn [22, 23]. Kpome Toro,
MPUYMHON OHJIHAPHBIX OCJOKHEHUIT MOKeT ObITh CTa3
BCJIE/ICTBUE HAPYIICHUS TEPUCTATBTHKY TTPUBO/SIIEH
[eTJIN TOHKOI KHIIKK [24].

AHaTM3 BJISTHUS Y3JIOBBIX W HEMPEPBIBHBIX ITBOB
mpu  (OPMUPOBAHUN  OUIUOUTECTUBHOTO aHACTOMO3a
Ha YacTOTY Pa3BUTHS OWIMAPHBIX OCJIOKHEHWI TMOCTe
[I/IP He BBIABWJ CTATUCTUYECKM 3HAYMUMbBIX DPA3JINuni
meskay Humn (2,7 % vs. 4,0 %; p = 0,581) [7].

OpaHolt M3 TPUYUH CTPUKTYPHI OUIMOIUTECTUBHOTO
aHACTOMO3a MOXKeT OBbITh WIEMUS KYJbTH aHACTOMO3MU-
pPyeMOoro sKemqHoro mpotoka. Cumuraercsi, 4TO BbBIIETE-
HUe KyJIbTH MPOTOKA TOJLKHO COCTAB/SATH He 6oJee 5 MM
JUIST COXPaHeHNUsT JIOCTaTOYHOTO KpoBocHab:keHus [16].

Bouto mokazaHo, 4YTO TOBBIIEHWE YPOBHS TIEJIOY-
Hoit ocarassr (OII = 3,81; 95% AM: 1,519—9,553;
p = 0,004) mpsaMo Kopperupyer ¢ TO3AHUMU GUIIH-
ApPHBIMU  OCJTIO’KHEHUSIME ¥ SIBJISIETCS] UX  WMHAWKATO-
pom. IloporoBoe 3Hauenwe TtesouHOl hocdarasbr
Boire 410 ME/J1 okasajioch J0CTOBEPHBIM HHIUKATO-
poM TosziHero GuimapHoro ociokuenust (p = 0,041).
ABTOPBI YCTAHOBWJIN, YTO y TMAIMEHTOB C MHEBMOOIIN-
eil ypoBeHDb MIeJ0uHOl (pocdaTaspl MOBLITIAJICS Yallle.
Ha ocHoBanum 31oro ObLI c/ieJiaH BbIBOJ O HEOOXOIUMO-
CTU TIIATETBHOTO KOHTPOJIS YPOBHS TesiouHoi (ocda-
Ta3bl TIPU HAJTNYUK TTHEBMOOUIHN [25].

Bo3amoxkHOCTH JleyeHus KaMHell sKeJTYHbIX
nporokoB nocJe [I/[P ¢ npumenennem
MaJIOUHBA3UBHBIX METO/UK

JleueHne TaIMEeHTOB ¢ KAMHSIMU JKEJTIHBIX TIPOTOKOB
SIBJISIETCST KOMILJIEKCHBIM ¥ BKJIIOUAET KOHCEPBAaTHBHbIE
(aHTHONOTHKOTEpAINSI, JETOKCHKAIMS, IIPOTHBOBOCIIA-
JIMTEJIbHAsT Tepanusi), MaJOWHBA3UBHbIE W XUPYPrude-
cKure Metonnl [7].
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[ToBTOpHBIE XMPYpPrUYecKre BMEIIATENbCTBA COMPO-
BOJK/IAIOTCS BBICOKOI 4aCTOTOI OCJIOKHEHMIl, a UX BbI-
TIOJTHEHNE CONPSIKEHO € TEXHUYECKUMU TPYHOCTSIMHU,
00YCJIOBJICHHBIMH ~ CITA€YHBIM TIPOIECCOM U U3MEHEH-
HOIl aHATOMUEH Toc/e paHee TepEHECEHHOI OIepariuy,
B CBSI3U C YeM MPEINOUTeHUe OTAAETCS MaJIONHBA3UB-
HbIM MeTtozaM JedeHus [16].

MaslonHBa3uBHBIE METOABI MOTYT OBITH OCYIIECT-
BJIEHBI UYPECKOKHBIM ¥ 39HJIOCKOIIMYECKUM JIOCTYTIAMHU.
Hespio B 060uxX ciydasx SIBJseTCS yJajleHue KaMHei
" pacimpenue aHacromosa [26].

Upeckoxnvii docmyn BbIIOJIHSETCS B YCJIOBUSIX
OT/IeJIEHNl WHTEPBEHITMOHHON PaIMOJIOTHH  OTIBITHBIMU
criermasucTaM.  Ha TiepBoM  aTame  OCyIIeCTBISIeTCs
YPECKOJKHAS YPECIeYeHOYHAs] XOJIAHTUOCTOMHUS, TIOCJIe
Yero JAUJIATallMOHHbBIN KaTeTep TPO/IBUTAIOT Yepe3 OUIIHO-
JINTECTUBHBII aHACTOMO3. 3aTeM BBITOJIHSIETCS MOJTaIl-
HOE paciipeHre CO3/[aHHOTO CBUIIEBOTO XO/a JIJIST BO3-
MOJKHOCTH YCTQHOBKHM XOJIaHTHOCKOmNa. DparMeHTarus
KaMHell OCYTIEeCTBJISIETCS] ¢ TIOMOIIBIO 3JIEKTPOTUIPABIII-
YeCKOH WM JIAa3ePHOI JIMTOTPUTICUN TI0]] HETTOCPE/ICTBEH-
HBIM BU3YQJbHBIM KOHTPOJIEM 4Yepe3 XOJIAHTHOCKOI.
Paznpo6aennbie  parMeHThl KaMHEH MPOTAJIKUBAIOT
B TOJIOCTb KWIIKW Yepe3 aHACTOMO3; TIPOIEyPY MOBTO-
PSIIOT IO TIOJTHOTO OYWINEHUsSI TOJIOCTH JKETYHBIX IPO-
TOKOB OT KaMHeli. B mocsrerytoreM BBITOTHSAIOT 3aMeHY
XOJIAHTHOCTOMBI HA JIPEHAK MEHBINETO JaMeTpa C Mpo-
JIOHTUPOBAHUEM JI[PEHUPOBAHUSI HA HECKOJbKO J[Hel
1 TIPOBOJISIT KOHTPOJIBHYIO XOJIAHTUOTPAUIO TIEpe]] ero
ynanenueM [26, 27].

[Tpy  HEOGXOAMMOCTH BO3MOKHO COYETAHWE upe-
CKOKHOTO JIOCTYTa ¢ GAJJIOHHOM Jnjatanyeil aHacTOMO-
32 WM TPOTOKA B HECKOJIBLKO 3TAnoB. D(MEPEKTUBHOCTD
COYETAHHOTO TOJXOJA TIPH TIOJHBIX CTPUKTYpPAX MOXKET
pocrurats 87 % [28, 29].

Cunuraercst, YTO HECOMHEHHBIMU OCTOMHCTBAMU
YPECKOJKHOTO JIOCTYTIA SIBJSIIOTCS  BO3MOKHOCTb  TOY-
HOW HaBUTAITMU TIOJ TIPSIMBIM BU3YATbHBIM KOHTPOJIEM
4yepe3 XOJIAHTUOCKOII 110 JKEJYHBIM MPOTOKaM K KOHKpe-
MEHTy W aHacToMo3y [24], a Takske BO3MOKHOCTH ¥C-
MOJIb30BAHUST CO3/[AHHOTO CBUIIIEBOTO X0/ /IO IOJHO-
ro ypaneHus kamueir [18, 26]. UpecKosKHBINA AOCTyT
CO3/1aeT TEXHUYECKUE YCJIOBUS JUUIS YIAJIeHUs OCTaTKOB
IIIOBHOTO MaTtepuasia Win KJUIC, KOTOPble MOTJIA CTaTh
MCTOYHWKOM KamHeoOpaszosanus [30, 31].

K HemocraTkaM 4YpecKOXKHOTO JIOCTyTA CJEIyeT OT-
HECTH MHOTOATAITHOCTH TIPOIEAYPHI, UYTO YBEJUYUBAET
BEPOSITHOCTD PA3BUTHS OCJIOKHEHWH W Y/JINHSET TPO-
JfosuTesbHOCTh rocnuTtamnsanuu. Tak, J.H. Lee et al.
[IOKa3ajIl, YTO KOJMYECTBO CEAHCOB, HEOOXOAMMBIX
JUISL TIOJTHOTO yialeHust Kamueil, y 48,6 % mamnueHToB
COCTaBUJIO OT ABYX J0 4ethbipex. Y 51,5 % (17,/33) ma-
6JIIOTAJINCH OCJIOXKHEHUS, a Me/InaHa MPO0JKUTENTbHO-
CTHU TOCTIMTAIN3AIn coctaBmia 14 mreit [32].

Bbuio mokaszaHo, 4To TEXHUYECKUI yCrex Tpu upe-
ckoxxaOM poctyte gocruraet 100 %, a penuanBbl CTPUK-
TypbI Berpevaiorest y 38 % marmentos [27].

IH/IOCKOTIMYECKNH /IOCTYT Ha TIEPBOM 3Talle BBITOJI-
HSIETCST Yepe3 POT. JHIOCKOI TIPOJBUTAETCST 0 MecTa Ou-
JINOIUTECTUBHOTO aHACTOMO3a, ITOC/IE YETO BBIOIHSIETCS

€T0 KAHIOJISIHST KOHMYECKUM KaTeTepOM C TIOCEAYIONIM
pacimpeHreM mpocBeTa. [Ipw BKOJTOYEHHBIX KaMHSX
BO3MOJKHO TIPOBE/IEHNE Y/IaPHO-BOJTHOBOW JINTOTPUIICHH.
[Tocsre mosrHOTO OUMITIEHNS OT KaMHEH TPOBOIUTCS XO-
sanruorpadust st KOHTpoJst [26].

Andockonuueckuri docmyn sBisiercst Oojiee CJI0XK-
HBIM METOJIOM BBH/Y HEOOXOIMUMOCTH €r0o TPOBEIEHNUSI
B YCJOBUSIX M3MEHEHHON aHATOMWHU TOCJe OMNeparuy,
yro TpeOyeT BBHICOKOH KBasmdUKAIMU Bpada ¥ OIpe-
JICJIEHHBIX TEXHUYECKUX XaPAKTEPUCTHK HHIOCKOIIOB
(nmina u apyrue) [33, 34]. Kpome Toro, 1mpu HmoOgHON
CTPUKTYypPE aHACTOMO3d, KOTJA KAaHIOJSAIHS MPOTOKOB
TEXHIYECKN HEBBITIOMHIMA, TIPUMEHEHNEe SHIOCKOITIYe-
CKOTO METOJ/Ia CTAHOBHUTCS HEBO3MOKHBIM. K mpenmytie-
CTBaM JIAHHOTO JIOCTYTIa OTHOCSITCSI MeHee BbIPAKEHHbBII
60JIEBOIT CUH/IPOM, MEHbBINAs MPOJOLKUTETHBHOCTD TTe-
pHO/Ia 10 TTOJTHOTO y/IATeHNsT KaMHeH 1 TOCTTUTa N3
10 CPaBHEHUIO € YPECKOKHBIM JIOCTYIIOM [26].

W3BecTHbI pe3yabTaTbl  (hOPMUPOBAHUST MArHUTHO-
TO KOMIIPECCHOHHOTO aHACTOMO3a ITyTeM KOMOWHAIIUW
YPECKOKHOTO U JHIOCKOINYECKOTO JIOCTYNOB B CJIyda-
SIX, KOTJIa TIPH TOJTHOW CTPUKTYpE HU OJIMH U3 METO/IOB
10 OT/IEJTBHOCTH He OKasaJics ycremHbM [ 13].

K. Tsutsumi et al. (2017) mpoBesm cpaBHHUTEIBHOE
u3yuYeHne pe3yJIbTaTOB MPUMEHEHUST YPECKOKHOTO U 9H-
JIOCKOTIIYECKOTO A0CTYTIOB (JBOIHON Ga/lTOHHBIH 9HTE-
POCKOII) /IS JIeUeHHsT KaMHell JKeJUHBIX MPOTOKOB II0-
cyre panee c(pOPMUPOBAHHOTO TEMATUKOCIOHOAHACTOMO32
y 40 marmenTtoB. TeXHUUECKUI yCIieX TPH YPECKOKHOM
nocrynie coctapun 100 % (8/8), a mpm snmockommye-
ckoM — 91 % (29/32). TpeM maieHTaM, y KOTOPBIX
SHIOCKOITITYECKOE BMENIATEbCTBO Ha TIEPBOM  JTare
He YBEHUYAJIOCh YCIEXOM, ObLI YCIEINIHO MPUMeHEeH upe-
CKOKHDBIN JTocTyTl. Pe3yapTaTbl MOKa3aim, 4To HesKesa-
TeJIbHbIE SIBJIEHNST PEKe BCTPEYATNCH TPH SHIOCKOIIH-
ueckoM gocryme (10 % vs. 45 %; p = 0,025). Meanana
MIPOJIOJKUTETBHOCTH CTAIIMOHAPHOTO JIEYEHHS /10 TI0JI-
HOTO yJaJieHus] KaMHell Takyke ObLTa MEHbINe B TPYyIITe
HAIMEHTOB II0C/e BHAOCKOommIeckoro gocryma (10 vs.
35 mmeit; p < 0,001). ¥ 32,5 % (13/40) narmenTton
B OTJQJEHHOM TEpHoJe TOCae yAaJeHus KaMHel Ha-
OJIIOAJINCH PEIIINBbI KaMHEOOPA30BaHUSI B JKEJTUHBIX
poTokax [26].

S. Kobayashi et al. (2024) mokasaam, uro Gumm-
apuble ocyiokHeHus mnocae II/[P BosHukamu B CpoKu
or 3,3 g0 70,9 Mecsia ¢ MoMenTa onepain. Y 92,3 %
MAIIMEHTOB OCJIOKHEHUST YAAJIOCh Pa3peniuTh C MOMO-
MIBI0 9HIOCKOMUYECKOTO JTOCTYTIA. Y OCTAJIbHBIX OBLIH
UCIOJIb30BAHbI UPECKOKHBIE METOJNKM B COYETAHUH
¢ anjockonmyecknM 1o Ttuiy «Rendezvouss. Uerbipem
MAIMeHTaM OKAa3aJioCh JOCTATOYHBIM TIPOBEIEHUsT Oaji-
JIOHHOI JINIaTalliu, y J€BSTH BMEIIATETbCTBO 3aBEPIITH-
JIOCh CTEHTUPOBAHMEM TIPOTOKA U OHJIHOAUTECTHBHOTO
aHactomMo3a. Hu ofHOMY M3 marmeHToB He moTpeGoBa-
Jlach moBTopHast oneparus [ 18].

T. Itoetal. (2018) npoaemoncTpuposasm, utoy 82,1 %
(23/28) manmeHToB YAalI0Ch JOCTUYD MecTa OUIHO/IM-
TeCTMBHOTO aHacToMo3a sHpaockomoM, a y 21 (75 %)
ObLT JTOCTUTHYT TEXHUUYECKHI W KJIMHUYECKUH yCIex.
YV ocramphbix 7 (25 %) maimeHToB ObLT YCIENIHO
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UCTIOJIB30BAaH YPECKOKHDBIH gocTyr. Takum o6pasoMm,
CJIy9aeB OTKPBITOI MOBTOPHON Olepanuu He TMOTpeGo-
Bajoch [7].

B ra6Gauiie nipezcraBierbl 06001a0NIE JAHHbBIE UC-
CJIeIOBaHNIT, TIOCBSIIIEHHBIX OUIMAPHBIM OCIOKHEHHSIM
TIO3/THETO TIOCJIEONEPATIIIOHHOTO TIEPHO/IA.

3akaoueHue

KaMHM KeTUYHBIX MPOTOKOB SIBJSIOTCS JOCTATOYHO
PEIKNM OCJIOKHEHNEM MO3/IHET0 TT0CTE0NePAIIOHHOTO
nepuosa I1/IP, TpeGytonuM OKazaHUsI BBICOKOKBAJIH-
¢gunmpoBaHHOW XUPYPrUYECKON TIOMOIU, B TOM YUC-
Jie MaJIONHBA3WBHON. BbIGOP MasOMHBa3UBHOTO METO-
Jla JieYeH!s MAIMeHTOB ¢ KAMHSIMH JKEJYHBIX TIPOTOKOB
nocie IIJIP 3aBucnt oT KBammUKAIN CHEIMATNCTOB
M TEXHUYECKON OCHAIEHHOCTH JIe4eOHOTO YUPEXKICHI.

IH/JIOCKONMYECKUI JIOCTYTl XapakTepusyercss Obl-
CTPBIM JIOCTHKEHUEM KJWHUYECKOTO YyclleXa, MeHb-
11eil 4acTOTOH OCJOKHEHWH W TTPOJOJIKUTETbHOCTHIO
rociuTajn3auy, OJHaKo oOjagaer Oojiee HUBKOMI
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Bile Ducts Stones After
Pancreatoduodenal Resection:
Risk Factors and Treatment

Vasiliy I. Egorov!?

" Kazan State Medical University, Kazan, Russian Federation
? Republican Clinical Oncological Dispensary, Kazan, Russian Federation

Pancreaticoduodenectomy (PDR) is the primary surgical treatment for periampullary malignancies. Late complica-
tions after PDR occur in 31.5 % of cases. The most serious of these are biliary anastomotic strictures and bile duct

stone formation (biliary complications), which can occur in up to 10.2 %.

Aim: to analyze the literature concerning the causes of biliary complications, particularly stone formation in the bile

ducts after PDR, and the treatment methods for these patients.

Key points. Predisposing factors for stone formation after PDR include bile stasis (due to anastomotic stricture),
remnants of suture material or clips, infection, and reflux of intestinal contents into the bile ducts. The choice of a min-
imally invasive treatment method for patients with bile duct stones after PDR depends on the qualifications of special-
ists and the technical resources of the medical institution. The endoscopic approach is characterized by rapid clinical

success and shorter hospitalization but has a lower technical success rate due to altered anatomy. Percutaneous

access is a highly effective minimally invasive treatment for late biliary complications, which can be used as a first-
line option or in cases where endoscopic intervention has failed. The use of absorbable suture material, minimizing

the number of anastomotic sutures, various hepaticoplasty techniques, and avoiding excessive bile duct mobilization

may help prevent stone formation after pancreaticoduodenectomy.

Conclusion. Bile duct stones as a complication of the late postoperative period of PDR require highly qualified sur-
gical care, including minimally invasive techniques. Further research is needed to identify possible ways to prevent

and improve treatment methods for biliary complications of postpartum biliary reflux.

Keywords: pancreatoduodenectomy, bile duct stones, cholangitis, biliodigestive anastomosis stricture, mechanical

jaundice, pancreatic head cancer
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KaMHuM B XXenyHbIX NPOTOKaX NocJie naHKpeaToayoaeHaNlbHOM pe3eKuun:

NMPU4YNHLI N J1iIe4eHune

B.W. Eropos'?

" Prb0Y BO «KasaHckuii rocynapCcTBEeHHbIV MeaULMHCKUA yHUBepCcuTeT» MUHUCTEPCTBa 34paBOOXpPaHEHNs Poccuiickori
benepaunn, KazaHb, Poccurickas Penepadms

2 [AY3 «PecnybnvkaHCKui KITMHUYECKUIA OHKOJIOrMYeCKui ancrnaHcep» MuHnctepcTea 3apaBooxpaHeHusi Pecriybnviku TatapcTtaH,
KasaHb, Poccurickas ®enepaums

[MaHkpeaTonyoneHanoHaa pesekuma (MAP) sBnseTtca OCHOBHbIM METOAOM XMPYPruyeckoro JsiedeHus 3rokaye-
CTBEHHbIX HOBOOOPAa30BaHWiA NepuamnynsapHoi 3oHbl. Mo3gHre ocnoxHeHusa nocne MAP BcTpevatotesa B 31,5 %
cnyyaeB. Hanbonee cepbe3HbIMU U3 HUX SBASIOTCSA CTPUKTYPbI BUINOOUreCTUBHONO aHacToMo3a U obpasoBaHme
KaMHEW B XeN4YHbIX MPOTOKax (6unnapHble OCNIOXHEHMS), YacToTa KOTOPbIX MOXeT gocTturats 10,2 %.

Llenb paHHOro o63opa — aHanu3 NNTEPATYpPbl, MOCBSLLEHHOW NPUYMHAM PA3BUTUS OUIMAPHBIX OCNOXHEHWNA,
BKJItOYas 06pa3oBaHMe KaMHEI B XeN4HbIX npoTokax nocne MNAP, 1 meTogam neveHns Takux nauneHToB.
OcHoBHble nonoxeHusa. K npegpacnonarawowmm dakropaMm kamHeobpaszoBaHus nocne MAP oTHocATcs 3acToi
Xenym (BcneacTBme CTPUKTYPbl aHACTOMO3a), OCTaTKM LWOBHOIMO MaTepuana uian Kannc, MHPekUnsa n pedritokc Ku-
LLIEYHOr0 COAEPXMMOr0 B XeN4Hble NPOTOKW. BbiOOp ManonHBasnMBHONO METOAA NeYeHUs NaUNEHTOB C KaMHAMU
XXeN4YHbIX NPOTOKOB nocne AP 3aBUCUT OT kBanudukauum crneumainctoB U TEXHNYECKON OCHALLEHHOCTN Mean-
LIMHCKOIO Y4peXxaeHnst. QHO0CKOMMYECKUI OCTYN XapakTepmayeTcs ObICTPbLIM AOCTUXEHNEM KIIMHNYECKOrO yCre-
Xa U MEHbLLEN NPOAOIKUTENIbHOCTBIO rocnuTan3aumm, ogHako obnagaet 6onee HU3KOW YacTOTON TEXHUYECKOrO
ycrnexa B YC/IOBUSX UBMEHEHHO aHaTOMUKN. YPeCKOXHbIA JOCTYN NpeacTaBnseT coboi BbiICOKO3IPPEKTUBHBIN Me-
TO4 MasiOMHBA3MBHOIO NIeYeHUs NO3OHUX OUIMAPHBIX OCIOXHEHWIA, MOXET NPUMEHSTLCS B KQYECTBE NepBoro ata-
rna unu y naumeHToB Noce HeyaayHoro 3HO0CKOMNMYECKOro BMeLlaTensCcTea. Micnonb3oBaHne paccachiBaloLLLErocs
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LLIOBHOI0 Marepuasna, MMHUMU3aLns KOIMYeCTBa LLBOB Npu GOPM1UPOBaHNM aHACTOMO3a, NPUMEHEHME PasINYHbIX
BapuaHTOB renaTtnkorniacTyki 1 NpeaoTBpalleHne N3NULLHen MoBUIM3aLmm Xen4yHoro npoToka MOoryT ClyXuTb
MepamMy NpoduNakTUkK1 kKamHeobpaszoBaHUS NOC/e NaHKPeaToayOoAeHAIbHON Pe3eKLIN.

3aknoueHune. KamMmHY XenyHbIX MPOTOKOB Kak OCJIOXHEHWEe No3aHero rnocneonepawmoHHoro nepvoga NP tpeby-
10T OKa3aHWUS BbICOKOKBANTU@ULIMPOBAHHOW XUPYPriM4yecKoi NoMOLLM, B TOM YACTE MasIoOMHBa3nBHOM. Heobxoaumel
JasibHenLwme ccnegoBaHns C Lesbio Nomcka BO3MOXHbIX NyTeN NpodunakTuky 1 COBepLUEHCTBOBAaHUS METOLOB
nievyeHunst bunnapHbix ocnoxHenuii MNAP.

KnioueBbie cnoBa: naHkpeaTonyofeHasibHas pe3ekumsl, KAMHU XeYHbIX MPOTOKOB, XONMaHINT, CTPUKTYPbl Gunmo-
OVreCTMBHOIrO aHaCTOMO3a, MexaHn4yeckas XenTyxa, pak ronoBku NooXKeNya04HON Xenesbl

KoHdnukT uHTEpecoB: aBTop 3asBnseT 06 OTCYTCTBMM KOHDJIKTA MHTEPECOB.

Ansa umtnpoeaHus: Eropos B./. KaMHK B XenyHbIX NPOTOKax nocne naHkpeaTtoayoneHaslbHOM pe3ekLmn: MPUYmHbL U IeYeHne.
Poccuinckunia xxypHan racTposHTEpOoriuy, renatonoruu, kononpokronorun. 2025;35(6):35-41. https://doi.org/10.22416/1382-4376-

2025-35-6-35-41

Introduction

Pancreatoduodenectomy (PDR) is the primary
surgical method for treating malignant neoplasms of
the periampullary region [1]. This operation is high-
ly invasive and is associated with a significant rate
of postoperative complications and mortality — up
to 63 % and 2—6 %, respectively [2, 3].

Early postoperative complications hinder the
administration of adjuvant chemotherapy or signifi-
cantly delay its initiation, thereby worsening long-
term treatment outcomes [4].

Complications following PDR can occur not only
in the early but also in the late postoperative peri-
od. Late complications of PDR are observed in up
to 31.5 % of cases and are often associated with
functional impairments characteristic of this sur-
gery — namely, exocrine and endocrine pancreatic
insufficiency [5, 6].

Among the most serious late complications
of PDR are biliary complications (strictures of
the biliodigestive anastomosis, formation of bile
duct stones), the incidence of which can reach
10.2 % [7-9].

Management of patients with bile duct stones
after PDR is the prerogative of specialized centers,
as significant anatomical alterations in the pancre-
atoduodenal zone following this surgery can pose se-
rious challenges for performing minimally invasive
procedures and surgical interventions [10, 11].

To date, very few studies have been published
on the treatment methods for patients with bile
duct stones after PDR, and there are no established
guidelines on this issue.

The aim of this review is to analyze the litera-
ture concerning the causes of biliary complications,
specifically stone formation in the bile ducts after
PDR, and the treatment approaches for this patient
category.

Incidence and risk factors for bile
duct stone formation after PDR

Bile duct stones represent a rare complication of
the late postoperative period after PDR. The rel-
evance of studying this issue is also underscored
by the recent expansion of indications for PDR
for various tumors and improved patient survival.
Understanding the causes of bile duct stone forma-
tion after PDR may form the basis for potential pre-
vention. The pathogenesis of biliary stone formation
after PDR is not yet fully understood; however, it is
believed that the triggering mechanism is a stricture
of the biliodigestive anastomosis [12—14]. Against
the background of anastomotic stricture, the inci-
dence of stone formation in the bile ducts can reach
81 % [15].

T. Tto et al. (2018) demonstrated that biliary
complications developed in 3.8 % (28/732) of pa-
tients who underwent PDR, at a median time of
23.4 (0.7-98.9) months. Among these, stones in the
bile ducts were identified in 11 (39.2 %). Risk fac-
tor analysis revealed that patients with a common
hepatic duct (CHD) diameter of < 4 mm developed
biliary complications significantly more often than
those with a diameter > 4 mm (27.6 % vs. 1.3 %;
p < 0.001). It was also noted that biliary compli-
cations occurred significantly more frequently after
PDR for duodenal tumors (p < 0.001) [7]. A high
incidence of biliary complications in patients after
PDR for duodenal tumors was also reported in an-
other study [16]. It was established that adjuvant
chemotherapy and radiotherapy, as well as the pres-
ence of biliodigestive anastomotic leakage, did not
affect the risk of developing cholangitis and hepati-
colithiasis in the late postoperative period. The au-
thors concluded that patients with a CHD diameter
of less than 4 mm should be informed about the
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possibility of developing bile duct stones and anas-
tomotic strictures [7].

H. Zhan et al. (2016) showed that stone for-
mation occurs in 1.2 % (6,/489) of patients in the
late postoperative period after PDR. As in the
previous study, the primary tumor location lead-
ing to surgery was the duodenum — 66.7 % (4,/6).
Chills and fever were noted in 100 % of patients,
whereas jaundice developed in only three (50 %).
The mean time to detect stones after PDR was
47.3 + 27.8 months [16].

A. Henry et al. (2024) found that biliary com-
plications developed in 10.3 % (93,/900) of patients
who underwent PDR. The incidence of bile duct
stone formation was 3.2 % of the total number op-
erated on. A significant risk factor for the develop-
ment of late biliary complications was the presence
of biliodigestive anastomotic leakage in the early
postoperative period (odds ratio (OR) — 2.56; 95%
confidence interval (CI): 1.42—4.62; p = 0.018).
The median time to the first episode of cholangitis
was 8 months (4—16) after surgery. In 44 (47.3 %)
patients, attacks recurred more than twice, and 83
(89.2 %) patients required hospitalization [9].

In the study by M. Hiyoshi et al. (2016), late
biliary complications occurred in 8.1 % (13/161) of
patients after surgery. It was found that an indepen-
dent factor for the development of biliary compli-
cations was the ratio of the postoperative bile duct
diameter to its preoperative diameter, expressed
as a percentage. This ratio was significantly lower
in the group of patients with late biliary compli-
cations compared to the group without complica-
tions (48.2 % vs. 63.5 %; p = 0.0028). The authors
investigated the impact of hepatoplasty during the
primary surgery (expansion of the common hepatic
duct via a longitudinal incision along its left wall
for 5~10 mm). The left-sided incision location was
explained by an anatomical feature: the left hepatic
duct joins at an acute angle, which may create ad-
ditional conditions for bile stasis. Hepatoplasty was
performed overall in 27.3 % (44,/161) of patients.
It was shown that a longer incision during hepa-
toplasty reduced the rate of decrease in bile duct
diameter (p < 0.0001), thereby helping to prevent
complications; however, the authors did not provide
a threshold value for the required incision length,
citing only its mean value of 6.1 + 1.2 mm. In the
group of patients who underwent hepatoplasty, late
biliary complications did not occur, unlike in pa-
tients without hepatoplasty, although the difference
did not reach statistical significance (0 % vs. 5 %;
p = 0.08) [8].

T. Orii et al. (2014) studied the role of technical
aspects of hepaticojejunostomy formation in the risk
of biliary complications. The authors established
that the number of sutures and the placement of a

stent during hepaticojejunostomy formation signifi-
cantly influence the risk of late biliary complica-
tions. Thus, it was shown that in the group of pa-
tients with 33.2 + 8.4 sutures, biliary complications
were observed more frequently compared to patients
with 14.0 + 2.3 sutures (9.4 % vs. 2.9 %; p < 0.05,
respectively). According to the authors, an excessive
number of sutures at the anastomosis creates more
pronounced ischemia, which leads to the develop-
ment of strictures and duct stones [17].

S. Kobayashi et al. (2024) determined that inde-
pendent risk factors for biliary complications after
PDR are a bile duct diameter of less than 8.8 mm
(OR = 7.51; 95% CI: 1.75-52.40; p = 0.005)
and male sex (OR = 4.05; 95% CI: 1.10—19.49;
p =0.034) [18].

Predisposing factors for stone formation after
PDR include bile stasis (due to anastomotic stric-
ture), residual suture material or clips, infection,
and reflux of intestinal contents into the bile ducts
[19, 20]. Anatomical changes after PDR contribute
to the development of reflux and recurrent infec-
tions. Anastomotic narrowing, infection, and stone
formation are closely interrelated processes [21].
Cases of bile duct stone formation around foreign
bodies, such as fish bones, are also known [22, 23].
Furthermore, causes of biliary complications can in-
clude stasis due to impaired peristalsis of the affer-
ent loop of the small intestine [24].

Analysis of the influence of interrupted and con-
tinuous sutures in the formation of biliodigestive
anastomosis on the incidence of biliary complica-
tions after PDR did not reveal statistically signif-
icant differences between them (2.7 % vs. 4.0 %;
p =0.581) [7].

One cause of biliodigestive anastomotic stricture
may be ischemia of the anastomosed bile duct stump.
It is believed that the mobilization of the duct stump
should not exceed 5 mm to preserve adequate blood
supply [16].

It has been shown that elevated alkaline phos-
phatase levels (OR = 3.81; 95% CI: 1.519-9.553;
p = 0.004) directly correlate with late biliary com-
plications and serve as an indicator thereof. A thresh-
old alkaline phosphatase value above 410 TU/L was
a significant indicator of late biliary complication
(p = 0.041). The authors established that alkaline
phosphatase levels were more frequently elevated in
patients with pneumobilia. Based on this, it was
concluded that careful monitoring of alkaline phos-
phatase levels is necessary in the presence of pneu-
mobilia [25].

Treatment options for bile duct stones after
PDR using minimally invasive techniques

Treatment of patients with bile duct stones is
comprehensive and includes conservative methods
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(antibiotic therapy, detoxification, anti-inflammato-
ry therapy), minimally invasive interventions, and
surgical methods [7].

Repeat surgical interventions are associated with
a high complication rate, and their performance is
fraught with technical difficulties due to adhesions
and altered anatomy following the previous surgery,
which is why preference is given to minimally inva-
sive treatment methods [16].

Minimally invasive methods can be performed
via percutaneous and endoscopic approaches. The
goal in both cases is stone removal and anastomotic
dilation [26].

The percutaneous approach is performed in in-
terventional radiology departments by experienced
specialists. The first stage involves percutaneous
transhepatic cholangiostomy, after which a dilata-
tion catheter is advanced through the biliodigestive
anastomosis. Subsequently, stepwise dilation of the
created fistula tract is performed to allow for the in-
sertion of a cholangioscope. Stone fragmentation is
achieved using electrohydraulic or laser lithotripsy
under direct visual control via the cholangioscope.
The fragmented stone pieces are pushed through the
anastomosis into the intestinal lumen; the procedure
is repeated until the bile duct cavity is completely
cleared of stones. Following this, the cholangiostomy
tube is replaced with a smaller diameter drain, drain-
age is prolonged for several days, and a control chol-
angiography is performed before its removal [26, 27].

If necessary, the percutaneous approach can be
combined with balloon dilation of the anastomosis
or duct in several stages. The efficacy of the com-
bined approach for complete strictures can reach
87 % [28, 29].

The undeniable advantages of the percutaneous
approach are considered to be the possibility of pre-
cise navigation under direct visual control via the
cholangioscope along the bile ducts to the calculus
and the anastomosis [24], as well as the ability to
utilize the created fistula tract until complete stone
removal [18, 26]. The percutaneous approach cre-
ates technical conditions for removing residual su-
ture material or clips that may have served as a ni-
dus for stone formation [30, 31].

Disadvantages of the percutaneous approach in-
clude the multistage nature of the procedure, which
increases the likelihood of complications and pro-
longs the duration of hospitalization. For instance,
J.H. Lee et al. showed that the number of sessions
required for complete stone removal ranged from
two to four in 48.6 % of patients. Complications
were observed in 51.5 % (17,/33), and the median
hospitalization duration was 14 days [32].

It has been shown that technical success with the
percutaneous approach reaches 100 %, and stricture
recurrence occurs in 38 % of patients [27].

The endoscopic approach is initially performed
transorally. The endoscope is advanced to the site
of the biliodigestive anastomosis, after which it
is cannulated with a tapered catheter followed
by dilation of the lumen. For impacted stones,
shockwave lithotripsy may be performed. After
complete stone clearance, cholangiography is per-
formed for control [26].

The endoscopic approach is a more complex
method due to the necessity of performing it in the
setting of altered postoperative anatomy, which
requires high physician skill and specific technical
characteristics of the endoscopes (length, etc.) [33,
34]. Furthermore, in cases of complete anastomotic
stricture where duct cannulation is technically im-
possible, the application of the endoscopic method
becomes unfeasible. Advantages of this approach
include less pronounced pain, a shorter time to
complete stone removal, and shorter hospitalization
compared to the percutaneous approach [26].

Results of forming a magnetic compression anas-
tomosis by combining percutaneous and endoscopic
approaches in cases where neither method alone was
successful for complete strictures are known [15].

K. Tsutsumi et al. (2017) conducted a compara-
tive study of the results of using percutaneous and
endoscopic approaches (double-balloon enteroscope)
for treating bile duct stones after previously formed
hepaticojejunostomy in 40 patients. Technical suc-
cess with the percutaneous approach was 100 %
(8/8), and with the endoscopic approach — 91 %
(29/32). Three patients for whom endoscopic in-
tervention was initially unsuccessful underwent
successful percutaneous access. The results showed
that adverse events were less frequent with the en-
doscopic approach (10 % vs. 45 %; p = 0.025). The
median duration of inpatient treatment until com-
plete stone removal was also shorter in the group
of patients after the endoscopic approach (10 vs. 35
days; p < 0.001). In 32.5 % (13/40) of patients, re-
currence of bile duct stone formation was observed
in the long term after stone removal [26].

S. Kobayashi et al. (2024) showed that biliary
complications after PDR occurred between 3.3 and
70.9 months postoperatively. In 92.3 % of patients,
complications were successfully resolved using the
endoscopic approach. In the remaining cases, percu-
taneous techniques were used in combination with
the endoscopic approach via a rendezvous tech-
nique. Balloon dilation alone was sufficient for four
patients, while nine patients underwent duct and
biliodigestive anastomosis stenting. None of the pa-
tients required repeat surgery [18].

T. Tto et al. (2018) demonstrated that in 82.1 %
(23/28) of patients, the biliodigestive anastomosis
site was reached endoscopically, and technical and
clinical success was achieved in 21 (75 %). In the
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remaining seven (25 %) patients, the percutaneous
approach was successfully used. Thus, no cases re-
quired open reoperation [7].

The Table presents summarized data from studies
dedicated to late postoperative biliary complications.

Conclusion

In conclusion, it should be noted that bile duct
stones are a rare complication of the late postop-
erative period following pancreatoduodenectomy,
but one that requires the provision of highly skilled
minimally invasive or surgical care. The choice of
minimally invasive treatment method for patients
with bile duct stones after pancreatoduodenectomy
depends on the expertise of specialists and the tech-
nical equipment of the medical institution.

The endoscopic approach is characterized by rap-
id achievement of clinical success, a lower compli-
cation rate, and shorter hospitalization duration;
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VICKyCCTBEHHBIU UHTEAAEKT B IIPOTHO3UPOBAHUU
PUCKOB XUPYPIruueCKUX BMeIllaTeAbCTB
Yy IIAIIUEeHTOB C IUPPO30M IIeUeHU
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Llenb: co3gatb HeMpoOceTeBYIO MPOrHOCTUYECKYIO MOAESb PUYCKa MOCNEONEPALMOHHBIX OC/IOXKHEHWUM U NeTallbHO-
CTW Y MAaLMEHTOB C LMPPO3OM MEeYEHU, NEPEHECLUNX MaJIOVHBA3UBHbIE XNPYPIrn4eCkKne BMELLATESIbCTBA.
Matepuan u metogbl. Y 90 NaLMEHTOB C LMPPO30M NEeYEHU BbIMOJIHEHbI ONEepaLn, HanpPaBEHHbIE HA KOPPEKLINIO
OCJIOXKHEHWI MOPTANLHOW rMNEPTEH3UN (IMTMPOBaHME BAPUKO3HO PaCLUMPEHHbLIX BEH Nuesoaa (n = 57), TpaHCb-
IOryJIIPHOE BHYTPUMEYEHOYHOE NMOPTOCUCTEMHOE LUYHTUPOBAHWE (N = 6)) 1 XMPYPruyeckoe ieyeHne KoMopobuaHoin
natonorun (n = 30). Tpem naupeHTam ObisI0 BbINMOSHEHO ABE OonepaLuvm B Te4eHe ogHoM rocnutanmsauuu. Jletanb-
HOCTb cocTaBuna 2,2 %, N0CneonepaLmnoHHbIe OCNOXHEHNS BbisiBNEHbl Yy 16 (17,8 %) yenoBek. Y BCex NaLmMeHTOB
paccuMTbIBaNIM 1 BKJOYAIM B MPOrHOCTUYECKYO MOAESb LUKasbl, pa3pabdoTaHHbIe OJ15 MaLUUEHTOB C LIMPPO30M rneye-
HU N NPUBELEHHbBIE B KIIMHNYECKNX PEKOMeHaauuax: wkany Yamnnga — TopkotTta — [Nbio, MOAesib 419 OLLEHKU TEPMUN -
HaNbHOV cTaauu 3abonesaHuii neveHn (nHaekc MELD), a Takxe Likasbl, NPeanioXeHHbIEe AN OLEHKM prcka XMpyp-
rMYEeCKnX BMELLATENbLCTB Yy MaLUMEeHTOB C uMppo3om neveHn (Mayo Postoperative Surgical Risk Score, VOCAL-Penn).
C ncnonb30BaHMEM aBTOMATU3MPOBAHHbIX HEMPOHHbLIX ceTer Data mining nakeTa Statistica nocTpoeHbl kKomnnekc-
Hble MOJEN MPOrHO3a XMPYPrnyeCckmnx OCIOKHEHNN U NIETANIBHOCTN.

PesynbraTbl. CO34aHbl KOMMIEKCHBIE MPOrHOCTUYECKME MOLEIN, BKITHOUAIOLLME OLEHKY KITMHUYECKUX, BUoxumMmye-
CKUX MoKasaTesieli 1 napameTpoB Ka4eCcTBa X13HW, 06naaatoLime BbICOKON MPOrHOCTUYECKOW LIEHHOCTbIO, HA OCHO-
Be KOTOPbIX NPEeA/IOXEHbI ABa KaJlbKyNAaTOpa 4J19 pacyeTa pucka nocsieonepaumoHHbIX OCIOKHEHNT U IETaSIbHOrO
1ncxona y nauveHToB C LMPPO30M neyveHun. [na npenckasaHus pycka nocsieonepauyioHHbIX OCTIOXHEHWI Hanbo-
Jlee 3Ha4YMMbIMM OKa3anuchb crenylolme nokasartenu: nigekcel MELD 1 Mayo Postoperative Surgical Risk Score,
YNCIO MNEPEHECEHHbIX PaHee NUIrMPoBaHU BapUKO3HO PaCLUMPEHHbIX BEH NULLEBOAA U TPAHCHIONYNSAPHbLIX BHYTPU-
MEeYEeHOYHbIX MOPTOCUCTEMHbIX LUYHTUPOBAHUN, NapaMeTpbl HYTPUTUBHOIO CTaTyca NauMeHTOB, KYpeHue, JaHHbIe
OMOXMMNYECKOr0 U KIIMHNYECKOro aHaIn30B KPOBK, NoKasaTenn KayecTBa XU3HW nauueHToB. [1ns npeackasaHus
pucka netTanbHOro NCxoaa NPOrHOCTUYECKOEe 3HaYeHne nmenu: wkanel Yamnga — Tiopkotta — Mbto, VOCAL-Penn,
vHaekc MELD, napameTpbl 6a30B0i GyHKLIMOHAIbHOW aKTUBHOCTM Y HYTPUTMBHOMO CTaTyca nalMeHToB, YMCIO 3Ta-
MOB JIMTMPOBAHNSA BAPUKO3HO PaCLUMPEHHbIX BEH MULLLEBOAA, KOSIMYECTBO BbIKYPMBAEMbIX CUrapeT B CYTKU U AJIN-
TENbHOCTb aHaMHEe3a KypeHusi; faHHble GUOXMMUYECKOTO U KITMHNYECKOr0 aHaIM30B KPOBU.

BbiBOAbI. VIHTErpaLnsa MasioOMHBA3MBHbLIX TEXHOIOIMI KOPPEKLUU OCJIOXKHEHWN NMOPTAJIbHOW TMNEPTEH3NN U MPO-
rHOCTUYECKUX MOZENEN, CO3AaHHbIX HA OCHOBaHUN MAaLLNHHOIO 00Y4YEeHUSs, OTKPLIBAET HOBbIE BO3MOXHOCTU B YJy4-
LLIEHMWN NCXOL0B XMPYPrn4eCKNX BMELLATESbCTB Y NaLMEHTOB C LUPPO30OM NeYEeHN.

Kniouesblie cnoBa: LMppo3 neyeHu, NPporHoCTU4ECK1e MOLENN, MAJIONHBA3MBHbLIE XMPYPrnieckme BMeLLaTebCcTea
KoHdnukT MHTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMINKTA UHTEPECOB.

Ana uutupoBanua: KopoyaHckasa H.B., dypnewTtep B.M., baceHko M.A., Mypawuko [.C., XanadsH A.A. ICKYCCTBEHHbIN NHTEN-
NIEKT B MPOrHO3MPOBaHUN PUCKOB XMPYPrMYeCcKnX BMELLATENbCTB Y NaLMEHTOB C LMPPO30M NeveHU. POCCUMCKNIA XXypHas raCTPO3H-
Teposioruu, renatosioruu, kononpokronorumn. 2025;35(6):42-49. https://doi.org/10.22416/1382-4376-2025-35-6-42-49

Artificial Intelligence in Predicting Risks of Surgical Interventions

in Patients with Liver Cirrhosis

Natalia V. Korochanskaya'?*, Vladimir M. Durleshter'?, Mihail A. Basenko'?, Dmitriy S. Murashko'?, Aleksan A. Khalafyan®
" Kuban State Medical University, Krasnodar, Russian Federation
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Aim: to develop neural network predictive model for the risk of postoperative complications and mortality in patients
with liver cirrhosis undergoing minimally invasive surgical interventions.

42 Poc ypH racTposuTepoJ rematon koaonpokros 2025; 35(6) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(6)



www.gastro-j.ru OpurnHanbhbie nceaegoBanms / Original articles

Material and methods. Surgical interventions were performed on 90 patients with liver cirrhosis to correct com-
plications of portal hypertension (ligation of esophageal varices (n = 57), transjugular intrahepatic portosystemic
shunting (n = 6)) and for surgical treatment of comorbid conditions (n = 30). Two operations were performed
on three patients during a single hospitalization. Mortality was 2.2 %, and postoperative complications were iden-
tified in 16 (17.8 %) individuals. For all patients, internationally recognized scales developed for patients with liver
cirrhosis were calculated and included in the predictive model: Child — Turcotte — Pugh, MELD, Mayo Postoperative
Surgical Risk Score, and VOCAL-Penn. Using automated neural networks and the Data Mining package in Statistica,
comprehensive models for predicting surgical complications and mortality were developed.

Results. Comprehensive predictive models were created, incorporating the assessment of clinical, biochemical pa-
rameters, and quality of life indicators, which possess high predictive value. Based on these models, two calculators
were proposed for calculating the risk of postoperative complications and mortality in patients with liver cirrhosis.
Conclusion. The integration of minimally invasive technologies for correcting complications of portal hypertension
and predictive models developed through machine learning opens new possibilities for improving the outcomes

of surgical interventions in patients with liver cirrhosis.

Keywords: liver cirrhosis, predictive models, minimally invasive surgical interventions
Conflict of interest: the authors declare no conflict of interest.
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BBeaenue

[uppos nevenu (III1) — aro auddysubiii npomecc,
Xapakrepuayionuiicss ¢Gubépo3oM u TpaHchopMalu-
eil HOpMaJIbHOW CTPYKTYPBI MeYeHn ¢ 0Opa3oBaHueM
y3J10B; TPOrHo3 ku3Hu mnaineHtos ¢ [{II Bo MHOrOM
3aBHUCUT OT pasBuTus ero ocyuokuenuii [1]. Corsacto
r106aMbHBIM  AIMUAEMUIOJOTHYECKUM JaHubM [2, 3],
112 MJIH TalMeHTOB BO BCEM MHUPE HMMEIOT KOMIIEH-
cupoBarnbrii III1, a 10,6 MmaH — meKOMIEHCHPOBAH-
HbBII, TpPUYEeM Ha TPOTSIKEHWH IOCAETHUX HECKOJIb-
KUX JICCATUICTHI YHCJI0 TAaKUX OOJHHBIX HEYKIOHHO
YBEJNYMBAJIOCH, YTO 3aKOHOMEPHO IIPUBEJIO K POCTY
gut, crpagaonwmx Il m mHyxpaommxces B pasand-
HBIX BUJAX TJIAHOBBIX U 9KCTPEHHBIX XUPYPrUUECKUX
BMerniaTesbeTB. OHON 13 OCHOBHBIX MPOOJIEM B Bejle-
HUM TaKUX TTAI[MEHTOB SIBJISIETCS BBICOKMII PUCK pas-
BUTHS OCJOKHEHWH TIPH TIPOBEJCHNN Ollepaliii, B TOM
Yypcje MaJOMHBA3UBHBIX, BKJIOUAsT SH/IOCKOINUYECKOE
JIMTUPOBAHIE BaPUKO3HO PACHIMPEHHBIX BEH ITHIIEBO-
na (BPBII), TpaHCHIOTyAsipHOE BHYTPHIIEYEHOUHOE
noprocucremuoe uryatuposanue (TBITII) u xupyp-
ruyeckoe Jjiederne KoMopOu/Hoil marosoruu. B aTom
KOHTEKCTe MCKyccTBeHHbIN nHTesnekt (M) u Mano-
MHBA3WBHbIE TEXHOJOTUU OTKPBIBAIOT HOBBIE BO3MOK-
HOCTU JIJIsl TIEPCOHATU3UPOBAHHOIO TPOrHO3a W CHU-
JKEHUST TTOC/Ie0TePaIlMOHHBIX PUCKOB.

[llkama Yaitnma — Tiopkorra — Ilbfo ocraercs
OCHOBHBIM ~HMHCTPYMEHTOM CTpaTU(UKaIM pPHUCKa
y narmmenToB ¢ 11, yuurpiBaronum Takue mapaMeTpbl,
KaKk ypoBHUM Ouaupy6una, aabOyMuHa, HTPOTPOMOH-
HOBBI WMHEKC, HaAWYNe acluTa U IEeYEHOYHOU HH-
nedanonaruu [4, 5]. Mugexkc Model for End-Stage
Liver Disease (MELD) ocuoBan Ha OGbEKTHBHBIX
U JIETKO OIIPE/E/ISIEMBIX JTa60PATOPHBIX KOMIIOHEHTaX
[6]. TlepBonauambHO OH ObLI TPEAJIONKEH s TIPE/-
CKaszaHus TpexmecauHoil cmeptHoctu tmocqae TBITIII,
OTHAKO B TOCTEAyoneM OblIo TPOJIEMOHCTPUPO-
BaHO, 4YTO HTOT MHJEKC 00JaJaerT IPOrHOCTHYECKOI

IIEHHOCTBIO B OTHOIIEHUU I[EJIOTO Psi/ia OIePaTHBHBIX
BMetnaTeabcTB [7]. Cremyer TMOAYEepKHYTb, 4YTO €/U-
Hble KpUTEpUU IMpejcKazareabHoil 1meanoctn MELD
MPUMEHUTEIbHO K PA3JIUYHBIM BU/IaM XUPYPrUUecKuX
orepaiyii OTCyTCTBYIOT.

N3 cnenuduuecknx  XUPypPrudecKuxX IMPOTHO-
cTruuecknx 1nkana y mnanumentoB c I[II wame Bcero
ucnosbdyercsi Mayo Postoperative Surgical Risk
Score (MPSRS), koTopast BKJIOYaeT IOKa3aTesn
MELD, Bospact, kmacc ASA (American Society
of Anesthesiologists), ouenky sruomorun IIII, na-
1eJieHa Ha mpejckazanne cMepTtn y nanumeHTos ¢ III1
B teuenue 7, 30, 90 gueii, 1 romga u S5 Jer mocje oie-
paruu [8]. dra mrana 6plma pazpaboTaHa B Xoje pe-
TpocrekTuBHOro uccaeposanuss S.H. Teh et al. [8],
BKTIOUaroniero 772 maruenta ¢ I[I1, kotopbie moasep-
IJINCh PA3JIMYHBIM XUPYPTrUYeCKUM BMEIIATeTbCTBAM

(586 uwemoBek — omepanMAM Ha MHIEBAPUTETHHOM
cucreme, 107 nmanueHToB NepeHeCan OPTOIeNYeCKUe
oneparun, 79 — KapauoBacKyJspHble). B Gosee

nosaneMm uccaegoBannu N. Mahmud et al. [9] co-
OOIMIN O CHIDKEHWW TPeACKa3aTeTbHON eHHOCTH
MPSRS ¢ teyeHmeM BpeMeHU B CBSI3M C Pa3BUTHEM
MaJIONHBA3UBHBIX XUPYPrUYECKUX TEXHOJOTUH, OITH-
MH3aleil aHecTe3NoJ0rNYeCKOro MocoOus U MeuKa-
MEHTO3HO Tepanuu, JOCTIDKEHUSME B OTOOpPE TMalli-
€HTOB JIJISI TIJTAHOBOTO XUPYPTUYECKOTO JICUEHHS.

C 1empi0 TPEOJONEHUS OTPAHWYECHWH  ITKaJ
Yaitnna — Topkorra — IIbio m MPSRS, ungekca
MELD B 2021 r. N. Mahmud et al. [9] mpearoxu-
JIN HOBYIO MPOTHOCTHYECKYIO IIKAJIy sl HAI[HeHTOB
c HII, mnepenecmmx XuWpyprudeckne BMeIIaTesb-
CTBa 3a HMCKJIOYEHHEM orepaiuii Ha nedenun. IIIkama
VOCAL-Penn Obiia pazpaGotaHa Ha OCHOBaHUH
MYJIbTHIIEHTPOBOTO — PETPOCIIEKTUBHOTO  HCCJIE/I0BA-
muga Veterans Outcomes Costs Associated with Liver
Disease (VOCAL), Brjouamonero 3785 MalMeHTOB
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¢ IIII, xoTopbIM ObLIM BHITOJHEHbBI PA3JUYHbIE BU/IbI
oneparii (Ha mepeaHeil GPIOMIHON CTEHKE, COCYAN-
cTble, aGOMUHAJIbHbBIE, HA Cep/ille, TPYJAHON KJETKe
nmn oproneandeckune). Illkama yuuTbiBaeT BO3pacT
MaIMenTa, [0OTePAIMOHHbIE MOKA3aTean aJabOyMu-
Ha, OMIMpyOWHA, YUCJI0 TPOMOOIUTOB, TUII OTIEPAITIH,
9KCTPEHHOCTh TIOKA3aHUN K XUPYPrHUYECKUM BMella-
TEJBCTBAM, JIAHHBIE O HEAJIKOrOJIbHON >KUPOBOIl 60-
JIe3HH nedenn, kaacc ASA, oxupenne (MHAEKC MacCh
tena > 30). /JlaHHas IIKaja HaIpaBIeHa Ha IPeAcKa-
3anue cmeprHoctu yepe3 30, 90 u 180 gHeit mocse ore-
parmu. Ha ocHOBaHWM TIPOBEIEHHON aBTOpaMH BHY-
TpeHHel Bauu3aiun IPOJEeMOHCTPUPOBAHO, YTO ITa
MIKajga uMeeT GOMBINYIO Mpe/ICKa3aTelbHYIO TIeHHOCTD
1o cpaBHeHMo co mkajgamu Yaitnga — Tiopkorra —
IIpro, MELD u MPSRS [9, 10]. B panpreiinem Ba-
JIUIN3AIUN  JJAHHOW 1IKAJbl Ha JPYTUX KOHTUHTEH-
tTaX GoJbHBIX Obuin TpoBeneHnl B CIIA, Wcnanum
n TI'epmanun [10—12]. Hecmorpst Ha TO, uTO IIKasna
VOCAL-Penn sBasiercss marom BIiepes B OTHONIEHUHN
60Jiee TOYHOTO TIPOTHO3WPOBAHUST IOCJIEOTIePAIMOH-
HBIX PHUCKOB, OHA UMEET Psiji OTPAHUYEHUI: B UYUCJIO
UCCJIelyeMbIX BXO/UJIM B OCHOBHOM MY>KUMHBI C BbI-
COKMM YPOBHEM TCHXOCOITMATBHBIX KOMOPOUTHBIX 3a-
60JieBaHWI, B OCHOBHOM 3TO ObLIH JIMIA C HU3KUMU
mokazarenssMn MELD m kmaccom A mmpposa meue-
Hu coryiacHo mikane Yaitnga — Tiopkorra — Ilbio
(88,3 %). OnHo M3 HeJaBHHUX EBPONENCKUX HCCIe-
noBaHuil ¢ ucnosb3oBanneM miKagabl VOCAL-Penn
MPOJIEMOHCTPUPOBATIO  CHIDKEHHE TTPOTHOCTHYECKOI
IEHHOCTU JAHHOW IIMKAJIbl y TMAIMEeHTOB C CaXapHBbIM
nnabetoM, 6e3 KJINHUYECKUX MPOSBIEHUIN TOPTAID-
HOHl TUNEPTEeH3Uu, y JIHI], MEePeHeCHnX IKCTPEeHHbIe
XUPYprudeckue BMeNIaTeJbCTBA U OTepalui Ha Tie-
penneit 6pronrHoit crenke [11].

Bce paccMOTpeHHBIE  TPOTHOCTHYECKWE — IITKAJIBI
BKJTIOYAIOT OrpaHMYeHHbIH Habop mokaszareseii. Bmecre
¢ teM y marmenTtoB ¢ 11 ocioskaeHns nocJie oneparmn
Pa3BUBAIOTCS BCJIEJICTBUE B3AMMOJIEHCTBISI HECKOJIBKIX
[ATOTeHETHYECKNX MEXAHU3MOB, CBSI3aHHBIX C MEYEHOU-
HOIi HEJ0CTATOUHOCTDIO (CHIKEHNe cuHTe3a ajlbOyMUHA,
(arTOpOB CBEPTLIBaHUS, HApYIIeHHe MeTabom3Ma Jie-
KapCTBEHHBIX IPENAparToB), MOPTAIBHON THIIEPTEH3HEN
(HOBBIIEHHBI PHCK KPOBOTEYEHMIT, aCIUTa, CIIOHTaH-
HOTO GaKTepUAJIbHOTO IEePUTOHMTA), MMMYHOCYIIPECCH-
eil (MOBbBIEHHAS BOCTIPUUMYHMBOCTD K WH(EKINAM),
noueynoii aucyHrnmeii (pUCKM pasBUTHS TelaTope-
HAJIBHOTO CHHAPOMA), MeTaGOJMIECKUMU HaPYIIEeHNs-
My (THIOTJIMKEMIES, 9IeKTPOJUTHBIN aucOananc) [13].
TpaAuIOHHBIE METOABI IIPOTHO3MpoBaHusA (Hampn-
Mep, mkana Yaitnga — Tropkorra — Ilbio u mHAEKC
MELD) He yuuTBIBAIOT BCE aCHEKTHI XHUPYPIrUYECKOTO
cTpecca, uYTo JlefaeT HeoOXOJAMMBIM BHEJpPEHUE KOM-
MJIEKCHOTO MO/IX0/Ia K OIEHKE PHCKOB.

Heiiponubie ceTr MOTYT TIPEOI0JIETH MMEIONINecs
OTpaHMYEHHS CYNIECTBYIOMUX MTPOTHOCTUIECKUX TITKAJ
y manuentoB ¢ IIII: onm crmoco6ubl 06pabaThIBaTH
6oJibiiiie 0ObeMbl MHOTOMEPHBIX JIAHHBIX U UHTETPHU-
poBaTh COTHU KJIMHUYECKUX, JAGOPATOPHBIX U WH-
CTPYMEHTATHHBIX TIAPAMETPOB, BBISBJATD CJIOKHBIE

HeJIMHETHbIe B3aMMOCBSI3W M MOTYT HETPEPBIBHO
YJIy4IIaTh CBOM TPOTHOCTHYECKHUE XaPaKTEePUCTHKU
(TOYHOCTD MPOTHO3a TOCIEONEPALMOHHBIX OCIOMKHE-
HUA M JIETAIBHOTO MCXO/a) MO Mepe TOCTYTLICHNS HO-
BBIX JaHHBIX [14].

Henp wccnemoBaHmsi: co3/laTh HEHPOCETEBYIO MPO-
THOCTUYECKYIO MOJIeJIb PUCKA TIOCTEONEPATMOHHBIX
OCJIO’KHEHU 1 JIETAILHOCTH Y TIAIIMEHTOB C IIMPPO30M
MeYeHy, TepeHecnX MaJOMHBA3UBHBIE XUPYpPriye-
CKHIE BMEIIaTeIbCTBA.

Marepuaa u METOAbI

B I'BY 3 «KpaeBas kaunuueckast 6ospHuia N 2»
MunnucTtepcTBa 37paBooXpaHeHnss KpacHomapcKoro
kpasg ¢ 2021 nmo 2024 r. mpoBeeHO TPOCIEKTUBHOE
JIOHTUTIOJMHAIbHOE KOTOPTHOE MCCJIe/JOBAHME, BKJIO-
yatoree 90 manmentos c 111 B Bozpacte oT 28 1o 64 et
(51 Mmy>kunHa 1 39 JKEHIIMH), KOTOPBHIM OBLIN BBIIIOJI-
HEHbI XUPYPruyecKue BMeNaTeJbCTBa, HAPABJICHHbIE
Ha KOPPEKINIO OCJOXHEHUN TOPTATbHON TUTIePTEH-
sun (smruposarne BPBII (n = 57), TBIIII (n = 6))
U XUPypruyeckoe JedeHne KOMOPOMIHON TATOJO-
run (xomenucrakToMus, repauomnactuka (n = 30)).
JIBamnatu (35,1 %) nmammentaM 6bLT BbinosHeH 1 aramn
marnposanus BPBII, 19 (33,3 %) — 2 srana qmrupo-
Banus, 13 (22,8 %) GoapubiM — 3 aramna, 4 (7,0 %) —
4 srama n 1 (1,8 %) nanuenty GblJIO BBINOJIHEHO 5 9Ta-
MOB JIUTUPOBAaHUA. Y [BYX 4YeJOBEK BBIOJHEHO TIO-
BropHoe TBIIII B cBsA3U ¢ penuanBOM KPOBOTEUEHUS
yepe3 S5 u 18 MecsiieB 1nocse nepBoil oneparuu. Tpem
YYaCTHUKAM MCCJIE/JOBAHUS BBIOJHEHO JiBa Olepa-
TUBHBIX BMEIIATEIbCTBA 3a OHY TOCIHUTATH3AIHNIO.
[Ipeobaasiaiy MAIMEHTbI € BUPYCHBIM TOPASKEHUEM
neuenn (n = 34; 37,8 %), ankoroabHbiM (n = 14;
15,6 %) W CMEIaHHBIM BUPYCHBIM M aJKOTOJIbHBIM
(n = 19; 21,1 %) nupposom tedenu. llepea npose-
JIeHneM oTlepaTHBHOTO BMerniaTesabctBa y 10 11,1 %)
yenoBek auarHoctupoBan I[II kmacca A mo mikase
Yaiinga — Tiopkorra — IIbio, y 52 (57,8 %) nanu-
enToB — Kjaacc B uy 28 (31,1 %) uenoBex — JeKOM-
nencupoBanubiit [II1. Cpok HabaI0/I€HUS B TIOCHI€0TIE-
PAIMOHHOM TIepUO/ie COCTABUJI HE MeHee OJHOTO Tojia.
[Iporokos uccaenoBanusi ogo6pen HezaBucuMbiM KO-
muteroM 110 3TKe @TBOY BO «Kyb6anckuii rocyap-
CTBEHHBII MeINIIUHCKUI yHUBepcuTeT> MUHUCTEPCTBA
3apaBooxpanenust Poccuiickoit Desiepanuu ot 29 HO-
a6ps 2021 1. Ne 139.

JleraapbHOCTb B JlaHHOII Tpymie coctaBuiaa 2,2 %
(ymepJn ziBa yesioBeka B Tederue 30 aHeil oT TocnuTa-
musanun). Iamuedt 57 ger Bo Bpems 10-i rocnmTamm-
3l B XUPYPTrUYeCKoe OT/eIEHUue yMep OT Peru/u-
Ba KPOBOTEYEHHUS TI0CJIE BBITIOJTHEHHOTO JIMTHPOBAHUS
BPBII, muporpeccupoBaHusi TenaToOpeHAJbHOTO CHH-
npoma. Bropoit ymepriumii naiuenT 45 jiet GbLT rocIu-
TAIU3UPOBAH B XUPYPTUYECKOe OT/eseHne B 7-i pas;
B aHaMHe3e uMeJs 5 aranoB Jjuruposanus BPBII, BbI-
nosmaennoe TBIIIII. [Ipuuywroli serasbHOTO MCXO7a
SBUIOCh peluauBupyioliee Kpooteuenne u3 BPBII,
KOTOpO€ HE YJAJI0Ch OCTAHOBUTL KOHCEPBATHBHBIM
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IyTeM, TIOIbITKA JHUTHPOBAHUSI HA BBICOTE KPOBOTEYE-
HUS OKa3agach Hea(pdEKTUBHOM, TPOTPECCHPOBAIIN TIe-
YeHOYHAsl, a 3aTeM U IIOJIMOPTaHHAsT HEJOCTATOUHOCTD.
Oo6a ymeprnx GOJBHBIX HAXOIUINUCH B JIUCTE OYKI/IA-
HUSL TpaHcIuianTtauust nedenn. l[locieonepanmontbie
ocnoxuerns passuinch y 16 (17,8 %) mammenTos
U BKJIIOYAJIHM TENaTo-peHaIbHbIil cuHapoM (n = 2),
HapacraHue mevyeHouHoll sHiledatonatun (n = 4),
pelauBupyionee kpoporedenne us BPBII (n = 4),
permansupylomuii acuut (7 = 4), KUUIEYHYIO HENmpo-
xoauMocth (n = 1), yiiemieHue MyMmouHONH TPbIKH
(n = 1), rpom6o3 TBIIII (n = 1), BeHO3HBI TPOMG03
(n = 2). Kaxplii manueHT MOr uMeTh JiBa 1 GoJiee
MOCJIEOTIEPAIIIOHHBIX  OCJAOKHeHus1. B mporecce au-
HAMUYECKOro HAOMIOZeHNsT 32 GOJbHBIMU YUUTHIBAJIH
109 KIMHIYECKUX, JAGOPATOPHBIX, MOP(OJOTTIECKUX
HoKasaTeJiell, mapaMeTpbl KAauecTBa JKU3HU. Y BCeX Ia-
[HEHTOB PACCYNTHIBAIN U BKJIOYAIN B TPOTHOCTHYE-
CKYIO MOJIeNTb LIKAJbI, padpaboTantbie s il ¢ [I1:
Yatinga — Tioprkorra — IInio, MPSRS, VOCAL-Penn,
nngekc MELD. bBasoByio (yHKIMOHATBHYIO aKTHB-
HOCTb OIIEHMBAJIN COTJIACHO WHeKcy baprema [15],
OllEHKA HYTPUTHBHOIO CTAaTyca OCYIIECTBJISIACH
HAa OCHOBAHUW KPATKOW IIKAJBI OIEHKH ITUTAHIS
(Mini Nutritional assessment, MNA) [15]. B kaue-
CTBe WHCTPYMEHTA MPOTHO3MPOBAHUS HUCIOJb30BAHBI
aBTOMATHU3UPOBAaHHbBIE HelipoHHbIe cetn Data mining
makeTa Statistica [16].

PeByJII)TaTI)I HCCJaeJ0BaHUSA

Jaruukom cayvaitapix uncen 90 GOJTBHBIX ObLIH
pasjiesienbl Ha OOY4Yalol[ylI0 U TECTOBYIO BBIOOPKH.
[IpoBenenHoOe WCCIEIOBaHME HA TECTOBOW BBIGOPKE
PO/IEMOHCTPUPOBAJIO, YTO B OTHOIIEHUH IIPEICKA3a-
HUSI PHCKA IOCJEONEePANNOHHBIX OCJIOKHEHWI Hau-
6oJiee BaXKHBIMU ObLIM CJEAYIONIMe MOKAa3aTe n: WH-
nekc MELD n mkama MPSRS, uncio nepeneceHHbIX
panee juruposanuii BPBII u (mwmm) TBIIII; napa-
MeTPbl HYTPUTUBHOIO CTaTyca MAIMEHTOB M OCOGEH-
HOCTU >KEBATEJbHOTO anmapara — JaHHble KPaTKOii
mkanpr  turanus  (Mini Nutritional —assessment)
[16], coornomienue Tasust/6eapa, OKPYKHOCTb OH-
nerca u Oeqep, OTCYyTCTBUE 3yOOB; BpEIHbBIE IPH-
BBIYKU YHCJI0 BBIKYPUBAEMBIX CHTApeT B CYTKIH;
JIAHHbIe OMOXMMUYECKOTO W KJINHUYECKOTO AHAJIN30B
KPOBH — CKOPOCTb OCeJaHMs SpUTPOLUTOB (MM 1uac),
remorsio6un (r/n1), npamoii 6uanpy6un (MKMosb,/ 1),
MoueuHa (MMosb/ 1), ambGymun (r/71); mapaMerpbl
KauectBa xuszuu [18]: obiee 310poBbe, husznvyeckoe
COCTOSIHIE, 9MOIMOHAJIBHOE COCTOsTHuE B Gajiax.
[Tnomans mogq ROC-kpuBoii /11 T€CTOBOI BBIOOPKH
cocraBusia 0,98, 4To xapakrepusyer CBONCTBA MOJeJN
MIPOTHO3a TOCJEONEPAMOHHBIX OCTOKHEHUN KAaK BbI-
cokie. UyBCTBUTEJNBHOCTD M CHEIM(PUIHOCTD MOIETN
Ha TecToBOI BbIGopke coctasman 100 u 92,593 %.

B orHomenun mnpeackasaHus PUCKA JI€TAIHHOTO
nucxojga HamboJiee BAKHBIMU OKA3aJUCh CJEYIOIINe
nmokasartenn: mkaiapl Yafinga — Tiopkorra — Ilbio
n VOCAL-Penn, ungexc MELD; napamerpst 6a30B0oit

dyukumonatbHoil aktusHocTu (MHAEKC Bapresa [15])
1 HYTPUTHBHOTO CTaTyca NarueHToB (CHMKeHne Mac-
CBI TeJTa 3a TMPOTLIBIN IO/l B KUJIOTPpaMMaX, OTCYTCTBUE
3y60B), umcyio aranos gurnposanus BPBII; Bpeamnbie
MPUBBIYKA — KOJHUYECTBO BBIKYPHBAEMbBIX CHUTApeT
B CYTKHU W [ITUTETHbHOCTh aHAMHE3a KypPeHUs; JaHHbIe
OMOXMMUYECKOTO U KJIMHUYECKOTO aHAIN30B KPOBH —
sputporutsl (x10'2/1), remormo6un (r/m), TpoMGo-
1uthl (x10%), ypoBeHb TII0KO3bI HaTomaK (MKMOJIb/ 1),
amp6ymun (r/ 1), xommuacrepasa (Ex/m), kpeatnuun
(MKMomb,/ 1), MoueBuHa (MMOJIb/J1), acmaprar aMu-
norpancdepasa (Ex/m1), 6manpy6un obmmit n nps-
Mot (Mrmoub,/1). Ilnomanp nog ROC-kpusoii pasHa
0,981, uTo xapakTepusyeT MPOTHOCTUYECKHE CBOMCTBA
MoJield KakK BbICOKHe. Bce GobHBIE € JI€TATbHBIM
ucxogoM um 6e3 neramproro ucxoma (100 %) Obum
MPaBUIbHO KJaaccuduimpoBanpl. UyBCTBUTENBHOCTD
U CTIeTM(PUIHOCTD MOJEJN HAa TeCTOBOW BBIOOPKE CO-
crapuu no 100 %.

[To pesyabraTaM TPOBEIEHHOTO HWCCIEJOBAHUS
OBLIN CO3/IAHBI IBA KAJTBKYJISATOPA /LIS pacueTa pucKa
MOCIEOTIEPAITNOHHDBIX OCTOKHEHNN W PUCKA JIETATbHO-
ro ncxoma (puc.) y mamuenros ¢ III, moaseprummxcs
MaJIOMHBA3MBHBIM OTIEPATHBHBIM BMEIIATEThCTBAM.

Oocy:kaenne

B mnamem wuccreoBaHUU TIPOJIEMOHCTPUPOBAHDI
MPEUMYIIecTBa KOMIJIEKCHOTO MO/[X0/Ia, OCHOBAHHOTO
Ha MU. B mepBylo ouepeib 9TO MHAMBUIYAJIN3AINS
MPOTHO3a, TaK Kak ajroput™bl UM MOryT yuynTbhIiBaThH
BCE KJIMHUYECKHE OCOGEHHOCTH TIAIMEHTA, BKJIOYAS
nokasaresu  o6Iero m OGUOXMMUYECKOTO aHATU30B
KPOBM, 3THOJIOTHIO IUPPo3a (BUPYCHBIN, aJKOTOJIb-
HBI, CMEIIAHHBIA), COIyTCTBYIOIIME 3aG0JeBaHMsd,
napaMeTpbl KavecTBa KU3HM. lIpesiokeHHas HaMu
MPOTHOCTUYECKAST MOJIEIb MOXKET OOHOBJISATH MPOTHO3
M0 Mepe TOCTYIJIEHUs] HOBBIX JAHHBIX O COCTOSTHUH
o6cieryeMoro, 4to 06ecIevYnBaeT JAUHAMUYECKYTO
OIIEHKY PHCKA [IJIST Ka’K/IOTO KOHKPETHOTO TaIMeHTa;
MOJIydYeHHbIe HAMH PEe3YJbTaTbhl COBIIAJAIOT C JIAHHDI-
mu sureparypbl [17—19]. B wactHoctn, nccienosanue
G. Zhang et al. [19] ¢ ucnombpzoBannem MU mpose-
MOHCTPUPOBAJIO, YTO PAHHSS [UATHOCTUKA MIUHUMAJh-
HOIl 1eYeHOYHON dHIIedaTONaTuN O3BOJISIET BOBPEMs
HavaTh JedyeHne U CHU3UTb PUCKU KJINHUYECKU 3HAUYU-
MBIX OCJOKHEHU. BaskHO TOMYepKHYTb, YTO IMPOBE-
JIEHHBINT HAMM aHAJIN3 KJIMHUYECKUX U JaGOPATOPHDIX
nokasareJseil MO3BOJISIeT TIPOTHO3MPOBATL Pa3BUTHE
MOCJIEOTIEPAIIMOHHDBIX  OCTOMKHEHWIH /0 MX KJIUHUYe-
cKoll MaHudecraiuu.

Ha ocHoBanuu pa3paboTaHHOI HEHPOCETEBOU MPO-
THOCTUYECKON MOJeJIn HaMU MHPEJIOXKEH aJITOPUTM
TAKTUKK TJIAHOBOTO XUPYPrHYECKOTO JIEYEHUs TIallu-
entoB ¢ III1. Corsacuo jannomy aaroputmy GoJibHbIe
C OTCYTCTBYeM PHCKa MOCJEONepPAInOHHBIX OCJIOXK-
HEHWIT M JIeTATbHOTO MCXO0/la MOTYT OBITb IPOOTIEPH-
pPOBaHbI TOCJE KPATKOCPOYHOH MpejoneparmoHHOn
MO/JITOTOBKM; TIPU HAJIUYMKM PHUCKA IIOCTEONEPAIIOH-
HBIX OCJIOXKHEHW, HO OTCYTCTBUU PUCKA JIETATHHOTO
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Pucynox. Kanpryasatop /Ui pacueTa PUCKA TOCTEOTIEPAIIMOHHDBIX OCAOKHEHWI W PHUCKA JIETAJIbHOTO UC-
X0Jla y TAIMEeHTOB C IUPPO30M IeYeHH, TIOJBEPIIINXCsS MAJONHBABUBHBIM OIIEPATUBHBIM BMEIIATETbCTBAM:!
MELD — Model for End-Stage Liver Disease; ASA — American Society of Anesthesiologists; Mayo —
Mayo Postoperative Surgical Risk Score; VP — VOCAL-Penn (Veterans Outcomes and Costs Associated
with Liver Disease); mosoxkenue B ceMbe — ceMeiinoe nmosoxenne (GKeHat/3aMysKkeM, pasBe/ieH/ pasBe/ieHa,

nposkuBaer oaun/oxna); KK — kauectBo skusHu

Figure. Calculator for calculating the risk of postoperative complications and the risk of death in pa-
tients with liver cirrhosis who underwent minimally invasive surgery: MELD — Model for End-Stage Liver
Disease; ASA — American Society of Anesthesiologists; Mayo — Mayo Postoperative Surgical Risk Score;
VP — VOCAL-Penn (Veterans Outcomes and Costs Associated with Liver Disease); 1mosoxeHme B ceMbe —
marital status (married, divorced, living alone); K)K — quality of life

MCXO/a TIAIMEHT HYKIAeTCS B aKTUBHOM, MaTOTEHETH-
YecKr 060CHOBAHHON TIPE0IIEPAIINOHHOI TO/ITOTOBKE.
B atoM ciydae B COOTBETCTBUM C HAITMOHATHHBIMU
KJIMHUYECKMMU pekoMenaiusiMu [ 1] Haznavaercst Mo-
YeroHHasg Tepamusi, CBOEBPEMEHHO JIMATHOCTHPYIOTCS
" KOPPEKTUPYIOTCS 3JEKTPOJUTHbBIE HAPYIIEHUS, OCY-
MIECTBISAIOTCS TPOPUIAKTIHKA W JeYeHre MeYeHOTHOI
sHIlepaonarny, MPOBOAATCS TOUCK W MeJINKaMeH-
TOo3HasA Tepamus WHQEeKINoHHbIX ocnoxHermit 1111,
npoduraktuka kpoBoreuenuii 3 BPBII, xkoppekius
HYTPUTUBHOTO cTaryca. B mocmemyiomeM TpOrHOCTH-
YecKue TIOKA3aTesJn y TaKOTO TallieHTa MOTryT ObITh
nepecMoTpenbl. [Ipu BBICOKOM PHCKe TOCJeorepau-
OHHBIX OCJOKHEHUN M JIeTaabHOrO HCX0/a OOJbHON
HY/KJIA€TCA B MaTMATUBHON moMonu n(uam) MosKeT
OBITHb BKJIOUEH B JIMCT OKHUIAHUS TPAHCILIAHTAIUN
nedern. [lomydeHHble HAMM pe3yJabTaThl COBHAAAIOT
¢ manabiMu M. Bhat et al. [20], coriacto xKotopbiM
cucTeMbl, ocHOBaHHbIe HAa VU, MOryT aHa/am3mpoBarhb
JIMHAMUKY [JI0- W TOCJIEONepPaIMOHHbIX TOKa3aTesei
(yposenb Guimpy6uHa, KpeaTWMHWHA, HAJTUYME HHILE-
(pastonaTum) 18 CBOEBPEMEHHON KOPPEKIMN T€PAIu
1 MPO(MIIAKTHKU OCJIOKHEHUI.

HemamoBaskubiM (hakTOM SBJISETCS TO, UYTO MeEp-
COHAJTM3UPOBAHHbBIE TMPOTHOCTUYECKUE MOJIEJNU, I0-
CTPOEHHbIE C WCHOJb30BAHUEM METOO0B MAIMHHOTO

0o0y4YeHHs, MOTYT BBISBJSATD CJOKHBIE B3aUMOCBS3N
MeKy mapamerpamu. B wactHocTH, HaMu ObLia PO-
JIEMOHCTPUPOBAHA CUJIbHAS KOPPEJIAINS MEX/IY MOKa-
3aTeJISIMU HYTPUTUBHOTO CTATyca MAIMEHTOB U PUCKOM
MTOCJIEOTIEPATIMOHHBIX OCTOKHEHWI 1,/ WM JIETATbHOTO
ncxoza. IlpeacraBieHHble HaMU JaHHbBIE MOATBEPIK/IA-
0T MHEHUE O TOM, 4YTO PaHHssS JAMATHOCTHKA M KOp-
PeKIs  OeJIKOBO-9HEPTEeTHYECKON HEAOCTATOYHOCTH
U CApKOMEHWW MOTYT 3HAYUTEJbHO CHU3UTH PHUCKH
oriepaIii u yJaydiuTh BbiKUBaeMocTh [5]. M3BecTHO,
yto MajbHyTpunms y mnamumeHTto c¢ IIII moxer mo-
BBIIIATh PUCK WH(MEKIIMOHHBIX OCJOKHEHUN 3a cyer
CapKOIIEHUN W THNOATbOYMUHEMUHU, CIOCOOCTBYET
Pa3BUTUIO KPOBOTEUEHU U HAPYIIEHUIO PereHepannu
TKaHell 3a cuer aedurmra Butammua K u rumnomnpo-
tenHeMun [21], MOBBINIAE€T PUCKH MEYEHOUHOI HeI0-
CTATOYHOCTH B CBS3W CO CHIDKEHHEM [eTOKCHUKAIUU
aMMuaka Mbiramu [22].

BMmecte ¢ TeM T1poBe/ieHHOE HaMU HCCJIENOBA-
HUe WMeeT Psii orpaHnueHuii. KoMIiuiekcHas oreH-
Ka  KJUHUYEeCKUX, JabopaTOpHBIX  TOKaszaTeei
U TlapaMeTpPOB KadecTBa JKU3HU BO3MOXKHA TOJIb-
KO TIPU IIJIAHOBBIX OINEPATUBHBIX BMeENIATENbCTBAX
U He TPUMEHNMAa B 9KCTPEHHON Xupypruu. B HamreMm
WUCCIeIOBAHUM TIPeJICTaB/IeHa HeOoJIbIas BbIOOPKA,
paspaGoTaHHasi PEUMYIIECTBEHHO JIJisi  Olepalui,
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HAIPaBJICHHBIX Ha KOPPEKIMIO OCTOXKHEHUN MOpPTasb-
HOW rumnepreHsnun — JurnpoBanne BPBII n TBIIIII.
[IporHocTuveckast IIEHHOCTb Pa3pabOTAHHBIX HAMU
KaJbKYJISATOPOB IOJKHA OBITh OTIeHEHA B OTHOIIECHWH
JIPYTUX BU/IOB OIIEPATUBHOIO JIEYEHUS Y 3TOTO CIOKHO-
TO KOHTUHTEHTA GOJIbHBIX, TAKUX KaK JIAMAPOCKOIIYe-
CKasl XOJICIUCTIKTOMNUS, TePHUOIJIACTHKA, OTKPBIThHIE
abIOMUHAbHBIE BMEIIATETbCTBA, KapINOJOTHIECKNe,
COCY/IUCTBIE, TOPaKaJbHble, OPTOIEIUYecKHe oIlepa-
1MW, YTO MOXKET CTaThb TeMOH /s JaTbHeHImnX Wc-
caenoBanmii. CiezryeT IOAYEPKHYTh, 4YTO paspada-
ThIBaeMble c mcnoJb3oBanneM I mporroctnueckne
MOJIe/In — 3TO WHCTPYMEHT IIOJJIEP’KKHU, a He 3aMeHa
sKcrieptHoro pentenusi. U o6pabaTbiBaeT jlaHHbIE
U BBISABJISET CKPBITble 3aKOHOMEPHOCTH, a OIEepUpy-
O XUPYPT, ONMUpasch HA HAIMOHAJbHbBIE KJINHU-
YyecKre PEeKOMEH/AINH, OIbIT ¥ KJINHUYECKOe MBbIIILIe-
HUe, TIPUHUMAaeT OKOHYATeJbHOE PeIleHye.

3akaoueHue

WnTterpaimss MaJOWHBA3WBHBIX TEXHOJOTHUH KOP-
PEeKINU OCJOKHEHWH MOPTaJbHON TUIIEPTEH3UN U TTPO-
THOCTUYECKIX MO/IesIeid, CO3/[aHHbIX Ha OCHOBaHUH Ma-
HNIMHHOTO OGyY€eHUsI, OTKPbIBAET HOBbIE BO3MOXKHOCTH
B YJIYUIIEHUH UCXO/I0B XUPYPrUUECKUX BMENIATENbCTB
y nanuentoB c¢ I[II. CoBpeMeHHbIe aJIrOpUTMbI, Pa3-
paborannble ¢ yuactueM VU, mo3BosioT 00beIMHATD
TPAAMUIINOHHDIE TPOTHOCTUYECKIE MIKAJIbI ¢ KOMILJIEKC-
HBIM QHAJTM30M KJIWHUYECKUX, OMOXMMUYECKHUX Tia-
paMeTpoB W IOKazaTesiell KauecTBa SKM3HU M 3a CYET
MHTETPAJBbHOTO TOJX0/Ia TOBBICUTH TPOTHOCTHYECKHE
cBoiicTBa paspabarbiBaeMbixX Mojeseii. CoBpeMeHHble
MTPOTHOCTUYECKNE MOJIEJN MPEeyCMaTPUBAOT [NMHAMU-
YeCKUl MOHUTOPHUHT JaGOPATOPHbIX ¥ (DYHKIMOHAIb-
HBIX TTOKa3ateJieil.
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Artificial Intelligence in Predicting Risks
of Surgical Interventions in Patients
with Liver Cirrhosis
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Aim: to develop neural network predictive model for the risk of postoperative complications and mortality in patients
with liver cirrhosis undergoing minimally invasive surgical interventions.

Material and methods. Surgical interventions were performed on 90 patients with liver cirrhosis to correct com-
plications of portal hypertension (ligation of esophageal varices (n = 57), transjugular intrahepatic portosystemic
shunting (n = 6)) and for surgical treatment of comorbid conditions (n = 30). Two operations were performed
on three patients during a single hospitalization. Mortality was 2.2 %, and postoperative complications were iden-
tified in 16 (17.8 %) individuals. For all patients, internationally recognized scales developed for patients with liver
cirrhosis were calculated and included in the predictive model: Child — Turcotte — Pugh, MELD, Mayo Postoperative
Surgical Risk Score, and VOCAL-Penn. Using automated neural networks and the Data Mining package in Statistica,
comprehensive models for predicting surgical complications and mortality were developed.

Results. Comprehensive predictive models were created, incorporating the assessment of clinical, biochemical pa-
rameters, and quality of life indicators, which possess high predictive value. Based on these models, two calculators
were proposed for calculating the risk of postoperative complications and mortality in patients with liver cirrhosis.
Conclusion. The integration of minimally invasive technologies for correcting complications of portal hypertension
and predictive models developed through machine learning opens new possibilities for improving the outcomes
of surgical interventions in patients with liver cirrhosis.
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MUcKyCcCTBEHHbI MHTENNEKT B NPOrHO3MPOBaHUU PUCKOB XMPYPru4ecKux

BMeLwaTesnibCTB y NaumeHToB C LUPpPOo30M nevyeHn

H.B. KopouaHckasa'?*, B.M. dypnewTtep'?, M.A. BaceHko'?, [1.C. Mypatuko'?, A.A. XanagpaH®

T Prb0Y BO «KybaHckuii rocynapcTBeHHbIM MeauumMHCKuA yHuBepcuteT» MuHucTepcTBa 3apaBooxpaHeHns Poccuiickori
benepaumm, KpacHonap, Poccuiickas Penepauysi

2BY3 «KpaeBas knuHudeckas 6osbHuLa Ne 2» MuHucTepcTea 3apaBooxpaHeHus KpacHoaapckoro kpas, KpacHogap, Poccurickas
benepauus

3 @rb0Y BO «KybaHckuii rocyaapCcTBeHHbIV yHuBepcuTeT», KpacHoaap, Poccurickas denepaums

Llenb: co3patb HEMPOCETEBYIO NPOrHOCTUYECKYIO MOENb PUCKA MOCNEONEPALMOHHbBIX OCNOXHEHWN 1 NETaNbHO-
CTW Y NALMEHTOB C LUPPO30M MEYEHUN, MEPEHECLUNX MaSIOMHBA3UBHbIE XMPYPrYeCKMe BMELLATENbCTBRA.
MaTtepuan n metoabl. Y 90 naumMeHToB C LMPPO30OM NEYEHN BbINOSIHEHLI ONEPaLLMN, HANPaBAEHHbIE HA KOPPEKLMIO
OCJIOXXHEHWNI NOPTabHOM FIMNEPTEH3UN (TIUTMPOBaHNE BAPUKO3HO PACLUMPEHHbIX BEH NuLLeBoga (n = 57), TpaHCh-
IOrynsipHOEe BHYTpUNeYeHOYHOe NOPTOCUCTEMHOE LLUYHTMPOBaHME (n = 6)) 1 Xxupypruyeckoe nevyeHme KoMopobuagHom
natonorun (n = 30). Tpem naupeHTam ObIsI0 BbINOSHEHO ABE onepawlum B Te4eHre ogHoM rocnutanmaauuu. Jletanb-
HOCTb cocTaBuna 2,2 %, nocneonepaumoHHbIE OCNOXHEHUS BbiiBAEHbI Y 16 (17,8 %) yenosek. Y Bcex nauneHToB
paccy1TbIBaIM 1 BKIOYAIY B MPOrHOCTUYECKYO MOAESb LUKanbl, pa3paboTaHHbIe 15 MALUUEHTOB C LIMPPO30M rneye-
HW 1 NPUBELEHHBIE B KITIMHNYECKNX PEKOMEHAALMAX: WKany Yannaa — TiopkoTta — MNblo, MOAENb AJ19 OLEHKM TEPMU-
HaslbHOM cTaguu 3aboneBaHnin neveHn (MHaekc MELD), a Takxke LiKanbl, NpeaioXeHHble A1 OLLEHKM pUCKa XMpyp-
rMYECKNX BMELLATENLCTB Y MALMEHTOB C LMppo3om neveHn (Mayo Postoperative Surgical Risk Score, VOCAL-Penn).
C 1cnonb3oBaHMEM aBTOMATU3NPOBAHHbBIX HEMPOHHbLIX ceTen Data mining naketa Statistica nocTpoeHbl koMmnnekc-
Hble MOLENN NMPOrHO3a XNPYPrnYECKMX OCIOXHEHWIA U TIETANIbHOCTH.
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PesynbraTbl. Co30aHbl KOMMIEKCHbIE MPOrHOCTUYECKME MOAENN, BKIIOYAIOLLME OLEHKY KJIIMHUYECKUX, Broxmmmye-
CKUMX MnokasaTtenen 1 napameTpoB KayecTBa XU3HW, 061a0aloLye BbICOKOW NMPOrHOCTUYECKOWN LIEHHOCTbIO, Ha OCHO-
BE KOTOPbIX NPEOJIOKEHbI ABa KabKyaTOpa A1 pacyeTa pucka nocaeonepaumioHHbIX OCIOXKHEHW 1 NEeTasIbHOrO
1“cxoda y NauMeHToB C LMPPO30M nedeHn. [Ing npeackasaHus pucka nocieonepaumoHHbIX OCIOXHEHNN Hanbo-
Jlee 3Ha4YMMbIMM OKa3anuchb crneaylowme nokasatenu: nigekcel MELD 1 Mayo Postoperative Surgical Risk Score,
YMCNO MEPEHECEHHbIX PAHEE NNTMPOBAHUI BAPMKO3HO PACLUMPEHHbIX BEH NULLLEBOAA U TPAHCBLIONYNSPHbBIX BHYTPU-
MEYEHOYHbIX MOPTOCUCTEMHBIX LUYHTUPOBAHWN, NapaMeTpbl HYTPUTUBHOIO CTaTtyca NauneHTOB, KYPeHUE, OaHHbIe
OMOXUMNYECKOTO U KIIMHUYECKOro aHa/IM30B KPOBW, NOKa3aTev KauecTBa XU3HW NaumMeHToB. s npeackasaHus
pucka netTanbHOro NCxoda NPOrHOCTUYECKOEe 3HaYeHne nmenu: wkanel Yamnga — TopkotTta — Mbto, VOCAL-Penn,
nHaekc MELD, napameTpbl 6a30B0i GyHKLIMOHAIbHOW aKTUBHOCTU Y HYTPUTMBHOMO CTaTyca nalMeHToB, YMCO 3Ta-
MOB JINTMPOBAHNS BAPMKO3HO PACLUMPEHHBLIX BEH MULLEBOLA, KOJIMYECTBO BbIKYpPMBAEMbIX CUFrapeT B CYTKMU N OJIN-
TeJIbHOCTb aHaMHe3a KyPeHUst; AaHHble OMOXNMNYECKOr0 U KIIMHMYECKOro aHaIM30B KPOBW.

BbiBoabl. VIHTErpauys ManonHBa3MBHbLIX TEXHONOIMIA KOPPEKLUMN OCAOXHEHUI NOPTa/IbHON MMNEPTEH3UN U MPO-
rHOCTUYECKNX MOLENe, CO3AaHHbIX HA OCHOBaHWM MaLLMHHOIO 00Yy4€HMs, OTKPbIBAET HOBbIE BO3MOXHOCTW B YJy4-

LLIEHMN NCXOL0B XMPYPrn4eCKNX BMELLATESIbCTB Y NaLMEHTOB C LMPPO30M NeYeHN.
KnioueBblie cnoBa: LMppo3 neyeHu, NporHoCTU4ECK1e MoLENN, MaJIONHBA3MBHbLIE XMPYPrnyeckme BMeLLaTebCcTea
KoHdnukT uHTEepecoB: aBTopbl 3as8BASI0OT 06 OTCYTCTBUN KOHMNNKTA NHTEPECOB.

Ana uutupoBanusa: KopoyaHckasa H.B., dypnewTtep B.M., baceHko M.A., Mypawko [.C., XanadsH A.A. ICKYCCTBEHHbIN NHTEN-
JIEKT B MPOrHO3MPOBaHNN PUCKOB XMPYPrnYeCcKuX BMELLATENbCTB Y NaUMEHTOB C LMPPO30M NeveHn. POCCUMCKNIA XKypHas racTPO3H-
Teponorum, renatonoruu, kononpoktonorun. 2025;35(6):42-49. https://doi.org/10.22416/1382-4376-2025-35-6-42-49

Introduction

Liver cirrhosis (LC) is a diffuse process char-
acterized by fibrosis and transformation of the
normal liver structure with the formation of
nodules; the life prognosis of patients with LC
largely depends on the development of its com-
plications [1]. According to global epidemiolog-
ical data [2, 3], 112 million patients worldwide
have compensated LC, and 10.6 million have de-
compensated LC. Over the past few decades, the
number of such patients has steadily increased,
which has logically led to an increase in the num-
ber of people suffering from LC and requiring
various types of planned and emergency surgi-
cal interventions. One of the main problems in
managing such patients is the high risk of devel-
oping complications during surgeries, including
minimally invasive ones, such as endoscopic li-
gation of esophageal varices (EVL), transjugular
intrahepatic portosystemic shunting (TIPS), and
surgical treatment of comorbid pathology. In this
context, artificial intelligence (AI) and minimal-
ly invasive technologies open new possibilities
for personalized prediction and reduction of post-
operative risks.

The Child — Turcotte — Pugh scale remains
the main tool for risk stratification in patients
with LC, taking into account parameters such
as bilirubin levels, albumin, prothrombin index,
and the presence of ascites and hepatic enceph-
alopathy [4, 5]. The Model for End-Stage Liver
Disease (MELD) is based on objective and easily
determined laboratory components [6]. Initially,
it was proposed for predicting three-month mor-
tality after TIPS, but subsequently, it was shown

that this index has predictive value for a number
of surgical interventions [7]. It should be em-
phasized that there are no unified criteria for the
predictive value of MELD for different types of
surgical operations.

Among the specific surgical predictive scales
for patients with LC, the Mayo Postoperative
Surgical Risk Score (MPSRS) is most often used,
which includes MELD indicators, age, American
Society of Anesthesiologists (ASA) class, assess-
ment of LC etiology, and is aimed at predicting
death in patients with LC within 7, 30, 90 days,
1 year, and 5 years after surgery [8]. This scale
was developed during a retrospective study by
S.H. Teh et al. [8], which included 772 patients
with LC who underwent various surgical inter-
ventions (586 people underwent digestive sys-
tem surgeries, 107 patients underwent orthope-
dic surgeries, and 79 underwent cardiovascular
surgeries). In a later study, N. Mahmud et al.
[9] reported a decrease in the predictive value
of MPSRS over time due to the development of
minimally invasive surgical technologies, opti-
mization of anesthetic support and drug therapy,
and advances in patient selection for planned sur-
gical treatment.

To overcome the limitations of the Child —
Turcotte — Pugh and MPSRS scales and the
MELD index, in 2021, N. Mahmud et al. [9]
proposed a new predictive scale for patients with
LC who have undergone surgical interventions,
excluding liver surgeries. The VOCAL-Penn
scale was developed based on a multicenter ret-
rospective study, Veterans Outcomes and Costs
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Associated with Liver Disease (VOCAL), which
included 3,785 patients with LC who underwent
various types of surgeries (on the anterior abdom-
inal wall, vascular, abdominal, cardiac, thoracic,
or orthopedic). The scale takes into account the
patient’s age, preoperative albumin, bilirubin,
platelet count, type of surgery, urgency of indi-
cations for surgical interventions, data on non-al-
coholic fatty liver disease, ASA class, and obesity
(body mass index > 30). This scale is aimed at
predicting mortality at 30, 90, and 180 days after
surgery. Based on the internal validation con-
ducted by the authors, it was demonstrated that
this scale has greater predictive value compared
to CTP, MELD, and MPSRS [9, 10]. Further
validation of this scale was conducted in other
patient populations in the United States, Spain,
and Germany [10—12]. Despite the fact that the
VOCAL-Penn scale is a step forward in more ac-
curate prediction of postoperative risks, it has a
number of limitations: the study mainly included
men with a high level of psychosocial comorbid
diseases, mostly these were individuals with low
MELD scores and class A cirrhosis according
to the CTP scale (88.3 %). One of the recent
European studies using the VOCAL-Penn scale
demonstrated a decrease in the prognostic value
of this scale in patients with diabetes mellitus,
without clinical manifestations of portal hyper-
tension, in individuals who underwent emergency
surgical interventions and surgeries on the anteri-
or abdominal wall [11].

All the considered predictive scales include a
limited set of indicators. At the same time, in
patients with LC, postoperative complications
develop as a result of the interaction of sever-
al pathogenetic mechanisms associated with liver
failure (decreased synthesis of albumin, clotting
factors, impaired drug metabolism), portal hyper-
tension (increased risk of bleeding, ascites, spon-
taneous bacterial peritonitis), immunosuppres-
sion (increased susceptibility to infections), renal
dysfunction (risks of developing hepatorenal syn-
drome), and metabolic disorders (hypoglycemia,
electrolyte imbalance) [13]. Traditional predic-
tion methods (e.g., Child — Turcotte — Pugh
scale and MELD index) do not take into account
all aspects of surgical stress, which makes it nec-
essary to introduce a comprehensive approach to
risk assessment.

Neural networks can overcome the existing
limitations of current predictive scales in pa-
tients with LC: they are capable of processing
large volumes of multidimensional data and in-
tegrating hundreds of clinical, laboratory, and

instrumental parameters, identifying complex
nonlinear relationships, and can continuously
improve their predictive characteristics (accura-
cy of predicting postoperative complications and
mortality) as new data becomes available [14].

Aim: to create a neural network predictive
model for the risk of postoperative complications
and mortality in patients with liver cirrhosis who
have undergone minimally invasive surgical in-
terventions.

Material and methods

A prospective longitudinal cohort study was
conducted at the Regional Clinical Hospital No. 2
of the Ministry of Health of Krasnodar Territory
from 2021 to 2024, including 90 patients with
LC aged 28 to 64 years (51 men and 39 women),
who underwent surgical interventions aimed at
correcting complications of portal hypertension
(ligation of esophageal varices (n = 57), TIPS
(n = 6)) and surgical treatment of comorbid pa-
thology (cholecystectomy, hernioplasty (n = 30)).
Twenty (35.1 %) patients underwent 1 stage of
EVL, 19 (33.3 %) underwent 2 stages of ligation,
13 (22.8 %) underwent 3 stages, 4 (7.0 %) under-
went 4 stages, and 1 (1.8 %) patient underwent
5 stages of ligation. Two individuals underwent
repeated TIPS due to recurrent bleeding 5 and
18 months after the first surgery. Three study
participants underwent two surgical interven-
tions during one hospitalization. The majority
of patients had viral liver damage (34 (37.8 %)
individuals), alcoholic (14 (15.6 %) patients),
and mixed viral and alcoholic (19 (21.1 %) pa-
tients) LC. Before the surgical intervention,
10 (11.1 %) individuals were diagnosed with Class
A LC according to Child — Turcotte — Pugh,
52 (57.8 %) patients had Class B, and 28 (31.1 %)
individuals had decompensated L.C. The observa-
tion period in the postoperative period was at
least one year. The study protocol was approved
by the Independent Ethics Committee of Kuban
State Medical University on November 29, 2021,
No. 139.

Mortality in this group was 2.2 % (2 people
died within the first 30 days of hospitalization).
A 57-year-old patient died during the 10th hos-
pitalization in the surgical department from
recurrent bleeding after EVL, progression of
hepatorenal syndrome. The second deceased pa-
tient, aged 45, was hospitalized in the surgical
department for the 7th time; he had a histo-
ry of 5 stages of EVL and a performed TIPS.
The cause of death was recurrent bleeding from
esophageal varices, which could not be stopped
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conservatively; an attempt at ligation at the
height of bleeding was ineffective, and liver and
then multiple organ failure progressed. Both de-
ceased patients were on the liver transplant wait-
ing list. Postoperative complications developed
in 16 (17.8 %) patients and included hepatorenal
syndrome (n = 2), progression of hepatic enceph-
alopathy (n = 4), recurrent bleeding from esoph-
ageal varices (n = 4), recurrent ascites (n = 4),
intestinal obstruction (n = 1), incarceration of an
umbilical hernia (n = 1), TIPS thrombosis (n = 1),
venous thrombosis (n = 2). Each patient could
have two or more postoperative complications.
During dynamic observation of patients, 109 clin-
ical, laboratory, and morphological indicators, as
well as quality-of-life parameters, were taken into
account. For all patients, scales developed for in-
dividuals with LC were calculated and included in
the predictive model: Child — Turcotte — Pugh,
MPSRS, VOCAL-Penn, and MELD. Baseline
functional activity was assessed according to the
Barthel Index [15], and nutritional status was as-
sessed based on the Mini Nutritional Assessment
(MNA) [15]. Automated neural networks from the
STATISTICA Data Mining package [16] were used
as a prediction tool.

Results

Using a random number generator, 90 patients
were divided into training and test samples. The
study conducted on the test sample demonstrated
that the following indicators were most import-
ant for predicting the risk of postoperative com-
plications: MELD and MPSRS, the number of
previously performed EVLs and/or TIPS; param-
eters of patients’ nutritional status and features of
the masticatory apparatus — data from the Mini
Nutritional Assessment (MNA) [16], waist-to-hip
ratio, biceps and thigh circumference, absence of
teeth; harmful habits — the number of cigarettes
smoked per day; data from biochemical and clini-
cal blood tests — erythrocyte sedimentation rate
(mm,/hour), hemoglobin (g/L), direct bilirubin
(umol /L), urea (mmol /L), albumin (g/L); qual-
ity-of-life parameters [18]: general health, physi-
cal condition, emotional state in points. The area
under the ROC curve for the test sample was
0.98, which characterizes the properties of the
postoperative complication prediction model as
high. The sensitivity and specificity of the mod-
el on the test sample were 100 % and 92.593 %,

respectively.
For predicting the risk of mortality, the
following indicators were most significant:

Child — Turcotte — Pugh and VOCAL-Penn

scales, MELD; parameters of baseline function-
al activity (Barthel Index [15]) and nutrition-
al status of patients (weight loss over the past
year in kilograms, absence of teeth), the number
of EVL stages; harmful habits — the number of
cigarettes smoked per day and the duration of
smoking history; data from biochemical and clin-
ical blood tests — erythrocytes (x 10'2/L), hemo-
globin (g/L), platelets (x 10%), fasting glucose
level (umol/L), albumin (g/L), cholinesterase
(U/L), creatinine (umol /L), urea (mmol /L), as-
partate aminotransferase (U/L), total and direct
bilirubin (umol/L). The area under the ROC
curve was 0.981, which characterizes the predic-
tive properties of the model as high. All patients
with a fatal outcome and without a fatal outcome
(100 %) were correctly classified. The sensitivity
and specificity of the model on the test sample
were both 100 %.

Based on the results of the study, two calcula-
tors were created for calculating the risk of post-
operative complications and the risk of mortali-
ty (Figure) in patients with LC who underwent
minimally invasive surgical interventions.

Discussion

Our study demonstrated the advantages of a
comprehensive approach based on AI. First and
foremost, this is the individualization of predic-
tion, as Al algorithms can take into account all
clinical features of the patient, including general
and biochemical blood parameters, the etiology
of cirrhosis (viral, alcoholic, mixed), comorbid
diseases, and quality-of-life parameters (QoL).
The predictive model we proposed can update the
prediction as new data on the patient’s condi-
tion becomes available, providing a dynamic risk
assessment for each specific patient; our results
coincide with literature data [17—19]. In partic-
ular, a study by G. Zhang et al. [19] using Al
demonstrated that early diagnosis of minimal he-
patic encephalopathy allows timely initiation of
treatment and reduces the risks of clinically sig-
nificant complications. It is important to empha-
size that our analysis of clinical and laboratory
parameters allows predicting the development of
postoperative complications before their clinical
manifestation.

Based on the developed neural network pre-
dictive model, we proposed an algorithm for the
management of planned surgical treatment of
patients with LC. According to this algorithm,
patients with no risk of postoperative compli-
cations and mortality can be operated on after
short-term preoperative preparation; if there is
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Figure. Calculator for calculating the risk of postoperative complications and the risk of death in pa-
tients with liver cirrhosis who underwent minimally invasive surgery: MELD — Model for End-Stage Liver
Disease; ASA — American Society of Anesthesiologists; Mayo — Mayo Postoperative Surgical Risk Score;
VP — VOCAL-Penn (Veterans Outcomes and Costs Associated with Liver Disease); mnososxenue B ceMbe —
marital status (married, divorced, living alone); K)K — quality of life

Pucynox. Kanbkyasatop st pacdera pUCKa MOCJIEONEPAIMOHHBIX OCJOKHEHUH M PUCKA JIETAJIBHOIO HC-
XO/la Y HAIUEHTOB C IUPPO30M MEYEHH, TOIBEPIIINXCS MAJTOMHBASUBHBIM OTEPATHBHBIM BMEIIATETbCTBAM:
MELD — Model for End-Stage Liver Disease; ASA — American Society of Anesthesiologists; Mayo —
Mayo Postoperative Surgical Risk Score; VP — VOCAL-Penn (Veterans Outcomes and Costs Associated
with Liver Disease); mojoxkeHune B ceMbe — ceMeiinoe nososkenne (sKeHaT/3aMy»keM, pasBeiieH/ pasBejeHa,

npokusaer oqun/onna); KK — xawectso sxusnm

a risk of postoperative complications but no risk
of mortality, the patient requires active, patho-
genetically justified preoperative preparation. In
this case, according to national clinical guide-
lines [1], diuretic therapy is prescribed, electro-
lyte disorders are diagnosed and corrected in a
timely manner, prevention and treatment of he-
patic encephalopathy are carried out, infectious
complications of LC are searched for and treated,
prevention of bleeding from esophageal varices
is performed, and nutritional status is correct-
ed. Subsequently, the predictive indicators for
such a patient can be revised. With a high risk
of postoperative complications and mortality, the
patient requires palliative care and/or may be
included in the liver transplant waiting list. Our
results coincide with the data of M. Bhat et al.
[20], according to which systems based on Al can
analyze the dynamics of pre- and postoperative
indicators (bilirubin level, creatinine, presence of
encephalopathy) for timely correction of therapy
and prevention of complications.

An important fact is that personalized predic-
tive models built using machine learning methods

can identify complex relationships between pa-
rameters. In particular, we demonstrated a strong
correlation between indicators of patients’ nutri-
tional status and the risk of postoperative com-
plications and/or mortality. Our data confirm
the opinion that early diagnosis and correction
of protein-energy deficiency and sarcopenia can
significantly reduce surgical risks and improve
survival [5]. It is known that malnutrition in
patients with LC can increase the risk of infec-
tious complications due to sarcopenia and hypo-
albuminemia, contributes to the development of
bleeding and impaired tissue regeneration due to
vitamin K deficiency and hypoproteinemia [21],
and increases the risks of liver failure due to re-
duced detoxification of ammonia by muscles [22].

At the same time, our study has a number of
limitations. A comprehensive assessment of clini-
cal, laboratory parameters, and QoL indicators is
only possible for planned surgical interventions
and is not applicable in emergency surgery. Our
study presents a small sample, developed mainly
for surgeries aimed at correcting complications
of portal hypertension — EVL and TIPS. The
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predictive value of the calculators we developed
should be assessed for other types of surgical treat-
ment in this complex patient population, such as
laparoscopic cholecystectomy, hernioplasty, open
abdominal interventions, cardiac, vascular, thorac-
ic, and orthopedic surgeries, which could be the
subject of further research. It should be empha-
sized that predictive models developed using Al
are a support tool, not a replacement for expert
decision-making. Al processes data and identifies
hidden patterns, while the operating surgeon, rely-
ing on national clinical guidelines, experience, and
clinical thinking, makes the final decision.

Conclusion

The integration of minimally invasive technol-
ogies for correcting complications of portal hy-
pertension and predictive models created using
machine learning opens new opportunities for im-
proving the outcomes of surgical interventions in
patients with LC. Modern algorithms developed
with the participation of AI allow combining
traditional predictive scales with a comprehen-
sive analysis of clinical, biochemical parameters,
and QoL indicators, and through an integral ap-
proach, increase the predictive properties of the
developed models. Modern predictive models
provide dynamic monitoring of laboratory and
functional indicators.

Perioperative assessment of patients’ nutri-
tional status with subsequent individualized
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OHAOCKOIINYECKast HEKPCEKBECTPIKTOMMUSI
IIPY HTHPUIIMPOBAHHOM OTTPAHUYEHHOM
IIAHKPEOHEeKpOo3e (CUuCTeMaTUu4YeCKUU
0030p U MeTaaHaAN3)

/1.B. Uepnannes, 1.I'. Hockos*, B.I. ®uancroBud

DI'BEOY BO «Kpacnospckuil 20cydapcmeenuvlii MeOutunckuil ynueepcumem um. npogeccopa B.D. Bouno-Hceneyrxozos
Munucmepcmea 30pasooxpanenus Poccuiickou Dedepayuu, Kpacnosipex, Poccuiickas Dedepavus

Llenb: OLEHUTb KIIMHNYECKWIA YCMEX U YaCTOTY OC/IOXKHEHWNI 9HA0CKOMMYECKOW NO3TanHOM HEKPCEKBECTPIKTOMUN
NPy MUHPUUMPOBAHHOM OTrPaHNYEHHOM NaHKPEOHEKPO3€E Ha OCHOBE aHaIM3a COBPEMEHHbIX HAY4YHbIX MYOIMKaLMIA.
MaTtepuan n meTogbl. [1poBeaeH cuctemaTniyecknii 063op 1 metaaHanma 15 nccneposanuin (Bcero 869 naumeH-
TOB), ony6nkoBaHHbIX ¢ 2020 r., COOTBETCTBYIOLLMX COBPEMEHHbBIM CTaHAapTaM JieueHus. Kputepum BKIIOYEHUS:
PELIEH3VPYEMbIE OPUTMHASIbHBIE CTaTbW HA PYCCKOM UM @HITIMACKOM A3blkax, MOCBSALLEHHbIE 9HAO0CKOMNYECKOM
NMo3TanHOW HEKPCEKBECTPIKTOMUM Yepes3 TPaHCIIOMUHANIbHO YCTAHOB/IEHHbIA METaJINYECKUA CTEHT ANaMeTPOM
6onee 1 cM y NAUMEHTOB C NOATBEPXOEHHBIM MHOULMPOBAHHbLIM OTFPaHMYEHHbIM MaHKPEOoHEeKPOo30oM. Mcnonb3o-
BaslaCb MOAESb ClyyanHbIX 9DPEKTOB 419 METaaHanNn3a.

Pe3synbraTbhl uccnepoBaHua. CpenHeB3BELLUEHHbIM MokasaTesb KIMHMYECKOro ycrnexa 9HO0CKOMMYECKOM Mo-
aTanHown HekpcekBecTpakToMuu coctaBun 89,5 % (95%-Hbin poBepuTenbHbIn MHTepBan (95% AWN): 87,5-92,1 %).
Mpwn aToM Habnganack BbiCokas BapruabenbHOCTb Pe3ynbTatoB Mexay nccneposaHnamm (o1 61 oo 100 %) n 3Ha-
ynTenbHasa reTeporeHHocTb (2= 89,2 %). CpenHasa YacToTa ocnoxHeHnn coctasuna 18,8 % (95% AN: 12,5-25,1 %).
Haunbonee 4acTbiM1 OCNOXHEHUSIMU ObN: MUrpaums cteHTa (5,2 %), kpoBoTedeHue (3,9 %) n 06Typaumsa cteHTa
(2,1 %). AHan13 BbISIBM 3HAYUTENbLHYIO BapnabeslbHOCTb B KPUTEPUSX ONpeaeneHns KInHMYeCcKoro ycrnexa B pas-
HbIX UCCIIeA0BaHUSIX.

BbiBOAbI. DHOOCKOMMYEcKas noatanHas HEKPCEKBECTPIKTOMUS SABMSETCS BbICOKOI(PEDEKTUBHBIM METOOOM fe-
YeHNs MHPULMPOBAHHOIO OTFPaHMYEHHOrO NaHKPeoHekpo3a ¢ NpuemMsnemMbiM npodunem 6esonacHoctr. OgHako
OTCYTCTBME eOUHbIX CTaHAAPTU3NPOBAHHbBIX KDUTEPUEB KIIMHUYECKOrO YCrexa 1 BbICOKas reTeporeHHOCTb AaHHbIX
3aTPYOHSAOT CPaBHUTENbHBIM aHanM3. Onsa ynyylleHus kayecTBa nokasaTenbHoM 6a3bl Heobxoayma paspadoTka
YHUPULMPOBAHHbLIX OMPeaeNeHnin ycnexa 1 OCIOXHEHUIM, a Takke NpoBefeHne PaHAOMU3NPOBAHHBIX KOHTPON-
PYEMBbIX CCNEea0BaHNIA.

KnioueBble cnoBa: NaHKpPeoHekpPo3, MHOULIMPOBAHHbIN MaHKPEOHEKPO3, OTrPAHNYEHHbI HEKPO3 MOAXEy40UYHO
Xenesbl, 3HA0CKOoNMYeckass HEKPCEKBECTPIKTOMMUS

KoH®NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ana untupoBaHusa: YeppaHues [.B., HockoB W.IL, dunnctoeuy B.IL QHOoCKoNMYeckas HEKPCEKBECTPIKTOMUS NMpu MHPULN-
POBaHHOM OTIrPaHMYEHHOM MaHKPEOHEKPO3e (CucTemMaTmiyeckunii 063op 1 MmetaaHanna). POCCUIACKMIA XXypHan racTpoaHTEPOIorn,
renarosiormu, kononpoktosorumn. 2025;35(6):50-59. https://doi.org/10.22416/1382-4376-2025-35-6-50-59

Endoscopic Necrosectomy for Infected Walled-off Pancreatic Necrosis:

A Systematic Review and Meta-Analysis
Dmitriy V. Cherdantsey, Igor G. Noskov*, Vladimir G. Filistovich
Professor V.F. Voino-Yasenetsky Krasnoyarsk State Medical University, Krasnoyarsk, Russian Federation

Aim: to evaluate the clinical success and complication rates of endoscopic step-up necrosectomy in patients with
infected walled-off pancreatic necrosis, based on an analysis of contemporary scientific publications.

Material and methods. A systematic review and meta-analysis of 15 studies (total of 869 patients) published since
2020 and conforming to current treatment standards was conducted. The inclusion criteria were peer-reviewed orig-
inal articles in Russian or English focusing on endoscopic step-up necrosectomy via a transluminally placed metal
stent with a diameter greater than 1 cm in patients with confirmed infected walled-off pancreatic necrosis. A ran-
dom-effects model was used for meta-analysis.

Results. The weighted mean clinical success rate of endoscopic step-up necrosectomy was 89.5 % (95% con-
fidence interval (Cl): 87.5-92.1 %). Considerable variability in outcomes was observed between studies (range:
61to 100 %), with significantheterogeneity (/=89.2 %). The mean complicationrate was 18.8 % (95% Cl: 12.5-25.1 %).
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The most frequent complications were stent migration (5.2 %), bleeding (3.9 %), and stent obstruction (2.1 %).
The analysis revealed significant variability in the criteria used to define clinical success across the studies.
Conclusions. Endoscopic step-up necrosectomy is a highly effective treatment for infected walled-off pancreatic ne-
crosis with an acceptable safety profile. However, the lack of unified, standardized criteria for clinical success and the high
heterogeneity of the data complicate comparative analysis. To improve the quality of evidence, it is necessary to develop
standardized definitions of success and complications, as well as to conduct randomized controlled trials.

Keywords: pancreatic necrosis, infected pancreatic necrosis, walled-off pancreatic necrosis, endoscopic necro-

sectomy
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Bseaenune

OcTpbIil TAHKPEATUT OCTAETCST OJIHON U3 Haubojee
CJOKHBIX TMPOGJEM COBPEMEHHOI HEOTJIOKHON Xu-
pypruu. B 15—20 % cayuaeB 3a6o/ieBaHue TPOTEKAET
B TSKEJON (popMe ¢ pa3BUTHEM HEKPO3a MOJKETY10Y-
HOII kese3bl (ITaHKPEOHEKPO3a) U CHCTEMHBIX OCJIOK-
vennit [1]. HecMoTpst Ha [OCTHKEHUS] B JUATHOCTHKE
U JIeYeHNH, MAaHKPEOHEKPO3 IPOIOJIKAET MPEJCTAB-
JIATh CEPbE3HYI0 Yrpo3y JJis SKU3HU TTAIlUEHTOB, Tpe-
Oysi MyJbTUAMCIUIITHAPHOTO TOAX0a U UHAUBUILY-
aJbHOTO BBIOOpA TAaKTUKHU Be/eHus. [laHkpeoHekpos
COIIPOBOXKIAETCS TMOJUOPTAHHON HEJI0CTATOYHOCTBIO,
cericucoM, abcieccaMn W JIPYTUMHU  SKHU3HEYTPOXKa-
IONUMU  COCTOSTHUSIME,  [IOJISI  KOTOPBIX /IOCTHTAeT
40 % mpu nHGUIIPOBAHHOM BapuaHTe 3a00JI€BaHIS,
YTO [IeJIAET €ero OJHUM U3 CAMbIX TSDKeNbIX 3a60Jie-
BaHuil B abpoMuHasbHOU xupypruu [2]. Hecmorps
Ha NIMPOKOEe MpUMeHeHne MaJTOUHBA3UBHBIX METOIOB
nevernst (SHAOCKOIMYECKHE, YPECKOXKHbBIE M Jlafla-
POCKOIMMYECKHEe BMEIaTeIbCTBA) B MOCJAEHUE TOJbI,
€JIMHOTO AJITOPUTMA JieueHUs] MHQUITMPOBAHHOTO OT-
IPAHUYEHHOr0 MAHKPEOHEKPO3a /10 CUX TOp He CYIIle-
CTByeT. IJTO TNPUBOJIUT K BapuabeJbHOCTH HUCXO0B
U HeoOXOMUMOCTH [ATbHENIIero u3yIeHus: OnTHMAaJb-
HbIX cTparteruii [3, 4].

Ilens wuccaenoBanusi: OIEHUTb KINHUYECKUN
yCIeX M OCTOKHEHUS IHIOCKOIMYECKON TT03TAITHON
HEKPCEKBECTPIKTOMUU TIPU WHQUIIUPOBAHHOM OTTpa-
HUYEHHOM TTAHKPEOHEKPO3€e HAa OCHOBE COBPEMEHHBIX
HMCCIIeJOBAHMTII.

PesymnbraTbl mccaeioBaHus MOTYT OBbITh HMCHOJIb-
30BaHbl [IJIs1 ONTUMU3ANUN BBIGOPA TAKTUKU JIeYeHUsT
MAaHKPEOHEKPO3a, Pa3padOTKU KINHUYECKUX PEKOMEH-
JAI HA OCHOBE [IOKA3aTeJbHbIX [AHHbBIX, ITPOTHO3U-
POBAHUS MTOCJIEONEPAIIMOHHBIX OCTOKHEHUI.

Takum 06pa3oM, u3ydeHre UCXOI0B JeUeHUs MaH-
KPEOHEKPO3a OCTAETCST aKTyaJlbHOU 3a/1aueil, pelenne
KOTOPOIl MOJKET CYIIECTBEHHO YJIYUIIHUTH Pe3yJIbTaThl
JIEYEHUST U KAUeCTBO KU3HU TTAIIMEHTOB.

Marepuaa u MeTOAbI

[Ipu mpoBesennn crcTeMaTHIeCKOro 0630pa ObLIN
BKJTIOYEHBI MCCIeIOBAHMS, OMyOJNKOBAHHbIE HAUMHAS
¢ 2020 1., 4TO MO3BOJIIIIO ITPOAHATM3UPOBATh Hanboiee
AKTyaJsIbHbIE JAHHbIE, COOTBETCTBYIOIINE COBPEMEHHBIM

CTaHJapTaM 3H/IOCKOINYECKOTO JieyeHUsl MaHKpeoHe-
Kkpo3sa. Takoii BpeMeHHOiT 0T6OpP coracyercst ¢ Tpe6o-
Banusimu PRISMA 2020 g 6bicTpo pasBuBaioONnX-
csl MEJMIMHCKUX HAIPABJEHUN, TTOCKOJbKY HMEHHO
B 3TOT IEPUO/I TPOU3OILIO0 BHEJPEHUE HOBBIX KJIHU-
HUYECKUX TPOTOKOJIOB [5]. Mckmouenue Gojiee paH-
HUX paloT OblI0 O00YCJOBJIEHO WX HECOOTBETCTBUEM
TEKyIIell KINHUYECKOH TPAaKTHKE, METOJ0JOTHYEeCKOI
TeTEePOTEHHOCTBIO W YTPATOHl aKTyaJTbHOCTH MHOTHUX
BBIBOJIOB BCJIEJICTBUE TEXHOJOTHYECKOrO IIporpecca
B UHTEPBEHIMOHHON 3H/IOCKOIUHN.

JlaHHbIil  cucTeMaTHYeCKHii 0630p ¥ MeTaaHa-
Jn3 ObLI 3apeTUCTPUPOBAH B MEXK/YHAPOIHOM pe-
IUCTPE TIPOCIHEKTUBHBIX CHCTEMATHYECKUX 0630pOB
PROSPERO nox nomepom CRD42025107331.

B 1uensx ynudukanuu aHaau3upyeMbIX JTAHHDBIX
B UCCJe/I0BaHKMEe BKJIOYAIUCHh PAa0OThl, OCHOBAHHbIE
Ha [epecMOTPEeHHON ATJIaHTCKOH KJaccudukaimm
ocTporo mnaHkpearura. Takoil 1oaxoj o6eciieynBa-
€T COMOCTABUMOCTH PE3YJbTATOB U MUHUMHU3HUPYET
PaCXOKJEHUS B TPAKTOBKE KJIMHUYECKUX CJIYYaeB.
CormacHo JaHHO# Kiaaccuduranuy HHOUITMPOBAHHDIN
oTrpanmuenHbiii nankpeonekpos (MOIIH) onpenens-
eTcsl KaK WHKAINCYJUPOBAHHOE TeTePOTEeHHOEe CKOILIe-
Hue, coxpausioleecsi 6ojiee 4 Hejlesib U COJEpIKaliee
JKUIKOCTHOW KOMITOHEHT C YY4aCTKaMK HEKPO3a U,/ Win
cekBectpamu [6].

Pa6otbl, omyO6sMKOBaHHbIE B HAyYHOI 2JIEKTPOH-
noii 6ubsmoreke eLIBRARY.RU, upuuep:xubatorcs
KJaccu(UKAIMKI POCCUIICKNX HAIMOHATbHBIX KJWHU-
yeckux pexkomenjaiuii [7]. B cBsisu ¢ atum jannbie
ObLIM  MHTEPIPETUPOBAHbI  COTJIACHO EPECMOTPEH-
Hoii Arnanrtckoit knaccudukainyu. CTOUT OTMETHUTD,
YTO PYCCKOSI3bIYHBIE PAGOTHI HE OBLIM BKJIOYEHDI
B CUHTE3 JIAHHBIX, YTO HE TOBJUIIO0 HA KOHEUYHbII pe-
3yJIbTAT MPU MPOBEJIEHUN CTATUCTUYECKUX PACUETOB.

B cucremaruueckuii 0630p BOILIM UCCJIEOBAHUSI,
MOCBSIIIEHHBIE JHIOCKOITMYECKOMY JIEUEHUIO TIallueH-
TOB ¢ OATBep KAeHHbIM auarHozoM MOIIH, Braouyas-
ke ATAll TPAHCTIOMUHAIBHON YCTAHOBKU MeTaJlInye-
CKOTO CTeHTa fuaMeTpoM GoJiee 1 ¢M ¢ TOCTEAYIONUM
BBITIOJTHEHHEM MaJIONHBA3MBHON H/IOCKOIIUUYECKON 110~
sranmuoii HekpcekpectparTomun (IITH) wepes chop-
MUPOBaHHbBI J0cTyl. B aHanmm3 BKJIOUEHBI CJEIYIO-
e rnapaMeTpbl: JleMorpaduieckiue XapakTepuCTUKu
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(kosmmyecTBO TaIMEHTOB), MOKaszaTenu 3PPEeKTUBHO-
cti BMemareabcTBa (KIMHUYECKUH yCmex), a TakKe
JIAHHDIE TI0 OCJIOXKHEHUSIM BMEIIATeTbCTB.

Kputepnun BKIIOUEHUS:

+ COOTBETCTBHE TeMaTHKe — OTOUPATHUCDH HCCIEI0-
BaHUs, HANPSAMYIO 3aTParwBalolNie KJIIoYeBbIe ACTIeK-
TBI U3y4aeMoil mpo6JIeMbl;

© Hay4YHas BaJUJHOCTD — PACCMATPUBAINCH WC-
KJIIOUNTEIHHO PelleH3UpyeMble OPUTHHATbHbIE CTATbH,
nugexcupyemore B Scopus, Web of Science, PubMed
u eLibrary;

© METOMOJIOTUYECKUI JAW3alH — aHAJTM3UPOBAINCH
IPOCIEKTHBHbIE M PETPOCIEKTUBHbIE KOTOPTHbBIE HC-
caenoBanus (Kak MHOTOIIEHTPOBBIE, TaK M OJHOIEH-
TPOBbIE);

+ JIOCTaTOYHOCTH [JAHHBIX — ITyOJIUKAIUN [TOJIK-
HbI OBLTH COJEPIKATh MCYEPIIBIBAIOITYI0 MHMOPMAIIIIO
JUTS OIIEHKH MEeTO/I0JIOTHYECKOTO KauyecTBa U BKJIOYE-
HUSI B METaaHAIN3;

+ JIOCTYITHOCTb — YYUTBIBAIUCH TOJHKO PabOTHI
C TIOJIHBIM OTKPBITBIM JIOCTYIIOM K TEKCTY;

* XPOHOJIOTHYECKUN TEepUoJl — PACCMATPUBAIUCDH
uccieoBanus, onyoankoBanuble HaumHas ¢ 2020 .

Kputepun nckmoderms:

* OT/IeJIbHbIE KINHIYECKHUE CIyYal ¥ OIHICATeSbHbIE
OTYETHI;

- WCCJIEJIOBAHMS, TIIOCBSIIEHHbIE 9KOHOMHYECKOI
3 PEeKTHBHOCTH JICUCHNST;

- my6JIMKAIMU C OTPAHUYEHHBIM [JOCTYIIOM K MOJ-
HOMY TEKCTY;

- pa6otnl, uzganupie 10 2020 .

Y4uuTpiBasi OTCYTCTBUE PAaHIOMU3UPOBAHHBIX KOH-
TPOJIUPYEMBIX HCCJIEIOBAHUI TI0 [AaHHOI TeMaTHKe,
B MCCJIe/JOBaHNE BRJIIOUEHBI paOOTHI HAOM0AATETbHOTO
xapakrtepa (6e3 KOHTpOJbHOI rpymmbl). Takoil mox-
X0/l OGOCHOBAH HECKOJBKUMH KJFOYEBBIMHI (DaKTOpa-
MHU: HEOOXOJMMOCTBIO AHAJIN3A PEAIBHON KJIMHITIECKOi
npaktikn (real-world data) mis orenku sddexris-
HOCTH CIEIUNATU3MPOBAHHBIX TIPOIIENYP; COOTBETCTBHU-
€M COBPEMEHHBIM METOOJOTHYECKIM PEKOMEH/IATTUSM
(PRISMA 2020, GRADE), m0IyCKaloluM CHHTE3 He-
PAHIOMU3MPOBAHHBIX JAHHBIX IIPU U3YYEHUH Y3KUX
BMenaresabeTs. [l obecrieueHust 1OCTOBEPHOCTU pe-
3yJIbTATOB MBI TIPUMEHSITH CTPOTHE KPUTEPUH OTGOpa
ucceoBannii - (MCMOMB30BaHME  TIPOTOKOJIOB, OObBEK-
TUBHBIX KPUTEPHUEB WCXOAOB M OCTOKHEHHMIT), 4TO MO-
3BOJIWJIO MUHUMHU3UPOBATh IIOTEHIIMAJIbHbIE CHCTEMA-
THYECKUE OIMMOKN TPU COXPAHEHNUW PETEBAHTHOCTH
BBIBOJIOB JIJIS1 KJIMHUYECKOH TpaKkTHKM. [IpoToxosb
JiedeHWsI, TIPIMeHsieMble BO BKJIIOYEHHBIX WCCJICIOBAHN-
SIX, OCHOBBIBJINCH HA OGHOBJIEHHBIX PEKOMEHIAIMSIX
AMEpUKAHCKOI TaCTPOIHTEPOJOTHIECKON  ACCOIAITIT
10 JIeYeHWIO TTAHKPEOHEKPO3a U COIJIACOBAHHBIM PEKO-
MEH/IAISAM 110 JIMarHOCTUKE W JIEYCHUIO TICEB/IOKUCTDI
HOJIKETYIOYHOI JKeJie3bl M OTTPAHMYEHHOTO HEKPO3a
MHOTOIPOGUIBHON dKcnepTHOI Tpymbl Kuras [1, 8].

B mpoiecce ckpuHUHra JUTEPATYphl OGHAPYKEH-
HbIe CUCTeMAaTHYecKre 0630pbl U MeTaaHATUTHIECKIEe
UCCIe/JOBaHUsT ObLIM TOABEPTHYTBI [I€TATHHOMY Me-
TO0TOTHYECKOMY  aHamu3y (u3aiiH  wcciaegoBaHus,

KPUTEPUH CUHTe3a [aHHBIX, OIEHKA JOCTOBEPHOCTH
MEPBUYHBIX HUCCIEOBAHUIA, IPeICTABIEHNE TaHHBIX
U METO/[bl METaaHaIN3a), OJHAKO HE HMCTOJIb30BAIKUCH
JUUTST MHTETPAINN B TIEPBUYHBIN aHAIN3.

[TpoBenennas olleHKa BKJIIOYAJNA TPHU KJIOYEBBIX
HANPABJEHNsI: AHAJIN3 COOTBETCTBUS AM3aiiHa MCCIIe-
JIOBAHUSI COBPEMEHHBIM MeTOOJIOTHYECKIM CTaHIap-
TaM, OIEHKY IOJHOTHI U JOCTOBEPHOCTHU IIPECTABJIEH-
HOI WH(OPMALINY, SKCIIEPTHBIN aHATN3 KOPPEKTHOCTH
TPAKTOBKHU TIOJyYEHHBIX PE3YJIbTATOB.

B pamkax HacrosIero uccieqoBaHusi ObLT OCY-
IIeCTBJIEH KOMIIJIEKCHBIH MONCK HAYIHBIX MyOJMKAITIH
B BEAYIIUX MEXKIYHAPOJIHBIX M POCCHICKUX OGUOJIIO-
rpadrmaeckux 6asax:

+ poccuiickas HaydHasi 3JeKTPOHHasi OuOInOTeKa
eLibrary.ru;

- 6aza JaHHBIX MeanIMHCKUX y6mkarmii PubMed
(Harmmonanpras Megunmnckas 6ubmorexa CIITA);

«  MexayHapomHble 1iargopmbl  —  Scopus
(Elsevier), Web of Science (Clarivate Analytics).

[Tonck peneBaHTHBIX ITyOIUKAINI OCYIIECTBIISLICS
HA PYCCKOM U AQHTJMHCKOM SI3BIKAX C HUCIOJb30BAHMU-
eM CIIelMaJbHO Pa3pabOTAHHBIX TOUCKOBBIX 3aIllPOCOB,
BKJIIOYABINIX KJIO4YeBbie TepMunbl: «infected pancreatic
necrosis», <«walled-off necrosis», <«endoscopic necro-
sectomy» u ux pycckosabrauble anamorn («uHUImM-
POBAHHBIIT TTAHKPEOHEKPO3», «OTTPAHMYEHHBIN HEKPO3
TIOJIPKETY IOYHON JKeJIe3bl», «IHIOCKOIMIIEeCKass HEKPCeK-
BECTPOKTOMUS»). [l ONTUMUBAIMN PE3YJIbTATOB MPH-
Mersmch oneparopsl (AND, OR) n koM6uHaImm ¢ 10-
nosiHnTebHbIME  TepMuHaMu («transgastric drainage»,
«minimally invasive approach», «treatment outcomes»),
YTO MO3BOJMJIO MAKCHMAJIbHO IIOJHO OXBaTUTH CYIIle-
CTBYIOIIIE MCCJIEOBAHNS IO JaHHON TEMATHKE.

B pesyJbrare mepBoHAYaJbHOTO CKPUHUHTA HAyY-
HBIX 6a3 JaHHBIX OBLIO WAEHTUMUIMPOBAHO 256 Ty0-
JIMKAIWIT, TTOTEHIINATBHO COOTBETCTBYIOIIUX TEMATHKe
uccienoBanusi. Ilocre MCKIOUEHNS TOBTOPSIOMINXCS
cTareil ¥ IOCJIeI0BATEIbHOrO NpUMeHeHus] (PUIbTPOB
or6opa (B COOTBETCTBUHM C YCTAHOBJIECHHBIMH KPHUTE-
pUsAME) Ui JaJbHEHIero aHaiusa OblIu 0TOOpAHBI
63 paGorer. Ilpormeaypa uX OIEHKH TPOBOAMUIACH
B /IBa dTana: CHAYaIa AHATU3MPOBAIUCH 3ar0JIOBKH
n Meragannbie (BKmouas wHopManmio 06 aBTOpax,
rojie myGINKAINE U UCCJAE0BATEIbCKUX [IEHTPaX ), 3a-
TEM OCYIIECTBJSICS JEeTAIBHBI pasbop co/epsKaHus
AHHOTALUII, METOMOJIOTHU MCCIEOBAHUN 1 TPEICTaB-
JIEHHBIX pPe3ysbTaToB. 110 3aBepIeHnn 9TOrO IMPOIec-
ca B (uHATBHYIO BBIOOPKY Bomwuin 15 Hambosee Me-
TOZOJIOTHYECKT OOOCHOBAHHBIX ITyOJUKAIIIT, KOTOPbIE
U JIerJIi B OCHOBY TIPOBOIMMOTO MeTaanaiusa (moJ-
Hast cxeMa mporiecca 0Téopa oTpaskeHa Ha pucynke 1).
OcraBuryecsi MICTOYHUKU TIPUMEHSIINCH HCKITIOUNTE b
HO JUUISI CPABHUTEIBHOTO AHAIN3Aa U WHTEPIIPETAIUH
HOJTYYEeHHBIX JAHHDIX.

B cucremarmyeckuit 0630p ObLIN BKJIIOYEHBI HCCITE-
JIOBaHusI, peacraBieHne B tabuie 1.

Haxomnenwe aannbix (6aza JaHHBIX HWCCAEI0BA-
HUI) W omnucarejbHass CTATHCTHKA PACCUMTHIBAIKCH
B mporpamme Microsoft Excel 2016.
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Pucynox 1. Meroauka GpuiabTpaiuil HAYYHbIX MyOIMKAINi, TPUMEHEHHAS B JJAHHOM MCCJIC/IOBAHUN

Figure 1. The method of filtering scientific publications used in this study

Tab6auua 1. XapakTepucTuKa UCCAEOBAHNN, BKIIOYEHHBIX B CUCTEMATUYECKUH 0630D

Table 1. Characteristics of studies included in the systematic review
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Siddiqui A., 2021 [9] MHOTOIIEHTPOBOE KOTOPTHOE PETPOCTEKTUBHOE 387 95,6 14,72
Moon J.H., 2024 [10] MHOTrOIIeHTPOBOE PAaHAOMU3MPOBAHHOE 25 92 40.0

MTPOCIIEKTUBHOE
Luangsukrerk T., 2022 [11] MHOTOIEeHTPOBOE KOTOPTHOE TIPOCIIEKTHBHOE 31 100 6,45
Pattarapuntakul T., 2023 [12] | OgHOIIEHTPOBOE KOTOPTHOE PETPOCIIEKTUBHOE 34 100 23,52
Pawa R., 2022 [13] OIHOIIEHTPOBOE KOTOPTHOE PETPOCIIEKTUBHOE 37 92 13,51
Kim Y.S., 2021 [14] MHOTOIIEHTPOBOE KOTOPTHOE PETPOCTEKTUBHOE 60 85 45,0
Valentin C., 2024 [15] MHOTOIIEHTPOBOE KOTOPTHOE PETPOCTIEKTUBHOE 41 80,5 29,26
HeT
Mehta V., 2025 [16] OIHOIIEHTPOBOE KOTOPTHOE PETPOCIEKTUBHOE 95 92,63 o —

Xu N., 2024 [17] OIHOIIEHTPOBOE KOTOPTHOE PETPOCIIEKTUBHOE 22 90,5 13,63
Olsen G.A., 2024 [18] OIHOIIEHTPOBOE KOTOPTHOE PETPOCIEKTUBHOE 20 90 35,0
Dhillon A., 2020 [19] OHOIIEHTPOBOE KOTOPTHOE MPOCHEKTUBHOE 41 80 2,43
Khodakaram K., 2024 [20] OIHOTIEHTPOBOE KOTOPTHOE PETPOCIEKTUBHOE 36 61 8,3
Dorrell R., 2025 [21] OIHOIIEHTPOBOE KOTOPTHOE PETPOCIEKTUBHOE 70 94 12,85
Mangiafico S., 2024 [22] OHOIIEHTPOBOE KOTOPTHOE MPOCIEKTHBHOE 18 100 27,7
Seicean A., 2020 [23] MHOTOIIEHTPOBOE KOTOPTHOE PETPOCTEKTUBHOE 47 87 34,04
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[IpoBenennbIil MeTaaHaau3 corjacHo KokpeiHos-
CKOMY PYKOBOJICTBY OCHOBAH HA MOJEJU CJIyYalHbIX
adpderros (Random-Effects). [lns ouenkn crarucru-
YeCKON 3HAYNMOCTH TETEPOTEHHOCTH PACCUUTBIBAICS
tect Koxpana (32, Q-rect), npu p < 0,05 noxasaresb
CUNTAJICS 3HAUMMBIM. [lJIs1 CTAaTUCTUYECKOH IPOBEPKU
bias paccunrsiBasicst Tect drrepa. [ljist OlEHKN 3HAYU-
MOCTH TIpUMeHsiIcst Z-TecT, npu 3HaveHmn p < 0,05
MPU3HABAIACh BBICOKAST CTATUCTUYECKAS MOIIHOCTD
pe3yJbTatoB. ITH IapaMeTpbl MeTaaHaJIn3a HepaH-
JIOMU3UPOBAHHBIX W HAOMIOAATETbHBIX UCCJIEOBAHUIT
He SBJSIOTCS 00s3aTeJbHbIMEM, OJHAKO ObLIN pac-
CUUTAHBI /IS TIPE/IBAPUTENBHON OLIEHKH Pe3yJbTaToB
U CTaHJAPTU3UPOBAHHOTO IUIAHUPOBAHUS B OyaylieM
PaHIOMU3UPOBAHHBIX UCCJEI0OBAHUI.

Meraananuruieckass o6paboTKa JaHHbIX ObLIA BbI-
MOJIHEHA C UCIIOJIb30BAHUEM MPOrPaMMHOr0O obectieve-
nusg RevMan 5.4 ¢ Jmnensueii ¢cBOGOIHOTO Pacipo-
cTpaHeHus1 U cpe/pl mporpammuposanust Python 3.9
¢ 6u6motrexkamu StatsModels 1 Meta. O6a noaxozna
JIATT CXOXKUE PEe3yJbTaTbl, MOJATBEPKIAIONIUE OTCYT-
CTBUE 3HAYNMBIX PACXOMKIEHUIT MEMKIY HUMMI.

ITocrpoenne rpadukoB mposegeHo B Python 3.9
¢ mpuMeHeHneM 6mbmotek statsmodels, meta, metafor.

[TockoJIbKY UCIIOIH30BATMCH arperupoBaHHbIE JlaH-
Hble U3 MyOJuKaImii, ogo6peHne sTHYeCKOro KOMUTe-
Ta He TPeGOBATIOCH.

Pe3yabTaTbl

Obwast a¢hhexmusnocmo u zemepozeHHocmo

Uccnenoanue apdexrusnocrn IITH npu MOITH
SIBJISIETCS] BAJKHBIM HAIIPABJIEHNEM B COBPEMEHHOI TTaH-
KPearoJIoTHH, MOCKOJIbKY JaHHbII MeTO[[ MpeICTaBJIs-
eT co00il MaJOMHBA3UBHYIO AJTbTEPHATHBY OTKPBITHIM
XUPYPrUYECKUM BMEIATENbCTBAM, aCCOIMUPOBAHHBIM
C BBICOKOI TPaBMATHMYHOCTBIO U IOCJIEOTIEPAIIMOHHOM
JeTanbHOCThI0. CpeHEeB3BENIEHHBIN TTOKA3aTelb KJIU-
HUYeCKoTo ycrexa (0 4ucsly MalnmeHTOB B KasKAOM
uccregoBannn) cocraBun 89,5 % (95%-Hblil moBepu-
teapubli nurepsan (95% JM): 87,5-92,1 %), Z-tect:
12,45 mpu p < 0,001. Anasu3 reTeporeHHOCTH IOKA-
3bIBAET 3HAUYUTEIbHBII Pa3bpoc MmoKa3aTeseil KInHuve-
ckoro yenexa: or 61 % (Khodakaram, 2024) xo 100 %
(Luangsukrerk, 2022; Mangiafico, 2024). /lma xoum-
YECTBEHHON OIEHKW HEOHOPOJHOCTH PACCYUTAH KO-
sdpdpurment 7 = 89,2 % (BbICOKass reTepPOreHHOCTD,
p < 0,001), xoropsiii okasbiBaer, 4ro 89,2 % Bapua-
GeJLHOCTH CBS3aHO € PEATHHBIMU PA3JINIUSIMUI MEKTY
UCCIEIOBAHUSIMHU, & He CO CJAYYAHBIMU KOJIEGAHUSIMU.
Tect Arrepa yka3biBaeT Ha CTATHCTUYECKN 3HAYMMYIO
acummerpuio: ¢ = 1,87; p = 0,08 (p < 0,05).

J171s1 BU3yasibHOI OTIEHKH TIOCTPOEH JIECHO# rpaduk
pactpeieHus KIMHUYECKOTO yCIlexXa B UCC/Ie0BaHNU-
ax (puc. 2).
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Pucynox 2. MeTtaananns KJINHUYECKOTO ycIleXa MPUMEHEHUS 3HIOCKOIMHMYECKOH IO3TAlHON HeKpCceKBe-
CTPAKTOMUU MPU WHQUITMPOBAHHOM OTIPAHWYEHHOM ITTAHKPEOHEKPO3€ B PA3JNUYHLIX HCCJIETOBAHUSX: O0Ch X
(ropusonTambHag) — IpoleHT KaumHumdeckoro ycmexa (%); ocb Y (BepTukaabHas) — CIHCOK HCCAEI0BAHKN

(nepsprii aBTOP)

Figure 2. Meta-analysis of clinical success rates of endoscopic step-up necrosectomy in infected walled-
off pancreatic necrosis across included studies: X-axis — clinical success rate (%); Y-axis — studies (first

author)
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Tab6auua 2. AHanu3 B MOJATPYNIAX B 3aBUCUMOCTH OT TUTIA UCCJETOBAHUS

Table 2. Subgroup analysis of studies by type

Ioarpynma KosmuecTBo uccieaoBanmii, ace. Cpeanuii ycnex (%)
MHOTOIIEHTPOBBIE UCCJIEOBAHUS 6 90,2
[TpocriekTBHbBIE WCCTETOBAHUS S5 90,5
OHOIEHTPOBbIE NCCJIeJOBAHNS 9 88,9
PerpocnexkTuBHbBIE MICCIEI0BAHUS 10 88,7

Ananuz 6 nodzpynnax

B 370i1 cBsI3u MBI MpOBesN aHAIN3 B MOATPYIIIAX,
pacripe/ie/IuB UCCJEIOBAHUSI B 3aBUCHUMOCTU OT €ro
tma (tabmr. 2).

MHOro1eHTpoBble U IPOCIHEKTHBHbIE  UCCJIEN0-
BaHUS MOKA3bIBAIOT HECKOJBKO O00Jiee BBICOKHE IIO-
Kazarequ ycrexa. Hawnyumme pesyabrater (>95 %)
OTMEYEHBI B HCCIEAOBAHUSIX C TIIATEJbHBIM OTOO-
poM manueHToB (CTaHAapPTU3UPOBAHHBIE MPOTOKOJIbI)
U OTIBITHBIMU CIEIIHATUCTAMIE.

Kpumepuu xaunuueckozo ycnexa

[TousiTHe KJIMHUYECKOTO yCIleXa SIBJSIETCS KJIIOUe-
BbIM TIpU OlleHKe 3(PHEKTUBHOCTU PA3IUYHBIX METO-
noB neuenus VOIIH. IIpoBeneHHDIN aHaMN3 TaHHBIX
UCCJIe/JOBAHUIT, TIOCBSIIEHHBIX OLEHKE KJIMHUYECKOTO
ycnexa npu gedennun MOITH, BersaBus 3HaUNTETHHYTO
BapnabeJbHOCTb B KPUTEPUSX, MCIOIb3YEMbIX Pa3HbI-
MH aBTOPaMHU:

1. Kpurepuu oneHku paspeienusi Hekposa. B 6o.1b-
mmHCcTBe nceaenoannit (Moon et al., 2024; Xu et al.,
2024; Seicean et al., 2020) KJIIOYEBbIM KPUTEPHEM yCIIE-
Xa CUMTAETCS] YMEHbIIEHNEe pasMepa HeKposa Ha =50 %
w710 onpejenentoro nopora (2 cv — Pawa et al.,
2022; Dorrell et al., 2025; menee 3 cm — Seicean
et al., 2020). Khodakaram et al. (2024) u Dhillon et al.
(2020) akueHTMPYIOT BHUMaHME Ha TIOJTHOM pasperre-
HUM HEKPO3a, HO C PAa3HbIMH BPEMEHHBIMU PaMKaMU
(1 mec. vs. 3 mec.). Vcmomb3yoTcst pasjandHble METO-
qol mnarnoctukn:; KT (Khodakaram et al., 2024), Y3U
(Mehta et al., 2025).

2. Kymnuyeckue cummrombl. Pasperiienne cuMiTo-
MOB YUYHUTBIBAETCS ITPAKTHYECKH BO BCEX WCCIIEI0BA-
Husx, Ho Moon et al. (2024) u Mehta et al. (2025)
TPe6YIOT MOJHOTO ucue3HoBeHust cuMnTomos; Dorrell
et al. (2025) u Seicean et al. (2020) gomyckaior
yJIydIiieHue, HoO 6e3 CTPOTOH KOJTMYeCTBEHHON OIEHKN.

3. Bpemennoie pamku omeHku. Cpoku HaGJIO-
neHust BappupyoT ot 4 nenenp (Moon et al., 2024)
10 6 mecanes (Dorrell et al., 2025). Haubomee ua-
cro ucnombayioress 3 mecsiria (Dhillon et al., 2020;
Mehta et al., 2025).

4. /TonosHure bHbIe KpuTepuu ycnexa. HexoTtopore
UCCJIe/IOBAHNUST BKJIIOYAIOT OTCYTCTBHE HEOOXOIUMOCTH
nosTopHOro BMemarenbetBa (Xu et al., 2024; Seicean
et al., 2020). Seicean et al. (2020) KONOJHUTENBHO
VUUTHIBAIOT OTCYTCTBUE PEIMINBA JKUIKOCTHOTO CKO-
IJIEHVST M TIOCJ/IE0IIePAIIMOHHBIX OCTOKHEHMUI.

Cmpyxmypa u uacmoma 0CA0KHEHUll

AHaIM3 CTPYKTYPbI OCJOKHEHUIl BO BKJIOUEHHDIX
UCCJIEJOBAHUSIX UMEET KJI0YeBOe 3HaueHue st 00b-
extnBHOI oreHkn GezonacHoct IITH mpu MOITH.

Jlsa anamm3a ObLIN MCIOJIb30BAHbl JaHHbBIC, BKJIIOYA-
fomre B obuieil cJokHoCTH 869 MarmenTos.

MeTaananmms MOKasajd, dYTO CPETHSST YacToTa OcC-
noxkaenuii mocae IDIIH cocrasaser 18,8 %, ¢ Bapu-
a6eabHocThIO OT 2,4 10 45,0 %. O6mmii apdexr (n)
cocraun 18,8 % (95% JIN: 12,5—-25,1 %), uro yka-
3BIBAET HA 3HAYUTEJSBHYIO BapuaGeIbHOCTh MEXKIY HC-
crnenopanusivu. Ha pucynke 3 mpeicraBieHa BOPOH-
KooOpasHas auarpamma pacipejesenns: oOIel 10au
ocsioxxHeHnit DITH B aHammaupyemMbIX nccae[0BaHUIX.
JlmarpaMMa 1€MOHCTPUPYET ACHMMETPUIO, YTO CBUJIE-
TEJTbCTBYET O BO3MOKHOM CHCTEMATHYECKON OIOKe
(publication bias).

B cBsi31 ¢ BBICOKOIT T€TEPOTEHHOCTHIO TTOTYY€HHBIX
JIAHHBIX TI0 OOIIell /[0Jie OCJIOKHEHUN Mbl PACCMOTPE-
JIN WCCTE/IOBAHUS 10 OT/EJbHBIM TPYIIAM OCJOK-
Henwit. Ha pucynke 4 mpejcraBieH JecHol rpadpuk
pacripe/iesieHusT OCJIOKHEHHWI HerocpeacTBenno JITH
(cBsI3aHHBIE C TEXHWKON BMeIaTeJbCcTBA) BO BKJIO-
YEHHBIX MyOJUKAINSX B MPOIEHTaX.

Bcero 3aperucrpupoBano 165 ocioxHEHWIT cpean
869 mammentos: 3,9 % (n = 34) — KpoBoTeueHue,
1,5 % (n = 13) — mepdopanus, 5,2 % (n = 45) —
murpanusa crenta, 0,6 % (n = 5) KumeuyHble CBU-
mu, 2,1 % (n = 18) — ob6rypanusa crenra, 0,2 %
(n = 2) — 1CceBROAHEBPU3MBI TaCTPO/YOAEHATbHOI
aprepun u 5,5 % (n = 48) Apyrux oCAOKHEHUIT,

Hau6obiiiee  KOJTHMYECTBO KPOBOTEUEHUN 3aperu-
crpupoBano B uccaeposanmsax Kim et al. (2021) —
9 cayuyaes u Pattarapuntakul et al. (2023) —
7 caydaeB. llepdopanns B OpPOMHYO MHOJIOCTDb
HanboJiee 4acTo BCTpedaercs B uccuaeoBaHusix Kim
et al. (2021) — 3 cayuas u Seicean et al. (2020) —
2 ciyvass. Murpamun creHta B uccaenoBanugx Kim
et al. (2021) — 8 cayuae u Valentin et al. (2024) —
10 cayuaeB. Bce ciaywyan KMIIEYHOTO CBUINA 3ape-
rucTpupoBaHbl B uccaeposannn Kim et al. (2021).
OOtyparusi creHTa TPeol/aaeT B HUCCJAETOBAHUSIX
Moon et al. (2024) — 8 ciaywyaes u Dorrell et al.
(2025) — 4 canyuas. IlcegoaneBpuaMa TacTPOLyO/e-
HAJBHON apTepuy BCTPEYAETCST TOJMBKO B HCCJIETI0BA-
uun Seicean et al. (2020).

TosbKO B OJHOM WCCAETOBAHUM TPUBEIEHBI TaH-
HbIe 110 Pa3BUTUIO MO3JHUX OCJIOKHEHUN MPU CPOKe
Ha6monenns 6ogee 6 Mecaren (Valentin et al., 2024).
K HEUM OTHOCSITCS SHAOKPHUHHAS M SK30KPUHHAsS He-
JIOCTATOYHOCTH TIO/KETYTOUHOI JKeIe3bl, MOPTAIbHAS
rurepreHsus. /JlaHHbie OCIOKHEHNS HEMOCPEACTBEHHO
HE CBSI3aHBI C HHAOCKOMUIECKIM TPAHCTIOMUHATHHBIM
npennpoBanneM n DIIH, onu o6ycioBjeHbI MaHKpe-
OHEKPO30M B 1esioM (10T HEKPO3a MOKENYI0IHOM
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Figure 3. Funnel plot assessing publication bias of complication rates following endoscopic step-up
necrosectomy in infected walled-off pancreatic necrosis: X-axis — complication rate (%), Y-axis — standard
error (SE); the solid contour represents 95 % confidence intervals; the pooled effect (n = 18.8 %) is shown
as a vertical dashed line; blue dots represent individual studies (first author, year)
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JKeJIe3bl, JIOKAIU3alusl HEeKPo3a IOKeJNy10YHON >Ke-
se3pl m apyrue daxTopsl). B aroil cBAsu cunraem He-
paIOHAJIbHBIM CTPYKTYPUPOBATh JIaHHBIE OCJOXKHE-
HIIST B paMKaX Halllero CHCTeMaTHIecKoro 0630pa.

Oocy:kaenne

Metaananus  kauHudyeckoro  ycuexa  IIIH
npu MOIIH mnokasasi, 4TO CylIecTBYeT PHUCK 3aBbl-
HIeHUsT OOIIEero MoKa3aTesst KINHIMYECKOTO yCIexa n3-
3a OTCYTCTBUSI HEOOJBIINX UCCJAEIOBAHUI C HU3KUMHU
MOKa3aTeasIMU, BO3MOKHA TPEAB3SITOCTb KOHEYHBIX
pesyabrartos (bias) BciaeacTBue IyGIMKAIMKM TOJIBKO
<TOJIOKUTETHHBIX» Pe3yabTatoB. lIpoaHannanpoBas
MOBTOPHO, MblI BBIABUJIM HECKOJIbKO HCCJIEI0BaHWII,
r/le  yKa3aHO MPEUMYINECTBO OINpe/eJeHHbIX CTeH-
toB (C yKazaHMeM IPOM3BOAUTENEI) mepes APYruMu
AHAJIOTMYHBIMU 110  XaPaKTEPUCTHKAM, TI0 HaIIeMy
MHEHHIO, HeJIb3s HMCKIIOYUTb KOH(MJIMKT HMHTEPECOB,
YTO TaK)Xe HCKAJKAET WTOTOBBIE PE3YJbTaTbl M MOTJIO
MOBJIUATD HA MeTaaHATH3.

MHoroneHTpoBble W HPOCIEKTHBHBIE —UCCJIEI0-
BaHMA TIOKA3bIBAIOT HECKOJBbKO GoJiee BBICOKHE TI0-
Kasaresau ycliexa, 4TO MOXKeT ObITbh CBS3aHO ¢ GoJiee
CTaHIAPTU3NPOBAHHBIMU TPOTOKOJIAMH BEJCHUS TIalln-
entoB ¢ MOIIH. B cBoto ouepenb, peTpocneKTuBHBIE
JIAaHHbIE JIEMOHCTPUPYIOT conoctaBuMyio 3¢ deKkTrs-
HOCTb, HO TPEGYIOT OCTOPOKHOI MHTEPIIPETAIINN U3-32
PHUCKa TPEJAB3SATOCTH.

Pasnoo6pasne KpurtepueB KJIMHUYECKOTO —ycIie-
Xa B HWCCJEIOBAHUSAX OCJIOXKHSET NPsIMOE CpaBHEHHE
peayabratoB. OCHOBHbBIE pA3IMYUS KACAOTCS: KO-
JIMYECTBEHHBIX MapaMeTpoB (pasmep Hekposa 2 oM
vs. 3 cM u 50 % yMeHbIIeHHe), BPEMEHHBIX PaMOK
(or 1 go 6 Mec.), coueTaHmss KIMHUYECKUX U PaLUO-
JIOTHYECKUX KpUTEpUeB. ITO YKa3biBaeT Ha HEOOXO-
JIUMOCTb CTAaHJAPTU3AIMK onpejeseHuil s OoJee
TOYHOTO COIOCTABJIEHUS [AHHBIX B OYIyIIUX HCCTe-
jnoBanuax. IloaTomy cucremMartusdanms M aHalIu3 cylie-
CTBYIOIIUX IOJXO/IOB K OIPEJENEHUIO KJINHUUECKOTO
ycrexa IpeJCTaBIsAoT coO0il BasKHYIO 3ajiady, CIO-
cOOCTBYIOTYI0 pa3paboTKe YHUMPUITMPOBAHHBIX CTaH-
JIaPTOB W YJIYUIIEHUIO KadyecTBa KJIMHUYECKUX HCCIe-
JIOBaHMIi B JIAHHOI 00J1aCTH.

B aroii cBga3u 1pejcTaBieHHbI aHaIU3 000CHO-
BBIBAeT HEOOXOAUMOCTH IMEPECMOTPA KPUTEPUEB KJIU-
Huvyeckoro ycnexa npu Jjedennn MOITH. ABropckas
MO3UIUST 3aKJIIOYAETCS B TOM, YTO KJIOYEBBIMH Iapa-
MeTpamMu 3(PEKTUBHOCTH CJIE/lyeT CUUTATh JOCTHXKE-
HIle MUHHMa/JIbHBIX pa3MepoB Hekposa (Menee 2 cM)
no ganubiM KT u orcyrcrBue ocjoKHEHUi, HeNo-
CPEJICTBEHHO CBSI3AHHBIX C ITPOTPECCUPOBAHMEM TIaH-
KpeoHeKpo3a u cercuca. Takoil TOAXO[ TI03BOJSET
cokycnpoBarbcss Ha OCHOBHOW 1€/ BMeTATeJb-
CTBa — caHalMK o4ara MHQEKINNU 1 CO3JTAHUU YCJIO-
Buit ans paspemenus MOIIH, orxesuB ee oT TexXHU-
yeckux puckos DITH.

BaxkHbIM  acreKToM Tpe/taraeMoil  KOHIEeNIUn
ABJSETCS TPAKTOBKA peIinBa B TeyeHune 6 Mecs-
IeB He KaK Hey/Jayu JedeHHs, a KaK POSBIEHUS

[IPOJIOJDKEHHOTO HEKPOo3a, YTO COOTBETCTBYET JUIU-
TEJBHOMY TEYEHUIO OTTPAHMYEHHOTO MAaHKPEOHEKPO3a.
Kpome Toro, K KaTeropuu KJNHUYECKOTO Heyclexa
MpeIJIaraeTcsi OTHOCUTD JIUIID Te€ OCJOKHEHUS, KOTO-
pble noTpe6oBaIN PAJANKATHHOIO U3MEHEHUS TAaKTHKH
Be/ICHHS, & UMEHHO — BBITIOJTHEHUS OTKPBITOI orepa-
mun (amaporomun). TeXHHUECKHE Ke OCI0MKHEHMS,
TakWe Kak Murpaius uam oOrypanus crenta (gerpu-
TOM), KOTOpbIe ObLIN YCTPAHEHbI JHIOCKOIUYECKH
(myTeM yCTaHOBKH JIOMOJTHUTENBHOTO CTEHTA, CAHATINH
CTEHTa WJIM YCTAHOBKU CTEHTa GOJIBIIErO [uaMeTpa),
He CYNTAOTCST KpuTepueM Hea(hPeKTHBHOCTH, IO-
CKOJIbKY OHH He OTPa)KaloT HEJOCTATOYHOCTb CaMOTO
MeTo/Ia [[PEHUPOBAHUS, a HAIPABJEHDI JIUIIb HA €ro
ONTUMU3AIHIO.

[l cTaHIApTH3AIUT OIEHKU Pe3yJIbTaTOB TIPE-
JIATAETCsl YCTAHOBHUTH CPOK HaGJO/IeHNs OT 4 10 6 Me-
cAIEB. DTOT MEPUo/l, MO HAlleMy MHEHWIO, SBJSETCS
JIOCTATOYHBIM /11T (DOPMUPOBAHUS 3aKII0UeHUsT 06 ah-
(pexTUBHOCTH TIEPBUYHOTO BMEMNIATETHCTBA, B TO Bpe-
M KaK yBeJHM4YeHHe B padMepax OCTaTOYHON MOJIOCTH
U TIOSIBJIEHWE B HENl HOBBIX CEKBECTPOB, BO3HUKIIIHE
103/iHee JaHHOTO BPEMEHHOTO Nepruo/ia, Ipe/araeTcs
K1accupuImpoBaTh Kak pelnunBbl. BHeapeHue gaH-
HBIX YHUMDUIUPOBAHHBIX KpUTEpHEB OyIeT Croco6-
CTBOBATH TOBBIEHWIO COTJIACOBAHHOCTU PE3YJIbTATOB
PA3JIMYHbBIX MCCJAe0BAaHUI U MO3BOJIUT IPOBOJAUTL 60-
Jiee OGBEKTUBHBIN CPABHUTEJNbHBI aHain3 aheKTns-
"Hoctu MeTooB Jieyenus VMOTIH.

OIIH mpu MOIIH compoBoxaaeTcs psjaoM oOcC-
JIO)KHEHUIl, cpeu KOTOpbIX Hambojiee PpacHpocTpa-
HEHbI KPOBOTEYEHNE, MUTPAIUS CTEHTA U OOTyparus
crenra. KpoBoreuenune wu mnepdopaius SABJISIOTCS
Han6osiee KPUTUYHBIMU OCJTOKHEHUSAME, TPeOYIONn-
MU HeMe/JIECHHOTO BMellaTeabcTBa. CTOUT OTMETHUTD,
YTO B aHaJam3upyembix wncciaenopanusax IIIH mpo-
BO/IMJIACH MEXAHMYECKMM IIyTeM, dYalle ¢ [OMOIIbIO
Kop3wHbI JlopMua ¥ MIMIIOB, B HEKOTOPLIX UCCJIEI0-
BaHUAX CaHAlUA IIOJOCTH OTIPAHMYEHHOTO HEKPO3a
MPOBOIMJIACH TIEPEKUCHIO BOJOpOJa. BeposTHo, 31O
1 0OBACHSET TaKyl0 BapHallMIo 110 YacTOTe KPOBOTeve-
Huil 1 nepdoparmii.

Murpanusi creHta — uacrtoe ocjokHenne IITH,
KOTOpPO€ MOKeT OBIThb CBSI3aHO C TEXHUYECKHUMU OCO-
GEHHOCTSIMU YCTAHOBKHM CTE€HTA WM aHATOMHEN Ia-
IMeHTa, W, MO HalleMy MHEHWIO, B MEPBYIO OuYepe/lb
3aBUCUT OT OIIbITa 3HJOCKONHUCcTa. B GosbiinHCcTBE
WCCJIeIOBAHNN MCIIOJIb30BATICh CTeHTbl Tnia LAMS
(MeTamIM4ecKe caMOPaCIIUPSIONIECS ¢ TIOKPHITHEM )
nuamerpoM Gosiee 1 cM. Takoe pemkoe ocoKHEHME,
KaK IICEeBJ0AHEBPU3Ma racTPOLYOJCHANBHON apTepuH,
MOTYePKUBAET HEOOXOAMMOCTD THIATETHHOTO MOHHUTO-
pUHTa HAIMEeHTOB M0C/e BMellaTe/bCTBa.

BroiBoab1

Uccaenoanne ahdeKTUBHOCTU IH/IOCKOIMYECKOI
MOATAITHOI HEKPCEKBECTPIKTOMUN TIPU WHOUIIMPOBAH-
HOM OTTPAHNYEHHOM TAHKPEOHEKPO3€ SIBISIETCS BaK-
HBIM HalpaBJIeHHEM B COBPEMEHHON MaHKPeaTOJIOrHH.
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ITOT MeTOoJ IpeCTaB/sierT co60i MaJOMHBA3UBHYIO
AJBTEPHATUBY OTKPBITBIM XUPYPIUYECKUM BMeIIa-
TEJILCTBAM, YTO CHUIKAET TPABMATHYHOCTb U MOCJIEOTIe-
PAIMOHHYIO JieTaTbHOCTh. OMHAKO OTCYTCTBUE €MHO-
ro OmpejieeHnss KIMHUYECKOTO ycliexa, BO3MOKHbII
KOH(DJIMKT WHTEPecOoB B MyOJIWKANNSgX U Bapuabesb-
HOCTb KPUTEPHEB OIEHKH 3aTPyIHAIT 006006IIeHne
JTaHHBIX U TTPOBE/IECHIE MEeTAaaHATIN30B.

PesysibraThl 1104EPKUBAIOT BaKHOCTb WH/MBU/LY-
AJTBHOTO TIOJXO[a K KKIOMY MAIUEHTy U HeOOXO/Iu-
MOCTb JIAJIbHEHININX NCCAEJOBAHUN /Ul ONTUMU3AININ
METOANKN W CHIDKEHUST PUCKOB. BOpoHKOOOpasHast ana-
rpaMMa BbISIBIJIA aCUMMETPHIO 10 OGIIeH J[0Jie OCTOXK-
HEHIIT HEMOCPEeICTBEHHO SHIOCKOMMYECKO TTO3TAITHOI
HEKPCEKBECTPIKTOMUH, YTO MOKET CBHJIETEJbCTBOBATDH
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Endoscopic Necrosectomy for Infected
Walled-off Pancreatic Necrosis:
A Systematic Review and Meta-Analysis

Dmitriy V. Cherdantsev, Igor G. Noskov*, Vladimir G. Filistovich

Professor V.F. Voino-Yasenetsky Krasnoyarsk State Medical University, Krasnoyarsk, Russian Federation

Aim: to evaluate the clinical success and complication rates of endoscopic step-up necrosectomy in patients with
infected walled-off pancreatic necrosis, based on an analysis of contemporary scientific publications.

Material and methods. A systematic review and meta-analysis of 15 studies (total of 869 patients) published since
2020 and conforming to current treatment standards was conducted. The inclusion criteria were peer-reviewed orig-
inal articles in Russian or English focusing on endoscopic step-up necrosectomy via a transluminally placed metal
stent with a diameter greater than 1 cm in patients with confirmed infected walled-off pancreatic necrosis. A ran-
dom-effects model was used for meta-analysis.

Results. The weighted mean clinical success rate of endoscopic step-up necrosectomy was 89.5 % (95% con-
fidence interval (Cl): 87.5-92.1 %). Considerable variability in outcomes was observed between studies (range:
61to 100 %), with significantheterogeneity (=89.2 %). The mean complicationrate was 18.8 % (95%Cl: 12.5-25.1%).
The most frequent complications were stent migration (5.2 %), bleeding (3.9 %), and stent obstruction (2.1 %).
The analysis revealed significant variability in the criteria used to define clinical success across the studies.
Conclusions. Endoscopic step-up necrosectomy is a highly effective treatment for infected walled-off pancreatic ne-
crosis with an acceptable safety profile. However, the lack of unified, standardized criteria for clinical success and the high
heterogeneity of the data complicate comparative analysis. To improve the quality of evidence, it is necessary to develop
standardized definitions of success and complications, as well as to conduct randomized controlled trials.

Keywords: pancreatic necrosis, infected pancreatic necrosis, walled-off pancreatic necrosis, endoscopic necro-
sectomy
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OHA0CKONMYecKass HEKPCEKBECTPIKTOMUSA NPU UHPULUMPOBAHHOM OTIPaHU4YE€HHOM

naHKpeoHeKpo3e (cuctemMmaTniecku 063op u meTaaHanus)

[.B. YeppaHues, W.I. Hockos*, B.I. ®unuctoBmy

Pro0Y BO «KpacHosipckuii rocynapCTBEHHbIN MEANLIMHCKUI yHUBEPCUTET uM. rpogeccopa B.d. BoriHo-5lceHeLkoro»
MuHuncTepcTBa 3apaBooxpaHeHusi Poccuiickoi Penepaumm, KpacHosipck, Poccuiickas Penepauums

Llenb: oLeHNTb KIMHMYECKUIA YCNEX M YACTOTY OC/IOXHEHMN SHAOCKOMMYECKOMN NO3TANHOM HEKPCEKBECTPIKTOMMUN
npv HOULMPOBAHHOM OTrPaHNYEHHOM NMaHKPEOHEKPO3E Ha OCHOBE aHaIM3a COBPEMEHHbIX HayYHbIX MyOanKaLmii.
Matepuan u meTogpl. [NpoBeneH cnctematTnyeckuii 063op 1 metaaHanna 15 nccnepgosaHuii (Bcero 869 naumeH-
TOB), ony6nrkoBaHHbIX ¢ 2020 ., COOTBETCTBYIOLLNX COBPEMEHHbLIM cTaHAapTam sedyeHuns. Kputepum BKIOYEHUS:
peLeH3VpyeEMblE OPUTMHAJIbHBIE CTaTbW HA PYCCKOM WMNIV @HMIUMACKOM S13blKax, MOCBSILLLEHHbIE 9HA0CKOMUYECKONA
NoaTanHoOn HEKPCEKBECTPIKTOMMUM YePE3 TPAHCTIIOMUHANIBHO YCTAHOBNIEHHbIV METAINIMYECKUA CTEHT ANAMETPOM
6onee 1 cM y NaumMeHTOB C NOATBEPXAEHHBIM MHPULMPOBAHHLIM OTrPaHMYEHHbIM MaHKPEOHEKPO30M. Mcnosnb3o-
Basiacb MOAESb CiyyanHbiX 9DPEKTOB 41 METaaHaNn3a.

Pe3ynbraTbhl uccnepoBanusa. CpefHEB3BELLUEHHbIM NOKa3aTenb KAMHMYECKOro ycrnexa 9HOO0CKOMMYECKOW Mo-
3TanHOWM HekpcekBecTpakToMmum coctaun 89,5 % (95%-Hbin goBepuTenbHbin nHTEpBan (95% AWN): 87,5-92,1 %).
Mpwn aTom Habnoganack Bbicokas BapruabenbHOCTb pe3ynbTatoB Mexay nccnegosaHusamm (ot 61 oo 100 %) n 3Ha-
yuTenbHas reTeporeHHoCTb (/2= 89,2 %). CpeaHsas 4acToTa 0C/IoXHeHu coctaBuna 18,8 % (95% AN: 12,5-25,1 %).
Haunbonee 4acTbiMM OCNOXHEHUSIMU ObIN: MUrpauns cteHTa (5,2 %), kpoBoTedeHue (3,9 %) 1 o6Typauusa cteHTa
(2,1 %). AHanu3 BbISIBU 3HAYUTENbHYIO BapnabeslbHOCTb B KPUTEPUSIX onpeaeneHns KNnHMYecKoro ycrnexa B pas-
HbIX NCCNEA0BaHUSIX.

BbiBOAbI. DHOOCKOMNMYECKAs MO3TANHAs HEKPCEKBECTPIKTOMUS SBNSETCS BbICOKOI(M@EKTUBHLIM METOLOM Ne-
YeHUs MHPVLIMPOBAHHOIO OTrPaHMYEHHOrO NaHKPEOHEKPO3a C NpuemnemMbiM npodunem 6esonacHocTn. OgHako
OTCYTCTBME €OUHbIX CTAaHOAPTU3NPOBAHHbBIX KPUTEPUEB KIIMHNYECKOTO YCrnexa 1 BbICOKas FeTEPOreHHOCTb AaHHbIX
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3aTPYAHSAOT CpaBHUTENbHBIN aHann3. [na ynydlweHus KkayecTBa gokasaTtesibHon 6a3bl Heobxoauma paspaboTka
YHNOULMPOBAHHbBIX ONPEAENIEHNN yCnexa U OCNOXHEHU, a Takke NMpoBefeHNe PaHOOMU3NPOBAHHbLIX KOHTPOIU-

PYEMbIX CCNeaoBaHUN.

KnioueBble cnoBa: naHKPeOHEKPO3, NHOULMPOBAHHbIM NAHKPEOHEKPO3, OTFPAHNYEHHbBIN HEKPO3 MOOXKENYA04HON

Xenesbl, 3HA0CKonnyeckada HeKPCEKBECTPIKTOMUSA

KoHdnukT HTEepecoB: aBTopbl 3a8BASIOT 06 OTCYTCTBUN KOHMINKTA NHTEPECOB.

Ansa untupoBaHusa: Yepparues 1.B., Hockos W.I., ®unuctoBmy B.I. 3HOoCcKonNmnyeckass HEKPCEKBECTPIKTOMUS NpU MHPULM-
POBaHHOM OTFrPaHNYEHHOM MaHKPEOHEKPO3e (CUcTeMaTUYeCcKnii 0630p 1 MeTaaHann3). Poccuiickuii XxypHan raCTpo3HTEPOSION N,
renartosnorum, kononpokTtonorun. 2025;35(6):50-59. https://doi.org/10.22416/1382-4376-2025-35-6-50-59

Introduction

Acute pancreatitis remains one of the most
challenging problems in modern emergency sur-
gery. In 15—20 % of cases, the disease follows a
severe course, characterized by the development
of pancreatic necrosis and systemic complications
[1]. Despite advances in diagnosis and treatment,
pancreatic necrosis continues to pose a serious
threat to patients’ life, requiring a multidisciplinary
approach and an individualized management strategy.
Pancreatic necrosis is associated with multiple organ
failure, sepsis, abscesses and other life-threatening
conditions, the incidence of which reaches up to
40 % in the infected variant of the disease, making
it one of the most severe conditions in abdominal
surgery [2]. Despite the widespread adoption of
minimally invasive treatment methods (endoscopic,
percutaneous, and laparoscopic interventions) in re-
cent years, a unified algorithm for the management
of infected walled-off pancreatic necrosis still does
not exist. This leads to variability in outcomes and
necessitates further investigation into optimal strat-
egies [3, 4].

Aim: to evaluate clinical success and complica-
tions associated with endoscopic step-up necrosec-
tomy for infected walled-off pancreatic necrosis,
based on contemporary research.

The study results may be used to optimize the
choice of management strategies for pancreatic ne-
crosis, develop evidence-based clinical guidelines,
and predict postoperative complications.

Thus, the investigation of treatment outcomes
for pancreatic necrosis remains a relevant task, the
resolution of which could significantly improve
treatment results and patient quality of life.

Material and methods

When conducting the systematic review, we in-
cluded studies published from 2020 onward to ana-
lyze the most current data corresponding to modern
standards of endoscopic treatment for pancreatic
necrosis. This temporal selection is consistent with
the PRISMA 2020 guidelines for rapidly evolving
medical fields, as this period marks the introduction
of new clinical protocols [5]. The exclusion of ear-
lier studies was justified by their non-compliance

with current clinical practice, methodological het-
erogeneity, and the obsolescence of many conclu-
sions due to technological progress in interventional
endoscopy.

This systematic review and meta-analysis was
registered in the international prospective register
of systematic reviews PROSPERO under the num-
ber CRD42025107331.

To unify the analyzed data, the review included
studies based on the revised Atlanta classification of
acute pancreatitis. This approach ensures the com-
parability of results and minimizes discrepancies in
the interpretation of clinical cases. According to
this classification, infected walled-off pancreatic
necrosis (IWOPN) is defined as an encapsulated,
heterogeneous collection that persists for more than
4 weeks and contains a fluid component with areas
of necrosis and/or sequestra [6].

Studies published in the eLIBRARY.RU sci-
entific electronic library adhere to the classifica-
tion of the Russian national clinical guidelines [7].
Consequently, the data were interpreted according
to the revised Atlanta classification. It should be
noted that Russian-language publications were not
included in the data synthesis, which did not affect
the results of the statistical calculations.

The systematic review included studies focusing
on the endoscopic treatment of patients with a con-
firmed diagnosis of TWOPN. The studies had to
involve a step of transluminal placement of a metal
stent with a diameter greater than 1 cm, followed
by minimally invasive endoscopic step-up necrosec-
tomy (ESN) via the established access. The analysis
incorporated the following parameters: demograph-
ic characteristics (number of patients), intervention
efficacy indicators (clinical success), and data on
procedural complications.

Inclusion criteria:

- thematic relevance: studies directly addressing
key aspects of the research problem were selected;

scientific validity: only peer-reviewed orig-
inal articles indexed in Scopus, Web of Science,
PubMed, and eLibrary were considered;

- study design: both prospective and retrospec-
tive cohort studies (multicenter and single-center)
were analyzed;
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- data sufficiency: publications were required
to contain comprehensive information for method-
ological quality assessment and inclusion in the me-
ta-analysis;

- accessibility: only studies with full open-access
text were considered;

- timeframe: studies published from 2020 onward
were reviewed;

Exclusion criteria:

- individual case reports and descriptive studies;

- studies focusing on the cost-effectiveness of
treatment;

- publications with restricted access to the full text;

- studies published before 2020.

Given the absence of randomized controlled tri-
als on this topic, observational studies (without a
control group) were included in the review. This ap-
proach is justified by several key factors: the need
to analyze real-world data of clinical practice to as-
sess the effectiveness of specialized procedures; and
its compliance with contemporary methodological
guidelines (PRISMA 2020, GRADE), which permit
the synthesis of non-randomized data when studying
specific interventions. To ensure the reliability of
the results, we applied strict study selection criteria
(e.g., the use of protocols, objective outcome and
complication criteria), which minimized potential
systematic biases while maintaining the relevance
of the conclusions for clinical practice. The treat-
ment protocols used in the included studies were
based on the updated American Gastroenterological
Association guidelines for the management of pan-
creatic necrosis and the consensus guidelines for the
diagnosis and treatment of pancreatic pseudocysts
and walled-off necrosis by a Chinese multidisci-
plinary expert group [1, 8].

During the literature screening, the identified
systematic reviews and meta-analytic studies un-
derwent a detailed methodological analysis (study
design, data synthesis criteria, assessment of the
primary studies’ reliability, data presentation, and
meta-analysis methods); however, they were not
used for integration into the primary analysis.

The conducted assessment included three key ar-
eas: analysis of the study design’s compliance with
modern methodological standards, evaluation of the
completeness and reliability of the presented infor-
mation, and an expert analysis of the correctness of
the results interpretation.

As part of this study, a comprehensive search for
scientific publications was performed in the follow-
ing leading international and Russian bibliographic
databases:

- The Russian scientific electronic library eLI-
BRARY.RU;

- The PubMed database of medical publications
(U.S. National Library of Medicine);

- International platforms — Scopus (Elsevier)
and Web of Science (Clarivate Analytics).

The search for relevant publications was con-
ducted in both Russian and English using specially
developed search queries. These queries included key
terms such as “infected pancreatic necrosis”, “walled-
off necrosis”, “endoscopic necrosectomy”, and their
Russian-language equivalents. To optimize the results,
Boolean operators (AND, OR) were used in combi-
nation with additional terms (“transgastric drainage”,
“minimally invasive approach”, “treatment outcomes”),
allowing for the most comprehensive coverage of ex-
isting studies on the topic.

The initial screening of scientific databases
identified 256 publications potentially relevant
to the study. After removing duplicate records
and sequentially applying the selection filters
(according to the established criteria), 63 articles
were selected for further analysis. The assessment
procedure was conducted in two stages: first, the
titles and metadata (including information about
the authors, year of publication, and research
centers) were analyzed, followed by a detailed re-
view of the abstract content, study methodology,
and presented results. Upon completion of this
process, the final sample included 15 methodolog-
ically sound publications, which formed the ba-
sis for the meta-analysis (the complete selection
process is illustrated in Figure 1). The remaining
sources were used exclusively for comparative
analysis and interpretation of the obtained data.

The systematic review included studies present-
ed in Table 1.

Data accumulation (study database) and descrip-
tive statistics were calculated using Microsoft Excel
2016.

The meta-analysis was conducted in accordance
with the Cochrane Handbook and was based on
a random-effects model. Cochran’s O-test (y2)
was used to assess the statistical significance of
heterogeneity; a p-value < 0.05 was considered
significant. Egger’s test was performed to statis-
tically evaluate bias. A Z-test was used to assess
significance, with a p-value < 0.05 indicating
high statistical power of the results. While these
meta-analysis parameters are not mandatory for
non-randomized observational studies, they were
calculated for the preliminary assessment of the
results and for the standardized planning of fu-
ture randomized trials.

Meta-analytical data processing was performed
using the freely distributed software RevMan 5.4
(The Cochrane Collaboration) and the Python 3.9
programming environment with the StatsModels
and Meta libraries. Both approaches yielded sim-
ilar results, confirming the absence of significant
discrepancies between them.
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Figure 1. The method of filtering scientific publications used in this study
Pucynox 1. Meronuka GuIbTpAIll HAYYHBIX ITyOJIMKAIMii, TPUMEHEHHAs B JAHHOM HCCJIEIOBAHUN

Table 1. Characteristics of studies included in the systematic review
Tab6auua 1. XapakTepucTuKa UCCAEOBAHNN, BKIIOYEHHBIX B CUCTEMATUYECKUH 0630D

BN B
Q - .
5 g : =
£ & Q =
First author, year Study design EE’ 2 "§
© £ 1S
) o
Siddiqui A., 2021 [9] Multicenter retrospective cohort 387 95.6 14.72
Moon J.H., 2024 [10] Multicenter randomized prospective 25 92 40.0
Luangsukrerk T., 2022 [11] Multicenter prospective cohort 31 100 6.45
Pattarapuntakul T., 2023 [12] |Single-center retrospective cohort 34 100 23.52
Pawa R., 2022 [13] Single-center retrospective cohort 37 92 13.51
Kim Y.S., 2021 [14] Multicenter retrospective cohort 60 85 45.0
Valentin C., 2024 [15] Multicenter retrospective cohort 41 80.5 29.26
Mehta V., 2025 [16] Single-center retrospective cohort 95 92.63 no dat
Xu N., 2024 [17] Single-center retrospective cohort 22 90.5 13.63
Olsen G.A., 2024 [18] Single-center retrospective cohort 20 90 35.0
Dhillon A., 2020 [19] Single-center prospective cohort 41 80 2.43
Khodakaram K., 2024 [20] Single-center retrospective cohort 36 61 8.3
Dorrell R., 2025 [21] Single-center retrospective cohort 70 94 12.85
Mangiafico S., 2024 [22] Single-center prospective cohort 18 100 27.7
Seicean A., 2020 [23] Multicenter retrospective cohort 47 87 34.04
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Graphical representations (forest plots, etc.)
were generated in Python 3.9 using the statsmodels,
meta, and metafor libraries.

Since aggregated data from publications were
used, approval from an ethics committee was not
required.

Results

Overall efficacy and heterogeneity

The study of ESN efficacy in TWOPN is an
important area in modern pancreatology, as this
method represents a minimally invasive alterna-
tive to open surgical interventions, which are as-
sociated with high trauma and postoperative mor-
tality. The weighted mean clinical success rate
was 89.5 % (95% CI: 87.5—92.1 %); Z-test: 12.45,
p < 0.001. Heterogeneity analysis revealed con-
siderable variation in clinical success rates across
studies, ranging from 61 % (Khodakaram, 2024)
to 100 % (Luangsukrerk, 2022; Mangiafico, 2024).
Quantitative assessment of heterogeneity yield-
ed an I? statistic of 89.2 % (high heterogeneity,
p < 0.001), indicating that 89.2 % of the variabili-
ty is attributable to real differences between studies
rather than random chance. Egger’s test indicated

statistically non-significant asymmetry (¢ = 1.87,
p = 0.08).

A forest plot was constructed for visual assess-
ment of the clinical success rates across the studies
(Fig. 2).

Subgroup analysis

In light of the significant heterogeneity, we con-
ducted a subgroup analysis, stratifying the studies
by their design (Table 2).

Multicenter and prospective studies demonstrat-
ed slightly higher success rates. The best outcomes
(>95 %) were observed in studies with rigorous pa-
tient selection (standardized protocols) and experi-
enced specialists.

Criteria for clinical success

The definition of clinical success is paramount
for evaluating the efficacy of different treatments
for IWOPN. Our analysis revealed substantial vari-
ability in the criteria used by different authors:

1. Necrosis resolution criteria. Most studies
(Moon et al., 2024; Xu et al., 2024; Seicean et al.,
2020) defined success as a > 50 % reduction in ne-
crosis size or reduction below a specific threshold
(e.g., 2 cm — in Pawa et al., 2022 and Dorrell et al.,
2025; less than 3 cm — in Seicean et al., 2020).
Khodakaram et al. (2024) and Dhillon et al. (2020)

Seicean. 2020

Mangiafico. 2024

Dorrell. 2025

Khodakaram. 2024

Dhillon. 2020

Olsen. 2024

Xu. 2024

Mehta. 2025

Valentin. 2024

Studies, year

Kim. 2021

Pawa. 2022

Pattarapuntakul, 2023

Luangsukrerk. 2022
Moon. 2024
Siddiqui. 2021

® Studies
Overall Effect | oyerall Effect

50 60

—I’—
1
1
80 20 100

Clinical success (%, Cl)

Figure 2. Meta-analysis of clinical success rates of endoscopic step-up necrosectomy in infected walled-
off pancreatic necrosis across included studies: X-axis — clinical success rate (%); Y-axis — studies (first

author)

Pucynox 2. MeraaHaams KJIMHUYECKOTO yCTleXa MPUMEHEHMS] SHAOCKOMMYECKON MOSTamHOl HeKpCeKBe-
CTPSKTOMUM TIpM MH(UIMPOBAHHOM OTIPAHMYEHHOM IIAHKPEOHEKPO3e B Pa3/IMUHbIX MCCIe0BaHUSAX: OChb X
(ropusonranbHas) — TporneHTt Kamandeckoro yenexa (%); och Y (BepTukasbHas) — CIUCOK MCCIE0OBAHUI

(mepBbIii aBTOP)
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Table 2. Subgroup analysis of studies by type

Tab6auuya 2. AHanu3 B MOJATPYINIAX B 3aBUCUMOCTH OT THUTIA UCCJIEIOBAHUS.

Subgroup Number of studies Mean success rate (%)
Multicenter studies 6 90.2
Prospective studies ) 90.5
Single-center studies 9 88.5
Retrospective studies 10 88.7

emphasized complete resolution of necrosis but
used different timeframes (1 month vs. 3 months).
Diagnostic methods also varied, including CT
(Khodakaram et al., 2024) and ultrasound (Mehta
et al., 2025).

2. Clinical symptoms. Resolution of symptoms
was considered in nearly all studies, but with differ-
ing stringency. Moon et al. (2024) and Mehta et al.
(2025) required complete resolution of symptoms,
while Dorrell et al. (2025) and Seicean et al. (2020)
accepted clinical improvement without strict quan-
titative assessment.

3. Timeframe for assessment. The follow-up
duration varied significantly, from 4 weeks (Moon
et al., 2024) to 6 months (Dorrell et al., 2025).
A 3-month follow-up was most commonly used
(Dhillon et al., 2020; Mehta et al., 2025).

4. Additional success criteria. Some studies
included the absence of need for re-intervention
(Xu et al., 2024; Seicean et al., 2020). Seicean et al.
(2020) additionally considered the absence of fluid
collection recurrence and postoperative complica-
tions.

Structure and frequency of complications

Analysis of the complication profile in the in-
cluded studies is crucial for an objective assessment
of the safety of ESN in IWOPN. Data from a total
of 869 patients were used for this analysis.

The meta-analysis showed that the mean compli-
cation rate following ESN was 18.8 %, with a range
of 2.4 to 45.0 %. The pooled effect (n) was 18.8 %
(95% CI: 12.5-25.1 %), indicating significant vari-
ability between the studies.

Figure 3 presents a funnel plot of the overall
proportion of ESN complications in the analyzed
studies. The plot demonstrates asymmetry, suggest-
ing potential publication bias.

Due to the high heterogeneity in the overall com-
plication data, we analyzed the studies by specific
complication categories. Figure 4 presents a forest
plot showing the distribution of procedure-related
complications (directly associated with the endo-
scopic step-up necrosectomy technique) across the
included publications, presented as percentages.

A total of 165 complications were recorded among
869 patients. The specific complication profile was
as follows: bleeding — 3.9 % (n = 34), stent migra-
tion — 5.2 % (n = 45), stent obstruction — 2.1 %
(n = 18), perforation — 1.5 % (n = 13), intestinal
fistulae — 0.6 % (n = 5), gastroduodenal artery

pseudoaneurysm — 0.2 % (n = 2), and other com-
plications — 5.5 % (n = 48).

Study-specific distribution of complications:

1. Bleeding: the highest incidence was reported
in the studies by Kim et al. (2021) — 9 cases, and
Pattarapuntakul et al. (2023) — 7 cases.

2. Perforation: this complication was most
frequently observed in the studies by Kim et al.
(2021) — 3 cases, and Seicean et al. (2020) — 2 cases.

3. Stent migration: was prominent in the studies
by Kim et al. (2021) — 8 cases, and Valentin et al.
(2024) — 10 cases.

4. Intestinal fistulae: all registered cases (n = 3)
were reported in a single study — Kim et al. (2021).

5. Stent obstruction: predominated in the stud-
ies by Moon et al. (2024) — 8 cases, and Dorrell et
al. (2025) — 4 cases.

6. Gastroduodenal artery pseudoaneurysm: this
rare complication was reported exclusively in the
study by Seicean et al. (2020).

Only one study (Valentin et al., 2024) provided
data on long-term complications beyond a 6-month
follow-up period, including pancreatic endocrine
and exocrine insufficiency, and portal hypertension.
These long-term sequelae are not directly related to
the endoscopic transluminal drainage and necrosec-
tomy procedure itself but are rather consequences
of the severe pancreatic necrosis (extent and loca-
tion of necrotic tissue). Therefore, we deemed it
inappropriate to include these specific long-term
outcomes in the structured analysis of procedure-re-
lated complications for this systematic review.

Discussion

The findings presented should be interpreted in
the context of potential biases. There is a risk of
overestimating the overall clinical success rate due
to the possible absence of small-scale studies with
negative results, indicating potential publication
bias. Furthermore, upon re-analysis, we identified
several studies that reported superior outcomes for
specific stents (naming manufacturers) over other
seemingly comparable devices. In our opinion, the
potential for conflicts of interest in such cases can-
not be ruled out, which may have distorted the re-
sults and influenced the meta-analysis.

Multicenter and prospective studies demonstrat-
ed slightly higher success rates, likely attributable
to more standardized patient management protocols
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Figure 3. Funnel plot assessing publication bias of complication rates following endoscopic step-up
necrosectomy in infected walled-off pancreatic necrosis: X-axis — complication rate (%), Y-axis — standard
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for IWOPN. While retrospective data showed com-
parable efficacy, their interpretation requires caution
due to inherent risks of selection and reporting bias.

The considerable variability in the definitions of
clinical success across studies significantly compli-
cates direct comparison of outcomes. Key discrep-
ancies pertained to quantitative parameters (e.g.,
residual necrosis size of 2 cm vs. 3 cm vs. a 50 %
reduction), follow-up durations (ranging from 1 to
6 months), and the combination of clinical and ra-
diological criteria. This heterogeneity underscores
the critical need for standardized definitions to en-
able more accurate data synthesis in future research.
Therefore, the systematization and analysis of exist-
ing approaches to defining clinical success is a vital
task that will facilitate the development of unified
standards and enhance the quality of clinical stud-
ies in this field.

Consequently, this analysis substantiates the ne-
cessity of revising the clinical success criteria for
the treatment of IWOPN. The authors propose that
the key efficacy parameters should be: achievement
of minimal necrosis size (less than 2 c¢cm) confirmed
by CT imaging, and absence of complications directly
related to the progression of pancreatitis and sepsis.

This approach focuses on the primary goal of
the intervention — sanitation of the infectious fo-
cus and creating conditions for the resolution of
IWOPN — while distinguishing it from the techni-
cal risks inherent to ESN.

An important aspect of this proposed framework
is the interpretation of a recurrence within 6 months
not as a treatment failure, but as a manifestation of
ongoing necrosis, which aligns with the prolonged
natural course of walled-off pancreatic necrosis.

Furthermore, it is proposed that only those com-
plications which necessitate a radical change in treat-
ment strategy — specifically, the performance of an
open surgery (laparotomy) — should be classified
as clinical failure. Technical complications, such as
stent migration or obstruction (e.g., by detritus),
that were successfully managed endoscopically (via
placement of an additional stent, stent clearance, or
placement of a stent with a larger diameter), should
not be considered criteria for ineffectiveness. This is
because they do not reflect failure of the drainage
method itself but rather represent issues addressed
during its optimization.

To standardize outcome assessment, we propose
establishing a follow-up period of 4 to 6 months.
In our opinion, this duration is sufficient to eval-
uate the effectiveness of the primary interven-
tion. An increase in the size of the residual cavity
or the appearance of new sequestra occurring af-
ter this period should be classified as recurrences.

The implementation of these unified criteria will
enhance the consistency of results across different
studies and enable a more objective comparative
analysis of treatment efficacy for IWOPN.

ESN for IWOPN is accompanied by a range of
complications, the most common being bleeding,
stent migration, and stent obstruction. Bleeding
and perforation are the most critical complications,
requiring immediate intervention. It is important
to note that in the analyzed studies, ESN was per-
formed primarily using mechanical methods, most
frequently with Dormia baskets and forceps. In
some studies, cavity sanitation was performed us-
ing hydrogen peroxide. This variation in technique
likely explains the reported differences in the fre-
quencies of bleeding and perforation.

Stent migration is a frequent complication of
ESN, which may be associated with technical as-
pects of stent placement or patient anatomy. In our
view, it primarily depends on the endoscopist’s ex-
perience. Most studies utilized LAMS (lumen-ap-
posing metal stents) with a diameter greater than
1 em. A rare complication such as gastroduodenal
artery pseudoaneurysm underscores the necessity for
careful patient monitoring after the intervention.

Conclusion

The study of endoscopic step-up necrosectomy
efficacy in infected walled-off pancreatic necrosis
represents an important area of modern pancreatol-
ogy. This method serves as a minimally invasive
alternative to open surgical interventions, reduc-
ing trauma and postoperative mortality. However,
the lack of a unified definition of clinical success,
potential conflicts of interest in publications, and
variability in assessment criteria complicate data
generalization and meta-analysis.

The results underscore the importance of an indi-
vidualized approach for each patient and the neces-
sity for further research to optimize the technique
and reduce risks. The funnel plot revealed asymme-
try in the overall proportion of procedure-related
complications, which may indicate publication bias.
While most studies clustered within the 95 % confi-
dence interval, some fell outside its boundaries, po-
tentially due to differences in methodology, center
experience, or patient selection.

Therefore, to enhance the clinical effectiveness
of endoscopic step-up necrosectomy, it is imperative
to standardize definitions of clinical success and de-
velop unified standards for complication assessment.
This will improve the quality of clinical research
and optimize surgical strategy in the treatment of
infected walled-off pancreatic necrosis.
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[ ToAuMOpP(U3MBI T€eHOB CBEPTHIBAHUA
Y HAIJUEHTOB C A€TCKUM A€OI0TOM
HEeITUPPOTUYECKOTr0o TPOMOO03a BOPOTHOU BEHBI

M.IO. Hapunckas®, K.A. I'yangeBa, 9. Tpamkyn, /. Hdaaynu, M.A. Ilpusanos, B.T. VBamikun

DIAOY BO <Ilepsviti Mockosckuii zocydapcmeentviii meduyunckui ynusepcumem um. .M. Ceuenosas Munucmepcmea
30pasooxpanenus Poccuiickou Dedepayuu ( Ceuenoscrui Ynusepcumem), Mockea, Poccutickas Dedepayus

Llenb: n3y4nTb 4acToTy NONMMOPGOU3MOB FrEHOB KOArynsumm, GonaTHoro LMkna, peLenTopoB TPOMOOUUTOB, UHIA-
6uTopa cepmnHOBOWM NpoTeasbl knacca E, uneH 1 (SERPINET, serine protease inhibitor clade E member 1), nuraHga
P-cenektnHa (SELPLG, selectin P ligand) n sHyc-knHa3sbl 2 (JAK2, Janus kinase 2) y nauyeHToB ¢ A4eTCKUM 0e60TOM
Tpomb603a BOpOTHOW BeHbl (TBB).

MaTtepuanbi u metoapl. [1poBefEHO NONEPEYHOE UCCef0BaHNE, B KOTOPOE BKOYEH 31 NAUMEHT C AETCKUM Ae-
6loTOM HeuuppoTudeckoro TBB. Bce yyacTHUKM nccrienoBaHus Obinv eBpOnenckoro npoucxoxaeHms. Metogom
NOJSIMMEPA3HON LIEMHOM peakumm ndyveHbl NoNMMopduamel reHoB: F2 (rs1799963), F5 (rs6025), FGB (fibrinogen
beta chain, 6eTta-uenb pubpuHoreHa) (rs1800790), ITGAZ (integrin subunit alpha 2, niterpuH ansda-2) (rs1126643),
ITGB3 (integrin subunit beta 3, nHterpun 6eta-3) (rs5918), MTHFR (methylenetetrahydrofolate reductase, metn-
nentetparngpodonarpenykrasa) (rs1801133), SERPINET (rs1799889), SELPLG (rs2228315) n JAK2 (rs77375493).
Y 12 (39 %) naumeHToB B aHaMHE3Ee OTMEeYannChb NlokasnbHble dakTopbl pyucka TBB B paHHEM HEOHAaTa/IbHOM NEPUO-
ne: omdanut, NynoYHbINA CENCUC, KAaTETEPU3ALMS MYMOYHOM BEHbI.

PeaynbraTtbl. MyTaumsa B reHax F2 (rs1799963) n F5 (rs6025) BbisBneHa y AByx naumeHToB. Annenb A reHa FGB
(rs1800790) BcTpeyancs ¢ yactoTon 21 %, annenb T B reHe ITGAZ2 (rs1126643) — c wactoton 37,1 %, annenb T
B reHe MTHFR (rs1801133) — 32,3 %. Nonumopdunam 4G B reHe SERPINET (rs1799889) okadancs camMbliM 4aCTbIM:
y 18 (58 %) BbIgBNEH B rOMO3MIrOTHOM hopme, y 9 (29 %) — B reTepo3nrotHon dopme; YyactoTa BCTPEYAEMOCTHU
annensa 4G coctaBuna 72,6 %. Comatunyeckasa mytaums JAK2 (rs77375493) He BbISIBNEHA HX Y OOHOIO U3 MauneH-
ToB. Hannumne mytaumm B reHax F2 n F5 nnb0o roMo3nroTHble BapUaHThbl MOAMMOPOU3MOB B APYIMX M3YYEHHbIX FeHax
BbIsIBNEHbI Y 24 (77 %) naumeHToB. Y 15 (48 %) naumeHTOB MMeNCs OANH reHeTn4eckmin daktop pucka, y 6 (19 %) —
nsany 3 (10 %) — Tpu. Mexay naumMeHTamm ¢ HaMYMEM U OTCYTCTBMEM NIOKasbHbIX GAKTOPOB Pasnnynii No 4acTo-
TEe OTAENbHbBIX NONMMOPPU3MOB HE YCTAaHOBNEHO. BmecTe ¢ aTum coyeTaHme annens A reHa FGB v annens C reHa
ITGB3 0TMe4Yanocb CTaTUCTUYECKN 3HAYMMO Halle Yy NaUUEHTOB MPU HAMNYMN I0KaNbHbIX GaKTOPOB MO CPABHEHMIO
¢ nx otcytcteuem (33 % vs. 5 %; p = 0,039).

BbiBoAbl. Ha HE60bLLO BEIOOPKE POCCUIACKONM NoNynsuvm nauneHTos ¢ aedbtotom TBB B aeTckom Bo3pacTe noka-
3aHO Hann4umne Kak MU3BECTHbIX TPOMOOMUINYECKNX MyTaunii B reHax F2 1 F5, Tak u nonmmopdunambl reHoB SERPINET,
MTHFR, FGB, ITGA2, ITGB3 n SELPLG, noTeHUuanbHO NOBbILLAKLLNX PUCK TPOMOO3a.

KnioueBbie cnoBa: F2 (rs1799963), F5 (rs6025), FGB (rs1800790), ITGA2 (rs1126643), ITGB3 (rs5918), MTHFR
(rs1801133), SERPINET (rs1799889), SELPLG (rs2228315) n JAK2 (rs77375493)

KoHdnukT nitepecos. VBawkmH B.T. — rnaBHbIli peaakTop XypHana — He NPpUHUMAan y4acTus B peaakuyiOHHOM
PacCMOTPEHUM N MPUHSATUN PELLEHNS MO OAHHONM cTaTbe. Bce ocTanbHble aBTOPbI 3a8BASOT 06 OTCYTCTBUM KOH-
bNrKTa MHTEPECOB.

Ansa untupoBanua: HagnHckasa M.IO., Tynaesa K.A., TpawkyH 3., JaayHuy, [., Mpueanos M.A., MeawkuH B.T. Monnmopdunamel
reHOB CBEpTbIBaHUS Y NALMEHTOB C AETCKMM AeOI0TOM HELMPPOTMYECKOro TPOMO03a BOPOTHOW BEHbI. Poccuiicknia XypHan ra-
CTPO3HTEPONOrMK, renatonornu, kononpokrtonoruun. 2025. https://doi.org/10.22416/1382-4376-2025-1829-5206

Coagulation Gene Polymorphisms in Patients with Pediatric-Onset
Non-Cirrhotic Portal Vein Thrombosis

Maria Yu. Nadinskaia*, Kseniya A. Gulyaeva, Evelina Trashkun, Diana Daduns, Maxim A. Privalov, Vladimir T. lvashkin
1.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: to investigate the frequency of gene polymorphisms related to coagulation, the folate cycle, platelet receptors,
serine protease inhibitor clade E member 1 (SERPINET), selectin P ligand (SELPLG), and Janus kinase 2 (JAK2)
in patients with pediatric-onset portal vein thrombosis (PVT).
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Materials and methods. A cross-sectional study was conducted, including patients with pediatric-onset non-cir-
rhotic PVT (n = 31), all of European ancestry. Polymerase chain reaction was used to genotype the following poly-
morphisms: F2 (rs1799963), F5 (rs6025), FGB (fibrinogen beta chain) (rs1800790), ITGAZ (integrin subunit alpha 2)

(rs1126643), ITGB3 (integrin subunit beta 3) (rs5918), MTHFR (methylenetetrahydrofolate reductase) (rs1801133),
SERPINET (rs1799889), SELPLG (rs2228315), and JAK2 (rs77375493). A history of local risk factors for PVT in the

early neonatal period was noted in 12 (39 %) patients, including omphalitis, umbilical sepsis, and umbilical vein

catheterization.

Results. Mutationsinthe F2(rs1799963) and F5 (rs6025) genes were identified in two patients. The Aallele of the FGB

gene (rs1800790) was found with a frequency of 21 %, the T allele of the ITGA2 gene (rs1126643) with a frequency
of 37.1 %, and the T allele of the MTHFR gene (rs1801133) with a frequency of 32.3 %. The 4G polymorphism in the

SERPINET gene (rs1799889) was the most frequent: it was found in the homozygous form in 18 (58 %) patients and

in the heterozygous form in 9 (29 %) patients; the frequency of the 4G allele was 72.6 %. The somatic JAK2 muta-
tion (rs77375493) was not detected in any of the patients. The presence of either a mutation in the F2 or F5 genes,
or homozygous variants for the other studied polymorphisms, was identified in 24 (77 %) patients. A single genetic

risk factor was present in 15 (48 %) patients, two factors — in 6 (19 %) patients, and three factors — in 3 (10 %)

patients. No significant differences in the frequency of individual polymorphisms were found between patients with

and without local risk factors. However, the combination of the A allele of the FGB gene and the C allele of the ITGB3

gene was observed significantly more frequently in patients with local risk factors compared to those without (33 %

vs. 5 %; p=0.039).

Conclusion. In a small Russian cohort of patients with pediatric-onset PVT, well-known thrombophilic mutations

in the F2 and F5 genes were identified. Also, polymorphisms in SERPINE1, MTHFR, FGB, ITGA2, ITGB3, and SELPLG

genes were identified, which potentially contribute to an increased risk of thrombosis.

Keywords: F2 (rs1799963), F5 (rs6025), FGB (rs1800790), ITGA2 (rs1126643), ITGB3 (rs5918), MTHFR

(rs1801133), SERPINET (rs1799889), SELPLG (rs2228315) n JAK2 (rs77375493)
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BBeaenue

Tpom6o3 Bopornoii Benbt (TBB) — peakoe co-
cyaucroe 3a6oJieBaHUE TEYEHU, XapaKTepHU3yIoIleecs
OKKJTFO3Mel CTBOJIA 1/ TN JOJEBBIX BETBEH BOPOTHO
Benbl [1]. BOKpyr oKKJII03MPOBAHHOTO yYacTKa MOKeT
chopMHPOBATHCS CETh KoOJIIaTepaieil — KaBepHO3HAs
TpancgopMaiius BOpOTHON BeHbI [2].

Y nereit wacrora TBB Touno He ompe/enena.
[To pa3mmanrbIM OoTIeHKaM, OHa cocTaBisget oT 3,6 1o 8,4
Ha 1000 HOBOPOK/IEHHBIX, MMOCTYMUBIINX B OT/eJIeHNe
peaHuMaIMu ¥ WHTEHCUBHOU Ttepanuu [3, 4], u 1,1
Ha 100 000 >xmBoposxaeHHbrx [5]. 3aGoseBaeMoCTb
B monyJistiinu orernBaercst kKak 0,72 wa 1 000 000 [6],
yTto To3Bosisier otHectn TBB y nereit k opdannbim
3a00JIEBaHUSIM.

[eGotupys B mepuon HoBOpokaenHoctu, TBB
MaHu@ecTupyer CHUMITOMAMH [OPTAJIbHON THIIEP-
TEH3WW, KaK MPABWUJI0, CIYCTSI HECKOJbKO JeT Toce
TpoMbo3a [6—9]. Cunraercs, yro or 9 10 76 % Bcex
cJIy4yaeB TOPTATbHON THIIEPTEH3NN Y jieTell 06yCcIoB-
nerno TBB [10].

B ocnose passutusi TBB, kak u 1106010 BeHO3HO-
ro Tpom603a, Jjexut Tpuajsa Bupxosa, BKOUAIONasa
3aMe/lJIeHne KPOBOTOKA, IOBPEXK/EHNEe BEHbI BCJIE/I-
CTBUE JICHICTBUS JIOKAJTBHBIX (PAKTOPOB U M3MEHEHUE
B GaJlaHCe CBEPTHIBAIOIIEN U MPOTUBOCBEPTHIBAIOIIEN
cucreM KpoBu. Bo B3apocsoil momnyssiuu Hanbosiee
yacteiMu (pakropamu pucka TBB aasiorcs: nuppo3s
neueny, Ph-neratuBubie MuenonpondepaTuBHbIe

3a6osieBanns n JokajabHble aktopnr [11, 12]. ¥V ne-
Tell (hakTOpPbI PUCKA 3aBUCSAT OT BO3PACTHON TPYIIIIHI.
Tak, y HOBODOKIEHHBIX OKOJIO IOJIOBUHBI CJIy4aes
CBS3BIBAETCA C JAEHCTBUEM JOKATbHBIX (DaKTOPOB, K KO-
TOPBIM OTHOCSITCSI: KaTeTepH3allusl IYHOYHON BEHbBI
[13—15], omdpamur u mymounbtii cencuc [16]. Y nereii
CTaplllero Bospacta onucana acconuanus TBB ¢ mue-
JonposineparnBHbIMU 3a00JeBanusIMU [17].

[Ipumepno B momoBmHe Bcex cuay4daeB TBB y ne-
Teil hakTophl PHCKa yCTaHOBUTH He ymnaetcs [6, 18].
[IpoBenieHbl €MHUYHBIE WCCIEAOBAHUS, KOTOPbIC TO-
Ka3bIBAIOT CBSI3b KaBEPHO3HOI TpaHcdopMaiuu Bo-
POTHOI BeHBI € TPOMOODUINIECKIMU COCTOSHUSAMU:
anTu@ocOMNTUJAHBIM CUHAPOMOM, 1ePUIUTOM TPO-
tentoB C u S [6].

Acconmaius TBB ¢ nanbosnee M3y4eHHBIMH My-
TallMsMKM B TeHaX cBepTblBaHusA — JleiijeHckoir My-
Talyeil B reHe TATOro (akTopa CBEPTHIBAHUS KPOBU
(F5) (rs6025), myrauueii G20210A B reHe mpoTpoM-
6ura — BrOpOro (akropa cBeprbiBanus Kposu (F2)
(rs1799963) u nomumoppusmom C677T (rs1801133)
B rexe METUJIEHTETPAruIpodoaTpe/yKTas3bl
(MTHFR, methylenetetrahydrofolate reductase) —
MOKa3aHbl B OOJIBIIUX TIOMYJISIIUSIX B3POCBIX TIAIU-
erToB [19]. Otu sxe myrarmu y geteit ¢ TBB nsyuenn
B HECKOJIbKHX HEGOJIBIINX MPOCIEKTHBHBIX HCCIE0-
BAaHUSAX, PE3YJIbTATHI KOTOPBIX 3HAYUTENHLHO BapbUpPY-
I0TCSI B 3aBUCUMOCTH OT reorpaduueckoii 3oubl. Tak,
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B HCCJeJOBaHUsX M3 EBpomnbl MoKaszaHa accolualus
¢ maHHBIME MyTarusMu [5, 20], Torga kak B pa6orax
u3 Wugmu u Typiwu coobimanoch 06 OTCYTCTBUU Ta-
koIt accommarym [21, 22].

[IpoBeneHbl eAMHWYHBIE WUCCIENOBAHUS y JeTeil
¢ TBB o uaydenuto noanmMopdusmMa B peryasaToOpHOi
06J1acT TeHa MHruOGUTOpa CePUHOBOI IPOTeasbl KJac-
ca E, wren 1 (SERPINET, serine protease inhibitor
clade E member 1) (rs1799889), xomupyomero Ge-
JIOK-MHrMOUTOp akTmBaropa maasmuuorena-1 (PAI-1,
plasminogen activator inhibitor-1), ux pesyabrarni
TOKE OKA3aJIMCh MPOTUBOPEUNBHIME [22, 23].

B nutepatype He yhasoch HaWTH wuccjeqoBaHU
y nereit ¢ TBB mo ugyuennio mommMop@uaMoB TeHOB
cucreMpl TeMocTaza — Gera-nienu puépunorena (FGB,
fibrinogen beta chain), uarerpuna anpda-2 (ITGA2,
integrin subunit alpha 2) — a-cyGpegunuipr perer-
TOpa TPOMOOITNTOB K KOJITareHy, WHTerpuHa 6erta-3 —
(ITGB3, integrin subunit beta 3) — B-cyObeauHMIIbI
perieniropa TPOMOOIUTOB K (PUOPUHOTEHY, JIUTaH/a
P-cenexkruna (SELPLG, selectin P ligand), koropsbrii
komupyer Geaok PSGL-1 (P-selectin glycoprotein
ligand-1, Jsmrang P-cejekTwHa TJIHKOIPOTENHO-
BBIi-1) — OCHOBHOI JUTaHf perentopa P-cenextuna.
OpnHako yJacTue 3THX MOIUMOPGHU3IMOB B PA3BUTUU
TpoM603a O006CYy:KIaeTcsd y B3POCJABIX TAIUEHTOB
¢ BEHO3HO# TpoMGoaMGOTHE.

Iless wccaenoBanmsi: OIEHNTb YACTOTY MOJIMOP-
(usmMoB reHoB KoaryJsiuu, (QOJATHOTO IUKJA, Pe-
IENTOPOB TPOMOOIUTOB, Te€Ha CUCcTeMbl (PUOPUHOJIN-
3a (SERPINET), renos SELPLG u JAK?2 (Janus
kinase 2, siHyc-KuHa3bI 2) y mnarmerTos ¢ TBB, pas-
BUBIIEMCSI B JIETCKOM BO3DACTe.

MaTepI/IaJIbI H METO/AbI

[IpoBeneno ogHOMOMEHTHOE (IIEPEKPECTHOE) MCCTIe-
noBanue [24]. WccnenoBanue om06peHO JIOKAJIbHBIM
komutetoM 1o stuke (IIporokonr Ne 05—13 sacemanus
or 15.05.2013). BroueHue NaMEHTOB OCYHIECTBJIS-
JIOCh METOJIOM CILJIOIIHOrO HAabGopa W3 JIUI, TPOXO/IB-
nmx o6cseioBanue u jedenne B KimHuKe nponeeBTHKi
BHYTpEHHUX OOJIe3Hell, TacTPOIHTEPOJIOTHH W TeraTo-
gormn uM. B.X. BacuieHko YHUBEPCHTETCKON KJIMHU-
gyeckoil Gompauupl Ne 2 (CedyenoBckuii YHuBepcurer)
¢ 01.06.2013 1o 31.01.2025.

B wuccnenoBanue BKJIOUEHBI TIAIIUEHTBI C TIO/I-
TBEPK/IEHHBIM JIHATHO30M IO/INEYECHOYHOI TIOPTAJIb-
HOII runeprensuu, o6yciosyaennoit TBB.

Kputepun BrIIOUEHNUS !

+ BO3PACT Ha MOMEHT ucceoBanust 18 jier u crapiie;

+ €BpOIEIiCKOe TTPONCXOK/IEHNE;

+ BO3pacT Je6I0Ta MO/MEeYeHOUHOH TOPTATbHON TH-
neprensuu, obycuaosientoin TBB, no 18 set;

- mpusHaku TBB (TpoM0603 cTBOJA, HOJEBBIX BET-
Bell BOPOTHOW BEHbBI MJIM KaBepHO3Has TpaHcdopma-
11l BOPOTHOI BEHBI) MO JAHHBIM YJIbTPa3ByKOBOTO
MCCJIEZIOBAHUST TIOPTAJIBHOM CHCTEMBI C JIOMIIepOrpa-
dueit 1 MyJbTUCTTMPATBHON KOMIIBIOTEPHON TOMOTrpa-
$un ¢ KOHTpacTUPOBAHNEM HA MOMEHT HMCCJIE/JOBAHNS;

+ mojnucanHoe MHGOPMUPOBAHHOE TO0O6POBOJBHOE
corjiacue Ha y4acTue B WCCJIE€/JOBAHUN.

Kpurepun HeBKIIOUEHS:

+ HAJINYME YCTAHOBJEHHOTO [UATHO3a «IMPPO3 Tie-
YeHU» 110 JAHHBIM OHOIICUY NeYeHw;

« mokazatesib kectkoct mevdenn 10 xlla m Gosiee
10 JTAHHBIM 3y1acTorpadun redenn;

+ HaJM4YWe B aHAMHe3€ TPAHCIJIAHTAINY TIeYeHH, re-
MOIIOATUYECKIX CTBOJIOBBIX KJIETOK.

daacrorpadust meYeHn TTPOBOJNIACH Ha arapare
«FibroScan» («Echosens», @panius). Mccrenosanue
BBITIOJTHSIJIN COTJIACHO PeKOMeHanusaM EBponeiickoit
denepar 061ECTB 110 YJIbTPA3BYKOBOW /IMArHOCTHU-
ke B MeguimHe u 6uosorun (EFSUMB, the European
Federation of Societies for Ultrasound in Medicine
and Biology): naromaxk (MurnmMym 6 u rogosanus)
u riocsie Y 3U opranoB GpiomiHoit mosioctu. Bo Bpemst
MpoBeIeHNs daactorpaduy TeYeHn TAIMeHT HaXO/INI-
cs1 B IOJIOJKEHWU JIeKa Ha CIMHE, TIpaBasi PyKa 3aBe-
JleHa 32 TOJIOBY, TEJIO MaKCUMAJbHO M30THYTO BJIEBO.
Tpancapiocep [gaTuYMKa YCTAHABJIUBAIU B IECTOM-
BOCBMOM Meskpebepbe 1o linea medioclavicularis
dextra B MPOEKIUU TIPABOI JIOJM TE€YEHN HA y4acT-
Ke, CBOOOJTHOM OT COCYAMCTBIX CTPYKTYp. 30Ha ¢o-
KYCUPOBKHU jatdynka — 25—65 MM OT MOBEPXHOCTH
KOXKU. BBIMOJHAIN [ecaTh [JOCTOBEPHBIX 3aMEpOB,
[0 pe3yJbTaTaM KOTOPBIX C IOMOIIbIO MPOrPaMMBI
BBIUUCTISIIN  PE3YJBTHPYIONIYIO0 BEJIUYHHY —2JIACTHY-
HOCTH IeYeHH, BBIPAKEHHYI0 B Kuonackansax (kIla).
[wamazon usmepenwmii annapara — ot 0 mo 75 klla.
JlonycTuMbIil HHTEPKBAPTUIBHBIN padMax — He GoJiee
1,/4 nokasaresa snactuunoctu [25].

Bcero s ywactusi B HMCCJI€IOBAHUU  OIIEHEHO
38 manmeHToB, y ABYX M3 HUX MOKa3aTeJN >KeCTKOCTH
neuyenn cocrasuan 14,2 u 17,8 klla, ngarp nanueHToB
OTKA3aJIUCh OT y4YacTHsl B HMccae/oBaHuu. B wuccieno-
panue BrjoueH 31 maumment (13 Myskunmn un 18 xeH-
MUH); MeauaHa Boapacta cocraBuiaa 27 ser (uHTEp-
KBapTUJIbHBIA pasmax: 24—30 Jjer).

Bce manumeHThl, BKJIOYEHHBIE B HCCJIEIOBAaHUE,
nojnucann uH(GOPMUPOBAHHOE COrJIACHE HA HCIIOJIb-
30BaHUeE TICEB/JOHNMI3NPOBAHHBIX MEIUIIMHCKUX [aH-
HBIX 00 WX COCTOSIHUH 3/IOPOBbBSI, PE3yJbTaTOB 00C/IE-
JIOBAHWS W JIEYEHUSI, UHBIX PE3YJbTATOB MOJYYEeHHON
KJINHUYECKOIl TIPAKTUKU JJis OCYIIECTBJIEHUS Hayy-
HO-MCCJIEIOBATENBCKOI  JIETEIbHOCTH, B TOM 4YHCJIE
CO3/1aHUsT AJEKTPOHHDBIX 6a3 06€3JIMUEHHbIX MeIUIIH-
CKMX JIAHHBIX W TyOJUKAIMH HUCCJe0OBAaHU, TTPOBO-
JIIMBIX C UCIIOJIb30BAHIEM ATUX 6as3.

Hccaedosanue noaumopgusmos zenoe

[Tomimopdusm reHoB n3yden B 06pasiax BEHO3HOM
KpoBH, crabuausupoBanuoil I/TA mMeromom mnosmme-
pasHoii nenHoii peakuuun (ITIIP) B peanbHOM BpeMe-
HI ¢ uyopecieHTHOI aertekmmeil. Bce mcciemosa-
HisE IpoBeseHnl B aboparopun «JIMTEX» (Poccust).
Oo6pasipl renomuoii JTHK Boigessiu u3 seiikorrap-
HOIl (pakiuu ¢ HMCHOJIb30BAHUEM KOMMEPUYECKHX Ha-
6opoB («IHK-9kcupecc-kposb», HIIO <«JIUTEX»,
Poccus) B COOTBETCTBMH C MHCTPYKIHEH IIPOM3BO-
nuressi. Konnentpammmo n uncrory /[IHK onenusamn
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cnekrpodoromerprdecku (orHomienue A260,/A280 —
1,7-2,0).

Jlist ompesieieHNsT TOYEUHBIX 3aMeH W WHCEPINOH-
HO-/IEJIEIIMOHHBIX BApUAHTOB MPUMEHSIN HAbOpbI pe-
arertoB cepunr SNP-skcnpecc-PB (HITO «JIUTEX»,
Poccust), o6ecrieunBaronye ajie b-CrennuaHoe Bbl-
sIBJIEHIE€ BapUAHTOB B [IBYX MapaJiIeJbHBIX PEAKIINSIX
(ma QUKW ¥ MUHOPHBIA ajlleNb) C MCIOJb30BAHIEM
nnrepkasupyiointero kpacurens SYBR Green 1.

AMIIMURAIIIO TPOBOJAWIN € WCIOJb30BAHIEM
npubopa CFX96 Touch ¢ IIIIP B peanbHOM BpeMeHM
(Bio-Rad, CIIA), mpeacrasmsomero co6oil TepMo-
IUKJIEP C ONTHYECKUM MOJYJIEM sl JeTeKInu (hJry-
opecrieHIUU. PeakImoHHass cMech BKJIOYada 5 MKJ
Master-Mix (copepskur 6ydep, MgCl2, ANTP u Taq-
nommmepasy), 0,25 MM kaxgoro npaiimepa u 50—
100 ur marpuunoit-/IHK; o6mmii o6beM — 25 MKJI.

[Tporokos ammmduKanmuyu BKJIOYAT HAYATHHYIO
nenaryparmio (95 °C, 5 mun), sareM 40 IUKJIOB: Je-
marypauust mpu 95 °C — 15 ¢, omkur/smoHranus
npu 60 °C — 60 c. Iloporosbiii 1uksa u dopma am-
WIn(UKAITOHHBIX KPUBBIX OIEHUBAINCH aBTOMATHYE-
CKH B TIPOTpaMMHOM obecriedenun npubopa. 'enorun
OTIpeIEISIN TI0 HAJIUYNIO WU OTCYTCTBUIO aMTi(u-
KAl B KOKIOM M3 a/leb-crielnUIHbIX PeaKIuil.

Boutn mpoarasn3aupoBanbl MOIUMOPGU3MBI TEHOB,
PETYNUPYIONHMX TeMocTas, (HOJATHBIIT 0OMEH W TPOM-
6oruTapHyto aaresmio, a takxke ren SELPLG u co-
Marndeckast Myrtauus V617F B rene JAK2 (ta6m. 1).

[l Kaxx0TO BapmaHTa moJMMOp(u3Ma MCIOJb-
30BAJINCh COOTBETCTBYIONINE TMOJOXKUTEIbHBIE KOH-
Tpoa (TOMO3UTOTHI W TETEPO3UTOTHI), OTPUIATENb-
HbIil KoHTpOIb U (maa JAK2 V617F) crangapraas
KaJanOpOBOYHAS Cepus /s OIMEHKH JOJU MyTaHTHO-
ro amaensi. TemrepaTypHO-BpeMeHHbIE TTapaMeTphl,
COCTaB peakKIUil U KPUTEPUM UHTEPIPETALNU CO-
OTBETCTBOBAJN MACIoOpTaM HaGOpPOB MPOM3BOUTE-
qs. IloBropHoe TecTUpoBaHUEe MPOBOJUJIKM ITIPU Ha-
JIUYUU  ATUIUYHBIX  aMIIHUKAIMOHHBIX KPUBBIX
WIN TPU Pa3JUYNH TTOPOTOBBIX IUKJIOB MEXIY

ny6aukaramu > 0,5. Pe3yabraTbl reHOTUTUPOBAHUS
NPEACTABAANN B Buje KoMGuHammii asmeneii (Ha-
npumep, F2 G20210A: GA) c ykasaHueM HyKJe-
OTHIHON 3aMeHbl W COOTBETCTBYIONIETO aMWHOKHC-
goTtHOro addekra, ecau npuMeHuMo. s Myranun
B rede JAK2 V617F pesyabrar mpeactaBasin Ka-
yecTBeHHO: “o6Hapy’keHa” wiam “He oOHapy:keHa’.

Cmamucmuueckas o6pabomka 0aHHbLX

KosmyectBeHHble 1oKasaTesn IpeICTaBIeHbl B BU/E
MeJIMaHbl 1 WHTEPKBAPTUJIBHOrO pasMaxa (25-it; 75-i
npotieHTHn). /st uX CpaBHEHUS UCTIOJIB30BAH KpUTE-
puit Marra — YurtHu. KauecTBeHHbIE TIPU3HAKA TIPE-
CTaBJIeHbI B Bujie a0COJIIOTHOTO YHC/Ia HAIMEHTOB C [IPH-
sHakoM u gosu (%) or oOIuiell YNCAEHHOCTH TPYTITIBL.
CpaBHeHIEe 4acTOT TeHOTHIIOB M aJljieiell TPOBOMIIOCH
TIPU TIOMOTIIN KPUTEepUsl XM-KBajpar llupcona nmm kpu-
Tepust Duinepa. Pasimnuns cyutann CTaTUCTUYECKH 3HA-
yrMbIME TIpH p < 0,05.

[l CTaTUCTHYECKOro pacyeTa HCIIOJAb30BaHA IIPO-
rpamma IBM SPSS Statistics v. 23.0 (SPSS: An IBM
Company, CIIIA).

Pe3ybraThl

Xapaxmepucmuxu ezpynnvt ¢ demckum 0e610-
mom mpomo0o3a 60pOMHOU 8eHbl

[Mopranbuasi runeprensusi, obGycsaosiennas TBB,
ne6oTupoBana B Bozpacte 5 (3; 11) jer, a AauTeNb-
HOCTb [OPTAJIbHOW THIIEPTEH3UH K MOMEHTY HCCJie-
noBanusg coctaBmiaa 19 (14,5; 25) ger. Ha MomeHT
nepBuvHoOil jauarHoctuku TBB Bce maimenTtsr GbLan
KOHCYJIbTUPOBAHBI T€MATOJIOTOM JIJISl  MCKJIIOYEHUST
MEPBUYHBIX TEMATOJOTHYECKUX 3a00JIEBAHUIT; OJTHAKO
JlaHHbIe 00 WCCIEeOBAaHUM MyTaluii 1 moJuMopdus-
MOB T€HOB, TIPE/ICTABJEHHBIX B JJAHHOM HCCJIE0BAHIM,
B MEJUIUHCKOI JOKYMEHTAIINN BCEX BKJIOYEHHBIX Ia-
IIUEHTOB OTCYTCTBOBAJIH.

Ha MoMeHT BKJIIOYEHUST B MCCIIEA0BAHKE TI0 JJAHHBIM
yJIbTPA3BYKOBOTO — UCCJENOBAHUSI € Jomiuieporpadu-
efl 1 MyJbTUCTIMPAJBbHON KOMIBIOTEPHOI TOMOTpadun

Ta6.auua 1. ViccnepnoBanubie noJnMopdu3Mbl reHOB

Ten IMosumopdusm
Hyxkseotuanas 3amena Upentuduxarop B 6aze mannbix dbSNP

F2 (paxrop II, nporpoM6un) G20210A rs1799963
F5 (daxrop V, Jleiiaenckas MyTammus) G1691A rs6025

FGB G-455A rs1800790
ITGA2 C807T rs1126643
ITGB3 T1565C rs5918

MTHFR C677T rs1801133
SERPINET 5G(-675)4G rs1799889
SELPLG G62A rs2228315
JAK?2 V617F rs77375493

HIpumeuanue: FGB (fibrinogen beta chain) — Gema-uens ¢ubpunozena; ITGA2 (integrin subunit alpha 2) — unmezpun
anvepa-2; ITGB3 (integrin subunit beta 3) — unmezpun Gema-3; MTHFR (methylenetetrahydrofolate reductase) — me-
munenmempazuopogporampedyxmasa; SELPLG (selectin P ligand) — auzand P-ceaexmuna; SERPINET (serine protease
inhibitor clade E member 1) — unzubumop cepunosou npomeasvi xaacca E, uien 1; JAK2 (Janus kinase 2) — anyc-xunasa 2.
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C KOHTPACTHPOBAHMEM Y BCEX TAIMEHTOB BbISIBJIEHA
KaBepHO3Hast TpaHchOpMaIlist BOPOTHON BEHBI; MO J[aH-
HBIM 3jtacTorpad MeveHr KeCTKOCTb MeYeHH COCTABH-
a6 (5; 8) xlla.

HauGosree wactpiMu cuMmToMamu  1e6iota  Mo/iie-
YeHOYHOH MOPTAJbHON THIEPTEeH3NUN CJIY>KIJIN  KpPO-
BOTEUEHUS] U3 BAPUKO3HO PACHIMPEHHBIX BeH IHIIe-
Boma — y 16 (52 %) TaIMEHTOB W THNEPCIIEHU3M
(crumenomeranust ¢ TpoMGonUTONIEHUEl W JICHKONEHN-
eit) — y 15 (48 %) manmenTos.

BOJIBIIMHCTBY BKJTIOYEHHBIX TIAIUEHTOB (72 22;
71 %) B IETCKOM BO3pacTe GbLIN ONMEPATUBHO HATOKEHDI
IIOPTOKABAJIbHbBIE AHACTOMO3BI (Me3eHTePHKOKABAIBHBIN
WIN IUCTaJbHBIA CIUIEHOpeHambHbIN); mearm (29 %)
HaIeHTaM 10 MOBOJY IUTONEHHI TPOM3Be/eHa CILie-
HOKTOMISL.

Cpenint M3y4EHHBIX JIOKATBHBIX (DAKTOPOB HA OCHOBA-
HUH JIAHHBIX aHAMHE3a U MPE/ICTABICHHON MeIHIITHCKON
JIOKYMEHTAINKN B DaHHEM HEeOHATAJTbHOM IEPHOJE Y Jie-
Batn (29 %) NMalMeHToB NMETNCh YKA3aHWUST HA HAJIMYKE
oMasnra (y ceMu U3 HUX — B COYETAHUU C MYIIOYHbIM
cencucom), eme y Tpex (10 %) marueHToB mpoBOARIACH
KaTeTepu3alust MyMOYHO BEHBI.

Yacmomut zenomunoé u aajeqeil

Pacripe/iesienie 4acToT TEHOTHIIOB COOTBETCTBOBAJIO
pasroBecnio Xapau — BaituGepra (Hardy — Weinberg
equilibrium) sa uckmouennem JAK?2 (rs77375493), rue
BBIUIC/IUTh 3HAUCHWE KPUTEPUST XU-KBAJpaT He TPEJ-
CTaBJSLIOCH  BO3MOJKHBIM 13-32 OTCYTCTBUSI MYTAIlHI
Y BCEX YUACTHUKOB.

Pesy/ibTaThl MCCIEOBAHNS YACTOT T€HOTUIIOB W aJl-
JieJielt TpeJIcTaBIeHbl B Ta0uIe 2.

Myranust B renax F2 (rs1799963) u F5 (rs6025) BbI-
saBeHa y ByX marentoB. [lommMopdusm rena FGB
(rs1800790) o6Hapyxken y 9 (29 %) mamueHToB B Te-
Tepo3urotHoil dopme 1y 2 (6 %) — B FOMOZHTOTHOIA.
[Mosmmopduam rena perenitopa Tpom6ormuto ITGA2
(rs1126643) ycranosien y 15 (48 %) naimeHToB B rere-
posurorroii opme u'y 4 (13 %) — B rOMO3UTOTHOI; TO-
smmopduam ITGB3 (1s5918) — y 8 (26 %) manmenTos
B rereposurotroii ¢opme u'y 3 (10 %) — B roMo3uror-
Hoit. UyTh GoJiee moJioBrHbI naieHToB — 18 (58 %) —
umesn nomiMopdusm B rene SERPINET (rs1799889)
B romosurotHoit opme, eme 9 (29 %) — B rereposu-
rothoii. B rene MTHFR nonmumopdusm rs1801133 Bbi-
asien y 10 (32 %) malmeHTtoB B reTepo3uroTHoi (op-
mMe uy 5 (16 %) — B romosurorroii. ITosmmopdusm
SELPLG (rs2228315) oKazajcs CaMbIM PEIKHM B H3-
yueHHoil rpymme: on 6Ll otMedeH y 4 (13 %) marmen-
TOB B TeTepo3urotHoil ¢opme ny 1 (3 %) — B romo-
surotHoi. Comarnyeckas myratmus JAK2 (rs77375493)
He BBISIBJIEHA HU Y OJTHOTO W3 TIAIIHEHTOB.

Hammane xots 6b1 ognoil MyTatmu (8 renax F2 u F5)
W TOMO3UTOTHOTO TOJMMOP(U3MA B APYrUX U3YUeH-
HBIX TeHax orMedero y 24 (77 %) manwenrtos. [Ipu atom
y 15 (48 %) nanueHToB WMesCS OMH TEHETHYeCKHit
daxrop pucka, y 6 (19 %) — mauy 3 (10 %) — tpu.

B wmccnenyemoit rpymme y 12 (39 %) nanmenrtos
B aHAMHEe3€ OTMEYAJNCh JIOKATbHbIE (DAKTOPBI DPHCKA
TBB B panaeM HeoHaTaTbHOM TIepHo/ie. CpaBHUTENbHBIN

aHaIM3 MOKA3aJ, 4TO MEXIy NAIl[MEeHTaMH C HaIMIneM
U OTCYTCTBHEM 3THX (PAKTOPOB He HAOMIONATOCH CTa-
THCTUYECKH 3HAYNMBIX PA3JNYMil IO TI0Jy, BO3DPACTY
nm o6IeMy UHCTy HacJeJCTBEHHBIX TPoMOOQIIITIe-
ckux akropos (rabir. 3). JloJst MaTbYNKOB CPEU T1a-
IIMEHTOB C HAJIMYMEM JIOKATBLHBIX (PAKTOPOB COCTABHJIA
58 %, Ge3 nux — 32 % (p > 0,05). Cpeamnii Bospact
Ha MoMeHT auarHoctuxku TBB B noarpymnne c Jjoxasb-
HbMEu (hakTopamu cocrasua 5 (3; 3,5) Jer, Ges JToKasb-
HBIX pakropoB — 7 (3,5; 13,5) J1eT, 3HAUMMBIX Pas/n-
Uil He BBIABJIEHO.

YactoTa BCTPEYAEMOCTH  OJHOTO  TE€HETHYECKOTO
daxropa pucka 6bLIa CXOIHOIT B 06€MX MOATPYIIaX —
74—83 %. Ilpu arom Hammune aByX u Gosee hakTopoB
PHCKA OTMEYAOCh y 25 % MAIMEHTOB B HO/TPYIIIE C JIO-
KambHbIME (bakTOpaMu Uy 32 % TAIueHToB (e3 Tako-
BbIX (p > 0,05).

ITo oragenpubiM  mosmMOpdU3MaM TEHOB TeMOCTa-
32 3HAYUMBIX DAIMYUI MEKIY TOATPYNIAMH TaK:Ke
He BbIsgBIeH0. MyTanmu B renax F2 (rs1799963) u F5
(rs6025), a rakse renorunt FGB (rs1800790) AA Bcrpe-
YaJINCh TOJIBKO Y MAIMEHTOB (e3 JIOKATbHBIX (PaKTOPOB
(o omnomy cayyaio). Yacrorsr reHorunoB ITGA2
(rs1126643) TT, ITGB3 (1s3918) CC, SERPINET
(rs1799889) 4G/4G w MTHFR (rs1801133) TT
He pasJmyainch Mexay mojrpyrnmnamvu. Hammane xors
661 omHoro annens A B rene SELPLG (1s2228315) ot-
Mewerno y 2 (17 %) TanMeHToB B TOATPYMIE C JOKAIb-
HbIMU (haKTOpaMHU.

Coueranne Hammyusg XOTS Obl OJHOTO ayiens A
B rere gubpunorena (FGB) u amiens C B rene ero
penenrtopa Ha TpoMGomutax (ITGB3) Ha6momanoch
CTATUCTUYECKU 3HAUYNMO YaIlle B HOJATPYIIe ¢ HATMYIEM
JoKambHbIX (haktopoB — y 4 (33 %) nmanmentos vs. 1
(5 %) 6e3 noxanbubIx darropos (p = 0,039).

Oocy:kaenne

B wmamem wucciesoBaHuM TIPEICTABJEHDBI TTAI[HEH-
Tbl ¢ opdaHHbIM 3a00JeBaHreM. YUCIEHHOCTb TPYII-
bl CONOCTABUMA C 3apyOEKHBIMU UCCJIEOBAHUSIMH,
B KOTOPBIX YHCJO YYACTHUKOB B €BPOIEHCKUX KO-
roprax cocrasisier ot 12 no 31 narmenta [20, 23].
AHAIOTUYHBIX ~ UCCJEJOBAHUI,  OMyOIMKOBAHHBIX
B PD, naiitn He ynamaoch.

Cpe/ii u3y4eHHbIX MAINEHTOB Y JIBYX OOHAPYKEHbBI
MyTallul B T€HAX CBEPTHIBAIOIIEHl CHCTEMbI KPOBH —
myraist F5 (rs6025) u mytauns F2 (rs1799963).
[TepBasi oGycnoBiuBaer pe3ucTeHTHOCTH (pakrTopa V
K WHAKTUBAIMU aKTUBUPOBAHHBIM mpoTenHoM C, BTO-
pasi BbI3bIBAeT IIOBBINIEHNE CHUHTE3a MPOTPOMOUHA,
YTO CHOCOOCTBYET PA3BUTHIO TUIIEPKOATYJSIHH. DTO
nBe Haubojiee M3ydeHHbIE W PACIHPOCTPAHEHHbIE HAa-
cJe/ICTBeHHble TpuYuHbl TpoMGoduiuun B Epore.
B wuccnenoBanuax uz Tepmanun [5], WUramun [20],
Bosrapun [23] u Erunra [18] o6Hapyskena accorma-
nus atux myrtanuii ¢ TBB y geteit, a B uccienoBanuu
u3 Muaum coobmianoch o6 OTCYTCTBUM TaKOi CBSI3U
[21]. B nByx uccnenoBanusx us Typiun mosydeHbl
IPOTHUBOPEYNBbIE PE3YJIbTATBI: B OJHOM OOHApy:KeHa
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Tab6.auua 2. HYacToTbl TEHOTUIIOB U alleJiell y TIAIMEeHTOB ¢ AeTCKUM Je6I0TOM TPoMO03a BOPOTHOI BEHbBI

Ten, noaumopdusm T'enorun, anxnenn Tp0M6ozz:o=p(§1i};0ﬁ BEHbI
GG 30 (97 %)
GA 1(3 %)
F2 (rs1799963) G 0,984
A 0,016
GG 30 (97 %)
GA 13 %)
F5 (rs6025) G 0.984
A 0,016
GG 20 (65 %)
GA 9 (29 %)
FGB (rs1800790) AA 2(6 %)
G 0,790
A 0,210
cC 12 (39 %)
CT 15 (48 %)
ITGA2 (rs1126643) TT 4 (13 %)
C 0,629
T 0,371
TT 20 (64 %)
TC 8 (26 %)
ITGB3 (1s5918) CC 310 %)
T 0,774
C 0,226
5G/5G 4 (13 %)
5G/4G 9 (29 %)
SERPINET (1s1799889) 4G/ 4G 18 (58 %)
5G 0,274
4G 0,726
CcC 16 (52 %)
CT 10 (32 %)
MTHFR (rs1801133) TT 516 %)
C 0,677
T 0,323
GG 26 (84 %)
GA 4 (13 %)
SELPLG (rs2228315) AA 13 %)
G 0,903
A 0,097
GG 31 (100 %)
JAK?2 (rs77375493) G 1
T 0

Hpumeuanue: dannvie npedcmasienvt 6 6ude abCOMOMHOZ0 YUCAA NAUUEeHMOos 1 doau om obwezo uucaa, n (% ), 0 zenomu-
noe aubo 6 éude uacmom das arnenei; FGB (fibrinogen beta chain) — Gema-uenv ¢pubpunozena; 1TGA2 (integrin subunit
alpha 2) — unmezpun anvpa-2; ITGB3 (integrin subunit beta 3) — unwmezpun 6ema-3; MTHFR (methylenetetrahydrofolate
reductase) — memunenmempazudpogorampedyxmasa; SELPLG (selectin P ligand) — nuzand P-cenexmuna; SERPINET
(serine protease inhibitor clade E member 1) — unzubumop cepunoscoi npomeasor xaacca E, unen 1; JAK2 (Janus kinase 2) —
AHYyc-Kunasa 2.
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Tab6.auua 3. DaxTOpbl PUCKA Y NAIIEHTOB C JAETCKUM Ae6I0TOM TPOMG03a BOPOTHOI BEHbI B MOATPYI-
TaxX B 3aBUCHMOCTH OT HAJINYWSA JOKATHHBIX (DAKTOPOB B PaHHEM HEOHATATHHOM TIEpHOjie

Jlokasbuble (paKTOpPHI B paHHEM HEOHATAJIbHOM IIEPHO/E
Hepemennas Ectp Her p
(n=12) (n=19)
My KIUHBI 7 (58 %) 6 (32 %)
K 5 (42 %) 14 (68 %) e
Bospacr, roapr 5(3;5,5) 7 (3,5; 13,5) n.s.
>1 dakTopa pucka 10 (83 %) 14 (74 %) n.s.
>2 (paKkTOpOB pHCKa 3(25 %) 6 (32 %) n.s.
F2 (rs1799963) GA 0 1(5%) n.s.
F5 (rs6025) GA 0 1(5 %) n.s.
FGB (rs1800790) AA 0 2 (11 %) n.s.
ITGA2 (rs1126643) TT 2 (17 %) 2 (11 %) n.s.
ITGB3 (rs5918) CC 217 %) 1(5%) n.s.
FGB A + ITGB3 C 4 (33 %) 1(5%) 0,039
SERPINET (rs1799889) 4G /4G 8 (67 %) 10 (53 %) n.s.
MTHFR (1s1801133) TT 1(8 %) 4 (21 %) n.s.
SELPLG (rs2228315) AA 1(8 %) 0 (0 %) n.s.

Hpumeuanue: dannvie npedcmas.aenv 6 6ude a6CcoaOMHO20 YUCAA NAUUEHMOS u 00U om 06wezo uucad, n( % ), 1ubo 6 6ude me-
Quanvt u unmepksapmuivhozo pasmaxa Me (25-i, 75-i npoyenmuau); n.s. (not significant) — ne snauuno; FGB (fibrinogen
beta chain) — 6ema-yenv pubpunozena; ITGA2 (integrin subunit alpha 2) — unmezpun anvpa-2; ITGB3 (integrin subunit
beta 3) — unmezpun 6ema-3; MTHFR (methylenetetrahydrofolate reductase) — memunenmempazudpoporampedyrxmasa;
SELPLG — selectin P ligand, auzand P-ceaexmuna; SERPINET (serine protease inhibitor clade E member 1) — unzuGumop

cepurnoeoll npomeasvl kaacca E, unen 1.

accommarist TBB ¢ Jleiimenckoit MyTanmei daxTo-
pa V [26], a B 1pyroM — He yCTaHOBJIEHO CBSI3U ITOI
MyTallid U MyTallud B reHe IPOTPOMOMHA C Pa3BUTHU-
em TBB [22].

Takue pacxoKaeHus Pe3yJabTATOB MOYKHO OOBSIC-
HUTDb 9THUYECKUMHE PA3TUIUSIMU MEK/Y €BPOIIEONIaMu
U TPEJCTaBUTENAMN I0KHOA3MaTCKOr0 (MHAMIICKOTO)
npoucxoxkaenusi. B yactHoctn, mytanust daxrtopa I1
(rs1799963) u mytaums daxropa V (rs6025) serpeua-
I0TCSI TOPA3/l0 peske y TMalueHToB u3 VHauu ¢ BeHo3-
HOIT TpOMGOIMOOJINET TIO CPABHEHUIO C KABKA30U/[aMU;
B 9TON MOMYJISIUU TIPEBAIUPYET AeUIIUT aHTUTPOM-
6una, nporennoB C u S [27].

[omumopdusm rena MTHFR (rs1801133) chu-
JKAeT aKTUBHOCTDh OJHOMMEHHOTO (DepMeHTa, YTO MpU-
BOJIUT K THIIEPTOMOIMCTENHEMUN U, KaK CJIeJCTBUE,
K Pa3BUTHIO JHIOTENUATbHON AuChHYHKINH, ITOBbI-
1ast pucK BEHO3HOTO TPOMO03a. ITOT TMOJUMOPPU3IM
BoisiBieH 'y 15 (48 %) malMeHTOB B HaIeM HccJe-
nosannu: y 10 (32 %) — B rereposuroTHoii dhopme,
y 5 (16 %) — B rOMO3WUTOTHOH; 4acTOTa BCTpeYae-
Moctr asienst T cocraBusia 32,3 %. DTH pe3yJIbTaTbl
COTJIACYIOTCS C HMCcaeoBaneM u3 Mramun, B KOTOpoM
nosmmopdusm rena MTHFR (rs1801133) o6Guapy-
sken y 16 (68 %) w3z 31 maumenta ¢ TBB, 4 (13 %)
ObLTM TOMO3WUTOTHBI; IS HAJUYUS XOTS OBl OJHOTO
amtens C677T ornomenme mramncos cocrasmio 7,00
(95 % nosepurenbublii uurepsan: 2,15—-22,85) [20].
Bumecre ¢ atum B niccnenoBanugax mo TBB u3z Uspanis

u Typunu nomumopdusm MTHFEFR (rs1801133) 6bun
BBISIBJIEH JIUNIH y OJIHOTO TAIMEeHTa B KaxaoM [6, 22].
[Momnmopdusm rs1801133 umeer 3HAYMMbIE MEKIIO-
MyJSIMOHHBIE PA3JIUYUS: IS €BPONEOUI0B YacTOTa
astenist T cocraisier B cpeaneM 36,5 % [28], uro co-
OTBETCTBYET YaCTOTE, BBISBJECHHON Cpelu HAaMIUX Ma-
muenTtoB ¢ TBB.

Yacrora amrens 4G momnmopduama SERPINET
(rs1799889) B mameii xoropre cocraBuia 72,6 %,
YTO BBINIE, YeM B €BPOMENCKO momyssmuu: 54,2 %
(95 % mosepurenbubiii nuTepBan: 51,9—56,6 %) [29].
PAI-1 saBasgercs OCHOBHBIM (DM3MOTOTHUECKUM WH-
ruOuTOpoM (HUOPUHOIM3A: OH CBSI3bIBAET W HeoOpa-
taMo uHaktHBUpyer {-PA (tissue-type plasminogen
activator, TkaHeBoOil ~aKTMBATOp  ILIA3MHHOIEHA)
n u-PA (urokinase-type plasminogen activator, ypo-
KUHA3HbI aKTUBATOP ILIa3MUHOreHa). ITO GIOKUpPYeT
TpeBpaleHre MIa3MUHOTeHA B TJIA3MUH, CHIKAET pas-
pyuiene (GUOpHHA U B WTOTE IIPEISITCTBYET JIH3KUCY
tpomba [30, 31]. Annens 4G xapakrepusyercsi 6oJiee
BBICOKOW 3KCIIpeccueil reHa W TOBBINICHHBIM YPOBHEM
PAI-1 B xpoBm.

B rtramax mranentst SERPINET akcnpeccupyercst
MIPEUMYTIIECTBEHHO B (PETATBHBIX KJIETKAX — JKCTPABILI-
Jie3HbIX TpodobaacTaxX M SHAOTETUU COCYIOB BOPCUHYA-
TOro XopuoHa [32, 33], B MaTepHHCKUX JEIU/yaTbHBIX
KJIETKAX TaKasi HKCIPECCUsi TPAKTUYeCKH He OoGHapy-
JKeHa, MO9TOMY HOBOpOKIeHHbIe ¢ reHoTturnioM 4G/4G,
MO-BUIIMOMY, MMeIOT 60Jiee BBICOKYIO KOHIEHTPAIHIO
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PAI-1. Kpome Ttoro, PAI-1 cuntesumpyercss asuHjporesm-
ATBHBIMU  KJIETKAMH, SKUPOBON TKAHBIO, COJEPIKUTCS
B ajbda-TpaHyIax TPOMOOLUUTOB. Y HOBOPOKIEHHOTO
koHnenTpamst PAI-1  jgomosHWTEbHO MOXKET TIOBBI-
MAThCS 32 CYET aKTUBAINK SHIOTEJHS TIPU CeICuce, I'i-
MOKCHUW, BHYTPIYTPOOHBIX MH(EKITIAX, KaTeTepPU3alum
ITyTIOYHON BeHbI [34].

Y 8 (67 %) manueHToB € JIOKQJIbHBIMU (DAKTOPAMU
pHUCKa B paHHEeM HeoHaTaibHOM mnepuose (oMdanur, my-
MOYHBIN CENCUC, KATeTEPU3AIAS MyTIOYHON BEHbI) MMeJT-
cst nommopdusm 4G/ 4G, UTo, BEpOSITHO, MPUBO/IMIIO
K Hambosee BBICOKNM KoHIeHTparmmsiM PAI-1 u caysxu-
Jo daxropom prucka TBB. Dtor pesysbraT cornacyercst
¢ JTAHHBIMU PSiIa MCCIIEIOBAHNIA, MOKA3aBIINX YyYacTHe
Hapyinenuii pubpuHomsa B matorenese TBB y ngerei
[35, 36]. B wacrHOCTH, uCC/I€I0BaHUS, TPOBEJEHHBIE
B Bosnrapmm u Typrmm, Takike yKasplBalOT Ha IOBbBI-
neHnyto yactory noaumopdusma SERPINET y neteit
¢ Katetep-accormupoBanibiM TBB [22) 23].

Yacrota BCTpeyaeMocTH MOJUMOPGU3MOB B TeHe
FGB (rs1800790) u perenrropos tpom6ormros: [TGA2
(rs1126643), ITGB3 (1s5918) u B reme SELPLG
(rs2228315) y mnaumentoB ¢ gerckuM jaeGiotom TBB
OITpe/IeIEHBI BIIEPBLIE.

TpanckpunimonHasi aktuBHocTh rena FGB u KoH-
neHTpaiys (puGprHOTeHa B TJIa3Me y JIUI[ € MOJIMOP-
dusmom FGB (rs1800790) moBblIiieHbl, 4TO CrIOCOGCTBY-
er tuneproaryssin. Acconmans FGB (rs1800790)
u TpoM603a TIyO6OKUX BEH HOT, B OCOGEHHOCTH B COYe-
TAHUW C JPYTUMU HACTEICTBEHHBIMU TPOMOOMDUIISIME,
YCTaHOBJIEHA B HEJABHO OIYOJINKOBAHHOM IHCCJIEI0BA-
Hum [37]: wacrora ammens A B Tpymme KOHTPOJS CO-
crasuia 14 %, B rpyrmme ¢ tpomGozoM — 14,6 %. Eme
B OJTHOM WCCJIEJIOBAaHUN yCTaHOBJIeHA accormais FGB
(rs1800790) ¢ serounoii TpoM6GoaMOOIHELT; YacToTa as-
genst A cocraBmia 17 % [38]. Cpenn yuacTHUKOB Ha-
IIero MCCIefoBaHusl vactota amtens A B rene FGB
(rs1800790) Guina Bomme n cocrasmaa 21 %.

[Momamopusm rena ITGA2 (rs1126643) npusosut
K KOH(OPMAITMOHHOMY U3MEHEHUIO 0.2-CyObe/IMHUTIBI TPOM-
GOIMTApHOTO pelenTopa KoJareHa — uHTerpuHa o2B1
(rmakonporenn  Ia/Ia), 9TO BBI3BIBAET MOBBINICHHYIO
IKCIIPECCUIO DEIeNTopa HA TOBEPXHOCTH TPOMOOIUTOB
U YCUJIMBAET UX a/Ire3mio K KoymareHy. Yacrora amwiens T
B ITGA2 (rs1126643) B Hameii rpyrie naimentos ¢ TBB
coctaBia 37,1 %, UTO COMOCTAaBUMO C YacTOTOH B €BPO-
neiickoit monyJsiiim — 27,6—44,4 % [39].

B uccaenoBaniy u3yveH moauMopguaM ele 0[HOTO
perienitopa Ha TpombormTax — rsd918 rena ITGB3, ko-
JIPYIONIETO B-cyOBeMHUILY TPOMOOIIUTAPHOTO PETIENTO-
pa dubpuHorena — wunrerpuna ollb3 (rimkonporens
IIb/11Ia). tor moMMMOPGOU3M MPUBOIUT K N3MEHEHUTO
KOH(OpMaIUKM perenTopa, MnoBbias ero ahp@UHHOCTb
K (UOPHHOTEHY, YTO CIOCOOCTBYET YCHJIEHHON arpera-
i TpoMbortoB. Yacrora amnenss C B rene ITGB3
(rs5918) B Hamem wmccaemoBanmu cocrasuiaa 22,6 %,
4TO BBINIE, YEeM B €BPOIEiicKoil mormyJstigan  (0KOJI0
15 %) [40] n y sxureneit Cubupn (14,7—15,0 %) [41].

Hommmopdusmbr - FGB  (rs1800790) u  pererro-
pos tpombormToB — ITGA2 (rs1126643) u ITGB3

(rs5918) — B ormume ot Myrauuu B resax F2 u F5,
HE YCTAHOBJEHBI KaK CaMOCTOATesJbHbIe (haKTOPBI
pucka TpoM603a, HO OHU MOTYT BHOCUTDH BKJA]
B IIOBbIIIEHHE pHCKa TpoMOO3a TpPHU COYETAHUH
¢ apyrumn mporpombotudeckumu daxropamu. Tax,
y MalMeHToB C I1epe6paJbHbIM BEHO3HBIM TPOMOO-
30M, HEe HMMEIONINX KJACCUYECKUX MyTaluii (akrto-
poB V u II, ¢ moMmoIpbio ceKBeHUPOBAHUS HOBOTO
MOKOJIEHUS BBISIBJICHDBI peJIKue U KOMOWHIUPOBAHHbIE
nporpoMboTHYecKHe BapuaHTbl (BKJIOYAA MOJIH-
MopdusM rs5918), 4TO yKasbiBaeT Ha UX BO3MOK-
HBIIl BKJIa/l B TEHETUYECKYIO MPEPACIONIOKEHHOCTD
K TpoMO603y [42]. AHaJOTUYHBIE JaHHbBIE MOJTYYEHBI
PN M3Y4YEeHUN dYeTbIpeX JeTefl ¢ TPoMOO30M IIeH-
TPAJbHON BEHBI CETYATKU: [ HUX OIHUCAaHA ac-
cornuarug tpom6o3a ¢ noaumopdusmamu ITGA2
(rs1126643) n ITGB3 (rs5918) [43].

lenernueckuii  nommmopduam  rs2228315 B rene
SELPLG, xogupyroieM 0CHOBHOI JinTaH1 P-cenexTrHa,
YCUJIMBAET A/IT€3MI0 JIEHKOIUTOB U TPOMOOIIUTOB K 9H/IO-
tesmio. Yacrtora amtens A rs2228315 B mpe/craBieH-
HOM uccaegoBanuu Obuia 9,7 %, 4TO HECKOJIBKO BBIIIIE,
yeM B eBpomelickoil nomyssiin — 6,7 % [44]. Y HO-
BOPOKJEHHDBIX HAGIONAETCST CHIDKEHHAs a/re3usi Heli-
TPOUIOB K P-cesieKTuHy, CBSI3aHHAs ¢ YMEHbIEHHOM
aKcpeccueil U PyHKIMOHATBHON aKTUBHOCTBIO JIUTAH A
PSGL-1, a Takske ¢ I3MEHEHHBIM CHATMJINPOBAHIEM €TO
[JINKOTIPOTEMHOBON CTPYKTYPbL. ITU OCOOEHHOCTH Be-
YT K CHIDKEHWIO BOCTIAJUTEIBHBIX M TPOMOOTHYECKUX
peakimii [45]. B moarpyrine manuenToB ¢ JOKAJIbHBIMU
(pakTopamMu y 0IHOTO MaIMEHTA BBISBJIEH MOJTUMOPHUIM
B rene SELPLG B rOMO3UTOTHOM COCTOSHUM U €lle
y IByX — B TETEPO3UTOTHOM, YTO MOTJIO MOTEHIHAJb-
HO MOANDUIINPOBATD BOCIIATUTEIbHDII OTBET U SABJSATDH-
cs1 daxtopoM pucka TBB. 9T0 gBiIsercs 0cTOPOKHBIM
IPEATIOIOKEHNEM: IIPSIMbIX HCCJIeIOBAHUNA  TTOJUMOP-
usma 152228315 y HOBOPOXKIEHHBIX C WMH(EKIIOH-
HBIMM OCJIOKHEHUSIMH WJIN KaTeTepusallfieil BOPOTHOM
BEHBI HAWTH HE YJAJ0Ch, PAa3M4Uil 1O YaCTOTE HTOrO
nouMopguaMa Mex/Iy IMOArPYNIIaMH ¢ HATWYueM 1 OT-
CYTCTBHEM JIOKQJILHBIX (DAaKTOPOB B HAIlleM HCCIIEI0BA-
HUM HE BBISIBJIEHO.

B moarpymnmne ¢ HanwumeM JIOKQJIbHBIX (PAKTOPOB
B paHHEM HEOHATAJTbHOM IIepuojie II0 CPaBHEHUIO
¢ JmramMu 6e3 TakoBBIX (PAKTOPOB B II€JIOM HE Ha-
OJrio1asioch 0oJiee BBICOKON YacTOTbI HOCUTEJIbCTBA
UCCIEIOBAHHBIX TOJMUMOP(GUMOB HJIU  COBOKYITHBIX
renernueckux dakropos pucka TBB. Mckmouennem
SIBJISETCST COYeTaHHe TOJNMOP(U3MOB TeHa ubpnu-
HOTeHA U ero pelentopa Ha tpombGorurax — FGB
(rs1800790) u ITGB3 (rs5918), koropoe Habmona-
JIOCh Yale B HOATPYIIE C JIOKAJbHBIMU (PaKTOpaMu.
Takoe coueranue OOHAPYKEHO MPHU WMCCIEIOBAHIN
JKEHIIUH € CHH/POMOM HPHUBBIYHON mHoTepu OepeMeH-
Hoctm [46].

Y Bcex 00cyeZIOBAHHBIX HAMU MAIMEHTOB HE BbISB-
JieH HamboJjiee 4acThlii MapKep Muesonposndeparns-
HbIX 3abomeBanuii — Mmyrauus JAK2 (rs77375493).
Y B3pocubix marenToB ¢ TBB u muesnonposudeparns-
HBIMHU 3260JI€BAHUAMU JAHHAS MYTAIUs BCTPEYAETCS
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yacto [47], B meauaTpuyeckoil TOIMyJSIUU TaKXKe
ommcana accormannsg TBB ¢ accenmnmanbHOl TpoM-
6bonureMueil W UCTUHHOW IOJUIIUTEMUEH, TpUYEM
y YacTH W3 HTUX MAIMeHTOB OOHApY:KeHa MyTaIlis
B 14-M sk3one JAK?2 [17].

Ozpanuuenus uccaedoganus: HeOOJIbIIAST BbI-
6OpKa TMAIMEeHTOB, YTO O0YCJOBIEHO PEIKOCTBHIO JIaH-
HOIl TIATOJIOTMH; OJIHOMOMEHTHBIN JIU3ANH UCCJIe/0Ba-
HUS; OTCYTCTBUE BO3MOXKHOCTH IOCTPOEHUS MOJIETN
pazsutusgs TBB ¢ yuerom Bcex (akTopoB, BKJIIOUYAS
JIOKAQJIbHBIE, YUUTHIBAS PUCK ONMMOOK MaMsATH Ha COObI-
THSI B HEOHATAJbHOM HEPHO/IE U MOTEPU MEIUIIUNHCKON
JokyMeHTanuu. [IpwHUMasi Bo BHUMaHue, 4to (heHo-
TUT TI0 U3YYEHHBIM TTOJTUMOP(U3MaM COOTBETCTBOBAJ
TAKOBOMY TIPU POXKJEHUHM W COXPAHSJICS HEU3MEHEH-
HBIM Ha IPOTSDKEHHH Beell sxuaum (B MCcIeqoBaHme
He BKJIOYAJUCH TAIMEHTbl TOCJAEe TPAHCIJIAHTAIUN
IEeYeHN U TeMONOSTHYECKUX CTBOJOBBIX KJETOK), pe-
3yJIbTAThl MCCJEOBAHUS MOKHO TPAaHCHOHUPOBATH
Ha BpeMd jebiota TBB.

Hanpaeaenus 0as daavnetiumux uccaedosamuil

[lanbHeliTe TPOCTIEKTUBHDBIE MCCTIEJOBAHNS MOTYT
ObITH HATPaBJEHbI Ha U3ydyeHWe TOoJuMOp(u3MOB Te-
HOB CHCTEMBbI TeMOCTaza Ha Gojiee KPYIHBIX BBIOOP-
Kax, a TakyKe Ha OIeHKY Me>KTeHHbIX B3auMO/IefCTBUI
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B COUYETAHUU C JIOKATbHBIMU (DAKTOPAMU, CIIOCOGHBIMHE
nosbimiaTh puck TBB y nereii.

3akaoueHue

Brepseie mpexcraBienbl ganabie 1o PD o rene-
THYeCKuX mnosuMopdusaMax MaiKueHToB ¢ JAe6l0ToM
TBB B merckoM Bo3pacTe. BbisiBjieHbI Kak WM3BECT-
Hple Mytanun B reax F5 (rs6025) u F2 G20210A
(rs1799963), Tak u noauMOPQU3MbI, KOTOPbIE MOTYT
BJIMSITh HA CBEPTHIBAHUE KPOBH U BOCIATUTETbHBIN
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Coagulation Gene Polymorphisms
in Patients with Pediatric-Onset Non-Cirrhotic
Portal Vein Thrombosis

Maria Yu. Nadinskaia*, Kseniya A. Gulyaeva, Evelina Trashkun, Diana Daduns,
Maxim A. Privalov, Vladimir T. Ivashkin

1.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: to investigate the frequency of gene polymorphisms related to coagulation, the folate cycle, platelet receptors,
serine protease inhibitor clade E member 1 (SERPINET), selectin P ligand (SELPLG), and Janus kinase 2 (JAK2)
in patients with pediatric-onset portal vein thrombosis (PVT).

Materials and methods. A cross-sectional study was conducted, including patients with pediatric-onset non-cir-
rhotic PVT (n = 31), all of European ancestry. Polymerase chain reaction was used to genotype the following poly-
morphisms: F2 (rs1799963), F5 (rs6025), FGB (fibrinogen beta chain) (rs1800790), ITGAZ2 (integrin subunit alpha 2)
(rs1126643), ITGB3 (integrin subunit beta 3) (rs5918), MTHFR (methylenetetrahydrofolate reductase) (rs1801133),
SERPINET (rs1799889), SELPLG (rs2228315), and JAK2 (rs77375493). A history of local risk factors for PVT in the
early neonatal period was noted in 12 (39 %) patients, including omphalitis, umbilical sepsis, and umbilical vein
catheterization.

Results. Mutationsinthe F2(rs1799963) and F5 (rs6025) genes were identified in two patients. The A allele of the FGB
gene (rs1800790) was found with a frequency of 21 %, the T allele of the ITGA2 gene (rs1126643) with a frequency
of 37.1 %, and the T allele of the MTHFR gene (rs1801133) with a frequency of 32.3 %. The 4G polymorphism in the
SERPINET gene (rs1799889) was the most frequent: it was found in the homozygous form in 18 (58 %) patients and
in the heterozygous form in 9 (29 %) patients; the frequency of the 4G allele was 72.6 %. The somatic JAK2 muta-
tion (rs77375493) was not detected in any of the patients. The presence of either a mutation in the F2 or F5 genes,
or homozygous variants for the other studied polymorphisms, was identified in 24 (77 %) patients. A single genetic
risk factor was present in 15 (48 %) patients, two factors — in 6 (19 %) patients, and three factors — in 3 (10 %)
patients. No significant differences in the frequency of individual polymorphisms were found between patients with
and without local risk factors. However, the combination of the A allele of the FGB gene and the C allele of the ITGB3
gene was observed significantly more frequently in patients with local risk factors compared to those without (33 %
vs. 5 %; p=0.039).

Conclusion. In a small Russian cohort of patients with pediatric-onset PVT, well-known thrombophilic mutations
in the F2 and F5 genes were identified. Also, polymorphisms in SERPINE1, MTHFR, FGB, ITGA2, ITGB3, and SELPLG
genes were identified, which potentially contribute to an increased risk of thrombosis.

Keywords: F2(rs1799963), F5 (rs6025), FGB (rs1800790), ITGA2 (rs1126643), ITGB3(rs5918), MTHFR (rs1801133),
SERPINET (rs1799889), SELPLG (rs2228315) n JAK2 (rs77375493)
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MNonumopdunambl reHOB CBEpPTbIBaHUSA Y NALUEHTOB C AEeTCKUM Ae0l0TOM
HeUMppPoOTNYECKOro Tpomo603a BOPOTHOI BEHbI

M.10. HagnHckas*, K.A. I'ynsesa, 3. TpawkyH, . JaayHu, M.A. Npueanos, B.T. BallkuH
®raAQy BO «[lepBbiii MOCKOBCKWIA roCyAapCTBEHHbIA MeaULIMHCKUIA yHuBepcuteT uM. .M. CedeHoBa» MuHucTepcTBa
3apaBooxpaHeHusi Poccuiickoii Penepaumm (CedeHoBCkuii YHuBepeuteT), MockBa, Poccurickas denepaims

Llenb: 13y4nTb 4aCTOTY NONMMOPPU3MOB reHOB Koarynaunmn, GosaTHOro Lukia, PeuenTopoB TPOMOOLUTOB, UHIN-
ouTopa cepunHOBOW NpoTeasbl knacca E, uneH 1 (SERPINET, serine protease inhibitor clade E member 1), nuraHna
P-cenektuHa (SELPLG, selectin P ligand) n sHyc-kunHa3sbl 2 (JAK2, Janus kinase 2) y nauyeHToB ¢ AeTCKUM Oe6I0TOM
Tpomb603a BOPOTHOW BEHbI (TBB).
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Martepuanbl u MeToabl. [1POBEAEHO NONEPEYHOE UCCNeA0BaHME, B KOTOPOEe BKIoYeH 31 nauMeHT C 4eTCKUM ae-
Ol0TOM HeumppoTudeckoro TBB. Bce y4acTHUKM nccnenoBaHus Obinv eBPONenckoro nponcxoxaeHuns. Metooom

NoOJSIMMEPAasHON LIEMHOM peakuum ndyveHbl NonMMmopdunamsl reHoB: F2 (rs1799963), F5 (rs6025), FGB (fibrinogen

beta chain, 6eta-uenb pubpuHorena) (rs1800790), ITGAZ (integrin subunitalpha 2, nHterpuH anbda-2) (rs1126643),
ITGB3 (integrin subunit beta 3, nuterpun 6eta-3) (rs5918), MTHFR (methylenetetrahydrofolate reductase, metun-
nentetparuapodonatpenykrasa) (rs1801133), SERPINET (rs1799889), SELPLG (rs2228315) n JAK2 (rs77375493).
Y 12 (39 %) naumeHToB B aHaMHe3e 0TMEeYannCh NokasbHble GakTopbl pucka TBB B paHHEM HeOHaTalbHOM MEPUO-
ne: omdanuTt, NyrnoYHbIN Cencuc, kKatetepmnsaumns nyrnoYHOM BEHbI.

Pe3ynbraTtbl. MyTauus B reHax F2 (rs1799963) n F5 (rs6025) BbiiBneHa y AByx nauneHToB. Annenb A reHa FGB

(rs1800790) BcTpeyancs ¢ yactoTon 21 %, annenb T B reHe ITGAZ2 (rs1126643) — ¢ wactoTton 37,1 %, annenb T
B reHe MTHFR (rs1801133) — 32,3 %. Monumopdunam 4G B reHe SERPINET (rs1799889) okasancsa camMmbiM HacTbIM:

y 18 (58 %) BbIsIBNEH B rOMO3UrOTHOM popMme, ¥ 9 (29 %) — B retepo3nroTHor popmMe; YacToTa BCTPEYaeMoCTun

annensa 4G coctaBuna 72,6 %. Comatudeckasa mytaums JAK2 (rs77375493) He BbIIBIEHA HX Y OAHOIO U3 MaumneH-
ToB. Hannune mytaumm B reHax F2 n F5 nnbo roMo3nroTHblE BAPUAHTbI MOAMMOPDU3MOB B APYIMX M3YYEHHbIX FeHax
BbISIBJIEHbI Y 24 (77 %) naumeHToB. Y 15 (48 %) naumneHToB MMENCS OANH reHeTndeckunii daktop pucka, y 6 (19 %) —
nsany 3 (10 %) — Tpu. Mexay naumeHTamMm ¢ HaIM4YMeM 1 OTCYTCTBMEM JIOKasbHbIX GAKTOPOB Pa3fiyniA Mo YacTo-
Te OTAEeNbHbIX NONMMOPPU3MOB HE YCTaHOBNIEHO. BMecTe ¢ aTuMm coyeTaHme annens A reHa FGB v annens C reHa

ITGB3 0TMe4anocb CTaTUCTUHECKM 3HAYMMO YaLle y MaLMEHTOB NPU HAMYNK IOKAJTbHbLIX GakTOPOB MO CPaBHEHMIO

c ux otcytcTeuem (33 % vs. 5 %; p = 0,039).

BbiBoAbI. Ha HE60MbLLLOK BEIOOPKE POCCUIACKON NONynsAuMm nauneHToB ¢ Aebotom TBB B geTckom Bo3pacTe noka-
3aHO HaNnvmne Kak M3BECTHbLIX TPOMOOMUINYECKNX MyTaLMii B reHax F2 1 F5, Tak  nonumopdunamsl reHoB SERPINET,
MTHFR, FGB, ITGA2, ITGB3 n SELPLG, nOTEHLMaNbHO NMOBbLILLIAILLMX PUCK TPOMOO03a.

KnioueBble cnoBa: F2 (rs1799963), F5 (rs6025), FGB (rs1800790), ITGA2 (rs1126643), ITGB3 (rs5918), MTHFR
(rs1801133), SERPINET1 (rs1799889), SELPLG (rs2228315) n JAK2 (rs77375493)

KoHdnukT nutepecos. VBalwkmH B.T. — rnaBHbIli pefakTtop XypHana — He NPpUHUMan y4acTus B peLakuOHHOM

PacCMOTPEHUN 1 NPUHATUN PELUEHNs NO AAHHOW cTaTbe. Bce ocTanbHble aBTOpbl 3adBASOT 06 OTCYTCTBUM KOH-
bNnKTa NHTEPECOB.

Ana untnpoBanusa: HagnHckas M.1O., l'ynaesa K.A., TpawkyH 3., JagyHu [., Mpueanos M.A., MeawkuH B.T. Monumopduramesl
reHOB CBEPTbIBAHMSA Y NALMEHTOB C AETCKMM AeO0TOM HELUMPPOTMYECKOrO TPOMO03a BOPOTHOWN BeHbl. POCCUIACKWIA XypHan ra-

CTPOSHTEPONOrnn, renatonoruu, kononpokronorun. 2025. https://doi.org/10.22416/1382-4376-2025-1829-5206

Introduction

Portal vein thrombosis (PVT) is a rare vascular
liver disorder characterized by the occlusion of the
main portal vein and/or its branches [1]. A network
of tortuous collateral veins may develop around
the thrombosed segment in response to obstruction.
These veins are known as cavernous transformations
of the portal vein [2].

The incidence of PVT in children is unclear.
Estimates range from 3.6 to 8.4 per 1000 neo-
nates in intensive care [3, 4], to approximately
1.1 per 100,000 live births [5]. The incidence in
the general population is even lower, at 0.72 per
1,000,000 [6], which classifies pediatric PVT as
an orphan disease.

Although thrombotic events usually occur in the
neonatal period, clinical manifestations typically
appear several years later. These manifestations are
most often signs of portal hypertension [6—9]. PVT
is thought to account for 9—76 % of all cases of
portal hypertension in children [10].

Like any venous thrombosis, the pathogenesis
of PVT is based on Virchow’s triad, encompassing
stasis of blood flow, venous injury due to local fac-
tors, and an imbalance in the coagulation system.
The most common risk factors for PVT in adults
are liver cirrhosis, Ph-negative myeloproliferative

neoplasms, and local factors [11, 12]. In children,
risk factors vary by age group. Among neonates, ap-
proximately half of cases are associated with local
factors, such as umbilical vein catheterization [13—
15], omphalitis, and umbilical sepsis [16]. In older
children, PVT may be linked to myeloproliferative
neoplasms [17].

In approximately half of all pediatric PVT cases,
no identifiable risk factor is found [6, 18]. Only a
few studies have suggested an association between
cavernous transformations of the portal vein and
thrombophilic states, such as antiphospholipid syn-
drome and deficiencies in proteins C and S [6].

There is strong evidence in adult populations
supporting the association between PVT and the
most common causes of heritable thrombophilia.
These include the factor V Leiden mutation (F5,
rs6025), the prothrombin G20210A mutation (F2,
rs1799963) and the C677T polymorphism in the
methylenetetrahydrofolate reductase (MTHFR)
gene (rs1801133) [19]. Several small cohort stud-
ies have examined these variants in children with
PVT, with highly variable results depending on the
geographical region: European studies reported a
significant association [5, 20], whereas those from
India and Turkey did not [21, 22].
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Only a limited number of studies have exam-
ined the polymorphism in the promoter region
of the serine protease inhibitor clade E mem-
ber 1 (SERPINET) gene (rs1799889), which encodes
plasminogen activator inhibitor-1 (PAI-1), in pediat-
ric PVT, with conflicting findings reported [22, 23].

A literature search revealed no studies investigat-
ing polymorphisms in several other hemostasis-re-
lated genes in pediatric PVT, including the fibrino-
gen beta chain (FGB), the integrin subunit alpha 2
(ITGA2) — the alpha subunit of the platelet colla-
gen receptor, the integrin subunit beta 3 (ITGB3) —
the beta subunit of the platelet fibrinogen receptor,
and the selectin P ligand (SELPLG), which en-
codes P-selectin glycoprotein ligand-1 (PSGL-1) —
the primary ligand for the P-selectin receptor.
However, the potential contribution of these poly-
morphisms to thrombotic risk has been discussed in
studies of venous thromboembolism in adults.

The aim of the study was to assess the frequen-
cy of polymorphisms in the genes of coagulation,
folate cycle, platelet receptors, the fibrinolysis sys-
tem (SERPINET1), as well as the SELPLG and
JAK?2 (Janus kinase 2) genes, in patients with pedi-
atric-onset PVT.

Materials and methods

A cross-sectional study was conducted [24]. The
study protocol was approved by the Local Ethics
Committee of Sechenov University (protocol
No. 05—13, May 15, 2013). Patients were enrolled
through consecutive sampling from among all in-
dividuals undergoing examination and treatment
at the V.Kh. Vasilenko Clinic of Propaedeutics
of Internal Medicine, Gastroenterology and
Hepatology at the University Clinical Hospital No. 2
(Sechenov University), between June 1, 2013, and
January 31, 2025.

The study included patients with a confirmed
diagnosis of prehepatic portal hypertension due
to PVT.

Inclusion criteria:

- age > 18 years at the time of enrollment;

- European ancestry;

- onset of PVT-induced prehepatic portal hyper-
tension before 18 years of age;

- radiological confirmation of PVT (thrombosis
of the main trunk or branches of the portal vein,
or cavernous transformations of the portal vein) by
Doppler ultrasonography and/or contrast-enhanced
multispiral computed tomography of the portal sys-
tem at the time of the study;

- provision of written informed consent for par-
ticipation.

Non-inclusion criteria:

- histologically confirmed liver cirrhosis;

- iver stiffness > 10 kPa on elastography;

- history of liver transplantation or hematopoiet-
ic stem cell transplantation.

Liver elastography was performed using a
FibroScan® device (Echosens, France), in line
with guidelines from the European Federation of
Societies for Ultrasound in Medicine and Biology
(EFSUMB). Examinations were conducted after a
fast of at least 6 hours and following an abdom-
inal ultrasound. Patients were positioned supine
with their right arm abducted behind their head
and their torso slightly rotated to the left. The
transducer probe was placed between the sixth and
eighth intercostal spaces along the right midclavic-
ular line to target the right hepatic lobe, avoid-
ing large vascular structures. The focal zone of the
probe was set at a depth of 25—65 mm from the skin
surface. Ten valid measurements were obtained in
total, and the device software automatically calcu-
lated the median liver stiffness value, expressed in
kilopascals (kPa). The device’s measurement range
was 0—75 kPa. An interquartile range to median
ratio of < 25 % was considered acceptable for en-
suring reliable data [25].

A total of 38 patients were assessed for eligi-
bility. Two patients were excluded due to elevat-
ed liver stiffness values (14.2 and 17.8 kPa) and
five declined to participate. Consequently, 31 pa-
tients (13 men and 18 women) with a median age
of 27 years (interquartile range: 24—30 years) were
enrolled in the study.

All participants provided written informed con-
sent for the use of their pseudonymized medical
data, including health status, examination results,
treatment records and other clinical information,
for research purposes. This consent explicitly cov-
ered the creation of electronic databases containing
anonymized medical data, as well as the publication
of research findings derived from these data.

Analysis of gene polymorphisms

Gene polymorphisms were analyzed using re-
al-time polymerase chain reaction (PCR) with
fluorescent detection in EDTA-anticoagulated ve-
nous blood samples. All laboratory analyses were
performed at the LITECH laboratory (Russia).
Genomic DNA was extracted from the leukocyte
fraction using a commercial kit (DNA-Express-
Blood, NPO LITECH, Russia), following the
manufacturer’s instructions. The concentration and
purity of the DNA were evaluated spectrophoto-
metrically, with an A260,/A280 ratio of 1.7—2.0 be-
ing considered acceptable.

Genotyping for point substitutions and inser-
tion-deletion variants was performed using “SNP-
express-RV” reagent kits (NPO LITECH, Russia).
These kits employ an allele-specific detection meth-
od, using the intercalating dye SYBR Green I in
parallel reactions to distinguish wild-type and mi-
nor alleles.
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Amplification reactions were conducted on a
CFX96 Touch Real-Time PCR System (Bio-Rad,
USA), which is a thermal cycler equipped with an
optical fluorescence detection module. Each reac-
tion was performed in a total volume of 25 uL con-
taining 5 pL of Master Mix (buffer, MgCl,, dNTPs,
and Taq polymerase), 0.25 uM of each primer, and
50—100 ng of template DNA.

The amplification protocol consisted of an ini-
tial denaturation step at 95 °C for 5 min, followed
by 40 cycles of denaturation at 95 °C for 15 s and
combined annealing/extension at 60 °C for 60 s.
Threshold cycle values and amplification curve
profiles were automatically analyzed by the instru-
ment software. Genotypes were determined based
on the presence or absence of amplification in each
allele-specific reaction.

Polymorphisms in genes that regulate hemosta-
sis, folate metabolism and platelet adhesion were
analyzed, as were the SELPLG gene and the so-
matic V617F mutation in the JAK2 gene (Table 1).

For each polymorphism, appropriate positive
controls (homozygous and heterozygous genotypes)
and negative controls were included. For the JAK?2
V617F mutation, a standard calibration curve for
quantification of the mutant allele burden was ad-
ditionally employed. Reaction conditions and inter-
pretation criteria were in line with the manufactur-
er’s specifications. Any sample exhibiting atypical
amplification curves or a threshold cycle difference
> 0.5 between replicates was subjected to repeat
testing. Genotyping results were reported as allele
combinations (e.g. F2 G20210A: GA), indicating
the corresponding nucleotide change and amino
acid substitution where applicable. For the JAK2
V617F mutation, results were reported qualitatively
as either “detected” or “not detected”.

Statistical analysis

Quantitative data are presented as the median
and the interquartile range (25th—75th percentiles).

Table 1. Studied gene polymorphisms

The Mann — Whitney U test was used to com-
pare them. Qualitative characteristics are present-
ed as absolute numbers and percentages. Genotype
and allele frequencies were compared using either
Pearson’s chi-square test or Fisher’s exact test.
Differences were considered statistically significant
at p < 0.05.

Statistical analysis was performed using IBM
SPSS v. 23.0 (SPSS: an IBM company, USA).

Results

Characteristics of the cohort with pediatric-
onset portal vein thrombosis

The median age at presentation of portal hyper-
tension due to PVT was 5 (3; 11) years, with a
median duration of 19 (14.5; 25) years at the time
of the study. At the initial diagnosis of PVT, all
patients underwent hematological evaluation to
rule out primary hematological disorders. However,
the medical documentation of none of the patients
contained any records of prior genetic testing for
the mutations and polymorphisms analyzed in the
present study.

All patients had cavernous transformations of
the portal vein confirmed by Doppler ultrasonog-
raphy and contrast-enhanced multispiral computed
tomography. Liver stiffness, as evaluated by elas-
tography, was 6 (5; 8) kPa.

The most common symptoms of prehepatic portal
hypertension were bleeding from esophageal varices
in 16 (52 %) patients and hypersplenism (spleno-
megaly with thrombocytopenia and leukopenia) in
15 (48 %) patients.

The majority of patients (n = 22; 71 %) under-
went portosystemic shunt surgery (mesocaval or
distal splenorenal) during childhood. Nine patients
(29 %) underwent splenectomy for cytopenias.

Analysis of local risk factors, based on medical
history and available records, revealed a history of

Gene Polymorphism
Nucleotide substitution ID in the dbSNP database

F2 (factor II, prothrombin) G20210A rs1799963
F5 (factor V, Leiden mutation) G1691A rs6025

FGB G-455A rs1800790
ITGA?2 C807T rs1126643
ITGB3 T1565C rs5918

MTHFR C677T rs1801133
SERPINE{ 5G(-675)4G rs1799889
SELPLG G62A rs2228315
JAK?2 V617F rs77375493

Note: FGB — fibrinogen beta chain; ITGA2 — integrin subunit alpha 2; ITGB3 — integrin subunit beta 3; MTHFR —
methylenetetrahydrofolate reductase; SELPLG — selectin P ligand; SERPINE1 — serine protease inhibitor clade E

member 1; JAK2 — Janus kinase 2.
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omphalitis in the early neonatal period in nine pa-
tients (29 %), seven of whom developed umbilical
sepsis. Umbilical vein catheterization had been per-
formed in three other patients (10 %).

Genotype and allele frequencies

The genotype frequency distributions were in
Hardy — Weinberg equilibrium for all loci except JAK2
V617F (rs77375493). Calculation of the chi-squared sta-
tistics was not possible for this locus due to the absence
of the mutation in all study participants.

The genotype and allele frequencies are present-
ed in Table 2.

Two patients were found to have mutations in
the F2 (1s1799963) and F5 (rs6025) genes. The
FGB polymorphism (rs1800790) was detected
in 9 (29 %) patients in a heterozygous state and
in 2 (6 %) patients in a homozygous state. The
ITGA? platelet receptor gene variant (rs1126643)
was found in 15 (48 %) patients in the heterozy-
gous state and in 4 (13 %) patients in the homo-
zygous state. The ITGB3 polymorphism (rs5918)
was present in 8 (26 %) patients in the hetero-
zygous state and in 3 (10 %) patients in the ho-
mozygous state. More than half of the patients
(n = 18; 58 %) were homozygous for the SERPINE1
polymorphism (rs1799889), while 9 (29 %) patients
were heterozygous carriers. The MTHFR variant
(rs1801133) was present in 10 (32 %) patients in
the heterozygous state and in 5 (16 %) patients in
the homozygous state. The SELPLG polymorphism
(rs2228315) was the least frequent, being observed
in 4 (13 %) patients in the heterozygous state and in
1 (3 %) patient in the homozygous state. The somat-
ic JAK2 mutation (rs77375493) was not detected in
any patients.

At least one mutation (in the F2 or F5 genes)
or a homozygous polymorphism in the other genes
under study was observed in 24 (77 %) patients. Of
these patients, 15 (48 %) had one genetic risk factor,
6 (19 %) had two, and 3 (10 %) had three.

Of the study group, 12 (39 %) patients had a
history of local PVT risk factors during the early
neonatal period. Comparative analysis revealed no
statistically significant differences in sex, age, or
the total number of inherited thrombophilic factors
between patients with and without these risk fac-
tors (Table 3). The proportion of males among pa-
tients with local risk factors was 58 %, compared to
32 % among those without (p > 0.05). The median
age at diagnosis of PVT was 5 (3; 5.5) years in the
subgroup with local factors and 7 (3.5; 13.5) years
in the subgroup without local factors; no significant
differences were found.

The frequency of a single genetic risk factor was
similar in both subgroups, ranging from 74 to 83 %.
The presence of two or more risk factors was ob-
served in 25 % of patients in the subgroup with

local risk factors, compared to 32 % of patients
without those (p > 0.05).

No significant differences were found between
the subgroups for individual hemostatic gene poly-
morphisms. Mutations in the F2 (rs1799963) and
F5 (1s6025) genes, as well as the FGB (rs1800790)
AA genotype, were only identified in patients
without local risk factors (one case each). The fre-
quencies of the ITGA2 (rs1126643) TT, ITGB3
(rs5918) CC, SERPINET (rs1799889) 4G /4G, and
MTHFR (rs1801133) TT genotypes did not differ
between subgroups. The presence of at least one
A allele in the SELPLG gene (rs2228315) was ob-
served in 2 (17 %) patients in the subgroup with
local risk factors.

A combination of at least one A allele in the fi-
brinogen gene (FGB) and one C allele in the plate-
let receptor gene (ITGB3) was significantly more
prevalent in the subgroup with local risk factors,
occurring in 4 (33 %) patients vs. 1 (5 %) patient
in the subgroup without local factors (p = 0.039).

Discussion

Our study describes a cohort of patients with an
orphan disease. The size of our cohort is compara-
ble to that in international studies, where European
cohorts range from 12 to 31 participants [20, 23].
No analogous studies published in the Russian
Federation were identified.

Two patients had gene mutations involved in coag-
ulation: F5 (rs6025) and F2 (rs1799963). The former
confers resistance to Factor V being inactivated by ac-
tivated protein C, while the latter leads to increased
prothrombin synthesis, both of which contribute to
a hypercoagulable state. These variants are the two
most extensively studied and prevalent inherited caus-
es of thrombophilia in Europe. Studies from Germany
[5], Ttaly [20], Bulgaria [23], and Egypt [18] have
demonstrated an association between these mutations
and pediatric PVT, whereas a report from India found
no such relationship [21]. Findings from Turkey are
inconsistent: one study identified an association be-
tween PVT and the Factor V Leiden mutation [26],
while another found no correlation with either F5 or
F2 mutations [22].

These discrepancies in findings may be at-
tributed to ethnic differences between Caucasians
and individuals of South Asian (Indian) descent.
Specifically, Factor II (rs1799963) and Factor V
(rs6025) mutations are significantly less prevalent
in Indian patients with venous thromboembolism
than in Caucasians. Deficiencies of antithrombin,
protein C and protein S are also more common in
the Indian population [27].

The MTHFR gene polymorphism (rs1801133)
reduces the activity of the enzyme, which can lead
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Table 2. Genotype and allele frequencies in patients with childhood-onset portal vein thrombosis

Gene, polymorphism Genotype, allele Portal \(rzir;tg I())mbosis
GG 30 (97 %)
GA 1(3 %)
F2 (rs1799963) G 0.984
A 0.016
GG 30 (97 %)
GA 1(3 %)
F5 (rs6025) G 0.984
A 0.016
GG 20 (65 %)
GA 9(29 %)
FGB (rs1800790) AA 2(6 %)
G 0.790
A 0.210
ccC 12 (39 %)
CT 15 (48 %)
ITGA?2 (rs1126643) TT 4 (13 %)
C 0.629
T 0.371
TT 20 (64 %)
TC 8 (26 %)
ITGB3 (1s5918) CcC 3(10 %)
T 0.774
C 0.226
5G/5G 4 (13 %)
5G/4G 9 (29 %)
SERPINET (1s1799889) 4G/ 4G 18 (58 %)
5G 0.274
4G 0.726
ccC 16 (52 %)
CT 10 (32 %)
MTHFR (1s1801133) TT 5 (16 %)
C 0.677
T 0.323
GG 26 (84 %)
GA 4 (13 %)
SELPLG (rs2228315) AA 1(3 %)
G 0.903
A 0.097
GG 31 (100 %)
JAK?2 (1s77375493) G 1
T 0

Note: data are presented as the absolute number of patients and the proportion of the total number, n (%), for genotypes
or as frequencies for alleles; FGB — fibrinogen beta chain; ITGA2 — integrin subunit alpha 2; ITGB3 — integrin subunit
beta 3; MTHFR — methylenetetrahydrofolate reductase; SELPLG — selectin P ligand; SERPINE1 — serine protease

inhibitor clade E member 1; JAK2 — Janus kinase 2.
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Table 3. Risk factors in patients with childhood-onset portal vein thrombosis in subgroups depending

on the presence of local factors in the early neonatal period

Local factors in the early neonatal period
Variable Yes No 7
(n =12) (n=19)
Males 7 (58 %) 6 (32 %)
Females 5 (42 %) 14 (68 %) s
Age, years 5(3; 5.5) 7 (3.5; 13.5) n.s.
>1 risk factor 10 (83 %) 14 (74 %) n.s.
>2 risk factors 3(25 %) 6 (32 %) n.s.
F2 (rs1799963) GA 0 1(5%) n.s.
F5 (1s6025) GA 0 1(5 %) n.s.
FGB (rs1800790) AA 0 2 (11 %) n.s.
ITGA2 (rs1126643) TT 2 (17 %) 2 (11 %) n.s.
ITGB3 (rs5918) CC 2 (17 %) 1(5%) n.s.
FGB A + ITGB3 C 4 (33 %) 1(5%) 0,039
SERPINET (rs1799889) 4G /4G 8 (67 %) 10 (53 %) n.s.
MTHFR (1s1801133) TT 1(8 %) 4 (21 %) n.s.
SELPLG (rs2228315) AA 1(8 %) 0 (0 %) n.s.

Note: data are presented as the absolute number of patients and proportion of the total number, n (%), or as the median and
interquartile range Me (25th, 75th percentiles); n.s. — not significant; FGB — fibrinogen beta chain; ITGA2 — integrin
subunit alpha 2; ITGB3 — integrin subunit beta 3; MTHFR — methylenetetrahydrofolate reductase; SELPLG — selectin P

ligand; SERPINE1 — serine protease inhibitor clade E member 1; JAK2 — Janus kinase 2.

to hyperhomocysteinemia and endothelial dysfunc-
tion, and possibly increase the risk of blood clots.
This polymorphism was identified in 15 (48 %) pa-
tients in our study: 10 (32 %) were heterozygous
and 5 (16 %) were homozygous; the T allele fre-
quency was 32.3 %. These results are consistent
with an Ttalian study in which the MTHFR gene
polymorphism was found in 16 out of 31 PVT pa-
tients (68 %), four of whom were homozygous. The
odds ratio for carrying at least one C677T allele was
found to be 7.00 (95 % confidence interval: 2.15—
22.85) [20]. In contrast, studies on PVT in Israel
and Turkey identified the MTHFR (rs1801133)
polymorphism in only one patient each [6, 22]. The
rs1801133 polymorphism exhibits significant dif-
ferences between populations: in Caucasian popu-
lations, the average T allele frequency is 36.5 %
[28], which aligns with the frequency observed in
our PVT patients.

In our cohort, the frequency of the 4G allele
of the SERPINET polymorphism (rs1799889) was
72.6 %, which is higher than the 54.2 % (95 %
confidence interval: 51.9—56.6 %) reported in the
European population [29]. PAI-1 is the primary
physiological inhibitor of fibrinolysis, binding to
and irreversibly inactivating both t-PA (tissue-type
plasminogen activator) and u-PA (urokinase-type
plasminogen activator). This blocks the conversion
of plasminogen to plasmin, reduces fibrin degrada-
tion and ultimately prevents thrombus dissolution

[30, 31]. The 4G allele is associated with higher gene
expression and increased plasma levels of PAI-1.

In placental tissue, SERPINET is predominant-
ly expressed in fetal cells, such as extravillous tro-
phoblasts and endothelial cells of the chorionic villi,
with minimal expression observed in maternal de-
cidual cells [32, 33]. Consequently, newborns with
the 4G/4G genotype are presumed to have higher
concentrations of PAI-1. Furthermore, PAI-1 is syn-
thesized by endothelial cells and adipose tissue and
stored in platelet alpha-granules. Newborns may
exhibit heightened PAI-1 levels due to endotheli-
al activation in various conditions, including sepsis,
hypoxia, intrauterine infections, and umbilical vein
catheterisation [34].

The 4G/4G polymorphism was present in eight
patients (67 %) who had local risk factors during
the early neonatal period, such as omphalitis, um-
bilical sepsis and umbilical vein catheterisation.
This genotype likely resulted in the highest PAI-
1 concentrations, serving as a risk factor for PVT.
This finding is consistent with several studies that
have demonstrated the role of impaired fibrinoly-
sis in the pathogenesis of pediatric PVT [35, 36].
Specifically, studies from Bulgaria and Turkey
have also reported an increased frequency of the
SERPINET polymorphism in children with cathe-
ter-associated PVT [22, 23].

The frequencies of polymorphisms in the follow-
ing genes are reported here for the first time in
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patients with pediatric-onset PVT: FGB (rs1800790),
ITGA2 (rs1126643) and ITGB3 (rs5918), and the
SELPLG (rs2228315).

The transcriptional activity of the FGB gene
and the concentration of plasma fibrinogen are both
elevated in individuals with the FGB (rs1800790)
polymorphism, which promotes hypercoagulability.
A recently published study [37] established an as-
sociation between FGB (rs1800790) and deep vein
thrombosis of the lower extremities, particularly
in combination with other inherited thrombophil-
ias: the frequency of the A allele was 14 % in the
control group vs. 14.6 % in the thrombosis group.
Another study identified an association between
FGB (rs1800790) and pulmonary thromboembolism,
with an A allele frequency of 17 % [38]. In our
study cohort, the frequency of the A allele was even
higher, at 21 %.

The ITGA2 gene polymorphism (rs1126643)
causes a conformational change in the o2 subunit of
the platelet collagen receptor, integrin a2B1 (glyco-
protein Ia/Tla). This results in increased receptor
expression on the platelet surface, enhancing plate-
let adhesion to collagen. In our PVT cohort, the
frequency of the T allele of ITGA2 (rs1126643) was
37.1 %, which is comparable to its frequency in the
European population (27.6—44.4 %) [39].

We also investigated the rs3918 polymorphism
in the ITGB3 gene, which encodes the B subunit
of the platelet fibrinogen receptor, integrin alIbp3
(glycoprotein IIb/IIIa). This polymorphism alters
the conformation of the receptor, thereby increasing
its affinity for fibrinogen and promoting enhanced
platelet aggregation. In our study, the frequency of
the C allele of ITGB3 (rs5918) was 22.6 %, which
is higher than the figures reported for European
populations (approximately 15 %) [40] and inhabi-
tants of Siberia (14.7—15.0 %) [41].

Unlike mutations in the F2 and F5 genes,
polymorphisms in the FGB (rs1800790), ITGA2
(rs1126643), and ITGB3 (1s5918) genes are not rec-
ognized as independent risk factors for thrombosis.
However, they may contribute to an increased throm-
botic risk when combined with other prothrombotic
factors. For example, next-generation sequencing has
revealed rare and combined prothrombotic variants,
including the ITGB3 (rs5918) polymorphism, in pa-
tients with cerebral venous thrombosis who lack clas-
sical Factor V and Factor II mutations, suggesting
their potential role in genetic predisposition to throm-
bosis [42]. Similar findings were reported in a study
of four children with retinal central vein thrombosis
which found an association between thrombosis and
the ITGA2 (rs1126643) and ITGB3 (rs5918) poly-
morphisms [43].

The rs2228315 genetic polymorphism in the
SELPLG gene, which encodes PSGL-1, enhanc-
es the adhesion of leukocytes and platelets to the

endothelium. In our study, the frequency of the
A allele of rs2228315 was 9.7 %, which is higher
than the 6.7 % reported in the European population
[44]. Neonates exhibit reduced neutrophil adhesion
to P-selectin, which is associated with decreased
PSGL-1 ligand expression and functional activity,
as well as altered sialylation of its glycoprotein
structure. These characteristics lead to diminished
inflammatory and thrombotic responses [45]. In the
subgroup of patients with local risk factors, one
patient was homozygous and two were heterozygous
for the SELPLG polymorphism. This could poten-
tially have modified the inflammatory response and
served as a risk factor for PVT. However, this re-
mains a cautious hypothesis as no direct studies on
the rs2228315 polymorphism in newborns with in-
fectious complications or portal vein catheterization
were found. Furthermore, our study did not reveal
any differences in the frequency of this polymor-
phism between subgroups with and without local
risk factors.

Overall, the subgroup with local risk factors in
the early neonatal period did not exhibit a high-
er prevalence of the examined polymorphisms or a
greater combined genetic risk for PVT compared to
those without such factors. However, an exception
was the combination of polymorphisms in the fibrin-
ogen gene and its platelet receptor (FGB: rs1800790
and ITGB3: 1s5918), which was observed more fre-
quently in the subgroup with local risk factors. A
similar combination has been reported in studies of
women with recurrent pregnancy loss [46].

The most common marker of myeloproliferative
neoplasms — the JAK2 mutation (rs77375493) —
was not detected in any of the patients examined.
Although this mutation is frequently identified in
adult PVT patients with myeloproliferative neo-
plasms [47], PVT has also been associated with es-
sential thrombocythemia or polycythemia vera in
pediatric cases. Notably, some of these pediatric
patients were found to harbor a mutation in exon
14 of the JAK?2 gene [17].

The study’s limitations stem from the small
patient group, which is due to the rarity of the
condition; the cross-sectional study design; and
the inability to develop a comprehensive model of
PVT development accounting for all factors, in-
cluding local ones, given the potential for recall
bias regarding neonatal events and loss of medical
records. However, as the genotype for the studied
polymorphisms was present at birth and remained
unchanged throughout life (patients who had un-
dergone liver or hematopoietic stem cell transplan-
tation were excluded from the study), the results
can be extrapolated to the time of PVT onset.

Future research directions

Further prospective studies should focus on an-
alyzing hemostatic gene polymorphisms in larger
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cohorts, as well as evaluating gene-gene interac-
tions in combination with local factors that may
increase the risk of PVT in children.

Conclusion

This study presents the first data from the Russian
Federation on genetic polymorphisms in patients
with pediatric-onset PVT. Both known mutations
in the F5 (rs6025) and F2 G20210A (rs1799963)
genes were identified, as well as polymorphisms in
the MTHFR (rs1801133), SERPINET (rs1799889),
FGB (rs1800790), ITGA2 (rs1126643), ITGB3
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CHU>KeHre MUHEePaAAU3alluun
KOCTHOU TKAHU Y AeTelU C BOCHAAUTEABHBIMU
3a00AeBaHUAMU KUIIIEYHUKA
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Lenb: n3y4yeHne coCToOAHMSA MUHEPaNbHOM NAOTHOCTU KOcTu (MITK) n pakTopoB, BMaOLWMX Ha ee GopMUpOoBaHME,
y LeTel ¢ BocnanuTesnbHbIMN 3aboneBaHnaMun kuievHmka (B3K).

MaTtepuansbl u meTogpbl. B uccneposarue BkitodeHbl 113 naupeHToB ¢ B3K (58 ¢ 6onesHbio KpoHa 1 55 ¢ 93BeH-
HbIM KONIMTOM) 1 61 30,0POBbLIN pebeHOoK (KOHTPOJIbHAs rpynna). Bcem yyacTHMkam npoBeaeHa KOMIMIekCHas OLeHKa
MIK MeToaoM ABYXSHEPreTUYecKon peHTreHOBCKoM abcopbunomeTpum (DEXA), ypoBHS BUTamuHa D, Gruoxmmmye-
CKMX MapKepoB KOCTHOro MeTabonnama, ypoBHS NOTPEONEeHNS KanbLuys C NULLEN 1 PU3NYECKO aKTUBHOCTU.
Pe3ynbratbl. CHxeHne MIK pa3nnyHon ctenerun BoisieieHo y 39,8 % naumeHToB ¢ B3K, 4To AOCTOBEPHO HalLle, YeM
B KOHTposbHOM rpynne (p = 0,001). YcTaHOBNEHbI 3HaYNMbIE MPeanKTOpPbl CHkeHua MIK: pnntenbHoCTL 3aboneBaHus
©onee 3 neT, BbICOKas KIMHUKO-3HA0CKOMNMYeckasi akTMBHOCTb, HU3KOoe noTpebneHuve kanbums (Me) 300 Mr/cyT npoTtunB
550 mr/cyT B KoHTpose (p < 0,001) 1 4O303aBUCUMOE BIIVSIHNE IOKOKOPTUKOCTEPOUAHOM TEparnuu.

BbiBoAbl. DOpMUpPOBaHME HMU3KOWM KOCTHOM Macchl y aeten ¢ B3K aBnsaetcsa MynbTMdakTOPHbLIM MPOLIECCOM, ac-
COLIMNPOBAHHLIM C aKTMBHOCTbIO U ASIUTENbHOCTbLIO 3a00/1eBaHNS, ANETUHECKMMIN OFPaHUYEHNSIMU N XapakTepOoM
Tepanuun, 4To 000CHOBLIBAET HEOOXOANMOCTb MYJILTUOVUCLUMMIMHAPHONO MOHUTOPUHIA COCTOSIHUS KOCTHOWM TKaHU
B [L@HHOW rpynne nauMeHToB.

KnioueBblie cnoBa: 6051e3Hb KpoHa, BocnanuTtesibHble 3a00neBaHns KULLIEYHMKA, eTU, OCTEOMNOPO3, S3BEHHbI KOIUT
KoH®NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

CTaTbsl HanMcaHa B pamMkax Hay4yHO-uUccneaoBaTenbCkor paboThl «[MoBbilleHne 3PPEKTUBHOCTU FTEHHO-UHXEHEp-
HO MMMYHOBMOIOrMYECKOM Tepanumn MHGAMKCMMaboM 1 aganumymabom y AeTel ¢ BocnanuTenbHbiMu 3aboneBa-
HUAMU KMLLIEYHMKA», HOMEP FrOCYAapCTBEHHOM pernctpaummn — 122040600137-2.

Ana untupoBaHusa: EpoxvHa M.W., OgnHaesa H.[., KongpaTtbeBa E.U., XaBkuH A.U., A6nokosa E.A., Xekaliite E.K. CHuxeHune
MUHEepann3auum KOCTHOM TKaHW y IeTel ¢ BocnanuTebHbIMU 3a601eBaHNSMIN KULLEYHMKA. POCCUIACKIMIA XypHa racTPO3HTEPOSIO-
rvu, renatonoruu, kononpokronoruun. 2025. https://doi.org/10.22416/1382-4376-2025-35-1856-5180

Decreased Bone Mineralization in Children with Inflammatory Bowel Diseases
Maria |. Erokhina', Niso D. Odinaeva'?, Elena |. Kondratieva'2, Anatoli . Khavkin'#,

Ekaterina A. Yablokova'?®, Elena K. Zhekaite'

"Research Clinical Institute of Childhood of the Ministry of Healthcare of the Moscow Region, Mytishchi, Russian Federation
2 Moscow Regional Research and Clinical Institute, Moscow, Russian Federation

3 Research Center for Medical Genetics, Moscow, Russian Federation

4 Belgorod State National Research University, Belgorod, Russian Federation

5 .M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Aim: to assess bone mineral density (BMD) in children with inflammatory bowel diseases (IBD) and analyse the fac-
tors influencing it.

Materials and methods. The study included 113 patients with IBD (58 with Crohn’s disease and 55 with ulcer-
ative colitis) and 61 healthy children (control group). All the participants had a comprehensive assessment of BMD
by means of dual-energy X-ray absorptiometry (DEXA), as well as measurement of vitamin D levels, biochemical
markers of bone metabolism, dietary calcium intake, and physical activity.
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Results. Decreased BMD of varying degrees was identified in 39.8 % of patients with IBD, which is substantially
more frequent than in the control group (p = 0.001). Significant predictors of decreased BMD were established:
disease duration exceeding 3 years, high clinical and endoscopic activity, low calcium intake (Me) 300 mg/day vs
550 mg/day in the control group (p < 0.001), and dose-dependent effect of glucocorticoid therapy.

Conclusion. Low bone mass build-up in children with IBD is a multifactorial process associated with disease activity
and duration, dietary restrictions, and treatment modalities, underscoring the need for multidisciplinary monitoring
of bone tissue status in this patient group.

Keywords: Crohn’s disease, inflammatory bowel diseases, children, osteoporosis, ulcerative colitis

Conflict of interest: the authors declare no conflict of interest.

The article was written as part of the research project “Increasing the effectiveness of genetically engineered immu-
nobiological therapy with infliximab and adalimumab in children with inflammatory bowel diseases”, state registration
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Bseaeunne

Bocnammrenpubie 3a6onepannsa kumeunnka (B3K),
o6benunsonme ga3Berubiii komut (AK) u 6one3nb
Kpona (BK), a takxe neanddepeHImpoBaHHbIi KO-
aut u psji MoHorenubix 3abosieBanuii KKT, mnpen-
CTaBJAIOT COOON TPYMIy XPOHUYECKUX —TSYKEJIbIX
UMMYHOOTIOCPEIOBAHHDBIX 3a00JIeBaHMiT ¢ TMpenMyTie-
CTBEHHBIM MOPaKEHNEM >KeJIyTOYHO-KUIIEYHOTO TPAK-
ta (JKKT), nuMeonmx Kak o6lue, Tak U OTJUYUTE b
Hble KJMHN4YecKne ocobernocTn [1].

3uaunrenabHblii poct 3a6oneBaemoctn B3K, or-
MEUYeHHBIN BO BCEX BO3PACTHBIX TPYIINaxX, 0COGEHHO
3aTparuBaer zereii: B 25 % ciaydaeB 3a0oJieBaHue
ne6I0TUPYET B JIETCKOM W TIOJPOCTKOBOM BO3pacTe,
YTO aCCOIMUPOBAHO ¢ 60Jiee CePbE3HBIM MPOTHO30M,
BBICOKMM PHCKOM OCJOXHEHUN U XUPYPrUUYECKUX
BMEIIATETbCTB, a TaKKe 3a[ePKKOI pocTta W pasBu-
tust [1, 2]. [JunTenbHast cucTeMHas BOCIAJIUTE/IbHAS
aKTUBHOCTD, OOYCJOBJEHHAs] TEKYIIMM TaTOJOTHYE-
ckuM tiporieccom B JKKT u guc6uosom, sBisiercs
KJTIOUEBBIM MEXAaHU3MOM Pa3BUTHS MOJHOPTAHHBIX
npossiaernit y manmentoB ¢ B3K. B wacrtHOCTH,
JUTST 9TON KaTeropuu GOJbHBIX TaKXKe XapaKTepPHO Ha-
pYIIeHHe OCH <«KWIITKAa — KOCTb», YTO BeIET K CHU-
JKEHUTO MUHEPAJIbHOU TIOTHOCTH KOCTU W TIOBBINIAET
puCK TepesioMoB. PacnpocTpaHeHHOCTh CHUKEHUS
MHUHEPAJbHONW TJIOTHOCTH KOCTH CPeId MalieHToB
¢ B3K Bapbupyercd B 3aBUCHMOCTH OT PeTHOHa M JIO-
cruraer 40 % y B3pocabix u 36 % — y gereii [3, 4].
[To manHBIM pa3HbIX aBTOPOB, CHIKEHHbIE MMOKa3are-
au MITK wumeror 38—43 % poccuiickux gereil B BO3-
pacte 5—18 seT 6e3 COMyTCTBYIOIIEH COMaTHYECKOil
narojoruu (Manba6copOLus, IemaTuT, THPEOTOKCUKO3,
caxapHbIi guaber u ap.) [5].

AKTUBHOCTDH 3a00JieBaHUsI, MPHUBOIAIIAS K OTpa-
HUYUTENbHBIM [HeTaM, CHIDKeHWe (U3MYecKol aK-
TUBHOCTH, WCKJIOYEHNE WHCOJISINK, IT000YHbIE eii-
CTBUSI JIEKAPCTBEHHBIX IMPEIapaToB, B TOM 4YHCJE
KOPTUKOCTEPOUIOB, a TaKXKe HaJHMIhe COIYTCTBYIO-
mux 3a60/1€BaHUNl 1 BHEKUIIEYHBbIX IPOSIBJIEHUN SIB-
JITIOTCS  OCHOBHBIMU  TTaTOQu3noJ0rndeckuMu  dak-
TOpaM#, CIOCOOCTBYIOIIUME PA3BUTHIO OCTEOTIOPO3a.

B coorBercTBUM ¢ MUPOBOHM MPAKTUKON MIHEPAJIb-
HBIIl COCTaB KOCTU OIIEHUBAIOT C TOMOIIBIO JIBYX-
HEPTeTUYECKON PEHTTEHOBCKON abcopOIimoMeTpun
(DEXA). [lanHoe uccJejoBaHie 0COOEHHO MOKa3aHO
JeTaM ¢ TsoxesbM TedenueM B3K, nosywaromum aiu-
TeJbHble WM TIOBTOPHbIE KYPChl KOPTHKOCTEPOU/IOB;
TIpU BLIABJEHUN OTKJOHEHUN Tepamus OMOJTHSETCS
npenapaTramMu Kajbliusd ¥ BuTamMuna D.

Iless uccseoBanysi: M3y4nTh COCTOSTHUE W PEMO-
JleJIMpOBaHe KOCTHOW TKAHU Y JleTell ¢ BOCIAJUTeNb-
HbIMHU 3200JIEBAHUSIMU  KUIEYHUKA, TPOKUBAIOIINX
B MOCKOBCKOII 06JlacTH, B 3aBUCUMOCTH OT HO30JIO-
rudeckoil (pop™bl, MoJia, BO3pacTa M MPOBOAUMOTO
JIeYeHus].

MaTepI/IaJIbI H METO/AbI

B uccrenoBanue Obuiu BrIOueHbl 174 pebenka,
npoxKuBaOMUX B MOCKOBCKOI o6JjacTu, B Bo3pacre
ot 6 ser o 17 ser 11 mecsues 30 gHell U MPOXOUB-
X 00Cje/l0BaHle B racTPOIHTEPOJIOTMUECKOM U KOH-
CyJIbTaTUBHO-IMaTHOCTHYECKOM — oTzeseHussx I['BY3
Mockosckoit obsactu «HUKW aercrBa Munsapasa
Mockosckoit  obaactu» (mupexktop — mpodeccop,
am.u. H.JI. Oaunaesa) ¢ mapra 2022 mo despasb
2023 roma. OcnoBuyio rpymnmy cocrtasuan 113 ne-
teii ¢ B3K. I'pynma cpaBaenust cocrosiia u3 61 310-
poBoro peGenka. [uarno3 B3K d¢opmyaupoBasics
Ha OCHOBAHUHU KOMILJIEKCHOTO aHAIN3a KJIMHUYECKUX
MPOSIBJIEHNH, JIAaHHBIX aHaMHe3a, JabopaTOPHbBIX
U 9H/IOCKONUYECKUX MCCJAEIOBAHUII B COOTBETCTBUH
¢ DejiepaJibHBIMU  KJIUHUYECKUME PEKOMEH/IAIMSAMU.
Jlsi OlleHKM KJIWHWYECKOW aKTUBHOCTH 3a00JICBAHUS
UCTOJIb30BAJIUCH TeJMATPUYECKIe UH/IEKCHI C TPaJlali-
eit o 6ajiaM B COOTBETCTBUU € OGIIENPUHSTHIMU KPU-
trepusamu: PCDAI (BK: <10 — pemuccus, 10-30 —
nerkast/cpennerstkenas, 30—100 — Tskemas ax-
tuHoctb) 1 PUCAI (4dK: 10—35 — MuHuMaJjbHas,
36—65 — cpeaHerspkesasi, 65—85 — TsKesas aKTHB-
Hocth). [lnsa ompemeneHus SHIOCKONMYECKON AKTHUB-
Hoctu npuMenstanch nngekcol SES-CD (BK) u UCEIS
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(AdK), rme OGaanbl oOTpaskaliu CTeNeHb TSHKECTH:
SES-CD (>15 — taxenas, 7—14 — cpeaHeTsKeNas,
3—6 — nerkas, <2 6aJOB — B3HIOCKONUYECKAS Pe-
muccust) u UCEIS (7—8 — Bpicokast, 5—6 — yMepeH-
Hag, 2—4 — MuamMmaabHasg, 0—1 — pemuccus). Bee
HAIMEeHTDbI TOJyYad TEPAMi0 B COOTBETCTBUU C KJIM-
HUYECKUMHU PEKOMEH/IAIISMHU.

Ocnosnas rpymnna cocroana u3 113 gereil ¢ Boc-
MAJTUTENbHBIMU 3a60eBaHugMN Kutieunuka (58 nereit
¢ BK u 55 ¢ dK; 59 mampunkos (52,2 %) u 54 meBou-
ku (47,8 %)). KonrpoJspHas rpynna sraoyana 61 3xo-
posoro pedenka: 37 (60,7 %) mampunkos u 24 (39,3 %)
nesoukn (tabna. 1). Kpurepunm BKIIOYEHUS B TPYIILY
KOHTPOJIST: OTCYTCTBHE OCTPBIX, XPOHUYECKUX COMATHU-
yecKnX W WH(PEKIMOHHBIX 3a60JeBaHuil, BJIHSIONINX
Ha pOCT W pa3BuTHe peGeHKa; Mojnucanne WH(POPMU-
poBanHoro coryiacus. B rpymme gereit ¢ B3K meaunana
(Me) Bospacra cocrasmia 14,5 roga, Torja Kak B TPyII-
e 3/10poBbIX Jereit Me — 11 sert.

lenpiepHbIil aHaMN3 TMOKa3aad MpeolbalaHue MY:K-
CKOTO TM0JIa B KOHTPOJIbHO# TPyIIie W Cpein TalieH-
toB ¢ BK, B TO Bpems kak B rpynne ¢ AK npesasu-
poBasn sieBouku. Ilammentsr ¢ B3K u 310poBbie jetn
OBLITM Pas/IeIeHbl TI0 IOy W BO3PACTY HA J[BE TPYIIIIbI:
1-a rpynma — 6—11 mer, 2-a rpynna — 12—18 ner.
Cpenn manmenToB ¢ B3K wuame BcTrpeuanuch mos-
POCTKH, TOTJa KaK B KOHTPOJIHHON TPYIITie OCHOBHYIO
yacTb coctasuiu geru 6—11 aer (ta6a. 1).

[usaitn  uccaeoBaHUA: OJHOMOMEHTHOE WHTEP-
BEHIIMOHHOE IPOCIEKTHBHOE HEPAHOMU3NPOBAHHOE
HCCIe0BaHue.

Yuactne Bcex jereil B MCCIAELOBAHUN OBLIO TOM-
TBEPKIEHO JOOPOBOJBHBIM MHMOOPMUPOBAHHBIM  CO-
rnacueM. MccenegoBanue ObLio 0100peHO Ha 3ace-
manum  stuyeckoro komurera I'BY3 MockoBckoit
obmactn «HUKU percrBa MunsznpaBa MoOCKOBCKOI
o6mactu» (mporokon Ne 2 or 22.12.2021).

BeeM jietaM  mpoBoMJIach OleHKa (PU3UIECKOTO
PasBUTUSL IO JIAHHBIM AHTPOIOMETPUU € MOMOIIHIO
6aspt WHO Anthro (https://www.who.int/tools/
child-growth-standards/software). Mdusuueckoe pas-
BUTHE JIeTell OIEHUBAJIOCH ¢ OMOII[BIO MHEKCA MACCh
teqa (IMT) mo Quetelet (macca (xr) / poct (M2))
¢ ucnonbzopanueM cucreM nepuentuieii (https://
www.who.int/tools/child-growth-standards/
standards/weight-for-age). 3a HOpMaJbHbBIE BeIUYN-
HbI GbLIM MPUHSTHI 3HAYEHUS B WHTEPBAJE OT 25-TO
210 75-ro neprienTusis. IleseBbiM 3HaUeHUEM IS JleTei
U TIOJPOCTKOB € BOCIAJUTEJSbHBIMI 3a60JeBaHISIMU
KUIIEYHUKA SBJISLINCH MOKA3aTEIN, COOTBETCTBYIONIHE
HOPMAJbHBIM 1udpaM s 3[J0POBBIX JIeTell TOTO Ke
noJsia n Bo3pacra — Jd0-ii mepreHTuIb.

Onenka MuHepaabHOIl 1oTHOCTH Koctu (MIIK)
[POBOJINIACH METOJIOM PEHTIEHOBCKON JIBYXOHEPreTH-
veckoit abcopbrmomerpun (DEXA) B opHoOil Touke —
NOSICHUYHbII otzen no3sonouynnka (L—L ) — na am-
mapate DEXXUM 3 Osteo Sys (IOxnas Kopes).
CorsnacHo kputepusM Me/[yHApOIHOTO 0O6IIecTBa
kanandeckoit gencuromerpun (ISCD) [6], chmxe-
HIIe MHHepaibHOIl 1ioTHocTH Koctu (BMD) y nereit
onpenensior no Z-kpurepuio (Z-score) 118 comepKa-
HH MUHEpaIbHbIX Bemiects B Koct (BMC) mau mwio-
maznoit mwiornocru xkoct (Areal BMD) < —2,0 cran-
papraoro  otkjaoHenus (SD). [lns  AuarHOCTHKM
OCTEOTIOPO3a TaKKe YUUTHIBAIOT KJIMHUYECKYIO Kap-
TUHY U HUCTOPHUIO TIEPEJIOMOB. Z-KPUTepUil NpeCcTaB-
Jisier co60il OTKJIOHEHNE WHANBULYAJbHOTO 3HAUCHMUST
OT CPeHeBO3PACTHON HOPMbBI Yy JleTell COOTBETCTBYIO-
[eTo MoJia U Bo3pacra. 3HaueHue Z-KPUTEPUS BBIIIe
—1,0 SD cuwnraercs nopmoii, or —1,0 1o —2,0 SD —
CHUIKEHHEM MUHEPabHOI TIOTHOCTH KOCTH.

Ocreonopo3 auarnoctupyior rnpu BMD Z-score
< —2,0 B coueTaHUU ¢ KJIMHUYECKU 3HAYUMbBIM aHAM-
HE30M IIePeJIOMOB, KOTOPbIA BKouaer: 1) aBa u 6oJee

Ta6auua 1. O6mas xapakTepuCTHKa 00C/Ie[0OBAHHBIX MAIMEHTOB C BOCIAJIUTEIbHBIMU 3200 1€BAHISI-

MM KMIIEYHMKa ¥ geTeil rpynnbl cpaBHenus, 17 (%)

Table 1. General characteristics of the examined patients with inflammatory bowel diseases

and children from the comparison group, n (%)

74

uarnos / Diagnosis B3K / IBD BK / CD dK / UC Kontposs / Control
Ipynnst / Groups 113 (64,9) 58 (51,3) 55 (48,7) 61 (35,1)
Maubunkn / Boys 59 (33,9) 37 (21,3) 22 (12,6) 37 (21,6)
IleBouxu / Girls 54 (31,6) 21 (11,9) 33 (19) 24 (13,8)

Bospacr, roast / Age,
years, Me (Q1; Q3)

14,5 (6,0; 17,8)

15,1 (12,8; 17,1)

13,3 (9,8; 16,3)

11,0 (9,3; 15,1)

Bospacrabre tpymimsr /
Age groups:

1-s1 rpynma (6—11 ser) /

Group 1 (6—11 years) 33(29,2) 11 (19) 22 (40) 33 (54,1)
2-a rpyrma (12—18 aer) /

ITpumeuanue: B3K — socnarumenvivie 3aboaesanus xuweunuxa. K — 6oaesuv Kpona. K — szeennvil xoium.
Note: IBD — inflammatory bowel diseases. CD — Crohn’s disease. UC — ulcerative colitis.
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nepesioMa JIMHHBIX KocTeil k 10 romgam; 2) Tpu u Gomee
mepesioMa JIMHHBIX Kocteit 70 19 mer. Hammame ogroro
ni 60Jiee KOMIIPECCHOHHOTO IEPeioMa MO3BOHOYHHIKA
TaKKe YKa3bIBaeT HA OCTEOTIOPO3 MPU OTCYTCTBHUU [IPY-
rux npuunH [5, 7). Ilpn npoBemeHun JeHCUTOMETPUI
OIIEHUBAJIN TIOKA3aTeI MUHEPAJIbHOI MJIOTHOCTH KOCTU
(BMD, Bone mineral density, g/cm?), cozepskanue
vunepata B kocrn (BMC, Bone mineral content, g).
JI/1s OLIEHKM COCTOSIHHSI OOECIIEYeHHOCTU BHUTAMI-
noM D mpoBoauiock omnpejesieHne co/lep:Kanus B KPo-
BU €r0 MPOMEKYTOYHOTO METAGOIUTA — KaJTbIU/INOJIA
25(OH)D MeTo/10M IMMYHO(DEPMEHTHOTO aHAIN3A.
DuoxuMuueckas oleHKa KOCTHOTO MeTabo/im3Ma
BKJIIOYAJIA OMPE/IeIeHNEe B CBIBOPOTKE KPOBU yPOBHEH
o0I1ero M MOHU3MPOBAHHOIO KAaJIbIlUsl, HeopraHmde-
ckoro docdopa, KpeaTnHUHA, Mea0YHON PocdaTasbl
(1IId), mapaTropMoHa, KaJbIIMTOHHHA, OCTEOKAJIbIIN-
Ha U C-KOHIIEBBIX TEJOMENTUIOB METOJIOM MMMYHO-
depmenTHoro ananusa B gadoparopun CMD.
[ToTpebennie Kajibllus OLEHUBAKM C TOMOIIBIO aH-
KeTUpOBaHus, (GUKCUPYST CYTOYHYIO /103y TIPernaparoB
KaJbIMS W PACCYUTBIBAS €TO TOCTYIJIEHUE C TUIIei
110 JAHHBIM 3-HEBHOTO THUIIEBOTO JHEBHUKA.
YpoBeHb (PU3MUECKON AKTUBHOCTH OICHUBAJICA
C TIOMONIbIO aHKeTHpOBaHWSI poautesneii. Ha ocwo-
BAaHWUU TOJYYEHHDBIX [JAHHBIX O MPOJOJIKUTEIbHOCTH
1 YacToTe /IBUTATETbHON aKTUBHOCTU B T€UEHUE CYTOK
BCE UCTIBITYeMble OBLITH PacIpe/leSIeHbl Ha TPH TPYIIIIDI
B COOTBETCTBUU ¢ pekoMmenmaiusmu BO3 nns npereit
5—17 ner: Huskasg — <60 MuH. B geHb, <3 [HEl B He-
Jemo; ymepenHas — >60 mMuH. B neHb, 3—6 jaHei
B Heaemio; BbicOKas — >60 MuH. B JeHDb cpeaHei
1 BBICOKOIT MHTEHCUBHOCTH exxenneBHo) [8—10].
Craructnieckuili  aHajn3 TMPOBOAWJICS C TIPHU-
MeHeHueM —crenuanbipix nporpamm  (IBM - SPSS
Statistics 13.3, BioStat, MedCalc u Microsoft
Excel). B kauectBe Mep /1 omucaHus HCXOIHOMN
BBIGOPKM WcToab3oBann Meanany (Me), a Takske
MIDKHNHA 1 Bepxumit kBaptuam: Q1 (25 %) m Q3
(75 %). Ilpm cpaBHeHNM MeAMaH MPUMEHSICS KPH-
tepuit Manna — Yurau (Mann — Whitney U-test).
[IpuMmensnn  HemapaMeTPUYECKUl  TUCTIEPCUOHHDBIN
anamms Kpackena — Yosmca (momaproe cpasHeHme
¢ xpurepueM Manna — Yurnu). Pasnuuus cuuranm
cTatucTuyecky sHauuMbpiMu 1pu p < 0,05.

Pe3yJIbTaTI)I HCCJIEeA0BaHHuA

CoryiacHO JaHHBIM aHaMHe3a W Pe3yJIbTaTOB aHTPO-
moMeTpuH, MeAnaHa aauteabHocTH B3K Ha MoMeHT
nccaenoBanust cocrasmia 1,5 roma. Boekumieunbie
nposiBjienust Gbuin 3apUKCUPOBAHBI y 23 % MaIlieH-
TOB: HamboJsiee 4acTo BCTPEYAIOCH MOPAKEHHE CyCTa-
BoB (42,3 %), pesxxe — cauauctbx o6osouek (26,9 %),
KOKM M remaroOuauapHoil cucremblr — B 11,5 %,
IpPU 9TOM WX YacToTa ObLTa COMOCTaBUMa B TPYIINAx
BK u dK. Ocioxuennoe tedenne 3abosieBaHnsd ObLIO
JarHoctupoBano y 16,8 % maiueHToB, Ipu 9TOM €ro
pacIpoCcTpaHEeHHOCTb ObLJIA JOCTOBEPHO BBIIIE B I'PYII-
ne BK no cpasrenwnio ¢ rpymnoit IK (27,6 u 5,5 %

COOTBETCTBEHHO; p < 0,01). Anmamms ¢usnueckoro
Pa3BUTHS O CTAHAAPTU3UPOBAHHBIM Z-TIOKA3aTENSIM
nngerca Maccol Tesa (MUMT SDS) BBIABII pas/Imums:
neunuT Macchl Tela 3HAUYMMO dallle PEerucTpUupo-
Bajica cpequ manmentos ¢ BK (34,5 % mporus 20 %
B rpynme JIK; p = 0,04). Pocr nanuenros ¢ K umen
MeHbItee 3HaueHne — (Me) 158 cM, 4eM TAIMeHTOB
¢ BK — (Me) 163 cm, p = 0,015. Pasauune B pocre
OODBSICHSIETCST PA3HUIIEH B BO3pacTe JieTeil B TPyTMax.

Kiunnveckass XapaKTepHUCTHKA B JIOKAJTH3AINN
MOPAKEHNUST JIEMOHCTPUPOBAJIA PA3INIUS MEXKIY HO-
sosornyeckumu  popmamun B3K. Cpenu marmenTon
¢ BK (n = 58) nauGosee wactbiM (peHOTHIIOM GBLIO
uneokosntnyeckoe nopaskenne (L3) — 62,1 % ciayya-
eB, nzoaupoBannbli koaut (L2) Berpewanca B 13,8 %,
tepmunanbhbii wient (L1) B 10,3 %, mupoTsiKeH-
HOe TIOpakKeHWe — WJIEOKOJUT + BEPXHUE OTEJb
(L3 + L4) — y 13,8 %. Cpeau mamumento ¢ SIK
(n = 55) nam6osee pacnpocrpaneHHoR GopMoit 3a60-
JieBaHus ObLT TsiKeblii mankoaut (E4), BbIsBIeHHbII
y 61,8 % Oonpubix. PacmpocTpaneHHOe MOPasKeHIe
(E3) muarnoctupoBano y 12,8 % manmeHToB, J1eBOCTO-
pouree — y 21,8 %, a mpokrur — y 3,6 %.

CormacHo  KJMHUYeckuM wuHaekcam PCDAL/
PUCAI, y Gonpmunctea nanmnentos (74,3 %) GbLia
oTMeueHa MUHUMAJIbHAS AKTHBHOCTb 3a00JeBaHMs,
B TO BpeMs Kak y 25,7 % — yMmepennas. Ciaydaes Ts-
JKeJON aKTUBHOCTH HE BBISIBJEHO. IJHIOCKOIIUYECKOE
HCCTeIOBAHNE TMOATBEPANIO HAINYNE BOCHATEHUS
y 74,3 % o6cnenosannbix (nerkas — 33,6 %, cpex-
HeTskesndas — 34,5 %, Taxkemad — 6,2 %). Otrser
Ha MpPUMEHEHNe CTEPOUIOB MPOAEMOHCTPUPOBAT (HOp-
MEIPOBaHUE CTEPOUI03aBUCUMOCTH Y 44,2 % U cTepou-
jopesucrentHocTb B 11,5 %.

Xopommii  OTBET Ha  TIJIIOKOKOPTHKOCTEPOU/IBI
(TKC) B anamuese mpucytctsoBan y 23 %, y 21,2 %
nanuenToB ' KC He nmpuMmensimch. JlekapcTBeHHas Te-
pamust BKJIOUYaIa CAeAYIOIne TpenapaTbl: Mecajia3nH
(90,9 % nammentos ¢ JIK u 36,2 % ¢ BK), tnonypn-
Hbl 75,2 % Beex manuentos ¢ B3K (77,6 % npu BK
u 72,7 % npu AK) u TKC — 78,7 % (69 % npu BK
u 89 % npu AK). TeHHO-MHKEHEPHAA GUOTIOTMYECKasT
tepamus (TVIBT) 6buta nasnavena 79,6 % IaImeHToB
¢ B3K, mpu atoM ee yactoTa nmpuMeHeHnst Gblia BbIIIe
B rpynne BK (87,9 %), uem npu SIK (70,9 %). B ap-
cenane TMIBT wucnosbzoBanuch narn6uropor HO-o
(MHH: wundaukcnmab, agamumymal), aHTaroHu-
ctbl wHTeTpuHa 047, MHH: Benosnsymal anturtena
k 1L-12/11L-23 MHH: ycrekunymal.

MunepaJjibHasi JIOTHOCTb KOCTH
y 00cIe/I0BaHHbIX AeTel

[Ipu cpaBuenun yposus Z-score MIIK noscanuno-
ro orzena no3soHounnka (L,—L ) Mex/1y 3/0pOBbIMI
metbMu u marnmentamu ¢ B3K (kak B o6meii rpyiie,
tak u y nHosomsorndecknx gopm BK u SIK) ycranose-
Ho, yTo cpeau namueHToB ¢ B3K nopmanbrag MIIK
(>—1 Z-score) perucrpupoBaiach y 68 (60,2 %)
nmeteit, cumwxkenne MIIK (=2,0 SD < Z-score
< —1 SD) — y 36 (31,8 %) xereii, 3HaunTEIBHOE
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Pucynox 1. Tlokazaremn MIIK y o6cieioBanHbIX JeTeit

ITpumeuanue: B3K — BocnanurenbHbie 3a0o/eBanus kuiieunuka, bBK — 6Gosnesup Kpona, AK — a3Ben-
HBII KOJIUT.

Figire 1. BMD indicators in the examined children

Note: IBD — inflammatory bowel diseases, CD — Crohn’s disease, UC — ulcerative colitis.

cumwkenne (<—2,0 SD) — y 9 (8 %) nammentoB SD oTMeYasoCh TOJIBKO y JeTell OCHOBHOW TPYIIIIbI
(p =0,001). Hopmanbhast MITK (>—1 Z-score) cpean  u orcyTcTBoBasio B Tpymme KoHtpoas (p < 0,001).
310pOBBIX jieteill Gbiia ycranoaena y 50 (82 %) me- Tlamuentsi ¢ pasubivu popmamu B3K He ormuanuch
teit (p = 0,001). Crmwxkenne yposast MIIK (—2,0 SD  mesxay co6oii o wactore u crenenn cHmkennss MIITK,
< Z-score < —1 SD) B rpynne gereii ¢ B3K (31,8 %) HO 3HaYMMO OTJIMYAINCH OT TPYIIIbI 3[0POBBIX JeTeii
snaunmo (p = 0,03) npeobaaano B cpaBHEHUH € [I€Th- 10 3THM ToKasaTesasm (puc. 1).

MU U3 KOHTPOJIbHOI rpymibl (puc. 1). 3HaunrenbHoe [Ipu cpaBHUTEbHOM aHAIN3e JAHHBIX JEHCHTOME-
cHmkenne Ttokasateas MIIK Z-score menee —2,0 Tpum Ha ypoBHE MOSICHUYHOTO OT/IeJa TO3BOHOYHUKA

Ta6auua 2. Tlokaszatean MuHepanbHoii miaotHoct koctu (BMD, Z-score, BMD, r/cm?, BMC, r)
B rpynue gereil ¢ B3K (B nemom n o Hozomormuecknm ¢popmam) u B rpynne kourposs, Me (Q1; Q3)
Table 2. Bone mineral density indicators (BMD, Z-score, BMD, g/cm?, BMC, ¢) in the group of

children with IBD (in the entire group and by nosological entities) and in the control group, Me (Q1; Q3)

Kourpoub,, /
Tlokaszareas / | B3K,, /IBD, / CD , / UC , POJIb
Indicator (1) 113 @ (2) @ (3) @ Contrzlim, p

.. = 0,031
BMD, Z-score | —0,5 (—1,4; —0,1) | —0,5 (—1,4; —0,4) | —0,5 (~1,5; 0,4) | —0,2 (—0,6; 0,75) | p. | = 0,028
b= 0,028
\ p, . < 0,180
I;%E; v/ 0,70 (0,86; 1,10) | 0,70 (0,83; 1,00) | 0,70 0,85; 1,10) | 0,90 (0,70; 1,10) | p. " < 0169
P < 0,001
BMC,r/g | 354 (42,0; 61,0) | 354 (43.1; 60,9) | 35.4 (42,0; 59,1) | 39,4 (41,3; 57,4) | p. | < 0,690
P < 0,890

ITpumenanue: npumensiics xpumepui Manna — Yumnu; BBK — eocnanumenvnvie 3abonresanus kuweunuxd, bK — Gonesno
Kpona, AK — azeennviii xoaum

Note: Mann — Whitney U-test was applied; IBD — inflammatory bowel diseases, CD — Crohn’s disease, UC — ulcerative
colitis.
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(L,—L,,) Mexj1y 3I0pPOBbIMH JETbMU M Tal[HEHTAMH
¢ B3K (kak B o6meii rpynne, Tak U y HO30JI0THYE-
ckux dopm BK u JK) BbisBreno caeayomiee: BMD,
Z-score 1 BMC, T nocroBepHO HU:Ke B OOIIel TpyI-
nme B3K mno cpaBHeHMIO € KOHTPOJBLHOI TpymIoi
(p = 0,031 uw p < 0,001). /letu KOHTPOJIBHOIT TPYII-
bl UMeJn 3HAaYuMo GoJiee Bbicokue 3HaveHmst BMC.
BMD, r/cM? 1O0CTOBEPHO HE OTIHYAJICS MEKIY OOIIeit
rpymnmnoit B3K u konrposieM. Paznnuwmii B 3HaYeHUSAX

Tab6auua 3. BMD, r/cm?, BMC, r/cm m BMD,
MM KHMIIEYHHKa M Tpymmsl Koutpoast, Me (Q1; Q3)

Table 3. BMD, g/cm? BMC, g/cm, and BM
diseases and in the control group, Me (Q1; Q3)

BMD, Z-score, BMC, r u BMD, r/cM? Mexay maiu-
entamu ¢ BK un AK ne Boisineno. Cumxkenne MITK
3HAYMMO dYallle BCTPEYaJach BO BCEX TPYIIAX Mald-
entoB ¢ B3K 1o cpaBHeHUIO ¢ KOHTPOJIBHON TPYITION
(tabm. 2).

[l KOPPEeKTHOI OlleHKHU Z-score, YUUTBIBAIOIIETro
BO3PACT M TOJI, YYACTHUKU ObLTH pa3/ieJieHbl Ha [[Be
Bozpactuble rpymibl: 6—11 u 12—18 ner. Y ngereit
¢ B3K B Bospacre 6—11 jer mokazatesn BMD, 1/cm?

Z-score y JieTell ¢ BOCIIATUTEIHHBIMU 3a00JI€BAHUSI-

D, Z-score in children with inflammatory bowel

6—11 ner / years 12—18 ner / years
Iloxazaren /
Indicator B3K. / IBD Konrpom , / B3K_ / IBD Kontpos , / 14
() () Control , ®) ® Control
P, = 0,004
Py < 0,001
BMD, r/cm? / 0,4(=07;0,9 | 0,9(0,6;08 | 070,86 1,1 | 1,009 1,4 | 172 g0
, " :
g/ cm? Py, = 0,762
P, = 0,011
P = 0,049
BMC, r /g 30,2 13,2; 28,6) | 36,8 (18,7; 30,7) | 35,4 (42,0; 61,0) | 41,6 (40,1; 58,2) p,_, < 0,001
1— ’
Py < 0,001
P, = 0,002
Pa <0001
BMD, Z-score 0,5 (1,5, =0,4) | 0,1 (=0,7; 0,9) [=0,5 (~1,4 —0,1)| =0,1 (=0,5; 0,5) | ** = ¢'{g5
1-3 9
P, =0,214

IIpumeuanue: npumensica kpumepuui Manna — Yumnu; B3K

— gocnaiumenvivle 3a601e6aANUSL KUUCUNHUKA.

Note: Mann — Whitney U-test was applied; IBD — inflammatory bowel diseases.

Ta6auua 4. Tlokasatean (U3NIECKOr0 Pa3BUTHS MAIUEHTOB € BOCHATMTENbHBIMU 3a00/I€BAHUSMU
KHIIEYHNKA B 3aBUCHMOCTH OT MUHepaIbHON miaoTHocT kKoctu (Z-score), Me (Q1; Q3)
Table 4. Physical development indicators for patients with inflammatory bowel diseases depending

on bone mineral density (Z-score), Me (Q1; Q3)

Mokazareas / Indicator | <—1 Z-score | >—1 Z-score (nopma / normal) | P

B3K / IBD

NUMT / BMI, z-score —0,80 (—1,25; 0,25) —0,16 (—1,02; 0,68) 0,036

Pocr / Height, z-score —0,27 (—0,74; 0,25) 0,15 (—0,53; 0,87) 0,032

BK / CD

VMT, mporentuim / ) )

BMI, percentiles 14,96 (3,29; 27,09) 62,16 (17,62; 77,04) 0,020

gﬁ}‘ggg /Z*SCOI‘G —1,06 (—1,84; —0,61) —0,55 (—1,13; 0,37) 0,029

Poct, em / Height, cm 161,00 (152,50; 174,25) 167,00 (161,00; 173,00) 0,044

Poct / Height, z-score 37,84 (28,43; 59,87) 59,64 (33,36; 84,85) 0,035
AK / UC

MT, npouentuim / . .

BMI, percentiles 57,93 (30,85; 66,28) 62,16 (17,62; 77,04) 0,000

UMT / BMI, z-score —0,20 (—0,50; 0,42) 0,31 (—0,93; 0,74) 0,048

Poct, em / Height, cm 142,00 (132,00; 162,00) 160,50 (143,00; 169,50) 0,044

Poct / Height, z-score —0,15 (—1,33; 0,15) 0,25 (—0,43; 1,03) 0,035

ITpumeuanue: npumensica kpumepuii Manna — Yumnu;, B3K

— socnanumenvivie 3a00164HUS KuwevyHukda, BK — 6onesun

Kpona, AK — aseennvii korum, HMT — undexc maccor meaa, HMT SDS — undexc maccol meaa ( cmandapmioe omx.oHeHue).
Note: Mann — Whitney U-test was applied; IBD — inflammatory bowel diseases, CD — Crohn’s disease, UC — ulcerative
colitis, BMI — body mass index, BMI SDS z-score — body mass index (standard score, z-score).
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y JeBovek Oblm goctoBepHo Bbime (Meamana (Me)
cocraBmiaa 0,71 r/cM?), 4eM y MaJbUUKOB TOH e BO3-
pacrroii rpymmst (Me — 0,58 r/cm?) (p < 0,001).
[Tpu cpaBuurenbnom ananuze MIIK y 310poBbIX [e-
Teil He ObLIO BBISBIEHO 3HAUYUMBIX PA3JUUUN MEXKIY
BO3PACTHBIMU ¥ MTOJIOBBIMU TPYTIIIAMH.

[Ipn  cpaBHeHMM TOKaszaTeielli  MHWHEPAJbHON
I0THOCTH KoctHOW Tkamm (BMD, r/cm?), comep-
JKaHIS MHUHEpaabHBIX BemecTs B Koctm (BMC, 1)
n Z-score y 370poBbIX jereii u mnanueHtoB ¢ B3K
B Pa3HBIX BO3PACTHBIX I'PyNNax ObLIN TOJTYYEHbI J10-
cToBepHble pasnnuust. 3Haverus BMD, r/cm?, BMC,
r/cM 1 BMD, Z-score Gbuin Bbilile y 3J0POBbIX [JleTell
(ta6u. 3).

[Ipu ormenke mokasaresneil (HU3NIECKOTO PA3BUTHS
y mnamuentoB ¢ B3K Oblia BbisiBleHA 3aBUCUMOCTH
ot mokazateseii MIIK. B rpymnme nmereii ¢ HOpMasb-
noit MIIK (Z-score >—1,0) snauenuss Z-score uH-
nexca Macchl Teqa (MMT) um pocra ObLIN JOCTOBEp-
HO BbIllle, YeM Yy TMalMeHTOB co cHmwkennoit MIIK
(Z-score < —1,0) (ta6x. 4). [lanHasg 3aKOHOMEPHOCTD

ObLIa OIMHAKOBO XapakrepHa Kak 111 BK, tak n AK:
B 00erX HO30JIOTHYECKIX TOATPYIIax 6oJee BLICOKHE
nokazarenn (U3NYECKOTO Pa3BUTUS PErHMCTPUPOBA-
JIUCh B TPYTIE € COXPAHHON MUHEPAJbHON TLIOTHO-
CThIO KOCTH.

CHmxeHne ypoBHS (PU3MUECKON aKTHBHOCTH y Ta-
mertoB ¢ B3K u B KoHTposbHOIl Tpymme (tabm. 5)
COTIPOBOKIAJNOCh  CHIDKEHUWEeM Tokasareas BMD,
Z-score (p < 0,05).

AHanu3 BBISBUJI HECKOJBKO JOCTOBEPHBIX (haKTO-
POB, BJNSIONINX HA CHUJKEHUE MUHEPAJIbHOHN TLIOTHO-
ctu koctn (BMD, Z-score). Ilpn cpaBHenun BMD,
Z-score TaIMeHTOB C JJINTEJbHBIM aHaMHe30M 3a060-
nesanug (>3 jer) nokasareab BMD, Z-score ObL1
pased —0,90 (—1,15; —0,40), B TO BpeMs Kak y Haiu-
€HTOB C aHaMHe30M 3a00JIeBaHMSI MeHee 3 JIET OH CO-
crapun —0,40 (—1,02; 0,12), p = 0,048. BoisBiaeHa
3aBUCHMOCTD MEXKIY KJIWHWYECKOH TSKECTbIO WM IH-
JIOCKOIIMYECKOIl aKTUBHOCTbIO 3a00JIeBaHus U IIOKa-
3aTeqsIMM  MEHepaJbHOI IwotHocTH Koctm (BMD,
Z-score). IlaleHTbl ¢ MMUHUMAJbHOH aKTHBHOCTHIO

Tabauua 5. YpoBeHb (hU3NIECKON AKTHBHOCTH TMAIMEHTOB C BOCITAJUTEIBHBIMU 3200J€BAHUSIMU
KUIIEYHNKA M JeTell KOHTPOJIbHOI TPYIIbI B 3aBHCMMOCTH OT MHHepasibHOil mmotHoctn koctn (BMD,

Z-score), Me (Q1; Q3)

Table 5. Physical activity levels in patients with inflammatory bowel diseases and children from
the control group, depending on bone mineral density (BMD, Z-score), Me (Q1; Q3)

ITokazareap dusnyeckoit B3K / IBD Kourpoas / Control group
aKIch]:};gic:yH i{z dli)ch‘?t‘g:al n (%) BMD, Z-score n (%) BMD, Z-score
Huskas,, / Low,,, 55 (48,7) —1,4 (—1,8; —1) 27 (44,3) —0,2 (-0,8; 0,7)
Ymepennas,,, / Moderate,, 35 (31) —0,5(—0,7; 0,3) 24 (39,3) |—0,15(—0,7; 0,5)
Boicokas,, / High,, 23 (20,3) —0,2 (-0,6; 0,9) 10 (16,4) 0,05 (-0,6; 1,0)

< 0,001 = 0,501
p raz e o
(1-3) ) (1-3) 2

IIpumeunanue: npumenancs kpumepuii Manna — Yumnu, B3K — socnanumensuvle 3a001e6anus KuedHuKa.
Note: Mann — Whitney U-test was applied; IBD — inflammatory bowel diseases.

Taé6auua 6. Tlokasarenn MuHepaabHOil mioTHOCTH KocT (BMD, Z-score) B 3aBUCUMOCTH OT KJIMHU-
YeCKOIl M 9H/OCKONNYECKOW aKTUBHOCTH 3a60JI€BAHMS
Table 6. Bone mineral density values (BMD, Z-score) depending on clinical and endoscopic activity

of the disease

. 0 :
Axrusnocts / Activity n (%) Bﬂl}’g)(,(i;sg);t)s, p

Kuunuveckasi / Clinical
Munumanbhas / Minimal 84 (74,3) —0,40 (—1,35; 0,50)
Ymepennast / Moderate 29 (25,7) —0,70 (—1,50; —0,25) 0,022
Tsuxenas / Severe 0

Aunockonnyeckas / Endoscopic

Pemuccust/terkast / Remission/mild 67 (59,3) —0,50 (—1,37; 0,40) 0.037
Cpennersixenas/ tsuxenast / Moderately severe/severe 46 (40,7) —0,80 (—1,40; —0,27)

Ipumeuanue: npumensics kpumepuii Manna — Yumnu.
Note: Mann — Whitney U-test was applied.
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Ta6auua 7. Tlokasarenn MuHepasibHOI miotHocTH Koctn (BMD, Z-score) B 3aBUCHMOCTH OT JIOKa-

JIN3allu BOCIIAJINTE/IbHOI'O IIPpOIECCa

Table 7. Bone mineral density values (BMD, Z-score) depending on inflammatory process localisation

Pacnpoctpanennocts nopasxenusi / Extent of lesion n (%) Bbl\ldeD(’ QZ{_S(S;;’ p
BK / CD
Tepmunanpubrit wient — L1 + M3omnposamnbiit kot — L2 / _ 49
Terminal ileitis — L1 + Isolated colitis — L2 142 n U (=l2=0,2) 0
Waenr u komur — L3 + Wiaeokonur + Bepxame otgensl — L3 + L4 / 44 (75.9) | —0,7 (=1,4:—0.4) ’
Ileitis and colitis — L3 + Ileocolitis + upper sections — L3 + L4 ’ ’ 7
AK / UC
[Tankonur — E4 + Pacnpocrpanennsiii — E3 / . 4=
Pancolitis — E4 + Extensive — E3 A () 0.9 (1,5, 0,3) 5
JleBoctoponnnit — E2 + TIpoktutr — E1 / _ 4. ’
Leftsided — E2 + Proctitis — E1 14 (i) 0,52 A

Hpumeuanue: npumensics kpumepui Manna — Yumnu; BK — 6oaesuv Kpona, AK — sazeennvul xoaum.
Note: Mann — Whitney U-test was applied; CD — Crohn’s disease, UC — ulcerative colitis.

3a00JIeBaHUS] 1 HE3HAYNUTEJbHBIMU 9HIOCKOIMYECKU-
MH HM3MEHEHHSIMU uMean O6oJiee BBICOKHE 3HAYCHUS
BMD, Z-score (Me cocrasisna —0,4 u —0,5 coorser-
CTBEHHO) IO CPaBHEHUIO C IIAI[eHTaMU, UMEIOIIMI
YMEpPEHHYIO KJINHUUECKYI0 akTuBHOCTH B3K u Gosee
BBIPa’KEHHbIE SHIOCKonmIecKne usMenenus: (Me —0,7
un —0,8), p < 0,05 (Tabn. 6).

bouta Ttakske oOHApysKeHAa 3aBUCHUMOCTb MEK[LY
PaCHpOCTPAHEHHOCTBIO TIOPAXKEHUs] U TOKa3aTeJis-
mu MIIK (p < 0,05) y manmento ¢ JK: 6ombiaue
06beMbI TIOPasKeHUs CONMPOBOKAANNCH Gojiee HU3KOU
KOCTHOIT mioTHOCTbIO. [Ipu atom y manuenroB ¢ BK
CTATHCTUYECKN 3HAUYNMOM CBSI3M MEXJy pacrpocTpa-
HeHHOCTbI0 nopakenusi 1 MITK BbisiBieHO He ObLIO.
(rab6u. 7).

OrmenuBajioch Banuguue Tepanuu Ha MIIK, a nmen-
Ho mnpumeHenne [VIBT m T'KC. Ananms moka3sadn,
yto npuMenenne 'KC 6b110 accorumpoBaHo € JI0CTO-
BepubIM cHmkeHneM MIIK y geteit ¢ BSK. B to xe
BpeMs CTATHCTUYECKN 3HAYMMON CBSI3W MEXKIy Tpu-
menenneM I'MBT u mokasartensmu MIIK BbisiBI€HO
He 6bL10 (Tadm. 8).

JIIs KasKI0ro MalMenTa, MoJydaBIIero CHCTEMHbIE
I'KC, 6buta paccuntanHa KyMyJISTUBHAsS /103a, Tpe.-
crapisiomas co6oil cyMMapHYIO 03y BCEX KypCOB
Tepanuu B aGCOMIOTHBIX 3HaueHHAX (M) M B mmepecue-
Te Ha Maccy teaa (Mr/kr). Y HalMeHTOB CO CHUIKEH-
neiMu 3HavenusMu MIIK (Z-score <—1) 6bLam 3ape-
TUCTPUPOBaHbI (0JI€e BBICOKHE KyMYJISTUBHBIE TO3BI
I'KC no cpaBHeHWIO € HalMEHTaMU C HOPMaJIbHBIMU
nokazateasmu MIIK (Z-score >—1). B a6couor-
HbIx 3Havenusx: 2200 (1700; 2900) mr uporus 1400
(820; 1200) mr (p = 0,012). B uepecuere Ha Maccy
tena: 85 (39; 93) mr/kr mporus 33 (28; 56) mr/kr
(p = 0,028).

BuoxuMuyeckue nokasareju peMoeMPOBAHHUS

KOCTHOIi TKaHu B rpynnax HaGJomeHust

[Ipn cpaBHeHWN MapKepoOB PeMOJEJUPOBAHUS KO-
ctu B obuieii rpymie nainuenToB ¢ B3K u 310poBbix
Jeteil ObLTO MOKAa3aHO, UTO YPOBHU KaJTbIINTOHWHA
(p > 0,001) u nonusuposarHoro kaubis (p = 0,036)
6pum Hmke npn B3K, a ypoBenb mapaTupeomHO-
ro TOPMOHA ObLI BbIllle B Tpymie maruentos ¢ B3K

(p < 0,001) (raba. 9).

Tab6auua 8. Tlokaszarenn MuHepaabHOii mmotHocTn Koctn (BMD, Z-score) B 3aBUCUMOCTH OT UCTIOJIb-

soBanug B cxeMmax Jjeuenusa [MIBT u I'KC

Table 8. Bone mineral density values (BMD, Z-score) depending on the use of GEBT and GCS

in treatment schemes

IIpoTokox Jeyenus ¢ HCIO0JIb30BaHHEM / n (%) BMD, Z-score, p
Treatment protocol with the use of Me (Q1; O3)
I'KC / GCS
[pumensmnocs / Used 89 (78,8) —0,9 (—1,2; 0,2) 0.001
He npumensiocs / Not used 24 (21,2) —0,5 (—1,0; —0,1) ’
IMBT / GEBT
[Ipumensinocs / Used 90 (79,6) —0,7 (—1,45; —0,15) 0.069
He npumensnocs / Not used 23 (20,4) —0,6 (—1,3; —0,1) ’

Hpumeuanue: npumensics xpumeputi Manna — Yumnu; 'KC — eaoxokopmuxocmepoudvt, THBT — zenno-umxenepnas

buonozuueckas mepanus.

Note: Mann — Whitney U-test was applied; GCS — glucocorticoids, GEBT — genetically engineered biologic therapy.
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Tabauua 9. BuoxuMudeckre MapKepbl MAIIMEHTOB ¢ BOCHATUTETbHBIMU 3a00IEBAHUSIMU KUIIIEUHUKA

1 3/10pPOBBIX zeteii B o6meii rpymmne, Me (Q1; Q3)*

Table 9. Biochemical markers of patients with inflammatory bowel diseases and healthy children

in the entire group, Me (Q1; Q3)*

Tlokazatens / Indicator B3K / IBD Kontpoas / Control p

25(OH)D, ur/ma / ng/mL (N 30—70) 22,60 (17,77; 31,30) 21,90 (14,50; 27,60) 0,111
Kasbiaronus, ur/a / Calcitonin, pg/L (N 0—79) 10,2 (2,3; 10,2) 11,0 (11,0; 11,0) <0,001
Ocreokanbuun, ur/mia** / Osteocalcin, ng/mL** 93,0 (61,0; 136,0) 85,0 (67,0; 113,0) 0,401
C-KOHIeBbIe TeJoNenTH/Abl, Hr/Ma** / . .

C-terminal telopeptides, ng/mL** 1,59 (1,14; 2,32) 1,64 (1,24; 1,99) U2is
[TapaTnpeou/IHbINH TOPMOH, TIMOJIb/ 7T / . .

Parathyroid hormone, pmol /L (N 1,72—6,68) 4,86 (3,30; 6,73) 3,60 (2,50; 4,80) <D0
P A (O 2,40 (2,31; 2,52) 2,40 (2,36; 2,43) | 0,655
Ca?*, mmosn/1 / Ca?t, mmol/L (N 1,22—1,37) 1,26 (1,27; 1,31) 1,31 (1,29; 1,35) 0,036
[lenounas docdarasza, Ex/n / . )

Alkaline phosphatase, U/L (N 97—361) 180 (105; 246) 203 (128; 242) 0,631
KpeatunuH, MKMOJIb,/ 71 / . .

Creatinine, umol/L (N 27—62) 58,5 (52,5; 64,8) 54,2 (50,2; 65,1) 0,384

Hpumeuanue: Ipumensics kpumepui Manna — Yumnu; N — nopmaivhvie 3navenus, B3K — eocnaiumenvhoie 3a601e6anus
Kuweunuxa. * Henoavsosanu pedpepencuvie 3nauenus npouseodumens. ** Jas noxazameneti ocmeoxanvyund u C-KoHUesblx

meonenmudos pe(ﬁ@peHCHble 3HAYeHUA omcymcmeyiom.

Note: Mann — Whitney U-test was applied; N — normal values, IBD — inflammatory bowel diseases. * The manufacturer’s
reference values were used. ** Reference values for osteocalcin and C-terminal telopeptides are not available.

AHayim3 GMOXUMHYECKIX MapKepPOB KOCTHOTO MeTa-
60/13Ma BBISIBUJI CJIEJYIOI[He BO3PACTHBbIE OCOGEHHO-
cru y namentoB ¢ B3K (ra6a. 10). 3adukcuposato
3HAYMMOE  yBeJMYeHHe  YPOBHSI  I[ApaTropMoHa
(p = 0,004) u cHEKeHME MOHU3UPOBAHHOTO KAJbIIUS
(p = 0,036) y nanmentos crapiieil BO3pacTHOi TpyII-
mbl ¢ B3K mo cpaBHeHMIO ¢ KOHTPOJIBHOH TI'PYMIION.
YpoBenb KalibUUTOHWHA ObLI JOCTOBEPHO CHUKEH
y naimmenToB ¢ B3K mo cpaBHeHHIO co 30pOBBIMU
netbMu B 06enx BosdpacTHbix Tpynnax (p < 0,001).
[TokazaTesn KOCTHOTO OOMEHA, XapaKTepusylolue
ocreorenes (ocreokanpuus, menouHas — ¢ocdaTa-
3a n C-KOHIEBBIE TEJIOMENTU/AbI), OBLIN JOCTOBEPHO
BBIIIle B MJAJIIell BO3pacTHOH TpyIe Kak y Talu-
entoB ¢ B3K, Tak u B rpynne kourposst (p < 0,05).
YpoBenb  Kambiuanoga  (UKCHPOBAJICS — BbIIle
y marmmenToB ¢ B3K B Bo3pactHoii rpymnmne 6—11 jer
(p = 0,001).

[TpoBenen aHanm3 B3aMMOCBSI3W  TIOKa3aTeseit
MIIK c¢ ypoBueMm norpebienus: Kanbius y 113 naru-
entoB ¢ B3K u 61 smopoBoro petenka (KOHTPOJIB).
Ha ocHoBanuu ganHbpIX aHKETHPOBAHUS OBLIO PACCUN-
TAHO CPEJHECYTOYHOE MOTpelIeHNe KATBIHS C MUIIEH.
Bouto ycranossieno, uto 3Hadenne noTpebaeHnst Kaib-
U B KOHTPOJBHON Tpymie ObLIO BBINIE, YeM Yy Ta-
mzertos ¢ B3K: 300 (200; 400) mr/cyT mporus 550
(300; 800) (p < 0,001). BeposiTHOII NPUYNHOI HTOTO
CIIy’KUT OrpaHnyeHue ynorpebJeHuss MOJOYHBIX IPO-
JIYKTOB B palione naiueHToB ¢ B3K.

Huskoe morpe6ieHiie KaJblliis OKa3alo IPsiMOe
BJINSTHUE HA COCTOSTHIE MUHEPAJTbHON TIJIOTHOCTH KOCTH:
y manuentos co cumkenneM MIIK (Z-score < —1,0)
ObLII0 3a(PUKCUPOBAHO JOCTOBEPHO GoJiee HU3KOE TO-
TpebJieHre KaJblisd 10 CPABHEHUIO C TAl[HeHTaMn

C HOpPMaJbHOH KOCTHOH Maccoit (Z-score >—1SD)
1 KOHTPOJIbHON rpymmoit (p < 0,001) (puc. 2).

Oocy:kaenne

[IpoBeseHHbIll aHa/M3 MUHEPAJbHOU IJIOTHOCTH
KOCTH ¥ MapKepOB ee PeMOIEJUPOBAHUSA Y MAIMEHTOB
¢ B3K u pereii KOHTPOJIBHOW TPYIIIbI, MPOKUBAIO-
mux B MOCKOBCKOI 06J1acTH, BBISBUJ PSJI OCOOEHHO-
creil KJIMHUYECKOTO TedyeHusd 3a6oJieBaHUS B JaHHON
Koropre. B dactHOCTH, OblIa YCTaHOBJEHA BBICO-
Kasg pacrpocTpaHeHHocTb cHikenust MIIK y npereit
¢ B3K, uro moxareep:kjaeT rumore3y O HEraTMBHOM
BJAUSIHUM TSKEJI0r0 KUIIEYHOTO BOCIAJIEHHs Ha KOCT-
HbIll Meraboum3M. BbigBieHHas 4YacToTa CHUKEHUS
MIIK (40 %) coOTBETCTBYET MOKa3aTessiM, ONHCAH-
HBIM B JINTEpaType /IS B3POCTBIX TalueHToB [9—12,
17]. Pe3yabraTbl [JIE€HCUTOMETPUU CBUIETEIBCTBYIOT
O JIOCTOBEPHOM CHU)KEHUU TI0Ka3aTesiell MUHepaJib-
HOH TIoTHOCTH KOcTH y mnanueHtoB ¢ B3K no cpas-
HEHWIO CO 370POBBIMU JeTbMu. ¥ marmmeHToB ¢ B3K
3a(DUKCUPOBAHDBI JIOCTOBEpHO OoJiee HU3KHWE 3Haue-
Hust BMD, Z-score (p = 0,031) u BMC (p < 0,001).
IIpu cpaBHeHUU € KOHTPOJBHOH TIpyNIoON, rae Io-
kazatesin BMD, BMC u Z-score 6bLau JOCTOBEPHO
soie (p < 0,05), MOATBEPIKAAETCS HETATHBHOE BJIM-
aane B3K Ha KocTHBIIT MeTaboJn3M, yKasbIBalolee
Ha HapylleHue IPOIecCOB KOCTHOTO PEMO/IeJNPOBa-
Hug. BakHO OTMETHTH, YTO BBISIBJIECHHBIE HAPYIIEHUS
He JIEeMOHCTPUPOBATM CTATUCTUYECKW 3HAYMMBIX pas-
Jmauii Mesky Hosostorndeckumu dpopmamu B3K (6o-
nesnbio KpoHa 1 A3BeHHBIM KOJTUTOM) U BO3PACTHBIMU
rpynmamu. [loyvyeHHbIe JaHHbBIE COTJIACYIOTCS C pe-
3yJIbTaTaMU MCCIeOBaHMA APYyTux aBTopos [17—20].
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Tab6auua 10. BuoxuMuyeckrie MapKepbl MAIUEHTOB ¢ BOCHATUTENbHBIMU 3200JI€BAHUSIMU KUITIEUHIKA

U 3[I0POBBIX JIeTell B 3aBUCUMOCTH OT Bo3pacta, Me (

01; 03)

Table 10. Biochemical markers in patients with inflammatory bowel diseases and healthy children,

depending on age, Me (Q1; Q3)

6—11 ger / years 12—18 ner / years
Toxagare.n / Konrpous / Kourpous, , / 14
[ndicator B3K,/ IBD,| “Controf’, |B3w / IBD | " Control.,

Pa-y = 0,001
25(0OH)D, ur/ma1 / 29,60 21,9 21,50 22,2 Pa_y = 0,001
ng/mL (23,80; 46,71) (14,5; 27,6) (16,76; 28,93) (13,7; 28,3) Doy = 0,885
P pn = 0,685
Pa—y < 0,001
Kanbuuronun, ur/mn / 10,2 11,0 10,2 11,0 ey = 0,363
Calcitonin, pg/L (7,4; 10,2) (11,0; 11,0) (1,9; 10,2) (11,0; 11,0) Posy = 0,422
Py < 0,001
Py = 0,069
Ocreokaabliud, Hr/ M1 / 118,0 97,0 (75,0; 86,0 70,5 Pu_y = 0,003
Osteocalcin, ng/mL (99,0; 148,0) 119,0) (55,00; 130,00) | (35,0; 107,0) Pop = 0,015
Pip = 0,155
C-xoH1ieBble Py = 0,171
TeJIONeNTH/bl, HT/ M / 2,13 1,79 1,55 1,25 Py = 0,012
C-terminal telopeptides, (1, 46 2,58) 1, 5() 2,03) (0, 99 2,22) (0,91; 1,74) Pogy = 0,004
ng/mL Py = 0,185
[TapaTupeongHbIit Py = 0,154
TOPMOH, TIMOJIb,/ 1T / 3,55 2,90 5,40 4,41 Py_y = 0,008
Parathyroid hormone, (2,76; 5,00) (2, 4() 4,80) (3,74; 7,21) (3, 30 4,80) | p,_,, = 0,075
pmol /L Py = 0,004
Py = 0,186
Ca o6mmit, Mmmosn,/ 1 / 2,42 2,39 2,39 2,40 Bz = 0378
Total Ca, mmol/L (2, 34 2,52) 2, 36 2,42) 2, 3() 2,53) (2, 36 2,44) Pogy = 0,641
P = 0,856
Pay = 0,797
Ca?*, mmosn/1 / 1,30 1,31 1,28 1,32 Py = 0,027
mmol/ L (1,27; 1,36) (1,29; 1,36) (1,29; 1,35) (1, 29 1,34) Posy = 0,891
Py = 0,036
5 = 0,378
T 234 215 127 120 P < 0,001
phosphatase. Uo L (199; 306) (199; 280) (95; 224) (66; 217) | p, < 8 ?g;

Psa ~
Pa-y = 0,369
KpeatunuH, MKMOJIb/ 71 / 51,10 51,3 61,10 65,20 Pisy < 0,001
Creatinine, umol/ L (47,50; 54,90) (49,1; 54,2) (55,60; 67,60) (59; 72,20) Popy < 0,001
Pisy = 0,076

I pumeuanue: npumensics kpumepud Manna — Yumnu. BSK
Note: Mann — Whitney U-test was applied. IBD —

BoigBiennr  reHepHo-cnerduecKne  pasimyuns
KOCTHOTO MetaboJsin3ma: y neBouek ¢ B3K mpemny-
GepraTtHOTO BO3pacra mnokasaresn BMD gocrosepHo
BbIllle, yeM y MaiabunkoB (p < 0,05). 1o moATBEPIK-
JlaeT Teopuio o paHHeM (HOPMUPOBAHUN TIOJIOBBIX
pa3uymii B KOCTHOM PEMOJICIUPDOBAHUM W MOJKET
OODBSICHSATBCST TPOTEKTUBHBIM JIEHICTBUEM 3CTPOTEHOB
Ha KOCTHYIO TKaHb Ja)ke MPH XPOHUYECKOM BOCIaJie-
Hum [21—24].

[Tapamerppl  pu3MYECKOTO PA3BUTUS  ABISAIOTCH
3HAYMMbBIMU MapKepaMH KOCTHBIX HapyIlleHui y Ta-
nuentoB ¢ B3K. Tlokazarenu ¢usndeckoro pasBu-
tust (Z-score UMT u pocra) GbLIN 0CTOBEPHO BBIIIE

— gocnaniumevivie 3a001€6aHUSL KUULCUHUKA.

inflammatory bowel diseases.

y manumeHtoB ¢ coxpannoii MIIK (Z-score >—1,0)
10 CpaBHEHWIO C TaleHTaMu co cHmkeHHoi MIIK.
Jlannasg 3akoHoMepHOCTb HabJIOJaMach 1pu  obe-
ux Hoszojornyeckux ¢opmax B3K (Gosnesnun Kpowa
U SI3BEHHOM KOJIMTE), UYTO CBU/ETEIHCTBYET 00 yHHU-
BEepCaJbHOM XapaKTepe BBISABJIEHHON 3aBUCHMOCTH.
YcTaHoBAeHHAsS B3aMMOCBS3b MEXIY IapaMeTpaMu
(pusuyeckoro pasBUTUSI U COCTOSTHUEM KOCTHOH TKa-
HU Y TAIIMEHTOB ¢ BOCHAJTUTETHHBIMI 3200I€BAHUSIMM
KUIIEYHNUKA SIBJISIETCST HAy4YHO OOOCHOBAHHON M TIOJI-
TBEPIKJIAETCS PSIJIOM uccaeoBanuii [25—27].
CylecTBeHHOE BJIUSIHUE HA MWHEPAJTbHYIO TLIOT-
HOCTb KOCTH Yy OOGCJICIOBAaHHBIX JIeTeil OKa3bIBaT
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Pucynox 2. Tlocryiuienne Kajabliug ¢ nuiieil y namuenTos ¢ B3K u pazinynoit MUHEpaabHO NJIOTHOCTBIO

Koctn u rpymmnst kKoutposs, Me (Q1; Q3)

IIpumeuanue: B3K — Bocnanuresbhble 3a60/I€BaHNUsT KUIIEYHNIKA.
Figure 2. Bone mineral density in patients with IBD and the control group depending on dietary calcium

intake, Me (Q1; O3)
Note: IBD — inflammatory bowel diseases.

ypOBeHb (DU3NYECKOI aKTUBHOCTH: HU3Kas dusnyie-
CKasg aKTUBHOCTb ObLIAa [IOCTOBEPHO aCCOIMUPOBAHA
co cHmxkenneM mokazareseii MIIK (BMD, Z-score;
p» < 0,05), 4o paHee TPOAEMOHCTPUPOBAHO B UCCJIE-
nosanun Vanhelst et al. 8 2023 r. [28].

YcranoBnenbl (HaKTOPbI, HETATHUBHO BJUAIONINE
Ha MWHEPAJIbHYIO TJIOTHOCTb: JUINTEJBHOCTL 3aboJie-
Banusi GoJiee 3 JieT, yMepeHHAss U CPeHsIs KJIMHUYe-
cKasg 1 sHAOCKonmmYeckas aktuBHocTh B3K, a Takske
pacrpoCcTpaHeHHbIH XapaKTep TMOPaKeHUs CAU3NCTON
00OJIOUKH TOJICTOI KWIIKK TPU SI3BEHHOM KOJIUTE.
[Ipu arom y manuentoB ¢ 6oJse3nbio Kpona crarucru-
YECKU 3HAYMMOW CBSI3U MEXK/Y PacpOCTPAHEHHOCTBHIO
npoitecca u nokazaressimu MITK He o6Guapy:keHo.
[TosrydyeHHbIe JJaHHBIE COTJIACYIOTCSI C pe3yJbTaTaMu
uccaenoBanuii Apyrux asropos [12, 14, 21, 29-31],
B KOTOPBIX OBbLIO TIOKA3aHO, YTO BBICOKAS KJMHMYE-
CKas U SHJOoCKommyeckasd akruBHocThb B3K, a takske
pacipocTpaHeHHAs JTOKAJIU3AIIS BOCIIAJIEHHS aCCOIH-
MPOBAHbI CO CHUKeHUEM ToKazateseil Z-score MITK.
Hannure B3auMOCBSI3N MeK/y KJIUHWUYECKOW U HHJIO-
CKOIIMYECKON AaKTUBHOCTBIO 3a60JIeBaHUs 1 MOKa3aTe-
geit MITK pokasbiBaer, 4To CHCTEMHOE M MECTHOE BOC-
najeHue, a Takyke HapyllleHe BCAaCbIBAHUS HEraTHBHO
CKa3bIBAIOTCS Ha MHHEPAJTbHON MJIOTHOCTU KOCTH Jie-
teit ¢ B3K.

TeparneBruueckue pexuMbl Ha OCHOBE T€HHO-UHKe-
HEPHBIX OMOJIOTMYECKUX IPErapaTtoB U TJIOKOKOPTH-
KOCTEPOU/IOB OKAa3bIBAIOT Pa3HOHANPABJECHHOE BJIHS-
nue Ha nokasaresu MIIK. B wamem uccienoBanuu

npuMenenne 'MIBT ne compoBokaanoch CHMXKEHUEM
nokaszaresneii MIIK (BMD, Z-score). CoriacHo jaH-
HBIM JIUTEPATYPbI, MOKA3aHO OTCYTCTBHE OTPUIIATE]H-
Horo Bauguusgs [MIBT Ha mnokasaresnm KOCTHOTO Me-
TaboIM3Ma U JEHCUTOMETPUM 32 cueT OJOKUPOBAHUS
HanGosiee 3HAUNMOTO MTPOBOCIIAJINTENBLHOTO ITUTOKHHA
DHO-a [13—15]. Ha npumepe ocTeOMMMYHOJIOTHYE-
CKMUX 3a60JIEBaHUI, BKJIOYAsT PEBMATOW/IHBIA apTPUT
" AHKUJIO3UPYIOIIUN CIIOHAMJIOAPTPUT, ObLIO MOKa3a-
HO TIO3UTUBHOE BJusiHMe TipenaparoB ¢ antu-OHO ak-
TUBHOCTHIO Ha Tokaszatean MIIK, 4To moarBepskmgaeT
11e71eCO06PA3HOCTh PAHHETO IIPUMEHEHUS TeHHO-NHKe-
HEPHBIX OUOJIOTHYECKUX areHTOB IS TPEeAyIpesK/ie-
HUS Pa3BUTUS CEPbE3HOTO OCJOKHEHUS — CUCTEMHO-
TO OCTEONOPO3a /IS IAaHHOI TPYTIIbI manueHToB [16].
Hecmotps na mmpokoe BHejpenne TBT, norpe6-
HOCTb B TPUMEHEHUU CTEPOUJIOB OCTAETCS BBICOKOIL
6naroiaps ux J0oKazaHHoi a(@deKTUBHOCTU B UHIYK-
U PEMUCCUU TIPU BOCIIAJIUTENbHBIX 3a00JeBAHUSIX
KUIIEYHUKA, OCOOEHHO Y JieTell ¢ BBICOKOW aKTUBHO-
CTHIO 3a00JIeBaHus, TPEOYIONNX HA3HAYEHMS BBICOKIX
J103 U 1poBejienus 1yJibc-tepanuu. [Ipumenenne TKC
OKa3bIBAJIO 3HAYMMOE OTPHUIlATESbHOE BJMSHUE Ha CO-
crosinue koctaoi Tkanu (p = 0,001). TIpu sroM GbLi
3aperucTpUPOBaH J0303aBUCUMBIH 3 PEKT: BbICOKUE
KyMyJISITUBHbIE [103bI BbI3bIBAJIN G0Jiee BbIPAKEHHOE
camkenne MITK (BMD, Z-score) (p < 0,05).
[TosryueHHble pe3yabTaTbl COTIACYIOTCA C JAHHDI-
MU JIPYTUX HCCJeJoBareseil, HaGJII0IaBIINX aHaJI0-
TMYHYIO 3aKOHOMEPHOCTb KaK IMPH BOCHATUTETHHBIX
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32060JIeBAHUSX KHUIIEYHNKA, TAK U IIPU PEBMATHYECKUX
3abomeBanngax [32, 33].

Onenka GHOXMMHYECKIX MapKepoB KOCTHOTO Me-
TabGoIM3Ma BBISBUJIA BO3PACTHBIE OCOGEHHOCTH PEMO-
JeNpoBaHus KOCTHOI Tkauu y manmentoB ¢ B3K.
Y manmenToB my6epTaTHOTO BO3pacTa MPeobJaasi
IIPOIIECCHI  OCTEOPe30POINH, YTO IOATBEPIKIATOCH
TOBBITIIEHNEM YPOBHS MApaTTOPMOHA U CHIDKEHUEM
KOHIIEHTPAI[MKM KaJbIUTOHUHA ¥ HOHU3UPOBAHHO-
ro kaupist (p < 0,05). B ormmume or 910l Tpym-
Obl, y JeTeil MJAJIIEr0 BO3PACTa JOMUHUPOBAJIH
MPOIIECCHI OCTeOTeHe3a € TMOBBINIEHNEM YPOBHS OCTe-
OKaJIbIINHA, Ies0YHOi (ocdarasdbl U €O CHUKEHUEM
pesop6in Kocti B Bujie C-KOHIEBBIX TEJOTENTH/IOB.
KonmnenTparust ButaMuHa D rtakske ObLIa 3HAYMMO
BbIllle B MJajueil Bogpactroii rpymme (p = 0,001).
[TosryyeHnHble JaHHBIE COTJIACYIOTCSI € PE3yJIbTaTaMu
UCCIEIOBAHUN, JeMOHCTPUPYIONNX AKTHBAITIO OCTEO-
pe3opOTuBHBIX MexanuaMoB npu B3K [4, 35].

BospactHble 0COOEHHOCTH KOCTHOTO —MeTabo-
Ju3Ma, B YACTHOCTH Mpeo6iajaHue pe3opouuu
B yGepTaTHOM TepHuo/ie, TakKe OMUCAHBI B pabGoTax
[34—36], Tme mokazaHa CBS3b MEX/IYy TOPMOHAJb-
HOIl TIepecTpoiikoil 1 n3MeHeHneM Gasanca KOCTHOTO
PEMO/IeINPOBAHYSI.

[Tosryuennbie JaHHDBIE 06 OTCYTCTBUU BIUSHUS OHO-
XUMIYECKUX MapKepOB KOCTHOTO PEMOJIeJUPOBAHIS
Ha mokazatenmn MIIK ykas3piBaioT Ha AWHAMHUYecKne
IPOIleCChl OGHOBJIEHMS KOCTHOI TKAHHU Y IAIMEHTOB
¢ B3K, cormacyiorcst ¢ pesyabraTaMu JIPYTUX HCCJTE-
JIOBaHUil, B KOTODPBbIX I[OJYEPKUBAETCS, YTO ITH Iia-
paMeTpbl TPEJOCTABASIOT HE3aBUCUMYT0 WH(MOPMAIIIIO
0 COCTOSIHUU KOCTHOU TKauu [37].

AHAM3 TMIIEBOTO PAIMOHA TOKA3aJ, 4TO TallieH-
b1 ¢ B3K norpe6iisiyii MeHbllle Kaablus 10 CPABHEHUIO
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Decreased Bone Mineralization in Children
with Inflammatory Bowel Diseases
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Aim: to assess bone mineral density (BMD) in children with inflammatory bowel diseases (IBD) and analyse the fac-
tors influencing it.

Materials and methods. The study included 113 patients with IBD (58 with Crohn’s disease and 55 with ulcer-
ative colitis) and 61 healthy children (control group). All the participants had a comprehensive assessment of BMD
by means of dual-energy X-ray absorptiometry (DEXA), as well as measurement of vitamin D levels, biochemical

markers of bone metabolism, dietary calcium intake, and physical activity.

Results. Decreased BMD of varying degrees was identified in 39.8 % of patients with IBD, which is substantially

more frequent than in the control group (p = 0.001). Significant predictors of decreased BMD were established:

disease duration exceeding 3 years, high clinical and endoscopic activity, low calcium intake (Me) 300 mg/day vs

550 mg/day in the control group (p < 0.001), and dose-dependent effect of glucocorticoid therapy.

Conclusion. Low bone mass build-up in children with IBD is a multifactorial process associated with disease activity
and duration, dietary restrictions, and treatment modalities, underscoring the need for multidisciplinary monitoring

of bone tissue status in this patient group.

Keywords: Crohn’s disease, inflammatory bowel diseases, children, osteoporosis, ulcerative colitis
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CHuXeHune MUHepann3aumnm KOCTHOM TKaHU Yy AeTen ¢ BocnajimTesibHbIMU

3a0051eBaHUAMMU KULLEYHMKA
M.N. Epoxuna'*, H.[. OguHaesa'?, E.1. KongpatbeBa's, A.N. XaBknn'*, E.A. 46nokosa’®, E.K. XXekalite'
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MuHucTepcTBa 3apaBooxpaHeHns Mockosckor obnactu», Mbityim, Poccuiickas Penepavysi
2 [BY3 «MockoBckuii 061aCTHOM Hay4HO-UCC/1e0BaTEIbCKUI KITMHUYECKNIA UHCTUTYT M. M.®. Bnaammmpckoro»,
Mocksa, Poccuvickas denepaviysi
3 PrbHY «Meaviko-reHeTnyeckuii Hay4HbIi LLEeHTP M. akagemuka H.I1. boykoBa», MockBa, Poccuiickas Penepaums
4 OrA0y BO «benropoackuii rocynapCTBEHHbIN HALUMOHa IbHbIA MCC/IeN0BaTEbCKU YHUBEPCUTET»,
Benropoa, Poccuiickas Penepatms
5 PrA0y BO «[lepBbii MOCKOBCKMIA roCynapCTBEHHbIM MeAVNLIMHCKUI yHuBepcuTeT uM. V.M. CedeHoBa» MuHucTepcTaa
3apaBooxpaHeHnsi Poccurickon ®denepaumy (CedeHoBckuii YHnBepcuteT), MockBa, Poccuiickas denepaums

Lenb: n3y4yeHne coCToaHMA MUHEPaIbHOM NAOTHOCTU KOcTu (MI1K) n pakTopoB, BAvsowmx Ha ee GopMrUpoBaHuE,
Yy LETEN C BOCMaNUTENbHbIMU 3a00neBaHNAMN KuLledHnka (B3K).

Martepuanbl u MeTogbl. B nccnemoaHue BkntoveHbl 113 naumentoB ¢ B3K (58 ¢ 60ne3Hbio KpoHa u 55 ¢ a3BeH-
HbIM KOJIMTOM) 1 61 30,0pOBbIV PEBEHOK (KOHTPOMbHAS rpynna). Bcem yyacTHrKamM NpoBeaeHa KOMIMIEKCHAs OLLEHKa
MIMK MeToA0M ABYXSHEPIrETUYECKOM PEHTIEHOBCKOM abcopbLmomeTpumn (DEXA), ypoBHS BUTamMuHa D, Guoxnmmye-
CKVX MapKEPOB KOCTHOIO MeTabonn3ma, ypoBHS MOTPEBNEHNS KanbLmMs C NULLEen 1 GU3NYECKON akTUBHOCTU.
Pesynbratbl. CHuxeHne MIK pasnuyHoin cteneHu BoiseneHo y 39,8 % naumeHTtoB ¢ B3K, 4To 4OCTOBEPHO Yalle, YeMm
B KOHTpOsibHOM rpynmne (p = 0,001). YcTaHOBNEHbI 3HAUMMbIE NPEAVKTOPbI CHXeHUs MIMK: anntensHocTs 3a001eBaHNS
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©onee 3 neT, BbICOKAsA KJIIMHUKO-3HA0CKONMYeckasi akTMBHOCTb, HU3KOe noTpebneHuve kanbums (Me) 300 Mr/cyT npoTtuB
550 mr/cyT B koHTpone (p < 0,001) 1 [O303aBUCUMOE BIVISIHUE MIOKOKOPTUKOCTEPOUAHOM TEpanuu.

BbiBoabl. DopMrpoBaHMe HU3KOWM KOCTHOM Macchl y aeten ¢ B3K aBnaeTca MynbTMdakToOpHbIM NPOLLECCOM, ac-
COLMNPOBAHHBIM C aKTUBHOCTbIO U ASIUTENBHOCTbLIO 3a00N1eBaHNS, ANETUHECKUMIN OFPAHUYEHNSIMU N XapaKTEPOM
Tepanuun, 4To 0O0CHOBLIBAET HEOOXOANMOCTb MYETUAVCLMMIMHAPHONO MOHUTOPUHIA COCTOSIHUS KOCTHOWM TKaHU
B [LAHHOW rpynne nalneHToB.

KnioueBsblie cnoBa: 60ne3Hb KpoHa, BocnanuTenbHble 3a001eBaHNS KALLIEYHMKA, AETN, OCTEONOPO3, A3BEHHbI KONUT
KoH®NUKT nHTepecoB: aBTOPbI 3as9BNAIOT 00 OTCYTCTBUM KOH(IMKTA UHTEPECOB.

Ctatbsl HanNncaHa B paMkax Hay4YHO-MCCNenoBaTenbCKoM paboThl «[oBbileHne 3PPEKTUBHOCTU FEHHO-VHXEHEP-
HO MMMYHOBMOIOrMYECKOM Tepanun MHGAMKCMMaboM 1 aganumymaboM y AeTel ¢ BocnanuTenbHbIMU 3ab60neBa-
HUSMW KMLLIEYHMKA», HOMEP FrOCYAapCTBEHHON pernctpaumn — 122040600137-2.

Ansa umtnpoBanusa: EpoxuHa M.N., OguHaesa H.[., KongpatbeBa E.W., XaBkuH A.U., AbnokoBa E.A., XekainTe E.K. CHuxeHune
MUHEepanu3aumm KOCTHOM TKaHW y AeTel ¢ BocnanuTesbHbIMKY 3a601eBaHNSAMU KMLLIEYHNKA. POCCUIACKNIA XXypHaN racTPO3HTEPOII0-

rvu, renaronoruu, kononpokronoruu. 2025. https://doi.org/10.22416/1382-4376-2025-35-1856-5180

Introduction

Inflammatory bowel diseases (IBD), including ul-
cerative colitis (UC) and Crohn’s disease (CD), as
well as undifferentiated colitis and a number of mono-
genic gastrointestinal disorders, represent a group of
severe chronic immune-mediated conditions primar-
ily affecting the gastrointestinal tract (GIT), with
both common and distinguishing clinical features [1].

A significant increase in IBD incidence has been
observed across all age groups, especially affecting
children: in 25 % of cases, the disease onset occurs
during childhood and adolescence, which is associ-
ated with a poorer prognosis, high risk of complica-
tions and surgical interventions, as well as delayed
growth and development [1, 2]. Long-term system-
ic inflammatory activity, driven by the ongoing
pathological process in the GIT and dysbiosis, is a
key mechanism underlying the development of mul-
tiple organ manifestations in patients with IBD. In
particular, this category of patients is character-
ised by impaired gut-bone axis, which leads to de-
creased bone mineral density and increased risk of
fractures. The incidence of decreased bone mineral
density among patients with IBD varies by region
and amounts to as much as 40 % in adults and 36 %
in children [3, 4]. According to data from different
authors, decreased BMD figures are characteristic
of Russian children aged 5—18 without somatic co-
morbidities (malabsorption, hepatitis, thyrotoxico-
sis, diabetes mellitus, etc.) [5].

The disease activity leading to restrictive diets,
reduced physical activity, lack of insolation, side
effects of medications including corticosteroids, as
well as the presence of comorbidities and extraint-
estinal manifestations are the primary pathophysi-
ological factors contributing to the development of
osteoporosis. In accordance with the world’s prac-
tice, bone mineral composition is assessed by means
of dual-energy X-ray absorptiometry (DEXA). This
test is particularly indicated for children with se-
vere IBD on long-term or repeated corticosteroid

therapy; if abnormalities are detected, treatment is
supplemented with calcium and vitamin D.

Aim of the study: to investigate the condition
and remodeling of bone tissue in children with in-
flammatory bowel diseases living in the Moscow
Region, depending on the nosological entity, sex,
age, and ongoing treatment.

Materials and methods

The study enrolled 174 children aged from
6 to 17 years 11 months 30 days, residing in the
Moscow Region and undergoing examination at
the gastroenterological and consultative-diagnos-
tic departments of the Scientific Research Clinical
Institute of Childhood of the Ministry of Health
of the Moscow Region (Director: Odinaeva N.D.,
Dr. Sci. (Med.), Professor) from March 2022 to
February 2023. The main group was composed of
113 children with IBD. The comparison group con-
sisted of 61 healthy children. The IBD diagnosis
was formulated on the grounds of comprehensive
analysis of clinical manifestations, medical histo-
ry data, laboratory and endoscopic tests in accor-
dance with the Federal Clinical Recommendations.
Pediatric indices with score-based grading were
used to assess clinical activity of the disease
in accordance with wuniversally accepted crite-

ria; PCDAI (CD: <10 — remission, 10—30 —
mild/moderately severe, 30—100 — severe ac-
tivity) and PUCAI (UC: 10-35 — minimal,

36—65 — moderately severe, 65—85 — severe ac-
tivity). To determine endoscopic activity, SES-CD
(CD) and UCEIS (UC) indices were used, where
scores reflected severity: SES-CD (>15 — severe,
7—14 — moderately severe, 3—6 — mild, less than
2 points — endoscopic remission) and UCEIS
(7—8 — high, 5—6 — moderate, 2—4 — minimum,
0—1 — remission). All patients received treatment
in accordance with clinical recommendations.

Poc skypH ractposuTepoJi rematon koaonpokros 2025; 35(6) / Rus J Gastroenterol Hepatol Coloproctol 2025; 35(6)



Original articles / OpurnHanbHbIe MCCIEOBAHUS

www.gastro-j.ru

The main group consisted of 113 children with
inflammatory bowel diseases (58 children with CD
and 55 with UC; 59 boys (52.2 %) and 54 girls
(47.8 %)). The control group included 61 healthy
children: 37 (60.7 %) boys and 24 (39.3 %) girls
(Table 1). Inclusion criteria for the control group:
absence of acute, chronic, somatic, and infectious
diseases affecting the child’s growth and devel-
opment; provision of informed consent. In the
IBD group of children, the median (Me) age was
14.5 years, whereas in the group of healthy chil-
dren, Me was 11 years.

Gender analysis showed a predominance of
males in the control group and among patients
with CD, while girls predominated in the UC
group. Patients with IBD and healthy children
were divided into two groups based on sex and
age: Group 1: 6—11 years, Group 2: 12—18 years.
Adolescents were more often found among patients
with IBD, whereas the control group was basically
made up of children aged 6—11 (Table 1).

Study design: a point prevalence, interventional,
prospective, non-randomised study.

The participation of all children in the study
was confirmed by signed by parents or legal repre-
sentatives. The study was approved by the Ethical
Committee of the Scientific Research Clinical
Institute of Childhood of the Ministry of Health of
the Moscow Region (Report No. 2 dated 22.12.2021).

All the children underwent assessment of their
physical development using anthropometric data
analysed with the WHO Anthro software (https://
www.who.int/tools/child-growth-standards,/soft-
ware). The children’s physical development was
assessed by means of body mass index (BMI) by
Quetelet (mass(kg)/height(m?)) using percentile

systems (https://www.who.int/tools/child-
growth-standards/standards/weight-for-age).
Values within the range from the 25th to 75th per-
centile were accepted as normal. The target value
for children and adolescents with IBD correspond-
ed to normal figures for healthy children of the
same age and sex — the 50th percentile.

Bone mineral density (BMD) was assessed by
dual-energy X-ray absorptiometry (DEXA) at a
single site — the lumbar spine (L,—L,) — with
the DEXXUM 3 Osteo Sys device (South Korea).
According to the criteria of the International
Society for Clinical Densitometry (ISCD) [6], de-
creased BMD in children is defined by a Z-score
for bone mineral content (BMC) or by areal bone
mineral density (Areal BMD) of < —2.0 standard
deviations (SD). Clinical picture and the fracture
history are also taken into account for diagnosing
osteoporosis. A Z-score is a deviation of the indi-
vidual value from the mean age norm in children of
the corresponding sex and age. Z-score value above
—1.0 SD is considered normal, values from —1.0 to
—2.0 SD indicate decreased mineral density.

Osteoporosis is diagnosed when BMD, Z-score
is < —2.0, in combination with a clinically signif-
icant fracture history, which includes: 1) two or
more long bone fractures by the age of 10; 2) three
or more long bone fractures before the age of 19. In
absence of other causes, one or more compression
fractures of the spine is also indicative of osteopo-
rosis [5, 7]. When conducting densitometry, assess-
ment was made of BMD (g/cm?) and BMC (g).

To evaluate vitamin D status, the blood concen-
tration of its intermediate metabolite — calcidiol
25(OH)D was measured by enzyme-linked immu-
nosorbent assay.

Table 1. General characteristics of the examined patients with inflammatory bowel diseases

and children from the comparison group, n (%)

Ta6auua 1. O6imas xapakTepuCTHKa 00C/Ie[0BAHHBIX MAIMEHTOB C BOCIAJIUTEIbHBIMU 3a00/I€BAHMSI-

MM KMIIEYHMKA U AeTeil Tpymnbl cpaBuenus, 7 (%)

74

Diagnosis / Juaenos IBD / B3K CD / BK ucC / AK Control / Konmpoas
Groups / I'pynnut 113 (64.9) 58 (51.3) 55 (48.7) 61 (35.1)
Boys / Manvuuxu 59 (33.9) 37 (21.3) 22 (12.6) 37 (21.6)
Girls / Jesouxu 54 (31.6) 21 (11.9) 33 (19) 24 (13.8)

Age, years / Bospacm,
20061, Me (Q1; QO3)

14.5 (6.0; 17.8)

15.1 (12.8; 17.1)

13.3 (9.8; 16.3)

11.0 (9.3; 15.1)

Age groups: /
Bospacmmuovie zpynmnoL:

Group 1 (6—11 years) /

Tpynna 1 (6—11 nem) 33 (29.2) 11 (19) 22 (40) 33 (54.1)
Group 2 (12—18 years) /
Tpynna 2 (12—18 zem) 80 (70.8) 47 (81) 33 (60) 28 (45.9)

Note: IBD — inflammatory bowel diseases, CD — Crohn’s disease, UC — ulcerative colitis.
IIpumeuanue: B3K — eocnarumenvnvie 3ab6onesanus xuweunuxka, BK — 6onesnv Kpona, AK — aszeennvui xoaum.
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Biochemical evaluation of bone metabolism in-
cluded measurements of blood serum levels for to-
tal and ionized calcium, inorganic phosphorus, cre-
atinine, alkaline phosphatase (ALKP), parathyroid
hormone, calcitonin, osteocalcin and C-terminal te-
lopeptides by enzyme-linked immunosorbent assay
at the CMD laboratory.

Calcium intake was assessed using a question-
naire, recording the daily dose of calcium supple-
ments and calculating its dietary intake from the
data of a 3-day food diary.

Physical activity levels were evaluated through
questionnaires for parents. Based on the obtained
data on the duration and frequency of exercise during
the day, all subjects were classified into three groups
according to WHO recommendations for children
aged 5—17 years: low: <60 min/day,<3 days/week;
moderate: >60 min/day, 3—6 days/week; high:
>60 min/day of moderate to high intensity, every
day [8—10].

Statistical analysis was performed using special-
ised software (IBM SPSS Statistics 13.3, BioStat,
MedCalec and Microsoft Excel). Median (Me),
as well as lower and upper quartiles, Q1 (25 %)
and Q3 (75 %), were used as measures for the de-
scription of the initial sample. When comparing
medians, Mann — Whitney U-test was applied.
Kruskal — Wallis non-parametric one-way analysis
of variance was used (pairwise comparison by the
Mann — Whitney test). Differences were consid-
ered statistically significant at p < 0.05.

Results of the study

According to medical history data and anthro-
pometry results, median IBD duration at the time
of the study was 1.5 years. Extraintestinal man-
ifestations were documented in 23 % of patients:
joint pathology occurred most often (42.3 %),
mucous membrane involvement was less frequent
(26.9 %), skin and hepatobiliary system involve-
ment was observed in 11.5 %, and the incidence
rates were comparable between the CD and UC
groups. Complicated course of disease was diag-
nosed in 16.8 % of patients, and the prevalence
of complicated disease was significantly higher
in the CD group, as compared to the UC group
(27.6 % and 5.5 % respectively; p < 0.01). The
analysis of physical development by standardised
Z-scores of body mass index (BMI SDS) re-
vealed some differences: body weight deficit was
more often recorded among patients with CD
(34.5 % vs 20 % in the UC group; p = 0.04).
The height of patients with UC was less signif-
icant (Me) 158 cm, than that of patients with
CD (Me) 163 c¢cm (p = 0.015). The difference
in height is explained by differences in the chil-
dren’s ages within the groups.

Clinical characteristics of lesion localisation
demonstrated differences between IBD nosologi-
cal entities. Among patients with CD (n = 58),
ileocolitic lesion (LL3) was the most frequent phe-
notype — 62.1 % of cases, isolated colitis (L2)
was observed in 13.8 %, terminal ileitis (L1) — in
10.3 %, extended lesion — ileocolitis + upper sec-
tions (L3 + L4) in 13.8 %. Among patients with
UC (n = 55), severe pancolitis (E4) was the most
common form of the disease, identified in 61.8 %
of patients. Extensive lesion (E3) was diagnosed in
12.8 % of patients, left-sided lesion — in 21.8 %,
and proctitis — in 3.6 %.

According to the PCDAI/PUCAI clinical indi-
ces, most patients (74.3 %) had minimal disease
activity, while 25.7 % exhibited moderate ac-
tivity. No severe disease activity was identified.
Endoscopic examination confirmed the presence of
inflammation in 74.3 % of subjects (mild — 33.6 %,
moderately severe — 34.5 %, severe — 6.2 %). The
response to steroid therapy showed steroid depen-
dence in 44.2 % of patients and steroid resistance
in 11.5 %.

A good response to glucocorticoids (GCS) was
documented in medical history for 23 % of pa-
tients, while 21.2 % had no history of GCS use.
Pharmacotherapy for patients included the follow-
ing medications: Mesalazine (used by 90.9 % of pa-
tients with UC and 36.2 % with CD), thiopurines
(used by 75.2 % of all the patients with IBD; 77.6 %
with CD and 72.7 % with UC), and GCS were
used by 78.7 % (69 % with CD and 89 % with UC).
Genetically engineered biologic therapy (GEBT)
was indicated to 79.6 % of patients with IBD and it
was used more frequently in the CD group (87.9 %)
than in the UC group (70.9 %). GEBT arsenal in-
cluded TNF-a inhibitors (International nonpropri-
etary name (INN): infliximab, adalimumab), a4B7
integrin antagonists, (INN: vedolizumab), 1L-12/
IL-23 antibodies (INN: ustekinumab).

Bone mineral density in the examined children

When comparing Z-score levels of BMD in the
lumbar spine (L —L,,) of healthy children and pa-
tients with IBD (both as the entire group and divid-
ed by nosological entities — CD and UC), it was
established that among patients with IBD, normal
BMD (>—1 Z-score) was recorded in 68 (60.2 %)
children, decreased BMD (—2.0 SD < Z-score
<—1 SD) in 36 (31.8 %) children, and considerably
decreased BMD (<—2.0 SD) in 9 (8 %) patients
(p = 0.001). Normal BMD (>—1 Z-score) among
the healthy children was found in 50 (82 %) individ-
uals (p = 0,001). Decreased BMD level (—2.0 SD
< Z-score <—1 SD,) in the group of children with
IBD (31.8 %) was significantly (»p = 0.03) predom-
inant in comparison with children from the con-
trol group (Fig. 1). A considerably decreased BMD
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Figire 1. BMD indicators in the examined children

Note: IBD — inflammatory bowel diseases, CD — Crohn’s disease, UC — ulcerative colitis.

Pucynox 1. llokazaremn MIIK y o6ce1oBaHHBIX JeTelt

IIpumeuanue: B3K — BocnanuresnbHbie 3a6oeBanns Kuiieunuka, bK — 6Gose3np Kpona, AK — sa3sen-
HBI KOJIUT.

indicator, Z-score below —2.0 SD, was noted only At the time of comparative analysis of densi-
in children from the main group and was absent in  tometry data at the lumbar spine level (L—L,)
the control group (p < 0.001). Patients with dif- between healthy children and patients with IBD
ferent IBD forms did not diverge from each other (both in the entire group and in CD and UC noso-
in frequency or degree of BMD decrease, but they logical entities), the following was detected: BMD,
differed significantly from the group of healthy Z-score and BMC (g) were significantly lower in
children in this respect (Fig. 1). the entire IBD group compared to the control group

Table 2. Bone mineral density indicators (BMD, Z-score, BMD, g/cm?, BMC, ¢) in the group
of children with IBD (in the entire group and by nosological entities) and in the control group, Me (Q1; Q3)
Ta6auua 2. Tloxkaszarenn MuHepaabHoil miotHoctu koctu (BMD, Z-score, BMD, r/cm?, BMC,

r) B rpymmne gereii ¢ B3K (B nesom u nmo Hozomornueckum ¢popmam) u B rpymnie kKourpoas, Me (Q1; Q3)

i Control , /
Indicator / | IBD . / B3K,,, CD, / BK,, ucC, /4K, o)
IToxazameny w=113 @ n=58 " % =55" KOH"Z %‘71"’@)’ p
P, . = 0.031
BMD, Z-score —0.5 (—1.4; —0.1) | —=0.5 (—1.4; —0.4) | —0.5 (—1.5; 0.4) | —0.2 (—0.6; 0.75) P, = 0.028
po = 0.028
BMD, g/cm*/ : . . : p, , <0.180
2/ o 0.70 (0.86; 1.10) | 0.70 (0.83; 1.00) | 0.70 (0.85; 1.10) | 0.90 (0.70; 1.10) pz_: <0169
P, <0.001
BMC, g / 2 35.4 (42.0; 61.0) | 35.4 (43.1; 60.9) | 35.4 (42.0; 59.1) | 39.4 (41.3; 57.4) | p, , < 0.690
P < 0.890

Note: Mann — Whitney U-test was applied; IBD — inflammatory bowel diseases, CD — Crohn’s disease, UC — ulcerative
colitis.

Hpumeuanue: npumensics kpumepui Manna — Yumnu; B3K — eocnarumenvhoie 3abonesanus xuweunuxa, bK — 6oxesn
Kpona, AK — aseennvil xoium
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(p = 0.031 and p < 0.001). Children from the con-
trol group had significantly higher BMC values.
BMD (g/cm?) did not differ significantly between
the entire IBD group and the control group. No
differences were detected in BMD (Z-score), BMC
(g), and BMD (g/cm?) between patients with CD
and UC. Decreased BMD was significantly more

prevalent in all groups of patients with IBD com
pared to the control group (Table 2).

For an accurate assessment of Z-score, ac-

counting for age and sex, the participants were
divided into two age groups: 6—11 years and
12—18 years. In children with IBD aged 6—11
BMD values were significantly higher in girls, with

Table 3. BMD, g/cm? BMC, g/cm, and BMD, Z-score in children with inflammatory bowel

diseases and in the control group, Me (Q1; Q3)
Ta6auua 3. BMD, r/cm?, BMC, r/cm 1 BMD,
MU KHIIEYHHKa ¥ TpyTbl Koutpoast, Me (Q1; Q3)

Z-score y JieTell ¢ BOCIIAJIUTEIbHBIMU 3200JI€BAHNUSI-

’

6—11 years /aem 12—18 years /aem
I}ndicator / D
oxazame.nb IBD,,, / B3K,,, Ig::rt:;lo?n b/( ) IBD,, / B3K Ig?;g;k“];b/( Y
P, , = 0.004
BMD, g/cm? / 0.4 (=0.7; 0.9) | 0.9(0.6; 08) 0.7 (0.86; 1.1) 1.0 (0.9; 1.4) | Psy <0.001
2/ cm? p,_; <0.001
p, , =0.762
p._, = 0.011
BMC, g / ¢ 30.2 (13.2; 28.6) | 36.8 (18.7; 30.7) | 35.4 (42.0; 61.0) | 41.6 (40.1; 58.2) | Ps—s _ 8-8(4;1’
,’;;j <0.001
p,_, = 0.002
BMD, Z-score —0.5 (1.5; —0.4) | —0.1 (=0.7; 0.9) [ 0.5 (~1.4; —0.1) | —0.1 (—0.5; 0.5) | P54 < 8‘1)3;
%;34 =0.214

Note: Mann — Whitney U-test was applied; IBD — inflammatory bowel diseases.

IIpumeuanue: npumensica kpumepui Manna — Yumnu; B3K

— gocnaiumenvivle 3a001e6ANUSL KUUCUHUKA.

Table 4. Physical development indicators for patients with inflammatory bowel diseases depending

on bone mineral density (Z-score), Me (Q1; Q3)

Taéauua 4. Tloxkazatean (HU3HYECKOTO PAa3BUTHS MAIMEHTOB € BOCTAJIUTETbHBIMU 3a00/JeBaHUSAME
KHIIEYHNKA B 3aBUCHMOCTH OT MUHepasibHON miaoTHocT kKoctu (Z-score), Me (Q1; Q3)

Indicator / IMoxazame.nw | <—1 Z-score | >—1 Z-score (normal / nopma) | P

IBD / B3K

BMI / UMT, z-score —0.80 (—1.25; 0.25) —0.16 (—1.02; 0.68) 0.036

Height / Pocm, z-score —0.27 (—0.74; 0.25) 0.15 (—0.53; 0.87) 0.032

CD / BK

BMI, percentiles / . )

HUMT, npoyenmuu 14.96 (3.29; 27.09) 62.16 (17.62; 77.04) 0.020

EI%[ITSSI’)SS/ J-score —1.06 (—1.84; —0.61) —0.55 (—1.13; 0.37) 0.029

Height, cm / Pocm, cm 161.00 (152.50; 174.25) 167.00 (161.00; 173.00) 0.044

Height / Pocm, z-score 37.84 (28.43; 59.87) 59.64 (33.36; 84.85) 0.035

UC / 4K

BMI, percentiles / ) )

HUMT, npoyenmuu 14.96 (3.29; 27.09) 62.16 (17.62; 77.04) 0.020

BMI / UMT, z-score —1.06 (—1.84; —0.61) —0.55 (—1.13; 0.37) 0.029

Height, cm / Pocm, cm 142.00 (132.00; 162.00) 160.50 (143.00; 169.50) 0.044

Height / Pocm, z-score —0.15 (—1.33; 0.15) 0.25 (—0.43; 1.03) 0.035

Note: Mann — Whitney U-test was applied; IBD — inflammatory bowel diseases, CD — Crohn’s disease, UC — ulcerative
colitis, BMI — body mass index, BMI SDS z-score — body mass index, standard score, z-score.

IIpumeuanue: npumensics kpumepusi Manna — Yumnu; B3K

— gocnaiumenvivie 3a001e6aHU KuweyHukda, BK — 6oae3nun

Kpona, AK — sseennvii xoaum, HMT — undexc maccot meaa, HMT SDS — undexc maccor meaa ( cmandapmmoe omKJIoHeHUe).
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a median (Me) of 0.71 g/cm? compared to boys
of the same age group, who had Me 0.58 g/cm?
(p < 0.001). No significant differences in BMD
were identified between age and sex groups in
healthy children during comparative analysis.

The comparison of BMD, BMC and Z-score in-
dicators in healthy children and patients with IBD
across different age groups revealed significant dif-
ferences. The values of BMD, g/cm? BMC, g/cm,
and BMD, Z-score were higher in healthy children
(Table 3).

The assessment of physical development indicators
in patients with IBD showed dependence on BMD
indicators. A group of children with normal BMD
(Z-score > —1.0) had significantly higher Z-score
values for body mass index (BMI) and height than
patients with decreased BMD (Z-score < —1.0)
(Table 4). This pattern was characteristic of both CD
and UC: in both nosological subgroups, higher values

of physical development indicators were observed in
a group with the preserved bone mineral density.

A decreased level of physical activity in pa-
tients with IBD and in the control group (Table 5)
was accompanied by a decreased BMD, Z-score
(p < 0.05).

The analysis identified several reliable factors
affecting BMD (Z-score). The comparison of BMD,
Z-score showed that in patients with a long-stand-
ing disease history (>3 years) it was —0.90 (—1.15;
—0.40), while in patients with a shorter disease
history of less than 3 years it was —0.40 (—1.02;
0.12), p = 0.048. A relationship was established
between the severity of clinical and endoscopic dis-
ease activity and the indicators of BMD (Z-score).
Patients with minimal disease activity and slight
endoscopic changes had higher BMD, Z-score val-
ues (Me: —0.4 and —0.5, respectively) compared to
patients with moderate IBD clinical activity and

Table 5. Physical activity levels in patients with inflammatory bowel diseases and children from
the control group, depending on bone mineral density (BMD, Z-score), Me (Q1; Q3)

Tabauua 5. YpoBeHb (PU3NYECKON AKTHBHOCTH MHAIMEHTOB C BOCHAJIHMTETBHBIMU 3a00J€BAHUSIMU
KUIIEYHNKA U JIeTell KOHTPOJIbHOI TPYIIbI B 3aBHCHMOCTH OT MUHepasbHOIl morHocTH koctn (BMD,

Z-score), Me (Q1; O3)

Physical activity indicator / IBD / B3K Control group / Koumpoas
Hoxasz:cn,z.;lz Htﬁzct:;;uecxou n (%) BMD, Z-score n (%) BMD, Z-score
Low,,, / Husxas,,, 55 (48.7) —1.4 (—1.8; —1) 27 (44.3) —0.2 (—0.8; 0.7)
Moderate,, / Ymepennas 35 (31) —0.5(=0.7; 0.3) 24 (39.3) |—0.15(—=0.7; 0.5)
High ,, / Boicoxas,,, 23 (20.3) —0.2 (—0.6; 0.9) 10 (16.4) 0.05 (—0.6; 1.0)

Per < 0-001 Py = 0.501
p Persy = 0.048 By — U012
Py = 0.034 oy — U027

Note: Mann — Whitney U-test was applied; IBD — inflammatory bowel diseases.
HIpumeuanue: npumensiics xkpumepuii Manna — Yumnu; B3K — socnaiumenvrvle 3a001€6anHuUs KUUeUHUKA.

Table 6. Bone mineral density values (BMD, Z-score) depending on clinical and endoscopic activity

of the disease

Tab6auua 6. Tlokazarenu MuHepaabHOIl maoTHOCTH Koct (BMD, Z-score) B 3aBUCUMOCTH OT KJIMHU-
YeCKOIl M 9H/IOCKONNYECKON aKTUBHOCTH 3a60JI€BAHMS

Activity / Axmuenocmo n (%) BAI;’IeD(,QZ{;cho;t)s, P
Clinical / Kaunuuecxas
Minimal / Munumaroras 84 (74.3) —0.40 (—1.35; 0.50)
Moderate / Y mepennas 29 (25.7) —0.70 (—1.50; —0.25) | (.22
Severe / Tsxenas 0
Endoscopic / dudockonuueckas
Remission/mild / Pemuccus/ rezxas 67 (59.3) —0.50 (—1.37; 0.40) 0.037
Moderately severe/severe / Ymepennas,/maxenas 46 (40.7) —0.80 (—1.40; —0.27)

Note: Mann — Whitney U-test was applied.
IIpumeuanue: npumensicsa kpumepui Manna — Yummnu.
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Table 7. Bone mineral density values (BMD, Z-score) depending on inflammatory process localisation
Tab6auua 7. Tlokasarenn MuHepasibHOI miotHocTH Koctn (BMD, Z-score) B 3aBUCHMOCTH OT JIOKa-

JIN3alluM BOCIIAJIMTE/IbHOI'O IIPOIEeCCa

Extent of lesion / Pacnpocmpanennocms nopasxenus n (%) Bbl\ldeD(’QZi__S(é);‘;’ j7)
CD / bK
Terminal ileitis — L1 + Isolated colitis — L2 / . {9
Tepmunanvnoui ureum — L1 + Hsoruposannviii kosum — L2 A 048 (2002 5
Ileitis and colitis — L3 + Ileocolitis + upper sections — L3 + L4 / 44 (75.9) | —0.7 (—1.4:—0.4) '
Haeum u xonum — L3 + Haeoxonum + eéepxnue omoeavt — L3 + L4 ’ ' o
ucC / AK
Pancolitis — E4 + Extensive — E3 / _ 4=
IHanxoaum — E4 + Pacnpocmpanennoii — E3 41 (74.6) 48 (L3 08 0.001
Left-sided — E2 + Proctitis — E1 / . 49 ’
Jlesocmoponnuii — E2 + IIpokmum — Ef wesA U (S5 U2,

Note: Mann — Whitney U-test was applied; CD — Crohn’s disease, UC — ulcerative colitis.
Hpumeuanue: npumensics kpumepui Manna — Yumnu; K — 6oaesuv Kpona, AK — sazeennvul xoaum.

more pronounced endoscopic changes (Me: —0.7
and —0.8), p < 0.05 (Table 6).

Also, a relationship was detected between the
extent of the lesion and BMD indicators (p < 0.05)
in patients with UC: larger lesion extent was asso-
ciated with lower bone density. However, no sta-
tistically significant correlation between the extent
of the lesion and BMD was detected in patients
with CD (Table 7).

The effect of therapy on BMD was assessed,
particularly regarding the use of GEBT and GCS.
The analysis showed that GCS use was associat-
ed with a significant decrease in BMD in children
with IBD. At the same time, no statistically sig-
nificant relationship between GEBT use and BMD
indicators was identified (Table 8).

A cumulative dose representing the total dose of
all therapy courses in absolute values (mg) and ad-
justed for body weight (mg/kg) was calculated for
each patient receiving systemic GCS. Higher cumu-
lative doses of GCS were recorded in patients with
decreased BMD values (Z-score < —1) compared to

patients with normal BMD values (Z-score > —1).
In absolute values: 2200 (1700; 2900) mg vs 1400
(820; 1200) mg; p = 0.012. Adjusted for body weight:
85 (39; 93) mg, kg vs 33 (28;56) mg kg, p = 0.028.

Biochemical indicators of bone tissue
remodeling in the study groups

When comparing bone remodelling markers
in the entire group of patients with IBD and in
healthy children, it was shown that the levels
of calcitonin (p > 0.001) and ionized calcium
(p = 0.036) were lower in IBD patients, while the
level of parathyroid hormone was higher in the
IBD group (p < 0.001) (Table 9).

The analysis of biochemical markers of bone
metabolism revealed the following age-related
peculiarities in patients with IBD (Table 10). A
significant increase in parathyroid hormone lev-
els (p = 0.004) and a decrease in ionized calci-
um levels (p = 0.036) were recorded in the older
group of patients with IBD compared to the con-
trol group. Calcitonin levels were significantly

Table 8. Bone mineral density values (BMD, Z-score) depending on the use of GEBT and GCS

in treatment schemes

Ta6auua 8. Tlokaszarenu MuHepaabHOii mmotHocTn Koctn (BMD, Z-score) B 3aBUCUMOCTH OT UCIIOJIb-

3oBanug B cxeMmax Jjeuenusa [IBT u I'KC

Treatment protocol with the use of / o BMD, Z-score,
IIpomoxoa neuenuss ¢ UCROIb308aHUEM n (%) Me (Q1; Q3) P
GCS / ITKC
Used / ITpumensiiocw 89 (78.8) —0.9 (—1.2; 0.2) 0.001
Not used / He npumensioco 24 (21.2) —0.5 (—1.0; —0.1) ’
GEBT / I'MBT

Used / ITpumensnoco 90 (79.6) —0.7 (—1.45; —0.15) 0.069
Not used / He npumensnocs 23 (20.4) —0.6 (—1.3; —0.1)

Note: Mann — Whitney U-test was applied; GCS — glucocorticoids, GEBT — genetically engineered biologic therapy.
Hpumeuanue: npumensics xpumeputi Manna — Yumnu; TKC — eaoxokopmuxocmepoudvt, THBT — zenno-unxenepnas

buonozuueckas mepanus.
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Table 9. Biochemical markers of patients with inflammatory bowel diseases and healthy children

in the entire group, Me (Q1; Q3)*

Tabauua 9. Buoxumudeckre MapKepbl MAIIMEHTOB C BOCHAIUTETbHBIMU 3a00/I€BAHUSIMI KUIIEYHIKA

1 3J0POBBIX jeTeil B oOmeii rpymmne, Me (Q1; Q3)*

Indicator / Iloxazamenv IBD / B3K Control / Konmpoav p
25(OH)D, ng/mL / nz/mn (N 30—70) 22.60 (17.77; 31.30) 21.90 (14.50; 27.60) 0.111
Calcitonin, pg/L / Calcitonin, pg/L (N 0—79) 10.2 (2.3; 10.2) 11.0 (11.0; 11.0) <0.001
Osteocalcin, ng/mL** / Ocmeoxarvuun, we/mn** 93.0 (61.0; 136.0) 85.0 (67.0; 113.0) 0.401
C-terminal telopeptides, ng/mL** / . .
C-KoHyeanie meronenmuds, Hz) Wi 1.59 (1.14; 2.32) 1.64 (1.24; 1.99) 0.514
Parathyroid hormone, pmol /L / . )
Hapamupeoudnwiii zopmon, nmoan/ 1 (N 1,72—6,68) 4.86 (3.30; 6.73) 3.60 (2.50; 4.80) <L00i
Total Ca, mmol /L / . .
Ca o6uguti, mmoaw/n (N 2,2—2,7) 2.40 (2.31; 2.52) 2.40 (2.36; 2.43) 0.655
Ca >, mmonn/n / Ca **, mmol/L (N 1,22—1,37) 1.26 (1.27; 1.31) 1.31 (1.29; 1.35) 0.036
Alkaline phosphatase, U/L / . )
IIlenounas gochamasa, E0/n (N 97—361) 180 (105; 246) 203 (128; 242) 0.631
Creatinine, umol /L / . )
Kpeamunun, sxmons/n (N 27—62) 58.5 (52.5; 64.8) 54.2 (50.2; 65.1) 0.384

Note: Mann — Whitney U-test was applied; N — normal values, IBD — inflammatory bowel diseases. * The manufacturer’s
reference values were used. ** Reference values for osteocalcin and C-terminal telopeptides are not available.

Hpumeuanue: IIpunensics xpumeputi Manna — Yumnu; N — nopmuanvinvie snauenus, B3K — socnarumenviuvie 3a6onesarus
Kuweunuxa. * Hcnoavsosanu pegepencnvie suavenus npousgodumens. ** Jlns noxasameneti ocmeoxanvyuna u C-KonyesoLx

mesonenmudos peqbepeHCHbte SHAYeHUA omcymcmeyiom.

decreased in patients with IBD compared to
healthy children in both age groups (p < 0.001).
Bone turnover indicators characterising osteo-
genesis (osteocalcin, alkaline phosphatase and
C-terminal telopeptides) were significantly high-
er in the younger age group, both in IBD pa-
tients and in the control group (p < 0.05). The
levels of calcidiol were found to be higher in IBD
patients in the 6-11 age group (p = 0.001).

An analysis of the relationship between bone
mineral density indicators and calcium intake lev-
els was performed in 113 patients with IBD and
61 healthy children (control group). Average dai-
ly calcium dietary intake was calculated based on
the questionnaire data. It was established that the
values of calcium intake in the control group were
higher than those in patients with IBD: 300 (200;
400) mg/day vs 550 (300; 800), p < 0,001. A pos-
sible cause is the limitation of dairy product con-
sumption in the diet of patients with IBD.

Low calcium intake had a direct effect on bone
mineral density: patients with decreased BMD
(Z-score < —1.0) showed significantly lower calci-
um intake compared to patients with normal bone
mass (Z-score > —1 SD) and the control group
(p <0.001) (Fig. 2).

Discussion

The analysis of bone mineral density and its re-
modelling markers in patients with IBD and chil-
dren from the control group residing in the Moscow
Region revealed several peculiarities in the clinical

course of the disease in this cohort. In particular,
a high prevalence of decreased BMD in children
with IBD was established, confirming the hypoth-
esis of a negative effect of severe bowel inflamma-
tion on bone metabolism. The identified incidence
rate of decreased BMD (40 %) corresponds to the
figures regarding adult patients reported in the
literature [9—12, 17]. The results of densitometry
show a significant decrease in bone mineral densi-
ty in patients with IBD compared to healthy chil-
dren. Significantly lower values of BMD, Z-score
(p = 0.031) and BMC (p < 0.001) were observed
in patients with IBD. Comparison with the control
group, in which BMD, BMC and Z-score values
were significantly higher (p < 0.05), confirms the
negative effect of IBD on bone metabolism, indi-
cating impairment in the processes of bone remod-
elling. It is important to note that the identified
disturbances did not show statistically significant
differences between the nosological entities of IBD
(Crohn’s disease and ulcerative colitis) and age
groups. The obtained data are consistent with the
results of other authors’ studies [17—20].

Gender-specific differences in bone metabolism
were found: BMD indicators are significantly high-
er in prepubescent girls with IBD than in boys
(p <0.05). The finding confirms the theory of early
development of sexual differences in bone remodel-
ling and may be explained by the protective effects
of estrogens on bone tissue, even in the presence of
chronic inflammation [21—24].

Physical development parameters are significant
markers of bone disorders in patients with IBD.
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Table 10. Biochemical markers in patients with inflammatory bowel diseases and healthy children,
depending on age, Me (Q1; Q3)
Tab6auua 10. BuoxuMuyeckrie MapKepbl MAIUEHTOB ¢ BOCHATUTENbHBIMU 3200JI€EBAHUSIMU KUIIEYHIKA
U 30POBBIX JIeTeil B 3aBUCHMOCTH OT Bospacta, Me (Q1; Q3)

. 6—11 years /aem 12—18 years /aiem
nifiitoe / Control ,, / Control ,, / p
Ioxazamens IBD ,, / B3K,,, e e o0 IBD , / B3K Koumpo(?/;bm

Py = 0.001
25(0H)D, ng/mL / 29.60 21.9 21.50 22.2 Py = 0.001
He,/ MA (23.80; 46.71) (14.5; 27.6) (16.76; 28.93) (13.7; 28.3) Pon = 0.885
ey = 0.685
b, <0.001
Calcitonin, pg/L / 0.2 1.0 10.2 1.0 o = 0.363
Kanvyumonumn, nz/ n (7.4; 10.2) (11.0; 11.0) (1.9; 10.2) (11.0; 11.0) Pop = 0.422
Doy < 0.001
b, = 0.069
Osteocalcin, ng/mL / 118.0 97.0 (75.0; 86.0 70.5 Do = 0.003
Ocmeoxanvuun, 1z, mi (99.0; 148.0) 119.0) (55.00; 130.00) | (35.0; 107.0) Pop = 0.015
Pap = 0.155
o , Py = 0.171
N gt/e;l“f“/alc'i‘ﬁggeggﬁgsv 2.13 1.79 1.55 1.25 P = 0.012
U (1.46; 2.58) (1.50; 2.03) (0.99; 2.22) (0.91; 1.74) P = 0.004

mesionenmuowvl, He,/ M -4
Doy = 0.185
. , = 0.154

Parathyroid hormone Pa-»

’ 3.95 2.90 5.40 4.41 P = 0.008
pmol/L / Hapamupeo, | (5 7675 00y | (2.40; 4.80) | (3.74; 7.21) | (3.30; 4.80) | po’) = 0.075
UOHBLU 20PMOH, nMoaw,/ i -4

Py = 0.004

Py = 0.186

Total Ca, mmol/L / 2.42 2.39 2.39 2.40 Py = 0.375

Ca obwuil, MmO/ 71 (2.34; 2.52) (2.36; 2.42) (2.30; 2.53) (2.36; 2.44) | p,_,, = 0.641

Pos = 0.856

Py = 0.797

Ca?*, mmol/L / 1.30 1.31 1.28 1.32 Py = 0.027

MMOAL,/ Tl (1.27; 1.36) (1.29; 1.36) (1.29; 1.35) (1.29; 1.34) Pop = 0.891

Po = 0.036

. 5 = 0.378
Alkaline phosphatase Pa-2

’ 234 215 127 120 < 0.001
U/L / ]enounas gpoc- : i ) : )
dbamasd, B9 n (199; 306) (199; 280) (95; 224) (66; 217) | py,y < 0.001

Pin = 0.155

o Py = 0.369
Creatinine, pmol /L / 51.10 51.3 61.10 65.20 Py < 0.001
Kpeamunun, mxmoan/ 1 (47.50; 54.90) (49.1; 54.2) (55.60; 67.60) (59; 72.20) Popy < 0.001
Do s = 0.076

Note: Mann — Whitney U-test was applied; IBD — inflammatory bowel diseases.
Ipumeuanue: npumensiics kpumeputi Manna — Yumnu; B3K — ocnarumenvroie 3a601e6aHUS KUWEUHUKA.

Physical development indicators (Z-score, BMI,
and height) were significantly higher in patients
with retained BMD (Z-score > —1.0) compared to
those with decreased BMD. This pattern was ob-
served in both nosological entities (Crohn’s disease
and ulcerative colitis), demonstrating the universal
nature of the identified relationship. The identified
relationship between the parameters of physical
development and the condition of bone tissue in
patients with inflammatory bowel diseases is sci-
entifically grounded and confirmed by a number of
studies [25—27].

Physical activity level had a considerable ef-
fect on bone mineral density in the examined chil-
dren: low physical activity was reliably associated
with decreased BMD indicators (BMD, Z-score;
p < 0.05), as previously demonstrated in a study
by Vanhelst et al. in 2023 [28].

Factors negatively affecting bone mineral density
were identified: disease duration exceeding 3 years,
moderate and average clinical and endoscopic ac-
tivity in IBD, and the extensive nature of mucous
lesions in the colon in ulcerative colitis. At the
same time, no statistically significant relationship
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Figure 2. Bone mineral density in patients with IBD and the control group depending on dietary calcium

intake, Me (Q1; Q3)
Note: IBD — inflammatory bowel diseases.

Pucynox 2. Iloctymienne Kajabling ¢ nuiiei y namueHToB ¢ BSK n pazandHoii MuHepaabHOHW NIOTHOCTHIO

KOCTH ¥ TpyInbl Koutpoas, Me (Q1; Q3)

IIpumeuanue: B3K — Bocnanuresbibie 3a001€BaHUs KUIIIEUHNUKA.

between the extent of the process and BMD indica-
tors was detected in patients with Crohn’s disease.
The obtained data are consistent with the results of
other authors’ studies [12, 14, 21, 29—31], which
have shown that high clinical and endoscopic ac-
tivity of IBD, as well as extensive localisation of
inflammation, are associated with decreased BMD
Z-score. The established relationship between clini-
cal and endoscopic activity of the disease and BMD
indicators demonstrates that systemic and local in-
flammation, as well as malabsorption, negatively
affect bone mineral density in children with IBD.
Therapeutic regimens based on genetically engi-
neered biological drugs and glucocorticoids have a
multidirectional influence on bone mineral density
indicators. In our study, the use of genetically engi-
neered biologic therapy (GEBT) was not associated
with decreased BMD indicators (BMD, Z-score).
In accordance with the data from literature, the
study shows the absence of a negative effect of
GEBT on bone metabolism and densitometry val-
ues due to the blocking of the key proinflammatory
cytokine TNF-a [13—15]. Using the example of os-
teo-immunological diseases, including rheumatoid
arthritis and ankylosing spondyloarthritis, positive
effect of medications with anti-TNF activity on
BMD indicators was demonstrated, confirming the
advisability of early use of genetically-engineered
biological agents for the prevention of a serious

complication — systemic osteoporosis — in this pa-
tient group [16].

Despite the widespread implementation of ge-
netically engineered biologic therapy, the need for
steroids remains high due to their proven effective-
ness in inducing remission in inflammatory bowel
diseases, especially in children with high disease
activity who require high doses and pulse thera-
py. The use of GCS had a considerable negative
effect on bone tissue status (p = 0.001). Moreover,
dose-dependent effect was noted: high cumulative
doses caused a more pronounced decrease in BMD
(BMD, Z-score), p < 0.05.

The obtained results are consistent with the
data of other researchers, who observed a similar
pattern both in inflammatory bowel diseases and in
rheumatic diseases [32, 33].

The assessment of biochemical markers of bone
metabolism revealed age-related peculiarities of
bone tissue remodelling in patients with IBD.
Osteoresorption processes were predominant in pu-
bertal patients, as indicated by increased parathy-
roid hormone levels and decreased concentrations
of calcitonin and ionized calcium (p < 0.05). In
contrast, the processes of osteogenesis dominated
in younger children, evidenced by increased levels
of osteocalcin, alkaline phosphatase and decreased
bone resorption, as indicated by C-terminal telo-
peptide levels. Vitamin D concentrations were
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also significantly higher in the younger age group
(p = 0.001). The obtained data are consistent with
the results of studies, demonstrating the activation
of osteoresorptive mechanisms in IBD [4, 35].

Age-related peculiarities of bone metabolism,
particularly the predominance of resorption during
puberty, have also been described in [34—36],
showing the relationship between hormonal devel-
opments and changes in the balance of bone remod-
elling.

The obtained data confirming the absence of in-
fluence of biochemical markers of bone remodelling
on bone mineral density indicators (BMD) point
to dynamic processes of bone tissue renewal in pa-
tients with IBD and are consistent with the results
of other studies emphasising that these parameters
provide independent information on bone tissue
status [37].

The analysis of the diet showed that patients
with IBD had lower intake of calcium compared to
healthy children, which was related to the elimina-
tion diet and restrictions in the use of dairy products.
This deficiency, in turn, correlated with decreased
BMD and likely caused the observed changes:
lower calcium levels and increased parathyroid
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AP PEeKTUBHOCTL IpUMeHeHUud (PAeOOTOHUKOB
B [IEPUOIEPAIIMOHHOM IIEPUOAE

IIPU BBIIIOAHEHUN OTKPBITON TEMOPPOUASKTOMUIH:
OAHOIIEHTPOBOE PAHAOMU3UPOBAHHOE
KAMHUUYECKOEe UCCAEAOBAHUE

JLA. Mlneik*, [./0. KeipmbirenoBa, B.W. JKypkosckuii, 11.9. T'opoBas,
B.M. Hekosanb, I1.B. IlapbpkoB

DIAOY BO <Ilepsviti Mockosckuii zocyoapcmeentviii meduyunckuil ynusepcumem um. .M. Ceuenosas Munucmepcmea
3dpasooxpanenus Poccuiickoi ¢pedepauuu ( Ceuenoscxuil Ynusepcumem), Mockea, Poccutickas Dedepavus

AkTyanbHoCTb. [pyMeHeHne GnedOTOHMKOB B MOCIEONEPALMOHHOM NMEPUOLE MPU NPOBEOEHUN TEMOPPONAIK-
TOMUM yXKE JoKa3ano CBo 3OPEKTUBHOCTb B OTHOLLEHN MPOPUNAKTUKA NOCAEONEPALMOHHBIX OCAOXHEHWUN. Oa-
HaKO Hayano NnpuMeHeHns GeboTOHNKOB B NPeaoNepPaLIOHHOM NEPUOAE B COBPEMEHHOW NTEPATYPE OCBELLEHO
B €0VHNYHbIX Ny6nmnKkaLmsx.

Llenb nccnepoBaHus: oLeHUTb BAnsSHME GnebOTOHMKOB Ha TEYEHME MOCIEONEPALMOHHOIO NepMoaa nocsne oT-
KpbITOM remoppoungaktomuu ¢ lll-IV ctagusamm remoppounaansHoin 60n1e3Hu B cilydae NpUMeEHeHNs 40 U Nnocsie one-
paTMBHOrO BMELLATENLCTBA.

Martepuan u meTopabl. ViccnegoBaHMe HOCMAO PAHOOMU3MPOBAHHLIM KOHTPONMPYEMbIN XapakTeP M BKIOYANo
60 naumeHToB c llI-IV ctagusamn remoppounganbHol 60ne3Hn: B ocHoBHOM rpynne (n = 30) Havyano NpuMeHeHus
dnebotoHnkoB — recnepuanH 100 mr + agnocmuH 900 mr (npenapat «Benapyc®») HaumHanock 3a 10 gHelt go one-
pauum B no3uposke 1000 Mr B CyTKn 1 Npogomkanochb nocne onepaunn no cxeme: 1000 mr 2 pasa B geHb 1-7-1
neHb, 3atem 1000 mr 1 pa3s B AeHb 8—14-11 aeHb; B KOHTPObHOW rpynne (n = 30) npumeHeHne GneboTOHMKOB Ha-
YMHANOCh TOJILKO MOCJIE OMNEPaLVM 1 NPOBOAUIIOCH MO CXEME JIEYEHUSI OCTPOro reMoppos. NepBryHas KOHeYHas
TOYKa — YacToTa oTeka 1 TPoMB03a KOXHO-CNIM3NCTbIX MOCTUKOB K 14-My OHIO nocne onepauun. BTopryHbiMK KO-
HEYHbIMW TOYKaMK OblIN BbIPaXXEHHOCTb 6051eBOro cuHapoma no BALL, Hannyve BbloeneHms KpoBW nocrne onepa-
LMK, KAYECTBO >XM3HM NaLMEHTOB COMMACHO BaIMAMPOBAHHOMY OMPOCHUKY SF-36, CKOPOCTb 3aXXMBAEHUS MOCAEO-
nepaumoHHbIX PaH 1 BO3BPALLEHUS NALMEHTOB K €XXeAHEBHOW (DU3NYECKONM aKTUBHOCTH.

PesynbraTbl. [pynnbl 66111 CONOCTaBMMbI MO OCHOBHBIM XapakTEPUCTMKAM, AOCTOBEPHBLIX Pas3nnvynii No Bo3pa-
cty, nony, UMT, ctagun 3a6oneBaHns N OCHOBHbLIM KJIMHUYECKMM MPOSIBNIEHUSIM reMOoppouaanbHOn 60nesHn 3a-
dUKCHMpoBaHo He Obino. OTek KOXHO-CIM3UCTbIX MOCTUKOB B OCHOBHOW rpynne K 21-mMy AHo nocne onepaumm Obin
[OCTOBEPHO HMXE MO CPABHEHMUIO C KOHTPOJIbHOM rpynnon (p = 0,05). LoCTOBEPHbIX Pa3anNymin NO BblAENEHUIO KPO-
BN C 1-ro no 7-i nocneonepaLmoHHbli OeHb MexXay rpynnamMm oTMeYeHo He Obl10, 0AHaKO CTaTUCTUYECKM 3HAUYU-
MOE YMEHbLLUEHNE BbLIAENIEHNI B OCHOBHOM Fpyrnne OTMEYanoCb Ha BTOPOW U TPETbEN HeAEensax nocnae onepaunu,
(p=0,08 np=0,02 cOOTBETCTBEHHO). BbipaXkeHHOCTb 6ONEBOro CMHAPOMA HauyMHas C NepPBbIX CYTOK W B TeYEHUE
3 Hepenb Nocsie onepaTMBHOIrO BMeLLaTeNbcTBa Oblna AOCTOBEPHO MEHbLLE B OCHOBHOM rpynne (p < 0,05). Y na-
LIMEHTOB OCHOBHOW FpymMrbl 0OTMeYanocb 6osiee ObICTPOe BO3BPALLEHME K eXeOHEBHON GU3NYECKON akTUBHOCTM,
a TakXe JOCTOBEPHO H6oee BbICTPOE 3aXMBIIEHME NOCNE0NEPALIMOHHBIX PaH, YTO NMOATBEPXAAETCS pe3ysraTtamm
onpocHuka SF-36 no TakMm nokasaTtensm, Kak coumanbHOe (PYHKLMOHMPOBAHUE, MCUXNYECKOE 300POBbE U HU-
3nyeckoe GYHKLUMOHMPOBaHMeE, a Takke obliee cocTosiHne 300poBbs (p = 0,05). Ha 60-i aeHb nocne onepaumm
OCTaTO4YHbIE NepuaHanbHble 6GaxpoMKKM, MELLAIOLLME TUTMEHE N MPUHOCSLLME AMCKOMDOPT, ONpeaensnnch nLlb
y 2 (7 %) naumMeHTOB NePBOM OCHOBHOW rpynnbl 1 5 nauneHToB (17 %) BTopown rpynnbl (p = 0,4).

BbiBoAbl. [MprMeHeHne GpneboTOHMKOB Y NaUWMEHTOB A0 M NOC/e ornepauymn OTKPbITO reMOpPOona3KTOMUN MO CpaB-
HEHWIO C MpUMEHEHNEM (GIEOOTOHUKOB TOJIbKO B MOC/IEONEPALMOHHOM NEPUOAE OEMOHCTPMPYET CBOIO CTaTu-
CTUYECKN 3HAYNMYIO 3P DEKTMBHOCTb B OTHOLLIEHUM NPODUNAKTUKN PA3BUTUS OTEKA KOXHO-CIIN3UCTbIX MOCTUKOB
1 YMEHbLLEHMS 60NEBOro CUHAPOMA.

KnioueBble crioBa: reMoppori, remoppounaansHas 605e3Hb, GneboToHMKN, recnepuanH+onocMuH

KoH)NUKT nHTepecoB: aBTOPbI 3as9BNSIOT 00 OTCYTCTBUM KOHMIMKTA UHTEPECOB.

Ansa untupoBanua: Lnbik J.4., KeipmbireHosa [,. . Xypkosckuii B.U., Toposasa U.3., Hekosanb B.M., Llapbkos N.B. 3ddek-
TUMBHOCTb NPUMeHeHUst GebOTOHMKOB B NEPMONEPALIMOHHOM NEPUOE NPU BbINOIHEHMM OTKPbLITON FrEMOPPOUAIKTOMUNN: OfHO-
LLEHTPOBOE PaHAOMU3NPOBAHHOE KJIMHMYECKOE MCCNefoBaHne. PoCcriAckuii XXypHan racTpoaHTEPOOriv, renaTtonorim, Komnomnpok-
Tonorun. 2025. https://doi.org/10.22416/1382-4376-2025-1849-5155
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Efficacy of Phlebotonics in the Perioperative Period for Open Hemorrhoidectomy:

A Single-Center Randomized Clinical Trial
Darya D. Shlyk*, Darya D. Kyrmygenova, Victor |. Zhurkovskiy, Irina E. Gorovaia, Valery M. Nekoval, Petr V. Tsarkov
1.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Background. The use of phlebotonics in the postoperative period after hemorrhoidectomy has already proven ef-
fective in preventing postoperative complications. However, the initiation of phlebotonics in the preoperative period
is covered in only a few publications in modern literature.

Aim: to evaluate the effect of phlebotonics on the postoperative course after open hemorrhoidectomy for stage II-1V
haemorrhoidal disease when used both before and after surgery.

Material and methods. The study was a randomized controlled trial and included 60 patients with stage IlI-IV hae-
morrhoidal disease: in the main group (n = 30), phlebotonics (hesperidin 100 mg + diosmin 900 mg, Venarus®)
were started 10 days before surgery at a dosage of 1000 mg once daily and continued after surgery according
to the scheme: 1000 mg twice daily on days 1-7, then 1000 mg once daily on days 8-14; in the control group (n = 30),
phlebotonics were started only after surgery and administered according to the protocol for acute hemorrhoids.
The primary endpoint was the frequency of edema and thrombosis of the mucocutaneous bridges by day 14 after
surgery. Secondary endpoints were pain intensity according to VAS, the presence of postoperative bleeding, the
patient’'s quality of life according to the validated SF-36 questionnaire, the speed of postoperative wound healing,
and the time to return to daily physical activity.

Results. The groups were comparable in terms of baseline characteristics; no significant differences in age, sex,
BMI, disease stage, or main clinical manifestations of haemorrhoidal disease were recorded. Edema of the mu-
cocutaneous bridges in the main group by day 21 after surgery was significantly lower compared to the control
group (p = 0.05). No significant differences in bleeding between days 1 and 7 postoperatively were noted between
the groups; however, a statistically significant reduction in discharge in the main group was observed in the second
and third weeks after surgery (p = 0.03 and p = 0.02, respectively). The intensity of pain, starting from the first day
and throughout the three weeks after surgery, was significantly lower in the main group (p < 0.05). Patients in the
main group had a faster return to daily physical activity and significantly faster healing of postoperative wounds,
confirmed by the SF-36 questionnaire results in terms of social functioning, mental health, physical functioning, and
general health (p = 0.05). On day 60 after surgery, residual perianal skin tags causing hygiene issues and discomfort
were found in only 2 (7 %) patients of the first main group and 5 patients (17 %) of the second group (p = 0.4).
Conclusions. The use of phlebotonics in patients before and after open hemorrhoidectomy, compared to use only
in the postoperative period, demonstrates statistically significant efficacy in preventing the development of edema
of the mucocutaneous bridges and reducing pain syndrome.

Keywords: hemorrhoids, hemorrhoidal disease, phlebotonics, Venarus®, hesperidin+diosmin
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3annmas 4-e MeCTo 0 PaCIpPOCTPAHEHHOCTHU CPeIn
3a60JIEBAHUN JKEJTyIOYHO-KHUIIIEYHOTO TPaKTa, TeMOp-
pounanbhas Gosesub (I'B) mopakaer npenMyIecTBeH-
HO TPyZOCIocoOHOe HacesIeHNe B Bo3pacTte 45—65 et
YTO He TOJDHKO CHUKAET KauyecTBO JKU3HM, HO U MPUBO-
JINT K 3HAYNTEJbHBIM 9KOHOMUYECKUM TToTepsim [ 1, 2].
Jleuenne I'D TpagmimmoHHO HaumHaeTcs ¢ KOHCepBa-
TUBHBIX METOZOB HAa aMOYJIATOPHOM 3Tarle U BKJIIOYaeT
MoiuduKanuio o6pasa JKU3HU, KOPPEKINIO MUTAHUS
" HOPMaJIM3AIMIO cTyqa [3, 4]. DT Mepbl TTO3BOJISIOT
MOOUTHCA 3HAYUTETBHOTO YJIyYIIeHHS B TEYEHUW 3a-
6osteBanust, ofHako a0 30 % MAIMEHTOB HYIKIAIOTCS
B XHUpyprudeckoM Jjedenuu [, 6]. Hecmorpsa nHa mm-
POKMIl BBIOOP MaJOMHBa3MBHBIX mpoueayp (naseprast
Baropu3alys, JaTeKCHOe JUTHPOBAaHME, CKJIepoTepa-
musg U T. 1.), reMoppougskToMus (I'D) B pasamdaHbIX
MopuduKanugax sBiasgercs Haubojiee PAAUKAIbHON
n addexruHoii omneparmeir npu III-IV cragmsax
I'b [7, 8]. Hecmorpst Ha TO uro 'O memoncTpupy-
eT HU3KyIo YacToTy permansos (1o 5 %), oHa TakKe,

COTJIACHO MeTaaHalu3y, BrJouaoneMmy 14 pasiand-
HBIX BMEIIATEJbCTB MPHU JIEYEHUH TeMOPPOUAATbHOI
60JIe3HN, XapaKTepU3yeTCsl BBIPAKEHHBIM OOJEBBIM
CUHIPOMOM U JIJTUTEJIbHBIM PeaOUIUTAIIHOHHBIM TTe-
puogoM [9]. C omHOll CTOPOHBI, BBIPAKEHHOCTL 6O-
JIEBOI'O CHUH/IPOMA IIOCJIe OIlepalluyl 3aBUCUT OT TaKUX
nokasareseil, Kak XHpPypruueckas TeXHUKa, CIa3M
BHYTPEHHET0 aHaJabHOTO c(UHKTEpPA B OTBET HA BHY-
TpuaHaJabHyl0 TpaBMy. C Jpyroii CTOpPOHBI, OHa 3a-
BHUCUT OT PaHEBOTO TIPOIECca, OJHUM U3 TPOSBJIECHUI
KOTOPOTO MOKeT OBITb Pa3BUTHE OTE€KA OCTABIIMXCS
KOKHO-CJIM3UCTBIX MOCTUKOB, YTO MOJKET CYyIIeCTBEH-
HO CHU3UTH KA4eCTBO KU3HU TAIMEHTOB.

B xauectBe IPOMUIAKTHKM M JiedeHUs IOCJIe[-
ctBuii ['D, cornacHo KIUMHUYECKUM PEKOMEHIAINIM,
B IIOCJICOIIEPAllMOHHOM II€pUO/ie PEKOMEH/I0BAHO
MCIOJb30BATh CHUCTEMHbIE HECTEPOUIHBIE MPOTHBO-
BOCITAJINTESbHDIE TIPeraparbl M allJIUKaIN ¢ MecT-
HBIMU aHECTeTHKAMW [Jisi KyIupoBaHus G60JeBOTO
cunapoma [10].
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Emte oxnoit rpynmoil mpemnaparoB, KOTOpble JOKa-
3am cBOIO 3(M(MEKTUBHOCTD B JIEYEHUN KaK OCTPOTO,
TaK M XPOHUYECKOTO TeMOpposi, SBJAIOTCS (dJie6oTo-
HUKH Ha OCHOBe (DIaBOHOM/IOB, O6JAJA0NIe BEHO-
TOHU3UPYIOINUM, IPOTUBOBOCHAINUTENbHBIM ¥ JIM-
doapenaskapM adderramu, KoTOpble CHOCOOCTBYIOT
VIAYYIIEHUI0 MUKPOLUPKYJISALNN, CHUKEHHIO BEHO3-
HOTO 3aCTOSI M yMEHbIeHW0 oTeka TKaneit [10—12].
MexaHusM CHUKeHHST 00JIEBOTO CHH/POMa U YMeHb-
MIEHUST BOCTAJICHWUS CBSI3aH ¢ (DapMaKoJOTHIeCKUME
addexTamMu recriepunHa U INOCMUHA, KOTOpPble Hau-
6oJiee 4acTo MPUMEHSIOTCS B KJINHUYECKOH TTPaKTHKe.
B wactHOCTH, TecHepUMH XapaKTepu3yeTcs BbIPaskKeH-
HBIMHM aHTHOKCH/IAHTHBIMHU, TPOTHBOBOCHATUTETHHBIME
U 9HIOTEJUHIPOTEKTUBHBIMU CBOMCTBaMM, & JIMOCMUH
00/TaIaeT BEHOTOHU3UPYIONIM U TaKKe TPOTHBOBOC-
HanTebHbIM 3¢ deKTOM, CHIKAsT BBIPAGOTKY BOCIIATHI-
TembHBIX (pepMentor (okcmma asora NO, mpocrarman-
JIMHOB, MHTEPJEHKUHOB 1 (PaKTOpa HEKPO3a OIyXOJIN).
B psne wccenenoBanmii y recriepuivHa Tak:Ke 3aduKcu-
poBaH addeKT ycrpaHeHHsT CBOOOJAHBIX PAJANKATIOB, KO-
TOpbIe 06PA3yIOTCS B OTBET HAa TPaBMY TIPH XUPYpriye-
CKOM BMelateaberse [ 13—16].

[lokazano, 4YTO WuCHONIb30BaHWE (HIABOHOUIOB,
B TOM YHCJIe 1 MUKPOHU3UPOBAHHON OYMINEHHOH (Jia-
porougHoi dpakin (MODD), TMO3BOMSAET JTUKBU-
[UPOBATh WK 3HAYUMO YMEHDBIIUTb TaKHe IPOsBIIe-
uust I'B, xak kpoBoreuenune, 60b, TUCKOMMOPT U 3y
IpY KOHCEPBATUBHOM JIEYEHUHU, a IIOCJIe XUPYypruye-
CKMX BMEIIATENbCTB — OCYNIECTBUTH TPODUIAKTUKY
Pa3BUTUA OTeKa ¥ TPOMOO3a OCTABIINXCS KOXKHO-CJIHU-
3UCTBIX MOCTHUKOB [17—21].

[Ipn aTOM TONBKO B €AMHMYHBIX HCCJETOBAHUSAX
MO/JITBEPIKIAETCS HEOOXOAUMOCTh TpUMeHeHus  dJie-
GOTOHUKOB B IIPeJONEPAIIOHHOM II€PHOJEe [JIsI CHU-
JKEHWST YacTOTBI TIOCTEONEPAITMOHHBIX  OCJIOKHEHU
[17, 22].

enp nccaexoBanus

Ouenutp BiausgHue (Ie6OTOHUKOB HA TedeHue
MIOCJIEOTIEPAIINOHHOTO TIepNOo/ia TIOCTe OTKPBITON Te-
Moppouaskromun y namuerTos ¢ 111 u IV craguamun
reMOpPPOUJATbHON GONe3HN B CIydyae Hadasa TpuUMe-
HEHMS /10 U TI0CJIe OllepPaTHBHOTO BMeNlaTeIbCTBa.

Marepuasa u MeTObI

Ausaiin uccredosanus

Bbuio MpoOBENEHO MPOCHEKTUBHOE —OIHOIEHTPO-
BOE OTKPBITOE PAHJIOMU3UPOBAHHOE MUCCJIE0BAHNE,
yTBepskAeHHOe JIOKaIbHBIM ITHYECKUM KOMHUTETOM
CeuenoBckoro Yuusepcurera (IIporokon sacemanust
Ne 15-24 ot 06.06.2024).

B uccrienoBanme 6bLiy BKIIOYEHDBI HAIIUMEHTDI CTap-
me 18 sieT ¢ MoATBEPIKAEHHBIM [[HATHO30M «XPOHUYE-
ckuil koMO6uHupoBanHbiii remMoppoit ITI—IV craguiiy,
KOTOPBIM ILJIAHUPOBAJIOCH XUPYPTUUECKOE BMEIIATE -
CTBO B 06beMe OTKPBITON TeMOPPOUIIKTOMUM B KJIH-
HUKE KOJIOITPOKTOJIOTUN 1 MAJIOMHBA3UBHOI XUPYPTUH
(CeueHoBCKHI YHUBEPCUTET), Y KOTOPBIX B aHAMHE3€
He 6bLI0 3aUKCUPOBAHO NpUMeHeHue (HIeGOTOHMKOB

B TeueHWe TPEAbIIYNNX 3 MecsieB, He ObLIO ajiep-
MM Ha KOMIIOHEHTBI TIPENaparos.

Kpurtepusimu HeBKJIIOUEHWST B HCCIeI0BaHIE OBLIN:
HaJIn4ne APYTUX 3a00JI€BaHUil aHOPEKTATbHOH 06Ja-
ctu (TpemmHa, CBUII IIPSAMOIl KHMIIKK); paHee IepeHe-
CeHHbIEe ONepaIuy Ha aHOPEKTaJbHOI 06jiacTu, B TOM
yucje ¥ MaJIOMHBa3UBHbIE; BOCIAIUTEbHbIE 3a00-
JIEBAHUST KWITKU, a TaKKe MPUCYTCTBHE KOATYJOTA-
THH, UMMYHOCYIIIPECCHH, HEMEPEHOCUMOCTH JIOGOTO
13 KOMIIOHEHTOB Mperapara, Mpu HAJWYUU COMYTCTBY-
ommx 3aboneBannii II—V kiacca 1o mkajae OLEHKHA
AHECTE3UOJIOTMYECKNX PUCKOB AMEPUKAHCKOro 006-
mecTBa aHecresnosiorop (American Society of Ane-
sthesiologists, ASA).

Kpurepun WMCKJIIOUEHUST W3 WMCCAEIOBAHUS: OTCYT-
CTBHE KOHTAKTOB C HaIlMEHTaMU JJIsT JaJbHeIlIero Ha-
OJTIOJIEHNsT; OTKA3 MAIlMeHTa OT JAaJbHEHIIero yqyacTust
B MCCJIe/IOBAaHUN; HEBO3MOKHOCTD BBITIOJTHEHUS Ollepa-
1NN B 3aIJTAHUPOBAHHOM OOBbeEME.

Bce mammenTs! npegocTaBmin muchbMeHHOE MHQOP-
MHUPOBAHHOE COTJIACHE W MOTJIM OTKAa3aTbCs OT yda-
CTUsI B uccaeoBanuu 6e3 0ObsICHEHUSI TIPUYKH.

[Tarmentsr ObLIM paclpeiesieHbl HA [[BE€ TPYIIIbI
cay4daitHbIM o6pa3oM B cooTHomieHnn 1:1 ¢ mcnoJib-
30BaHUEM CTE€HEPUPOBAHHBIX KOMIIBIOTEPOM TOCJIEI0-
BaTeJIbHOCTEN pacipe/ieieHnsi, KOTOpble ObLIU CKPbI-
TBI OT WCCJAEIOBATeel /10 TeX TOp, MOKa MalneHThl
He ObLTM BKJIIOUEHBI B uccuaepoBanue. [locie mosry-
yeHust HHOOPMUPOBAHHOTO COTJIACHS TAIMEHTaM TPH-
CBAaMBAJINCHh YHUKAJTbHBbIE WACHTU(UKAIIMOHHDIE HO-
Mepa, a KOHBEPThI ¢ nHMOpMaIeil 0 pacipe/eeHnn
no TpynnaMm ObLIN 3apaHee IMOATOTOBJIEHBI HE3aBH-
cuMbIM  criertmaauctoM. Jlamee Ha amMOyJaTOpHOM
npueMe MalMEeHTaM, BKJIIOYEHHBIM B 1-10 rpymmy
(nmpuem “/lo + Ilocie”), peKOMeHZOBA M Havarb
npumenenne Qaeboronnkos (recepuaun 100 Mr +
quocmun 900 Mr) no cregylomeil cxeme: 1000 mr
1 pa3 B menb nocJie expl yTpoM 3a 10 gHel mo omepa-
THUBHOTO BMeIlIaTe/bCTBa, MallMeHTaM, BKJIOYEeHHbIM
Bo 2-10 rpynny (upuem “Ilocae”) Ha moomepaiuon-
HOM 3Tare JOTOJHUTeNbHAs Tepanus (he6oToOHIKA-
MH He Ha3HAYaJIach.

Bcem marmeHntaM peKOMEHJOBAJIU JHETY C BBICO-
KUM COJIeP)KaHUeM KJIeTYATKU ¥ JOCTATOUYHBINA TIPU-
eM JKHIKOCTH B TedeHue aHs u3 pacuyera 30 mu/Kr,
1,59=2,0 1 B cytku 3a 10 mHell 70 OMEPaTUBHOTO
BMeIIaTeIbCTBa.

Ilepeuunvie u emopuutsvie KOHEUHbLE MOUKU

[TepBUYHOIT KOHEYHON TOUYKOI MCCIEIOBAHMS OBLIO
HaJamgne oreka XoTst O6bl B OJHON u3 chopMUpOBaH-
HBIX TOCJEONEPAIIMOHHBIX paH Ha 14-e cyTKu mocJe
onepar. HesaBucuMbIil KOJONPOKTOJIOT, HE TIPH-
HUMAaBIINN y4acThue B ONEPAIlid, OIEeHWBAT HAJUYNE
WM OTCYTCTBUE OTEKa KOKHO-CJAUBUCTBIX MOCTHKOB
ma 1, 3, 5, 7, 14, 21, 30 u 45-ii JeHb C IIOMOIIBIO
OCMOTpa TlepuaHaIbHON O6JjiacTu (€3 MajblleBOro UC-
cae0BaHu 1,/ UM UCIIOIb30BAHUA aHOCKOIIA.

BropuuHbie KOHeYHbIE TOYKH:

1) oTeK KOKHO-CJIU3MCThIX MOCTHKOB Ha 1, 3, 5, 7,
10, 21, 30, 45-e cyTKH MOCJIEONEPAITMOHHOTO TIEPUO/IA;
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2) BBIPKEHHOCTh GOJIEBOTO CUHJPOMA TI0 BU3YaJlb-
Ho-anasorosoil wkane (BAIID) na 1, 2, 3, 5, 7,14, 21,
30, 45 n 60-e cyTKu TIOCJIE OTIEPAIN;

3) Bbmenenua una 1, 3, 5, 7, 14, 21,
30, 45-€ CyTKH HOCJIEONEPALMOHHOIO Tieproa (MUHIMAD-
HbIe BBIIETEHIST KPOBU U/ WU CYKPOBUIIBI U3 AHATBHOTO
KaHasia / MKyIue BbIeeHUst Ha Gembe);

4) OCIOKHEHWS B TIOCTEOTIEPAIIMOHHOM TIEPHOJIE
(kpoBoTeuenne, TPOMGO3 OCTABIIUXCS KOMKHO-CIIN3U-
CTBIX MOCTHKOB, (hDOPMUPOBAHNE CBUIIA, XPOHUYECKAS
HE3KMBAIONIAsA PaHa);

5) OIeHKa KadecTBa >KM3HM mno mkaae SF-36
yepe3 30 gHell Toce onepaumy;

6) HYXIaeMOCTb B HAPKOTHYECKMX AHAJIbIETH-
KaX ¥ OTKa3 OT IpHUeMa IePOPAIbHBIX aHAJIbIeTHKOB
Ha TIOCTOSTHHOW OCHOBE;

7) CPOK BO3BpAIlEHUS] K €XKeJHEBHON aKTHBHOCTH
(rm);

8) sasKUBIIEHHE IOCIe0NnePallMOHHbIX paH (1Hn);

9) HaJMUYMe OCTATOYHBIX TEPUAHANBHBIX GaXPOMOK
K 60-My [HIO TIOCJie ONepaTHBHOIO BMENIATeTbCTBA,
KOTOPbIE TTPUHOCAT AUCKOM(OPT, MENIaoT TUTHEHE.

Xupypruyeckoe BMelaTeJbCTBO

Bcem manumentaM npoBoAmMJIaCh  TIJTAHOBAsST  OT-
KpPbITasi TEeMOPPOUIIKTOMUS 110 CTaHJAPTU3UPOBAH-
HOWl METO/IMKe, KOoTopas Tperoaraia yaajJeHue
2—3 reMOppPOMJATbHBIX Y3JI0B: TE€MOPPOU/IAJIbHbBIN
y3eJ TOCTeJOBATEbHO 3aXBATBHIBAJICS C MOMOIIBIO
3a)KMMa AJIIMCa W BBITSATUBAJICA KHApY)KHU 3a Tipejie-
JIBI aHAJIbHOTO KaHaja. C MOMOIIBI0 OCTPOKOHEYHOTO
CKaJIbIesIsl TTPOM3BOIMJIOCHh PacceuyeHne KOXH B Me-
CTe TIepexo/ia aHO/AEPMbI B MEPUAHANBHYIO KOXY Tpe-
YTOJBbHOHM (hOPMBI. 3aTeM € TOMOIIBIO MOHOIOJISIPHOI
ajexkTporoaryasamn B pexxnMme «Paszpes», 20 Barr,
BBITIOJTHAJIOCh  BBbIJIEJICHNE TeMOPPOUJATBHOTO  y3Jia
JI0 COCYJIUCTOI HOXKHU 06e3 TMOBPEXKICHUS MOJIIeKa-
MUX HApY>KHOTO M BHyTpeHHero chuHKTepoB. /[lanee
IPU  YMEHBINEHNN TPAKIMU COCYJMCTast HOXKKA Tepe-
ceKkasach ¢ TIOMONIbIO anmapata Ligasure Bbime 3y0ya-
TON JIMHUW. AHAJOTHYHBIM 00pPA30M YAAJISINCH Y3JIbl
Ha 7 m 11 yacax ycsoBHoro nudepbaara ¢ COXpaHeHueM
KO>KHO-CJIM3UCTBIX MOCTHKOB ITUPUHON HE MeHee 5 MM.

OmnepaTuBHOE BMEIIATEIbCTBO TPOBO/IMJIOCE
MO/ CIMHHOMO3TOBOW WJIM MECTHOH TepuaHaJIbHOM
anecresueil (IlepuaHaabHbLL GJI0K) ¢ NPUMEHEHHEM
CeaTHBHBIX MpenapatoB (110 KeJTaHuio aluenTa).

B mocsieonepamonHOM neproie manneHTaM Ha3Ha-
yasach CJIEYIONas cXxeMa BeJICHUS:

1) npueM BOABI BHYTPb B o6beme He MeHee 1,5—
2,0 1 B geub (B teuenue He menee 30 qmeit);

2) auera, OCHOBaHHAS HA KJeTd4arke, ¢ A00aBJICHU-
€M PacTHTEIbHBIX CPEJACTB I cMsArdenns cryna (Ha-
IpUMep, NOAOPOKHMKA, He MeHee 30 aHeit);

3) Temable cuasuMe BaHHBI 110 5 MUHYT 3 pasa
B seub (¢ 3-ro no 30-it meHb);

4) xeronpoden BHyTpb Mo 100 Mr 2 pasa B JeHb
(B Teuenne mepBbIX 7 AHEH, IpH HEOOXOAMMOCTH);

5) MectHbI 0,3%-HBIi TeJab C HudeMIITHOM (B Te-
JeHue NmepBbIxX 14 ameit);

6) dpaeboronukn (recnepugnn 100 Mr + guocMuH
900 Mr) HasHAYAINCh B 3aBHCHMOCTH OT PaHIOMHI3a-
IIUN TAIMEHTa B TIEPBYI0 OCHOBHYIO WJIM BTOPYIO KOH-
TPOJBHYIO TPYIIITY.

B cayuae panpomMusanuy manueHTa, KOTOpast Mpo-
Xo/uaa Ha aMOyJIaTOPHOM TpHeMe, B TEPBYIO OCHOB-
nyio rpymnny (mpuem “Jlo + Ilocse”) npuem dae6oro-
HUKOB HAUMHAJICS JI0 OTIEPAIMH U TIPOJI0JIKAJICS TTOCTe
Hee 110 cuenyfonieii cxeme: 3a 10 xgHeit g0 omepanun
1000 mMr 1 pa3 B fieHb YTPOM IIOCJIE €/1bl; TOCJIe olepa-
uun 1—10-it genpb mo 1 rabjerke 2 pasa B JI€Hb IOCTE
ezpl; ganee ¢ 11-ro mo 21-it ewp — 1o 1000 Mr yrpom
1ocJje eJibl.

[MTanmentsr Bo Bropoit rpymnne (mpuem “Ilocae”)
MOJIyYasIu JedYeHne B COOTBETCTBUM C OOIIETIPUHSATHIM
MIPOTOKOJIOM BeJIEHUs TIAIlMeHTOB B KJIUHUKe: HAuu-
Hast co AHS omnepamuu npuauMath mo 1000 mr 3 pasa
B JIeHb B Tedenme 4 mueit moapsza, 3ateM mo 1000 mr
2 pasa B JieHb B TeueHue 3 guHeit, a 3arem mo 1000 mr
1 pa3 B JicHb B Te€UEHNE OCTABIMUXCS 23 THE.

[Ipu aTOM M3MeHsIach TOJBKO CXeMa MPUMEHEHMS
¢1e60TOHNKOB Ge3 3HAYNMOTO yYMEHBIIEHUS W YBe-
JIMYEHUS] KOJTMYECTBa IperapaTa U CpoKa IPUMEHEHUS.

[Tocie ormepaTMBHOrO BMeIIATETHCTBA TTAI[UEHTbI
OCTaBaJIICh B KJMHUKE B TedeHue 1 Hemean W HAXO/U-
JIUCH IIOJ] THIATEJIbHBIM €KeJHEBHBIM HaOI0[LeHIeM;
MoCJIe 3TOTO TIPU KAXKJAOM aMOyJIaTOPHOM TIOCEIeHnN
na 14-it, 21-it, 30-it, 45-it u 60-if mocJyeonepaluoOHHbIe
JIHU TAIHEHTOB CIPaNIMBAIN O COOMIOEHUN PEKIMA.

CraTucTHyecKuii aHamus

Pacuer o6beMa BbIGOPKY ObLT BBITIOJHEH € UCIIOJIb-
30BaHUEM CIIEIUATHHOTO OHJIANH-KAJIBKYJISATOPA, Pas-
pPaBGoOTaHHOTO [IIs1 OTIpejieJieHHsT BIGOPKHU TLTaHUpye-
MOTO KJWHWYECKOTO ucceoBanust [23].

Ha ocnoBe mnpeapiaynux wuccae0BaHUM, IpOBe-
nennbix Rabelo et al. [18] u B mameit kimunuke [20],
OJKujaeMasi pasHUlla B 4acTOTE OTEKOB MEXy OC-
HOBHOW ¥ KOHTPOJIbHOW TIpymmaMu coctaBmia 22 %.
ITpu mougHocTn 80 % wu yposHe 3uayumoctu 0,05 Tpe-
6oBajiach BBIOOPKA U3 28 yYaCTHUKOB B KaXKJOW TPYII-
ne (Bcero 56 mamuentos). OKOHYATEIbHDLIA pasMep
BBIGOPKN OBLT yBeJWYeH 70 62 yY4aCTHUKOB, KOTOPBIE
JIOJKHBI OBITh TIPUBJIEYEHDBI K YYaCTUIO B HCCJIEI0BA-
HUU C yY€TOM TMOTEHINATBHOTO YPOBHS WCKJIIOUCHUS
u3 uccaenoBanud B 10 %.

[l mpoBeJieHUs CTAaTUCTUYECKOTO aHAaJIM3a WC-
nosb3oBanach mmporpamma IBM SPSS 26 (Statistical
Package for the Social Sciences, SPSS Inc., CIIIA).
KauecTBenmbie mokasaTesn MpeCcTaB/IsIICh abCOJIOT-
ubiMu uncaamu (n) n mpounentamu (%), 119 UX aHa-
JIn3a TpPUMEHSINCh Kputepuil xum-kBazpat Ilupcona
n TouHbli kputepnit Mumepa. Pacnpenenenne kosm-
YeCTBEHHBIX MOKa3aTeJell OIeHNBAIOCh C NPUMEHEHH-
em kputepues llammpo — ¥Yuiaka m KoamoropoBa —
CvupnoBa. C y4eToM OTKJIOHEHUSI OT HOPMAJIbHOTO
pacrpe/ieieHust Jiis JTaJbHEHIero aHajau3a WMCIoJib-
30BAJIMCh HelapaMeTpUYecKnue TeCTbl, [aHHble KOTO-
pbix 6o npegcrasaensl B opmate Me (Q1—Q3),
rie Me — wmeamana, Q1 — HWKHUN KBapTWJb,
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Q3 — BepxHwmii KBapTWiIb. [lJIs1 cpaBHEHUS HECBI3aH-
HBIX COBOKYITHOCTEH MpUMeHsIcs Kputepnii ManHa —

YutHu, CcB43aHHBIX — KpUTepUil YWJIKOKCOHA.
[Ipn MHOXECTBEHHOM CpPaBHEHUHW HCIIOJIb30BAJINCH
kpurtepun Kpackesa — Yosnmuca n Dpujamana co-

OTBETCTBEHHO. KPI/ITI/I‘{GCKHﬁ YPOBEHDb 3HAUUMOCTU —
p < 0,05

PeBy.]IbTaTI)I HCCJaeJ0BaHUA

C wuiona 2024 no susapb 2025 r. 165 nanuenToB
C IMarHo3oM «XpoHuuecknii remoppoit [1-IV craamii»
ObLIM TOCHUTAJIU3UPOBAHBI [IJISI [IPOBEJIEHUS] XUPYP-
FUYECKOro JIeYeHUs W IPONLIN CKPUHWHT Ha COOT-
BETCTBUE KPUTEPUSIM BKJIIOUEHNUs, 62 marmenTa ObLIn
BKJIIOYEHBI B mccaenoBanme. Opaako 1 marmenTt ObLT
oTepsH Jiis JlajabHeiiniero Habuogaenus, 1 mnamuenr
He 3aBepIINT IIPOTOKOJ HccaefoBaHus (IIpeKpaTiI
npueM pPEeKOMEHJIOBAHHOIO JiedeHus). B pesyiabraTe
B OKOHYATEJIbHBII aHa/in3 ObLIM BKJIOUeHbl 60 maim-
enros (puc.).

B rtabnuie 1 mupexacraBieHa mojapoGHas Xapak-
TEPUCTUKA TIAI[MEHTOB, BKJIOYEHHBIX B HUCCJe/0Ba-
Hue. I'pymnmnbr OB COMOCTaBUMBI 110 BO3PAcTy, MOJY,
VMT, crajusam reMoppouIaibHON GOJIE3HN U ee KJIU-
HUYECKUM TTPOSIBJIECHUSIM.,

Tak:xke He ObLIO OTMEYEHO 3HAUYUMBIX Pa3IUYUI
MEXJy TPyHIIaMd [0 TaKUM WHTPAONEPAIMOHHBIM
XapaKTepUCTUKaM, KaK BUJ| aHECTE3UH, KOJMYECTBO

YAQJIEHHBIX y3JI0B, MOSBJICHHE GOJH 1OCIe ONEePaIlny.
[larHble npejcTaBiaeHbl B Tabu. 2.

Bo Bpemsi BusutoB maimuentoB ¢ 1-ro mo 21-i
MOCJIEOTIePAIMOHHDI  JIeHb  Oblia  3adpuKCHpOBaHA
CTATUCTUYECKN 3HAYMMO MeEHbIAasg YacToTa Ppa3Bu-
TUST OTEKa OCTABIIMXCS KOXKHO-CJIUBUCTBIX MOCTHKOB
y TAIMeHTOB OCHOBHOW TI'PYNIIbI B CPAaBHEHUM C KOH-
TPOJBHON TIpynnoit, riae GaeGOTOHUKN 10 Olepalun
ne nasnavamch (p < 0,05). Yacrora pasButusi ore-
ka B 1-ii ocHOBHOII TpyIe cocraBuia 37 % B Tep-
BbIil T10C/IE0TIePAIMOHHBIN JIeHb 110 CpaBHEHUIO ¢ 66 %
Bo 2-ii rpymme (p = 0,04). Yacrora pasBuTHs OTeKa
MOCTENEeHHO YMeHbIazach 1 K 21-My JHIO oTMeYaiach
Toabko y 1 manmenra (3 %) nepsoii rpynnbl u'y 7 ma-
tmentos (23 %) sropoii rpymniet (p = 0,05). IIpu atom
MUHWMAJbHbIE BbIJEICHUS, KOTOPbIe ObLIM JOMYCTH-
MbI BBU/ly HAJIWYMS OTKPBITBIX PAH B aHAJIbHOM KaHa-
Jle, He UMeJN CYNIeCTBEHHBIX pasanyuii ¢ 1-ro mo 7-i
MOCJICONIEPAIIMOHHDIH /IeHb, OJHAKO 3HAYMMOE YMEHb-
IeHne BblJeseHnii B 1-ff Tpymme orMevasoch Ha BTO-
poil u Ttperbeii Hegessix mocie oneparmn (p = 0,03
i p = 0,02 coorsercrBento) (tabu. 3).

Beipaskennoctb 60JIeBOro CHHApPOMA, HAYMHAS
C MEPBBIX CYTOK M B Te4yeHHe 2 He/e]b MocJe orepa-
TUBHOTO BMEIIATEIbCTBA, ObLIa JOCTOBEPHO MEHbBIIE
B 1-ii rpynme, 4TO MOXeT OBITh OOYCJOBJIEHO MEHb-
MMM OTEKOM OCTaBIINXCH KOXKHO-CJU3UCTBIX MOCTH-
KoB. B rabmuie 4 npejcraBieHa AuHaMUKa 60JIEBOTO
cungpoma no mkage BAIIL. Ilpu atom He oTMedeHO

CooTBeTCTBIE KPUTEPUSIM
(n = 165)
> Nckmrouensr
(n =103)
y
Pangomusanusa
(n =62)
\i Y \
Ipynmal «IIpuem [lo + ITocme» PacrpeieieHie Ipymnma 2 «ITpuem ITocaes
(n=31) (n =31
Y Y y
1 MAIEHT TOTepsH a6 o erie 1 manweHT He 3aBepIITILI
JUISL IaJIbHENIIEro HaGJII0/[eH IS cJae10BaHIe MPOTOKOJY
\ A \
I'pynmal «IIpuem /lo + Ilocaes I'pynma 2 «IIpuem ITocre»
(n = 30) A (n = 30)

Pucynox. Jluzaiin nuccjie0BaHnsA

Figure. Study d

esign
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Tabauua 1. XapakTepucTuka MarueHToB
Table 1. Patient characteristics
Ioka3arean I'pymna 1 I'pymma 2

Indicators (npuem «/lo + Iocae») (npuem <«Ilocae») p
Group 1 (intake Before + After) | Group 2 (intake After)

Ion / Gender, n (%)

Mysxunnbl / Men 12 (40 %) 11 (36,7 %) 1.0
JKenmunnr / Women 18 (60 %) 19 (63,3 %) ’

Boapacr, roget / Age, years 48,9 + 13,0 46,9 £ 12,4 0,5
VMT, xr/m*/ BMI, kg/m’ 24,7 + 3,7 25,2 + 4,3 0,6

Crasus reMoppouiajbHoi 6oe3Hu /
Stage of hemorrhoidal disease

I cragus / Stage 111 16 (47,1 %) 18 (52,9 %) 0.8
IV cragusa / Stage IV 14 (53,8 %) 12 (46,2 %) ’

Boigenenne kpoBu mpu gedexaruu /

Bleeding during defecation 24 (80 %) 22.(73,3 %) 0,7

BoimazieHne reMoppongaIbHbIX Y3108 / o o

Prolapse of hemorrhoids 18 (60 %) 21.(70 %) 0,6

Bpemsa or magana 3a6oseBaHms

1o onepanuu, mMec. / Time from disease 108 [22,5-154,5] 138 [69—180] 0,24
onset to surgery, months

CpoK TPOCIeKEHHOCTH, MeC. / 34415 3.9+ 1,3 0.1

Follow-up period, month

Tab6auua 2. VlHTpaotepallioHHbIEe W TIOCTEOTEPATTNOHHbBIE XaPAKTEPUCTUKH
Table 2. Intraoperative and postoperative characteristics

HNurpaonepannonnsie I'pynna 1 I'pymmna 2
nokasareau / (npuem «/lo+ Ilocxe») (npuem «Ilocae») p
Intraoperative indicators Group 1 (intake Before+After) | Group 2 (intake After)

Bun anecresuu / Type of anesthesia, n (%)
CnmHHO-MO3roBag anecre3us,/
Spinal anesthesia 10 (33,3 %g 18 (60 %) 0,07

Ilepuananbublii 610k / Perianal block 20 (66,7 % 12 (40 %)
Ko/IMuecTBo yAaleHHbIX Y3108 /

Number of removed piles, n (%)

2 yama / 2 piles 6 6 1,0
3 yana / 3 piles 24 24

[MosiBierne GO YEPE3 ... IACOB TTOCTE

[POBEIEHHOr0 BMemarenbersa / Time 6,8 + 2,6 7,5+ 2,8 0,31
to pain onset after intervention, hours

[lepsorit crya, cyt. / First stool, days 2 [1-2] 2 [2-2] 0,81

CTATHCTUYECKOIl PAa3HUIbI B MOTPEOHOCTH TMAIMEHTOB MOCTUKOB ¢ l-e 110 5-€ CYTKU II0CJIEOIePAIMOHHOr0
B HAPKOTMYECKMX aHaJbreTHMKaX MeKAy Tpynnamu nepuoga passuicsa y 4 (13 %) n 2 (7 %) nmaumentos,
B 1-e cyTKu omepatuBHOro BMemareabcrBa: 1-s rpyn- 1-it u 2-if rpynmst coorBerctBento (p = 0,67).

na — 1 maument (3 %), 2-a rpynma — 2 manueH-

ta (7 %) (p = 1,000). OTKa3 or npueMa Iepopasb- Oraazennbie pesy. bTaThl

HBIX aHaJbreTUKOB B 00EMX TPYyMNIax MPOUCXOINIT Cpeau OCHOKHEHUII B OTZaJeHHOM I0C/Ieolepa-
Ha 4-e cytku nocue oneparuu (p = 0.4). LMOHHOM EPUOJIe Y OAHOro nammenrta 1-ii rpymmbt

Takske Tpynmbl ObLTM CPAaBHUMBI MeXK/y co60il  Oblia BbISIBIEHA XPOHWYECKAs HE3aXKWBAIOIAs paHa
10 HAJMYUIO PAHHUX MOCJICONEPAIMOHHBIX OCJO0K- aHAJIbHOIO KaHajla B 006JacTH IOoCJeolepaluoH-
HeHnil: B o6enx Tpymniax Npom3onuto mo 1 smm3ogy HOW paHbl Ha 7 YacaxX IO yCJOBHOMY IudepOraTy
kpoBoreuennst (p = 1,000) B panueM mocieornepa- mpu ocMorpe Ha 60-if JeHb MoOcje onepannu, KoTo-
IIMOHHOM TIepUoJie, HAa S5-€ W 7-¢ CYTKM MocJe TPo- pas Ha GoHe ITPOBOINMOI KOHCEPBATUBHOI Teparmi,
BE/ICHHOTO OIEPATUBHOTO BMEMNIATEIbCTBA, KOTOPbIE HAIPABJEHHOH Ha CHUXKeHHMe ToHyca cUHKTepa
He TOTPe6OBAJM TOBTOPHOTO ONEPATUBHOTO BMe- W YCKOPEHHE SIHUTEJU3alni, B TeueHUe IMOCTery-
mareabcTBa. KpoBoTedennme oTMmeyasoch W3 KpaeB  omux 6 Hejlesb 3a)KMja BTOPUYHBIM HATSKEHUEM.
OCTABIIMXCST KOKHO-CJIUBKUCTBIX MOCTUKOB TOCJ]e jie- Y OJHOTO TalueHTa 2-ii Tpynnbl copMupoBascs
(pexanum n ObLIO OCTAHOBJEHO ITyTeM NPUMEHEHUS [a- [OJAKOKHO-IOJACAN3UCTDIH CBUIL IIPSAMOM  KHIIKHU
BAllell IOBA3KHU Ha IIepUHaIbHylo Koxy. Takske cpeiu B pe3ysbTaTe HellpaBUJIbHO 3a)KUBLIell paHbl aHa/b-
OCJIOKHEHUT TPOMGO3 OCTABIINXCST KOKHO-CJAM3UCTBIX — HOTO KaHAJIa Ha S 4acax Mo yCJI0BHOMY nudepbary.
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Ta6auua 3. OTeKk OCTaBUIMXCS KOKHO-CJIM3UCTBIX MOCTUKOB M BBIJAEJEHUS] KPOBU M3 aHAJIbHOTO
KaHaJia MocJje MPOBEeJeHHON OTKPBITONH TeMOPPOUIDKTOMUM
Table 3. Edema of remaining mucocutaneous bridges and bleeding from the anal canal after open

hemorrhoidectomy

Bpemsa B cytkax | Orek KO’KHO-CJHM3HCTBIX I'pymna 1 I'pymmna 2

nocJie onepamuu MOCTHKOB U BbI/I€/ICHHS (mpueM «/lo + Ilocae») (mpuem <«Ilocae»)

Time after Edema of mucocutaneous Group 1 Group 2 p

surgery (days) | bridges and discharge | (intake Before +After) N (%) |(intake After) N (%)

1-e cyTkn Orex / Edema 11 (37) 20 (66) 0,04
Day 1 Boigenennst / Discharge 30 (100) 29 (97) 1,000
3-n cyTK1 Orex / Edema 8 (27) 17 (57) 0,03
Day 3 Boigenenust / Discharge 29 (97) 29 (7) 1,000
5-€ CyTKH Orex / Edema 6 (20) 15 (50) 0,03
Day 5 Boienenust / Discharge 24 (80) 27 (90) 0,47
7-e CyTKH Orex / Edema 4 (13) 12 (40) 0,04
Day 7 Boigenenust / Discharge 20 (67) 21 (70) 1,000
14-e cyTKn Orex / Edema 1(3) 7 (23) 0,05
Day 14 Boienenust / Discharge 7 (23) 16 (53) 0,03
21-e cyTKH Orek / Edema 1(3) 7 (23) 0,05
Day 21 Boigenenus / Discharge 4 (13) 13 (43) 0,02
30-e cyTku Orex / Edema 1(3) 3(10) 0,35
Day 30 Boigenenus / Discharge 2(7) 4 (13) 0,67
45-e cyTKI Orek / Edema 0 (0) 1 (3) 1,000
Day 45 Boienenusi / Discharge 1(3) 2(7) 1,000

Tab6auua 4. Bonesoii cungpom corsacio BAII y manueHToB mocie mepeHeceHHON OTKPBITON re-

MOPPOU/IPKTOMUN
Table 4. Pain syndrome according to VAS in patients after open hemorrhoidectomy
BAIL/ vas | e e B roresirier) | ovaup Syimtare aion | | ”
1-e cytku /Day 1 5,4+1,9 6,3+ 1,4 0,04
2e cyrxn / Day 2 45+ 1,8 57 + 1,6 0,007
3-u cytku / Day 3 4,1+ 1,6 5,3+ 1,6 0,004
5-e cytku / Day 5 3,3+ 1,4 4,4 +1,7 0,01
7-e cytku / Day 7 3,0+1,3 3,9+1)9 0,03
10-e cytku / Day 10 3 [2-3] 3 [2—4] 0,04
14-e cytku / Day 14 2 [1-3] 3 [2—4] 0,01
21-e cytku / Day 21 1,5+ 1,3 2,3+1,7 0,05
30-e cytku / Day 30 1 [0—1] 1 [0-2] 0,05
45-e cytku / Day 45 0[0—1] 1[0—1] 0,14

[TareHTy OBLIO BBINOJHEHO OIlepaTUBHOE BMella-
TEJbCTBO B 00beMe WCCEeYeHUST 3aJHEeT0 TOIKOK-
HO-TIO/ICJIM3UCTOTO cBUIIa. PaHa 3a)kmja ¢ MOJTHON
SIHTENIN3alell BTOPUYHBIM HATSHKEHIEM B TeYEHNe
46 pHell mocje IPOBEAEHHOIO ONEPATHBHOIO BMEIa-
TeJbCTBA.

ITIpu ocMorpe mammentoB Ha 60-ii geHp mocue
OIEepallMl OCTAaTOYHBIE IIepHAHAIbHBIE GaXPOMKH,
MelIaoniue TUTHEeHe, NpUHOcAIne JuckoMdoprT,
onpenensmuck y 2 (7 %) manumentos 1-ii rpymusr
u 5 narertos (17 %) 2-it rpynmnst (p = 0,4).

B rtabmuite 5 mpe/CcTaBIE€HbI OTAATEHHBIE PE3YJIb-
TaThl HaGJIOAEHUSI, a TaK)Ke Pe3yJbTaTbl OIPOCHUKA

SF-36 ma 30-it meHb 1mocjie MpOBEIEHHOTO OINepaTHB-
HOTO BMEIIATEIhCTBA.

Y mnarmenToB 1-ii rpymnibl, KOTOPHIM HA3HAYAJINCH
¢paeboToHUKE W 10, W TOCTEe TEeMOPPOUIIKTOMUM,
B CPaBHEHUW C TAIMeHTaMM 2- KOHTPOJbHOW TpyI-
bl OTMeuYasioch Gojiee OBICTPOE BO3BpAllleHNE K erKe-
JIHEBHON (DU3NYECKOI aKTUBHOCTH, a TaK}Ke JOCTOBEP-
HO OoJiee OBICTPOE 3a’KUBJIEHUE TOCJIEONEPAITNOHHBIX
paH, 4TO TO/TBEPIK/AETCS Pe3yJIbTaTaMU OMPOCHUKA
SF-36 mo TakmM mokasartesisiM, KaK COITHAJIbHOe (DYHK-
IIMOHWPOBaHIeE, ICUXUIECKOE 3/[0POBbe M (PU3NIECKoe
(yHKIIMOHNpPOBaHUE, a TakyKe OO0Iee COCTOSTHUE 370-
posbs (Tabu. 5).
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Ta6auua 5. TlocieonepallioHHble PE3yIbTAThl U MOKA3ATENH KauecTBA JKU3HI
Table 5. Postoperative outcomes and quality of life indicators

I'pymna 1 (mpuem «/lo + I'pymna 2 (nmpuem
Xapakrepuctuku / Characteristics Iocae») / Group 1 «Ilocne») / Group 2 p
(intake Before+After) (intake After)
BosBpailenne K exxeIHEeBHON (HDU3NIECKON
AKTUBHOCTH, J€Hb / 15,7 + 3,9 19,9 + 4,9 0,001
Return to daily physical activity, day
3a)KUBJICHAE MOCICONEPAIMOHHBIX PaH, AEHb / 391 + 6.9 42.5 + 5.7 0.04
Healing of postoperative wounds, day e e ’
Dusnueckoe PyHKIMOHUPOBAHUE ,/
Physical Functioning ( PF) 784£129 93,8 £ 21,7 <0,05
Ponesoe ¢ynknmonnposanue,
o6ycyioByieHHOe (PUBNYECKUM COCTOSTHUEM ,/ 84,1 + 15,7 34,3 + 23,0 <0,05
Role-Physical (RP)
PosieBoe pyHKIIMOHUPOBaHNE, 06YCIOBJIEHHOE
9MOIMOHATIBHBIM COCTOSTHUEM 86,4 + 13,2 40,7 £ 22,9 <0,05
Role-Emotional (RE)
sKusnennas akrusnocrs / Vitality (VT) 80 [75—90] 60 [49—70] <0,05
ITcuxuueckoe 3xoposbe / Mental Health (MH) 83,3 + 8,5 60,5 + 9,3 <0,05
CoraibHoe HyHKIMOHUPOBaHHE /
Social Functioning (SF) A 1D 1l & 85 <L
Wurencusnoctb 6omu / Bodily Pain (BP) 18,2 + 4,9 20,9 £ 9,5 0,178
O6rmee coCTosTHIE 3I0POBHST /
General Health (GH) 78,1 £ 8,9 62,1 + 11,9 <0,05

B xone npoBejennst JaHHOTO KINHUYECKOTO UCCJIe-
JIOBAaHWUST He ObLTO0 3apUKCHPOBAHO HEKETATETbHBIX
SIBJIEHUH, CBSI3AHHBIX ¢ TpueMoM (hyie60TOHUKOB.

Oocy:kaenue

B mnacrosiiiiee BpeMsi TEMOPPOUDKTOMUST OCTAETCS
PaIUKAIBHBIM OIEPATUBHBIM BMEITATEILCTBOM IS TIa-
1umentos ¢ [TI—-1V cragusamu reMoppouiaibhoii 6osie3nu,
KOTOpasi, C OJHOH CTOPOHBI, XapaKTepU3yeTcsl HU3KOH
YaCcTOTON penuanBOB 3a00JeBaHMs, a C JIPYrOil — CBS-
3aHa C BBIPA)KEHHBIM GOJIEBBIM CHH/POMOM ¥ JIHCKOM-
doproM B 006JIaCTU TIOCTEONEPAIIMOHHBIX PaH B IOCJTIe-
omeparmonHoM tepuojie. Cpeand OCTOKHEHWI PaHHETO
MIOCJIEOTIEPAIIMOHHOTO MTEPUO/Ia HanboJiee 4acTo BCTpeya-
I0TCSI KPOBOTEUeHNe, TPOMOO3 U OTEK OCTABIINXCS KO-
HO-CJTM3UCTBIX MOCTHKOB. [Ipu aToM B TedeHme mepBoit
a3pl paHeBOTo Ipolecca OTEK OCTABITMXCST KOKHO-CJIN-
3UCTBIX MOCTUKOB MOKET HE TOJIbKO MPUBECTU K YCUJIe-
HUIO GOJIEBOTO CHHIPOMA M YXY/IIUTD KAYeCTBO JKU3HU
MaIyenTa, HO ¥ B JIAJIbHENIIEM OKa3aTh BJMSIHUE HA 3a-
JKUBJIEHNE PaH M BO3HUKHOBEHWE OTJATEHHBIX TOCTIE0-
TIEPAITOHHBIX OCJIOKHEHUT.

Tak, B eIUHUYHBIX WCCJEIOBAHUSIX TIOKa3aHoO,
YTO OTEK KOMKHO-CJAUBUCTBIX MOCTHKOB SIBJISIETCS [10-
CTAaTOYHO PaCIPOCTPAHEHHBIM OCJTOKHEHUEM W B TIO-
CJIEOTIEPAIMOHHOM TIepUOJIe JIOCTUTAET TPAKTUYECKU
100 % x 7-M cyTkam mocse omepanuu. Paree mpose-
JIeHHOe HAMU WCCJeIOBaHKe MOKa3ano, 4To Ha (oHe
npuMenennst ¢paaBonongos MODD perucrpupyercs

JIOCTOBEPHOE CHUIKEHIE 4acTOThl oTeKa 10 36 % K 7-M
cytkaM 1 12 % k 14-M cyTkam B rpymie [aiieHTos,
KOTOPbIM HazHauagnch (Hae60TOHUKU TIOCTIe TeMOPPO-
miaoktomuu [20]. TIpu artoM, coriacHO JaHHOMY WC-
CJIeJIOBAHMIO, TIpUMeHeHne KoMOuHaiun (raBoHONI0B
“recrepuaun (100 mr) + gmocvmuu (900 Mr)” 1o u mo-
cJie onepalyy Mo3BOJIIeT CHU3UTh YacTOTY Pa3BUTHS
oTeKa KOKHO-CJU3MCTBIX MOCTHKOB ele 6oJiee 3HAUN-
MO M CTATUCTHYECKH J0CTOBEpHO: 10 13 % K 7-M cyT-
kaM (p = 0,04) u 10 3 % & 14-M cyrram (p = 0,05)
1ocJie onepaiuy B CPAaBHEHUN € TPYTINOH TpUMEHEHUs
(G1aBOHOW/IOB TOJIHKO B TIOCJIEOTIEPAIIIOHHOM TIEpUO/IE.
F. La Torre et al. B cBoeM wmccieqoBaHuu mpo-
JIEMOHCTPUPOBAIN, 4YTO J00aBJIeHUE K CTaHAAPTHON
aHTHOAKTEPUANbHON  Tepaluu  MHKPOHU3MPOBAH-
HOI oumIIeHHOHN (HIaBOHOMIHON (paknum B MOCTe-
OIIEPAIMOHHOM IIepUojie He TOJbKO CHOCOOCTBYET
YMEHBIIIEHUIO TEHEe3MOB, BBIJEJEHUI, KPOBOTEYEHUI,
HO ¥ yMeHbITaeT 60JIEBOIl CUHAPOM B PAHHEM MOCJe-
orepaimoHHoM Tiepuo/ie [19]. Mbl momyunan cxoskue
JIaHHDIE, CBUIETEJIbCTBYIONIHE O CTATUCTHYECKU 3HAUN-
MOM yMEHBIIEHNN KOJMYECTBA BBIJICTEHUI B MOCJIEO-
MeparmoHHOM Iepuo/ie Haunuas ¢ 14-x no 21-e cyrtku
y HePBOIl OCHOBHOI TPYTINBI TAITMEHTOB, TOJIYYatONIX
tepanuio ¢gJie6OTOHUKAMU M JI0, ¥ IOCJe Olepalun,
YTO MOXKET ObITh OOYCJOBJIEHO KaK MEHBIIUM OTEKOM,
Tak U Gojiee OBICTPBIM CTUXAHHEM BOCHATUTETHHBIX
U3MEHEHWIT U YMEHbBIIEHUEM 9KCCY/Iallii B PaHax.
CoryacHo mOCJeIHEMY MeTaaHAIN3y, BKJIOYAIO-
niemy 10 my6amkanuii w 775 NAIMeHToB, TIPUMEHEHUE
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(p1aBoHOMIOB TIOCTIE TEMOPPOUAIKTOMUM CIOCOOCTBY-
€T CHIKEHWI0 O0JIeBOTO CHUHAPOMA M KPOBOTEYEHU
B TI0CJIeOTIepaIlnOHHOM 1tepuojie [24]. B namem uccire-
JIOBAHWU MBI MOJYYIIH IOKA3aTENbCTBO TOTO, YTO TIPU-
MeHeHHe KOMOUHAIMU (DJIABOHOM/JOB “TeClepuInH
(100 mr) + muocmun (900 Mr)” 110 OTMEPATUBHOTO BME-
IIATEeJbCTBA ¥ IIOCJE CIIOCOOCTBYET OCTOBEPHO GOJIb-
MeMy CHIDKEHIIO 60JIEBOTO CHHIPOMA BILIOTH /10 14-To
aust (p = 0,01) noceonepaoOHHOro TEPUOIA B CPaB-
HEHWH C TPYTINOi TpuMeHeHus (PIaBOHOUIOB TOJHKO
HOCJIE OTIEPAIIN.

[Tpumenenme (hJIaBOHOUIOB B KAYeCTBE «MOCTHKA
K XUPYPrUU» IPU TIPOTPECCUBHBIX CTAIUSX TEMOPPO-
UJATBHON GOJNIe3HN TIPOJEMOHCTPUPOBAHO B IMy6JIH-
karm R. Orefice et al., rae manueHTbl TpUMEHSITH
MO®D®D wim cyO6JUHTBAIbHYIO HAHOAIMYJIbCHIO (Ja-
BOHOM/IOB B TeueHue 4 Helenb. B o6eux rpymmax or-
MeueHa TOJOKUTENbHAS [IUHAMIKA B OTHOIIEHUH OT-
€Ka, BbIJEJEHUN U CHMIITOMOB BocrasieHus. Takske
y 60 % manueHToB yIOBJIETBOPEHHOCTH OT IIPOBOIU-
MOIl Tepamuy oTMeueHa Kak «Xopomiasy». [lo60uHbIxX
addexToB BBISBAEHO He ObLI0. TakmMm o6pa3oMm, aB-
TOpPaMHU CJleJJaH BBIBOJ, 4YTO IIPEIOTEPAINOHHAST Te-
panust Ge60TOHNKAMU SBJseTCS (Ge30MacHON W T0-
3BOJISIET YJIYUIIUTH KINHIYECKOE COCTOSIHUE TTallNeHTa
nepej orneparueit [22].

B ny6aukaimun M. Chiaretti et al. mposezneno cpas-
HEHWe TpeX TPYII TMaIMeHTOB, KOTOpPble Ha Ipe/olie-
PAIIMOHHOM dTare NPUHUMAJM CTAHAAPTHYIO TEPAIINIO,
(p1aBOHOWIBI WM TIEHTEJTY, KOTOPbIE CTUMYJIHPYIOT
CHHTE3 KOJJIareHa ¥ BHEKJIETOYHOrO MaTpHuKca U 006-
JIAJIATOT AHTHOMPOTEKTUBHBIMU CBOWCTBAMU, C TIOCJTE-
JYIOIUM BBINOJTHEHIEM TeMoppougaxkToMun. Kpome
TOTO, YCTAHOBJIEHO, YTO Y MAIMEHTOB, TPUHUMATOITITX
(p1aBOHOM/IBI IO OIIEPATUBHOIO BMEIIATEIbCTBA, OTME-
YaJ0Ch M3MEHEHWe TeMOPPOMIATbHBIX Y3J0B B BUJIE
passutusa quddysnoro dpubposa, yMeHbIIEHUS KOJIU-
YecTBa COCYIOB M YMEHBIIEHIST X o6beMa [25].

B pamnee mpoBe/ileHHOM HaMH UCCJIEJOBAHUE ObLIO
oTMeueHO (POPMUPOBAHNE OCTATOYHBIX MEPUAHAIBHBIX
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Efficacy of Phlebotonics in the Perioperative
Period for Open Hemorrhoidectomy:
A Single-Center Randomized Clinical Trial

Darya D. Shlyk*, Darya D. Kyrmygenova, Victor I. Zhurkovskiy, Irina E. Gorovaia,
Valery M. Nekoval, Petr V. Tsarkov

1.M. Sechenov First Moscow State Medical University (Sechenov University), Moscow, Russian Federation

Background. The use of phlebotonics in the postoperative period after hemorrhoidectomy has already proven ef-
fective in preventing postoperative complications. However, the initiation of phlebotonics in the preoperative period
is covered in only a few publications in modern literature.

Aim: to evaluate the effect of phlebotonics on the postoperative course after open hemorrhoidectomy for stage II-1V
haemorrhoidal disease when used both before and after surgery.

Material and methods. The study was a randomized controlled trial and included 60 patients with stage IlI-IV hae-
morrhoidal disease: in the main group (n = 30), phlebotonics (hesperidin 100 mg + diosmin 900 mg, Venarus®)
were started 10 days before surgery at a dosage of 1000 mg once daily and continued after surgery according
to the scheme: 1000 mg twice daily on days 1-7, then 1000 mg once daily on days 8-14; in the control group (n = 30),
phlebotonics were started only after surgery and administered according to the protocol for acute hemorrhoids.
The primary endpoint was the frequency of edema and thrombosis of the mucocutaneous bridges by day 14 after
surgery. Secondary endpoints were pain intensity according to the VAS, the presence of postoperative bleeding, the
patient’'s quality of life according to the validated SF-36 questionnaire, the speed of postoperative wound healing,
and the time to return to daily physical activity.

Results. The groups were comparable in terms of baseline characteristics; no significant differences in age, sex,
BMI, disease stage, or main clinical manifestations of haemorrhoidal disease were recorded. Edema of the mu-
cocutaneous bridges in the main group by day 21 after surgery was significantly lower compared to the control
group (p = 0.05). No significant differences in bleeding between days 1 and 7 postoperatively were noted between
the groups; however, a statistically significant reduction in discharge in the main group was observed in the second
and third weeks after surgery (p = 0.03 and p = 0.02, respectively). The intensity of pain, starting from the first day
and throughout the three weeks after surgery, was significantly lower in the main group (p < 0.05). Patients in the
main group had a faster return to daily physical activity and significantly faster healing of postoperative wounds,
confirmed by the SF-36 questionnaire results in terms of social functioning, mental health, physical functioning, and
general health (p = 0.05). On day 60 after surgery, residual perianal skin tags causing hygiene issues and discomfort
were found in only 2 (7 %) patients of the first main group and 5 patients (17 %) of the second group (p = 0.4).
Conclusions. The use of phlebotonics in patients before and after open hemorrhoidectomy, compared to use only
in the postoperative period, demonstrates statistically significant efficacy in preventing the development of edema
of the mucocutaneous bridges and reducing pain syndrome.

Keywords: hemorrhoids, hemorrhoidal disease, phlebotonics, Venarus®, hesperidin+diosmin
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b PekTuBHoCTbL NPUMEHeHns GneboTOHMKOB B NepuonepaumoHHOM
nepuoze rnpu BbiNnoJIHEHNU OTKPbITON FreMOPPOUL3IKTOMUNN:

O4HOLUEeHTpoBOoEe paHAOMU3NpoBaHHOE KJIMHU4YeCKoe ucciiegosaHme
0.4, Wneik*, 4.0, KeipmbireHoBa, B.U. XXypkosckuii, U.9. fToposas, B.M. Hekosasnb, N.B. Llapbkos
U.M. CeueHoBa» MuHucTepcTBa 3apaBooxpaHeHusi Poccurickori peagepaumm (Ce4eHoBCKuUY YHUBEPCUTET),
Mocksa, Poccwiickas ®enepauus

AKTyanbHOCTb. [pyMeHeHne GeboTOHMKOB B MOCIEoNepaLmoHHOM Meproae npu NpoBeaeHn reMoppPOnaaK-
TOMUN yXe [0Ka3asio CBOK 3DGDEKTMBHOCTb B OTHOLLEHMM NPOdUIAKTUKM NMOCIE0NepaumMoHHbIX 0CIIoOXHEeHnR. Oa-
HaKO Hayano nNpMMeHeHus GeboTOHMKOB B NPeaonepaLoHHOM Nepuoae B COBPEMEHHOM IMTEPATYPE OCBELLEHO
B €AVNHUYHbIX NMYyOANKaUUsX.
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Llenb nccnepoBaHus: oLEHUTb BAnsiHME GpnebOTOHMKOB Ha TEYEHME MOCIeonepaLMoHHOro Nnepmoaa nocsne oT-
KpbITO remoppounaaktomun ¢ -1V ctaguamm remoppounganbHo 601e3HU B Cilydae NpUMEHEHUS A0 1 MOCTIe one-
pPaTMBHOIO BMELLATENLCTBA.

Martepuan u metopasbl. ccnegoBaHne HOCUIO PaHLOMU3MPOBAHHBIA KOHTPOJIMPYEMbIA XapakTep U BKJKOYa-
no 60 naumeHTtoB c llI-IV ctaguammn remoppongansHo 60ne3Hn: B 0CHOBHOM rpynne (n = 30) Havyano npumeHe-
Hua pneboToHMkoB — recnepuamH 100 mr + guocmund 900 mr (npenapat «BeHapyc®») HaumHanocb 3a 10 gHen
0o onepauuu B o3uposke 1000 Mr B CyTk1 1 MpoAomkanock nocne onepaumm no cxeme: 1000 mr 2 pasa B AeHb
1-7-1 peHb, 3atem 1000 mr 1 pa3 B AeHb 8—14-11 AeHb; B KOHTPONbHOM rpynne (n = 30) npumeHeHne GneboToHMKOB
Ha4YMHaNOCb TOJIbKO MOCJIe ornepauum 1 NPOBOAMIIOCH MO CXEME JIeHEeHUs OCTPOro reMoppos. NepBmnyHas KoHeuy-
Hasi TO4YKa — YyacToTa oTeka U TpPoMO03a KOXHO-CIIM3UCTLIX MOCTMKOB K 14-My OHIO Mocne onepaumn. BTopuyHbiMp
KOHEYHbIMU TO4YKaMK OblIM BbIPaXEHHOCTb 601eBOro cuHapoma no BALL, Hanvume BblaeneHns KpoBm nocie one-
paumm, KQ4eCTBO XM3HN NALMEHTOB COMIACHO BaNMANPOBAHHOMY OMPOCHUKY SF-36, CKOPOCTb 3aXMBAEHUS NOCe-
OonepaLnOoHHbIX PaH 1 BO3BPALLEHNSA MALMEHTOB K eXXeAHEBHOM PU3NYECKON akTUBHOCTU.

PesynbtaTthbl. [pynnbl 66111 CONOCTaBUMbI MO OCHOBHBLIM XapakTePUCTUKaM, JOCTOBEPHbIX Pa3nNyumii Mo BO3PAacTYy,
nony, UMT, ctagmm 3a60neBaHns 1 OCHOBHbIM KJIIMHUYECKMM MPOSIBIIEHMSM FrEMOpPPOMAanbHOM 60ne3Hn 3adukcu-
poBaHO He Ob110. OTEK KOXHO-CM3UCTbIX MOCTMKOB B OCHOBHOW rpynne K 21-My gHio nocne onepauumn 6bii goc-
TOBEPHO HIXE MO CPABHEHUIO C KOHTPONbHOM rpynnoin (p = 0,05). JoCTOBEPHbIX Pa3Nn4nii NO BbIAENEHMIO KPDOBU
¢ 1-ro no 7-i nocneonepaumoHHbIi AeHb MEXAY rpynnaMmy OTMEYEHO He Oblfo, 0AHAKO CTaTUCTUYECKM 3HAYMMOE
YMEHbLLEHWE BblAENEHNI B OCHOBHOW rpynmne 0TMeYasoch Ha BTOPOW 1 TpeTben Hepensax nocne onepaumm (p = 0,03
1 p = 0,02 coOTBETCTBEHHO). BblpaxxeHHOCTb 6ONEBOro CUHAPOMA HAaYMHAs C NEPBbLIX CYTOK U B TeYeHne 3 Heaesb
rnocie onepaTnBHOrO BMELLATENbCTBA OblNla JOCTOBEPHO MEHbLLE B OCHOBHOM rpynne (p < 0,05). Y nauneHToB oc-
HOBHOI rpynnbl OTMeYanock 60siee 6LICTPOE BO3BPALLEHNE K EXXeAHEBHOM (PU3NYECKO aKTUBHOCTM, a TakxXe 0OC-
TOBEPHO 6osiee BLICTPOE 3aXMBIEHNE MOCIEONEPALIMOHHbBIX PaH, YTO NOATBEPXAAETCS pe3ysibTaTaMy ONpoCcHMKa
SF-36 no Taknum nokasarensim, Kak couvanbHOe QyHKLUNOHUPOBAHME, MCUXMYECKOE 300P0BbE U PpU3NYeckoe PyHK-
LMOHMPOBaHMe, a Takxke obLiee cocTosHue 300poBbs (p = 0,05). Ha 60-11 oeHb nocsie onepawmm 0cTaTo4HbIe Nepu-
aHasnbHble 6axXPOMKU, MeLLAIOLLME TUTMEHE N MPUHOCSLLIME AUCKOMMOPT, ONPEeAensiiuch nuub 'y 2 (7 %) naumeHToB
NMepBO OCHOBHOW rpynrbl U 5 naumeHToB (17 %) BToporn rpynnel (p = 0,4).

BbiBoAbl. [priMeHeHne GpneboTOHMKOB Y NaLVEHTOB 40 M NOC/e onepauynmn OTKPbITO FeMOPPOUO3KTOMUN MO CPaB-
HEHNIO C MpUMeHeHneM GIeB0TOHUKOB TOJIbKO B MOC/IEONEPALMOHHOM Mepuoae OEMOHCTPUPYET CBOKO CTaTu-
CTUYECKN 3HAYMMYIO 3DPEKTUBHOCTb B OTHOLUEHUN NMPODUNAKTUKN PA3BUTUA OTEKA KOXXHO-CIIM3UCTbLIX MOCTUKOB
1 YMEHbLLEHMS 60NeBOro CUHAPOMA.

KnioueBble crioBa: reMoppoii, remoppoungansHasa 60s1e3Hb, GneboToOHMKN, recnepuanH+onoCMmH

KoHdnukT MHTEepecoB: aBTopbl 3a8BASIOT 00 OTCYTCTBUN KOHMNNKTA UHTEPECOB.

Ansa untupoBanua: Lnbik .., KeipmbireHoBa [,. [. Xypkosckuii B.W., Toposas U.3., Hekosanb B.M., Llapbkos N.B. 9ddek-
TUBHOCTb NMpUMeHeHns GnebOTOHMKOB B NepuonepaLmoHHOM Nepuoae npuy BbiNMoSHEHUM OTKPbLITOM reMOPPOUAIKTOMUNN: OOHO-
LLEHTPOBOE PaHAOMU3MPOBAHHOE KIIMHNYECKOE UccneoBaHme. POCCUINCKMIA XXypHaN raCTPO3HTEPOIOrMN, renatonoruv, Kononpok-
Tonorun. 2025. https://doi.org/10.22416/1382-4376-2025-1849-5155

Relevance

Ranking 4th in prevalence among gastrointes-
tinal diseases, haemorrhoidal disease (HD) pri-
marily affects the working-age population aged
45—65 years, which not only reduces quality of
life but also leads to significant economic loss-
es [1, 2]. Treatment of HD traditionally begins
with conservative methods at the outpatient stage
and includes lifestyle modification, dietary adjust-
ments, and stool normalization [3, 4]. These mea-
sures can achieve significant improvement in the
course of the disease; however, up to 30 % of pa-
tients require surgical treatment [5, 6]. Despite a
wide range of minimally invasive procedures (laser
vaporization, latex ligation, sclerotherapy, etc.),
hemorrhoidectomy (HE) in various modifications
remains the most radical and effective operation
for stage III-IV HD [7, 8]. Although HE demon-
strates a low recurrence rate (up to 5 %), it is also
characterized, according to a meta-analysis includ-
ing 14 different interventions for haemorrhoidal

disease treatment, by significant pain and a long
rehabilitation period [9]. On the one hand, the
severity of postoperative pain depends on fac-
tors such as surgical technique and internal anal
sphincter spasm in response to intra-anal trauma.
On the other hand, it depends on the wound pro-
cess, one manifestation of which may be the devel-
opment of edema of the remaining mucocutaneous
bridges, which can significantly reduce patients’
quality of life.

For the prevention and treatment of the con-
sequences of HE, according to clinical guidelines,
the use of systemic non-steroidal anti-inflammato-
ry drugs and applications with local anesthetics
are recommended in the postoperative period for
pain relief [10].

Another group of drugs that have proven effective
in treating both acute and chronic hemorrhoids are
flavonoid-based phlebotonics, which have venotonic,
anti-inflammatory, and lymph-drainage effects that
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help improve microcirculation, reduce venous con-
gestion, and decrease tissue edema [10—12]. The
mechanism of pain reduction and decreased in-
flammation is related to the pharmacological
effects of hesperidin and diosmin, which are
most commonly used in clinical practice. In par-
ticular, hesperidin is characterized by its pro-
nounced antioxidant, anti-inflammatory, and
endothelial protective properties, while diosmin
has a venotonic effect and is also anti-inflam-
matory, reducing the production of inflamma-
tory enzymes (nitric oxide NO, prostaglandins,
interleukins, and tumor necrosis factor). In a
number of studies, hesperidin has also been re-
corded to have an effect of eliminating free radi-
cals that form in response to trauma during surgi-
cal intervention [13—16].

It has been proven that the use of flavonoids,
including micronized purified flavonoid fraction
(MPFF), can eliminate or significantly reduce
such manifestations of HD as bleeding, pain, dis-
comfort, and itching during conservative treat-
ment, and after surgical interventions — prevent
the development of edema and thrombosis of the
remaining mucocutaneous bridges [17—21].

However, only a few studies confirm the need
for using phlebotonics in the preoperative period
to reduce the frequency of postoperative compli-
cations [17, 22].

Aim of the study

To evaluate the effect of phlebotonics on the
postoperative course after open hemorrhoidectomy
in patients with stage IIT and IV hemorrhoidal
disease when initiated both before and after sur-

gery.

Material and methods

Study design

A prospective, single-center, open-label, ran-
domized study was conducted and approved by the
Local Ethics Committee of Sechenov University
(Minutes of Meeting No. 15-24 dated 06.06.2024).

The study included patients over 18 years old
with a confirmed diagnosis of chronic combined
hemorrhoids stage IIT-IV, scheduled for open
hemorrhoidectomy at the Clinic of Coloproctology
and Minimally Invasive Surgery (Sechenov
University), who had no history of phlebotonic
use within the previous 3 months and had no al-
lergy to the drug components.

Exclusion criteria were: the presence of other
anorectal diseases (fissure, rectal fistula), previ-
ous anorectal surgeries including minimally in-
vasive ones, inflammatory bowel disease, as well
as coagulopathy, immunosuppression, intolerance
to any of the drug components, and those with

concomitant diseases rated as Class IT-IV accord-
ing to the American Society of Anesthesiologists
(ASA) physical status classification scale.

Patients were excluded from the study if:

1. they were missing for follow-up.

2. they refused to continue participation
in the study.

3. it was impossible to perform the surgery
as planned.

All patients provided written informed consent
and could refuse to participate in the study with-
out giving any reasons.

Patients were randomly divided into two
groups in a 1:1 ratio using computer-generated
allocation sequences, which were concealed from
the investigators until patients were enrolled.
After obtaining informed consent, patients were
assigned unique identification numbers, and en-
velopes with group allocation information were
prepared in advance by an independent specialist.
Then, at the outpatient visit, patients enrolled in
Group 1 (Intake Before + After) were recommend-
ed to start phlebotonics (hesperidin 100 mg + di-
osmin 900 mg) according to the following scheme:
1000 mg once daily after meals in the morning,
starting 10 days before surgery.

Patients included in Group 2 (Intake After)
did not receive additional phlebotonic therapy at
the preoperative stage.

All patients were recommended a high-fiber
diet and sufficient fluid intake throughout the
day, calculated as 30 mL/kg (1.5—2.0 liters per
day), starting 10 days before surgery.

Primary and secondary endpoints

The primary endpoint of the study was the
presence of edema and trombosis in at least one of
the postoperative wounds on day 14 after surgery.
An independent coloproctologist not involved in
the surgery assessed the presence or absence of
edema of the mucocutaneous bridges on days 1, 3,
5,7, 14, 21, 30, and 45 by examining the perianal
area without digital examination and/or using
an anoscope.

Secondary endpoints:

1. Edema of mucocutaneous bridges on postop-
erative days 1, 3, 5, 7, 10, 21, 30, 45;

2. Pain intensity according to the Visual Analog
Scale (VAS) on postoperative days 1, 2, 3, 5, 7,
14, 21, 30, 45, and 60;

3. Discharge on postoperative days 1, 3, 5, 7, 14,
21, 30, 45 (minimal blood and/or serous discharge
from the anal canal / spotting on underwear);

4. Postoperative  complications  (bleeding,
thrombosis of remaining mucocutaneous bridges,
fistula formation, chronic non-healing wound);

5. Quality of life assessment using the SF-36
scale 30 days after surgery;
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6. Need for narcotic analgesics and cessation of
regular oral analgesic intake;

7. Time to return to daily activity (days);

8. Healing of postoperative wounds (days);

9. Presence of residual perianal skin tags caus-
ing discomfort and hygiene issues by day 60 after
surgery.

Surgical intervention

All patients underwent elective open hemor-
rhoidectomy using a standardized technique in-
volving removal of 2—3 haemorrhoidal piles: each
haemorrhoidal pile was sequentially grasped with
an Allis clamp and pulled outward beyond the
anal canal. Using a pointed scalpel, the skin was
incised at the transition of the anoderm to the peri-
anal skin in a triangular shape. Then, using mo-
nopolar electrocautery in “Cut” mode, 20 Watts,
the haemorrhoidal pile was dissected up to the
vascular pedicle without damaging the underly-
ing external and internal sphincters. Then, with
reduced traction, the vascular pedicle was tran-
sected using a Ligasure device above the dentate
line. The nodes at the 7 and 11 o’clock positions
of the conventional clock face were removed sim-
ilarly, preserving mucocutaneous bridges at least
5 mm wide.

Surgery was performed under spinal or local
perianal anesthesia (perianal block) with the use
of sedatives (at the patient’s request).

The postoperative management protocol for pa-
tients was as follows:

1. Oral water intake of at least 1.5—2.0 liters
per day (for at least 30 days).

2. Fiber-based diet with added herbal stool
softeners (e.g., psyllium [for at least 30 days]).

3. Warm sitz baths for 5 minutes 3 times a day
(from day 3 to day 30).

4. Ketoprofen orally 100 mg twice daily (for
the first 7 days, as needed).

5. Topical 0.3 % nifedipine gel (for the first 14
days).

6. Phlebotonics (hesperidin 100 mg + diosmin
900 mg) — prescribed according to the patient’s
randomization into the first main or second con-
trol group.

If a patient was randomized at the outpatient
visit into the first main group (Intake Before +
After), phlebotonic intake started before surgery
and continued after according to the following
scheme: 10 days before surgery: 1000 mg once dai-
ly, morning after meals; after surgery: days 1—10:
1 tablet twice daily after meals; then days 11 to
21: 1000 mg, morning after meals.

Patients in the second group (Intake After) re-
ceived treatment according to the standard clinic
protocol: starting from the day of surgery, take

1000 mg three times daily for 4 consecutive days,
then 1000 mg twice daily for 3 days, and then
1000 mg once daily for the remaining 23 days.

Thus, only the phlebotonic administration
scheme was changed, without a significant de-
crease or increase in the total drug amount or du-
ration of use.

After surgery, patients stayed in the clinic for
1 week and were under careful daily observation;
thereafter, at each outpatient visit on postoper-
ative days 14, 21, 30, 45, and 60, patients were
asked about compliance.

Statistical analysis

Sample size calculation was performed using a
specialized online calculator designed for deter-
mining the sample size of a planned clinical study
[23].

Based on previous studies conducted by Rabelo
et al. [18] and in our clinic [20], the expected
difference in edema frequency between the main
and control groups was 22 %. With 80 % pow-
er and a significance level of 0.05, a sample of
28 participants in each group (total 56 patients)
was required. The final sample size was increased
to 62 participants to be recruited, accounting for
a potential 10 % exclusion rate.

Statistical analysis was performed using IBM
SPSS 26 (Statistical Package for the Social
Sciences, SPSS Inc., USA). Qualitative indicators
were presented as absolute numbers (n) and per-
centages (%), analyzed using Pearson’s Chi-square
test and Fisher’s exact test. The distribution of
quantitative indicators was assessed using the
Shapiro — Wilk and Kolmogorov — Smirnov tests.
Given the deviation from normal distribution,
nonparametric tests were used for further analysis,
with data presented in the format Me (Q1—Q3),
where Me is the median, Q1 is the lower quartile,
Q3 is the upper quartile. The Mann — Whitney
test was used for comparing unrelated sets, and
the Wilcoxon test for related sets. The Kruskal —
Wallis and Friedman tests were used for multi-
ple comparisons, respectively. The critical level of
significance was p < 0.05.

Research results

From June 2024 to January 2025, 165 patients
diagnosed with chronic hemorrhoids stage ITI-IV
were hospitalized for surgical treatment and
screened for inclusion criteria; 62 patients were
enrolled in the study. However, 1 patient was lost
to follow-up, and 1 patient did not complete the
study protocol (stopped taking the recommended
treatment). Consequently, 60 patients were in-
cluded in the final analysis (Fig.).
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Table 1 presents detailed characteristics of the
patients included in the study. The groups were
comparable in age, sex, BMI, stages of hemor-
rhoidal disease, and its clinical manifestations.

No significant differences were noted between
the groups in intraoperative characteristics such
as type of anesthesia, number of removed bundles,
or time to pain onset after surgery. Data are pre-
sented in Table 2.

During patient visits from the 1st to the 21st
postoperative day, a statistically significantly
lower frequency of edema development in the re-
maining mucocutaneous bridges was recorded in
patients of the main group compared to the sec-
ond control group, where phlebotonics were not
prescribed before surgery (p < 0.05). The frequen-
cy of edema in Group 1 was 37 % on the first
postoperative day compared to 66 % in Group 2
(p = 0.04). The frequency of edema gradually de-
creased and by day 21 was noted only in 1 pa-
tient (3 %) of Group 1 and 7 patients (23 %) of
Group 2 (p = 0.05). Minimal discharge, accept-
able due to open wounds in the anal canal, did not
show significant differences from day 1 to day 7
postoperatively; however, a significant reduction

in discharge in Group 1 was noted in the sec-
ond and third weeks after surgery (p = 0.03 and
p = 0.02, respectively) (Table 3).

The intensity of pain, starting from the first
day and throughout the two weeks after surgery,
was significantly lower in Group 1, which may be
due to less edema in the remaining mucocutaneous
bridges. Table 4 shows the dynamics of pain syn-
drome according to VAS (Table 4). No statistical
difference was noted in the need for narcotic anal-
gesics between the groups on day 1 after surgery:
Group 1 — 1 patient (3 %), Group 2 — 2 patients
(7 %) (p = 1.000). Cessation of regular oral an-
algesic intake occurred on day 4 after surgery in
both groups (p = 0.4).

The groups were also comparable in terms of
early postoperative complications: in both groups,
1 episode of bleeding occurred (p = 1.000) in the
early postoperative period, on days 5 and 7 af-
ter surgery, which did not require reoperation.
Bleeding occurred from the edges of the remaining
mucocutaneous bridges after defecation and was
stopped by applying a pressure bandage to the
perianal skin. Also among complications, throm-
bosis of the remaining mucocutaneous bridges

Assessed for eligibility
(n =165)
> Not included
(n=103)
Y
Randomization
(n =62)
\i Y Y
Group 1 “Before and After” Allocation Group 2 “After”
(n=31) (n=31)
Y Y \i
Lost to follow-up Did not comply with
(n=1) Follow-up the protocol (n=1)
\ Y \
Group 1 “Before and After” Analvsi Group 2 “After”
(n = 30) U (n = 30)

Figure. Study design
Pucynox. Jluzaiin uccje0BaHNs
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Table 1. Patient characteristics
Tabauua 1. XapakTepucTuka MarueHToB

Indicators Group 1 (intake Before + After) | Group 2 (intake After)
HMoxazame.nu I'pynna 1 I'pynna 2 p
(npuem </{o + Illocaes) (npuem <Ilocaes)

Gender / Iox, n (%)
Men / Mysxuunol 12 (40 %) 11 (36.7 %) 1.0
Women / JKenuwumnol 18 (60 %) 19 (63.3 %) '
Age, years / Bospacm, 200vL 48.9 + 13.0 46.9 + 12.4 0.5
BMI, kg/m? / UMT, xz/ M’ 24.7 + 3.7 25.2 + 4.3 0.6
Stage of hemorrhoidal disease /
Cmadus zemoppoudanviou 601e3nu
Stage IIT / I1I cmadus 16 (47.1 %) 18 (52.9 %) 0.8
Stage IV / IV cmadus 14 (53.8 %) 12 (46.2 %) '
Bleeding during defecation / o o
Buidesenue kposu npu depexauuu 24 (80 %) 22 (73.3 %) g
Prolapse of hemorrhoids / o o
Buinadenue zemoppoudanvholy y3106 18 (60 %) 21 (70 %) bie
Time from disease onset to surgery,
months / Bpems om nauana 108 [22.5—154.5] 138 [69—180] 0.24
3aboaeseanus 0o onepayuu, Mec.
Follow-up period, months /
Cpox npocnexennocmu, mec. 34+1.5 39+£13 0.1

Table 2. Intraoperative and postoperative characteristics
Tab6auua 2. VlntpaorepallioHHbIe W TOCTEOTEPATTNOHHbBIE XaPAKTEPUCTUKY

Intraoperative indicators Group 1 (intake Before + After) | Group 2 (intake After)
Humpaonepauuontoie I'pynna 1 I'pynna 2 p
nokazameau (npuem </Io + Ilocae») (npuem <Ilocaes)
Type of anesthesia / Bud anecmesuu, n (%)
Spinal Anesthesia/
Cnunno-mo3z06as anecme3sus 10 (33.3 %) 18 (60 %) 0.07
Perianal Block / ITepuananvnoui 610k 20 (66.7 %) 12 (40 %)
Number of removed piles /
Koauuecmeo yoarennoix y3no8, n (%)
2 piles / 2 ysna 6 6 1.0
3 piles / 3 y3na 24 24
Time to pain onset after intervention,
hours / ITosienenue 6oau uepes ... 4acos 6.8 + 2.6 7.5+2.38 0.31
nOCae NPOBEOCHH020 BMEULAMNENbCNEA
First stool, days / Ilepsvii cmyan, cym 2 [1-2] 2 [2-2] 0.81

from day 1 to day 5 postoperatively developed in
4 (13 %) and 2 (7 %) patients of Group 1 and 2,
respectively (p = 0.67).

Long-term results

Among complications in the long-term postop-
erative period, one patient in Group 1 was found
to have a chronic non-healing wound of the anal
canal in the area of the postoperative wound at
the 7 o’clock position during examination on
day 60 after surgery; with conservative therapy
aimed at reducing sphincter tone and accelerat-
ing epithelialization, it healed by secondary in-
tention over the next 6 weeks. One patient in
Group 2 developed a subcutaneous-submucosal
rectal fistula as a result of improper healing of
an anal canal wound at the 5 o’clock position.
The patient underwent surgery for excision of

the posterior subcutaneous-submucosal fistula.
The wound healed with complete epithelializa-
tion by secondary intention within 46 days after
the surgery.

During examination of patients on day 60 after
surgery, residual perianal skin tags causing hy-
giene issues and discomfort were found in 2 (7 %)
patients of Group 1 and 5 patients (17 %) of
Group 2 (p = 0.4).

Table 5 presents the long-term follow-up re-
sults, as well as the results of the SF-36 question-
naire on day 30 after surgery.

Patients in Group 1, who were prescribed phle-
botonics both before and after hemorrhoidectomy,
compared to patients in the second control group,
showed a faster return to daily physical activity and
significantly faster healing of postoperative wounds,
confirmed by the SF-36 questionnaire results in
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Table 3. Edema of remaining mucocutaneous bridges and bleeding from the anal canal after open
hemorrhoidectomy

Ta6auua 3. OTeK OCTaBUIMXCS KOKHO-CJAM3UCTBIX MOCTUKOB M BBIJEJEHUS KPOBU M3 aHAJIbHOTO
KaHaJjia 1ocJie IPOBeAeHHON OTKPBITON reMOPPOUIIKTOMIK

Time after Edema of mucocutaneous . Group 1 , Group 2

surgery (days) bridges and discharge (intake Before +After) (intake After)

Bpens OmexK KOXKHO-CAUSUCTNBIX I'pynna 1 I'pynna 2 p

8 cymxkax IETIIREE O G DT (npuem <o + Ilocaes) (npuem <Ilocaes)

noc.zie onepavuu N (%) N (%)
Day 1 / Edema / Omex 11 (37) 20 (66) 0.04
1-e cymxu Discharge / Buidenenus 30 (100) 29 (97) 1.000
Day 3 / Edema / Omex 8 (27) 17 (57) 0.03
1-u cymxu Discharge / Buvidenenusi 29 (97) 29 (7) 1.000
Day 5 / Edema / Omex 6 (20) 15 (50) 0.03
5-e cymxu Discharge / Buidesenus 24 (80) 27 (90) 0.47
Day 7 / Edema / Omex 4 (13) 12 (40) 0.04
7-e cymKu Discharge / Boidenenus 20 (67) 21 (70) 1.000
Day 14 / Edema / Omex 1(3) 7 (23) 0.05
14-e cymxu Discharge / Boidenenus 7 (23) 16 (53) 0.03
Day 21 / Edema / Omex 1(3) 7 (23) 0.05
21-e cymxu Discharge / Boidenenus 4 (13) 13 (43) 0.02
Day 30 / Edema / Omex 1(3) 3(10) 0.35
30-e cymxu Discharge / Boidenenus 2(7) 4 (13) 0.67
Day 45 / Edema / Omex 0 (0) 1(3) 1.000
45-e cymxu Discharge / Boideaenus 1(3) 2(7) 1.000

Table 4. Pain syndrome according to VAS in patients after open hemorrhoidectomy
Tab.auua 4. Honesoit cunapom corsactHo BAIIl y marmeHToB TOC/T€e TepeHecenHoNl OTKPBITON TeMOp-
POUDKTOMUT

VAS / BAIL | et <l + ocaes) | Tpymma'2 (puos <Tocrer) | P
Day 1 / 1-e cymxu 5.4+1.9 6.3+ 1.4 0.04
Day 2 / 2-e cymku 4.5+ 1.8 5.7+ 1.6 0.007
Day 3 / 3-u cymxu 4.1+1.6 5.3+1.6 0.004
Day 5 / 5-e cymxu 33+14 4.4 +1.7 0.01
Day 7 / 7-e cymku 3.0+1.3 39+1.9 0.03
Day 10 / 10-e cymxu 3[2-3] 3[2—4] 0.04
Day 14 / 14-e cymxu 2 [1-3] 3 [2—4] 0.01
Day 21 / 21-e cymxu 1.59£1.3 2.3+ 1.7 0.05
Day 30 / 30-e cymxu 1 [0—1] 1 [0-2] 0.05
Day 45 / 45-e cymxu 0[0—1] 1[0—1] 0.14

terms of social functioning, mental health, physical wounds in the postoperative period. Among com-
functioning, and general health (Table 5). plications of the early postoperative period, bleed-
No adverse events related to the intake of phle- ing, thrombosis, and edema of the remaining mu-
botonics were recorded during this clinical study. cocutaneous bridges are most common. During the
first phase of the wound process, edema of the re-
maining mucocutaneous bridges can not only lead
to increased pain and worsen the patient’s quality
Currently, hemorrhoidectomy remains a radical ~of life but also subsequently affect wound heal-
surgical intervention for patients with stage III-IV  ing and the occurrence of long-term postoperative
haemorrhoidal disease, which, on one hand, is complications.
characterized by a low disease recurrence rate, and Thus, few studies have shown that edema of
on the other hand, is associated with significant mucocutaneous bridges is a fairly common com-
pain and discomfort in the area of postoperative plication and in the postoperative period reaches

Discussion
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Table 5. Postoperative outcomes and quality of life indicators
Ta6auua 5. TocieonepallioHHble PE3YIbTAThl U MOKA3ATENN KAueCcTBA JKU3HI

) Group 1 Group 2 (intake After)
Characteristics / Xapaxmepucmuxu (intake Before+After) T'pynna 2 73
I'pynna 1 (npuem <Ilocae )
(npuem «/lo + Ilocae»)

Return to daily physical activity, day /
Bosspawenue x exedneenoti huauueckou 15.7 + 3.9 19.9 + 4.9 0.001
aAKmueHocmu, 0emnv
Healing of postoperative wounds, day / 391 + 6.9 425+ 57 0.04
Baxusnenue nocieonepayuonblx pam, dens T R ’
Physical Functioning (PF) / 78.4 + 12.9 53.8 + 21.7 <0.05
Dusuueckoe QYHKYUOHUPOGaAHUE R R ’
Role-Physical (RP) /
Posesoe pynryuonuposanue, 84.1 £ 15.7 34.3 £ 23.0 <0.05
00YCA08EHHOE PUSUUECKUM COCTROSTHUEM
Role-Emotional (RE)
Ponesoe pynxyuonuposanue, obycaosiennoe 86.4 + 13.2 40.7 + 22.9 <0.05
IMOYUOHATLHBIM COCTNOSHUEM
Vitality (VT) / JKusnennas axmuenocmo 80 [75—90] 60 [49—70] <0.05
Mental Health (MH) / ITcuxuueckoe 300posve 83.3 + 8.5 60.5 + 9.3 <0.05
Social Functioning (SF) / 80.0 + 11.5 52.1 + 18.9 <0.05
Coyuanvroe ynxyuonuposanue T T ’
sty 12ta (81) 7 18.2 + 4.9 20.9£9.5 0.178
Humencusnocmo 60au R R ’
General Health (GH) / 781 + 8.9 62.1 + 11.9 <0.05
Obuwee cocmosinue 300po6bsi I T ’

almost 100 % by day 7 after surgery. Our pre-
viously conducted study showed that against the
background of MPFF flavonoid use, a significant
reduction in edema frequency to 36 % by day 7
and 12 % by day 14 was recorded in the group of
patients prescribed phlebotonics after hemorrhoid-
ectomy [20]. According to this study, the use of
flavonoids hesperidin 100 mg + diosmin 900 mg
both before and after surgery allows for an even
more significant and statistically reliable reduc-
tion in the frequency of edema development of mu-
cocutaneous bridges: to 13 % by day 7 (p = 0.04)
and to 3 % by day 14 (p = 0.05) after surgery,
compared to the group using flavonoids only in
the postoperative period.

F. La Torre et al. in their study demonstrated
that adding micronized purified flavonoid frac-
tion to standard antibiotic therapy in the post-
operative period not only helps reduce tenesmus,
discharge, and bleeding but also reduces pain in
the early postoperative period [19]. We obtained
similar data indicating a statistically significant
reduction in the amount of discharge in the post-
operative period from day 14 to day 21 in the
first main group of patients receiving phlebotonic
therapy both before and after surgery, which may
be due to both less edema and faster subsidence

of inflammatory changes and reduced exudation
in the wounds.

According to the latest meta-analysis includ-
ing 10 publications and 775 patients, the use of
flavonoids after hemorrhoidectomy contributes to
the reduction of pain and bleeding in the post-
operative period [24]. In our study, we obtained
evidence that initiating the use of flavonoids hes-
peridin 100 mg + diosmin 900 mg before and af-
ter surgery contributes to a significantly greater
reduction in pain up to day 14 (p = 0.01) of the
postoperative period compared to the group using
flavonoids only after surgery.

The use of flavonoids as a “bridge to surgery”
for progressive stages of hemorrhoidal disease was
demonstrated in the publication by R. Orefice et
al., where patients used MPFF or sublingual na-
no-emulsion of flavonoids for 4 weeks. Positive
dynamics regarding edema, discharge, and in-
flammation symptoms were noted in both groups.
Also, 60 % of patients rated their satisfaction with
the therapy as “good”. No side effects were not-
ed. Thus, the authors concluded that preoperative
phlebotonic therapy is safe and allows improving
the patient’s clinical condition before surgery [22].

In the publication by M. Chiaretti et al.,
a comparison of three groups of patients was
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conducted: those who received either standard
therapy, flavonoids, or Centella asiatica (which
stimulates collagen and extracellular matrix syn-
thesis and has angioprotective properties) at the
preoperative stage, followed by hemorrhoidecto-
my. Furthermore, it was found that patients tak-
ing flavonoids before surgery showed changes in
the hemorrhoidal bundles in the form of devel-
oping diffuse fibrosis, reduced number of vessels,
and decreased their volume [25].

In our previously conducted study, the forma-
tion of residual perianal skin tags was noted in
16 % of patients against the background of MPFF
use after surgery compared to the standard man-
agement protocol (without MPFF intake). In this
study, initiating therapy with flavonoids hesper-
idin 100 mg + diosmin 900 mg both before and
after surgery also allowed reducing the frequency
of residual perianal skin tags to 7 % by day 60
after surgery compared to the group where hesper-
idin 100 mg + diosmin 900 mg was used only after
surgery (17 % frequency of residual perianal skin
tags by day 60 after surgery, p = 0.4).
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OCAOKHEHUSA KOAOIIPOKTOAOTHUUYECKUX
ollepalliu C IIpUMeHeHUueM Aa3epa
AVHOU BOAHEI 1940 uMm

C.A. ®dponos, /I.B. Bomeropoaiies, A.M. Kyspmunos, 10.JI. Tpy6auesa, B.1O. Kopouuk,
N.C. boropmuctpos, T.A. AnubexkoBa*

DIBY «Hauuonanronolti MeOUyuncKull uccaedogamenvckuii uenmp xoaonpoxmoaozuu um. A.H. Poukuxs> Munucmepcmea
30pasooxpanenus Poccuiickoi Dedepayuu, Mockea, Poccuiickas Dedepavus

Llenb: NnpoBeCTM aHaM3 OCNOXHEHU, BOSHUKAIOLLMX MPU KONOMPOKTOJIOMMYECKNX Onepaumsx ¢ UCMosib30BaHNEM
nasepa anvHom BonHbl 1940 HM, BbIABUTb UX MPUYMUHBI U IPEONIOXUTb MePbl MPODUNAKTUKN.

Martepuanbl u meToapbl. 148 nauneHTamMm ¢ remMoppoem 2—3-i CTaguii BblNMOSHEHA TPAaHCAEPMAbHAsA na3epHas
noAcNnU3nCTas OeCTPYKUMS BHYTPEHHUX reMopponaabHbIX Y3/10B C MPUMEHEHNEM BOJIOKOHHOIO fiasepa ¢ auona-
HOW HaKaykow, ANNMHOM BOMHbI 1940 HM 1 MOLLHOCTbLIO 7,5 BT B MMMyNbCHO-NEPMOANYECKOM PEXUME (MMMNYNbC —
500 mc, nay3a — 750 mc).

Pe3ynbraTtbl. VIHTpaonepaunoHHO y 4,4 % (3/148) naumeHTOB pa3BuioChk KPOBOTEYEHNE U3 BHYTPEHHEIO reMop-
pounaanbHOro yana, NPUYMHON KOTOPOro ABNAach ero TpaBMaTmsaums N1a3epHbIM MHCTPYMEHTOM C HapyLUEeHUEM
LLeSIOCTHOCTM CNN3UCTON 00004KM BHYTPEHHETO FEMOPPOUAATIEHOMO Y3112, B CBS3U C YeM Oblna BbINOJIHEHA reMOop-
pOVA3KTOMUS. BO3HMKHOBEHME NHTPAONEPaLMOHHON reMaToMbl Ob110 anarHoctuposaHo y 10,1 % (15/148) naum-
E€HTOB, PaCLIEHEHO KaK OCJIOXHEHME, BO BCEX Cllydasx NoACM3UCTas reMaTtoMa xapakTepusoBassachk HE60NbLUNMMI
pasmepamu (3,0-4,0 cm) v npu HabngeHnY B TedeHne 5—10 MyuHyT He HapacTana. B paHHem nocneonepaumMoHHOM
nepuone (Ha 1-e cyTku nocne onepaummn) y 5,4 % (8/148) nauneHToB pa3Buica TPOMO03 HaPY>KHbIX FeMoppounaab-
HbIX Y3J10B, KOTOPbLIM perpeccruposa noJHOCTbLIO Ha GOHE KOHCEPBATUBHOIO JiedyeHud. B paHHeM nocneonepaum-
oHHOM nepuoae y 0,7 % (1/148) naumeHTOB AMarHOCTUPOBaHO GOPMNUPOBAHNE «A3BEHHOI0» AedeKTa CNN3NCTON
B 00/12CTN BHYTPEHHEr0 FreMOpPpPOoMNaanbHOro y3na, KOTopbli 3aXun Ha GoHe KOHCcepBaTUBHOM Tepanun. Mo pesynb-
Taram Hallero aHanmsa OCHOBHOW NPUYMHOW OCIIOXHEHU ABNSETCHA HEKOPPEKTHASA TEXHMKA BbINOJIHEHMS BMELLIA-
TENbCTBA U N36bLITOYHOE BO3AENCTBME TAa3ePHON SHEPTUM.

BakntoueHue. JlazepHble METOAbI ABMSIOTCS NEPCMNEKTMBHBIMU A1 MaJIOMHBA3UBHOI O JlIeYeHUst 3a00NeBaHNi aHO-
pekTanbHO 061acTn, HO TPEBYIOT CTPOroro COHMAEHNS TEXHUKW BbIMNOJIHEHUS U KOHTPOJIS NapamMeTpoB SHEPTUN.
OnTuMM3aums METOAMKM U CTaHAAPTU3aLMS NOAXOA0B MO3BOISIT CHU3UTb YACTOTY OCJIOXHEHMI 1 NOBbLICUTL 6€30-
MacHOCTb JIEYEHUS.

KnioueBble cnoBa: OCJ/IOKHEHUSA, MAJIOMHBA3VBHOE JIeYEHWE, FTeMOPPOM, la3epHas AeCTPYKLUMS, aHabHas TPeLLm-
Ha, Nna3epHas Banopusaums, 1asepHble TEXHOIOrn

KoHdnukT MHTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMNNKTA UHTEPECOB.

AnauutupoBanusa: PponosC.A.,Buiweropoaues/l.B.,KyabmuHoBA. M., TpybaueralO.J1.,KoponukB.1O.,boropmuctposU.C.,
AnunbekoBa T.A. OCNOXHEHNS KONOMPOKTOJIONMYECKUX ONepaLnini ¢ NpUMeHeHneM nasepa oanHon BonHel 1940 HM. Poccuii-
CKUIA XYPHaN raCTPO3HTEPONOrnK, renatonornmn, kononpoktonornun. 2025;35(6):98-104. https://doi.org/10.22416/1382-4376-
2025-35-6-98-104

Complications Associated With Coloproctological Surgeries Using

a 1940 nm Wavelength Laser

Sergey A. Frolov, Dmitry V. Vyshegorodtsev, Alexandr M. Kuzminov, Yulia L. Trubacheva, Vyacheslav Yu. Korolik,
llya S. Bogormistrov, Tavus A. Alibekova*

National Medical Research Center of Coloproctology named after A.N. Ryzhikh, Moscow, Russian Federation

Aim: to analyze complications arising from coloproctological surgeries using a 1940 nm wavelength laser, identify
their causes, and propose preventive measures.

Materials and methods. 148 patients with stage 2-3 hemorrhoids underwent transdermal laser submucosal
destruction of internal hemorrhoids using a diode-pumped fiber laser with a wavelength of 1940 nm and a power
of 7.5W in a pulsed-periodic mode (pulse — 500 ms, pause — 750 ms).

Results. Intraoperatively, bleeding from the internal hemorrhoid developed in 4.4 % (3/148) of patients. The cause
was its trauma with a laser instrument and a violation of the integrity of the mucous membrane of the internal hemor-
rhoid. In this regard, hemorrhoidectomy was performed. The occurrence of intraoperative hematoma was diagnosed
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in 10.1 % (15/148) of patients and regarded as a complication. In all cases, the submucous hematoma was charac-
terized by small sizes (3.0-4.0 cm) and did not increase during observation for 5—10 minutes. In the early postopera-
tive period (on the first day after surgery), thrombosis of external hemorrhoids developedin 5.4 % (8/148) of patients,
which regressed completely with conservative treatment. In the early postoperative period, 0.7 % (1/148) of patients
were diagnosed with the development of an ulcerative mucosal defect in the area of the internal hemorrhoid, which
healed with conservative therapy. According to our analysis, the main causes of complications are incorrect surgical

technique and excessive laser energy exposure.

Conclusion. Laser methods are promising for minimally invasive treatment of anorectal diseases but require strict
adherence to surgical techniques and control of energy parameters. Optimizing methodology and standardizing ap-
proaches will help reduce the frequency of complications and improve treatment safety.

Keywords: complications, minimally invasive treatment, hemorrhoids, laser destruction, anal fissure, laser vapor-

ization, laser technology
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Bseaenune

Omnepanuyt ¢ nNpuMeHeHUeM Jia3epa MPeCTABISIOT
co00ii MepesoBOoil MOAXOA K JEUEHUIO PA3JINYHBIX 3a-
6oJieBaHUIT AHOPEKTATbHOI O0O0JACTH, TaKUX KaK Te-
MOpPOIl, CBHI TPSAMOIl KHIIKM, aHAJbHas TPEIIHA
M XPOHMUYECKOE BOCIMAJEHNWE SMUTENNATBHOTO KO-
KOBOro xojia. IlpuMeHenue Ja3epHbIX TEXHOJOTUI T10-
3BOJISIET CHU3NTh WHTEHCUBHOCTD GOJIEBOTO CHHAPOMA,
YCKOPUTD PeabUIUTAINIO TAIMEHTOB, COKPATHTh KO-
JINYECTBO TIOCJEONEPAIMOHHBIX OCJOKHeHuH [1].

Ha ceromguamnmnii geHb HET €IUMHOTO IOX0/a
K BbIOGOPY JJIMHBI BOJIHBI U MOIIHOCTH JIA3€PHOTO W3-
JIyUEHUS] TIPU XUPYPrUUECKOM JIeUeHUun 3a00JIeBaHMid,
OJTHAKO TEH[EHIIUU CBOJSATCS K YMEHBIIEHUIO MOIIHO-
cru sasepoii suepruu (¢ 25 go 7,0—2,5 Br) u yBe-
anmyennio auunbl Boiubl (or 980 mo 1940 um) [2].
B nensx mpocrmkenuss Hambosbireir ap@eKTuBHOCTH
1 6e30TMaCHOCTH BMEIIATeNbCTBA ¢ TPUMEHEHNEM Jia-
3epa quuHON BosiHbl 1940 HM HaMu TIpPOBeIEH aHaIN3
MPUYNH BO3HUKINNX OCJOKHEHNI M METOMOB WX JINK-
BU/IAIINH U TIPODUIAKTUKH.

Ha].IHeHT])I U METOAbI

B nacrogamiee Bpemsa B @I'BY «HMMUII konomnpok-
toornn uM. A.H. Peoxkuxs» Mwunsgpasa Poccun Ha-
KOILJIEH OTIBIT NMpuMeHeHus Jiazepa y 148 marmenton
¢ reMoppoeM 2—3-1i cTaanii. BeceM manmeHTaM BBITIOJ-
HAJACh TpaHcAepMasibHas Jia3epHas MO/CIU3UCTasd
JIECTPYKITUST BHYTPEHHUX TEMOPPOUJANBHBIX Y3JI0B
C IpPUMEHEHHEM BOJIOKOHHOTO Jiazepa C JMOJHON Ha-
Kaukol, jummHoil BosHbl 1940 HM 1 MomHOCTBIO 7,5 BT
B UMITYJIbCHO-TIEPUOMYECKOM peskuMe (UMIysbe —
500 mc, maysa — 750 mc).

[Ton BAMSAHMEM Ja3ePHOTO M3JIYUYCHUS, BCICJCTBHE
BOB/ICIICTBUS BBICOKOI TeMIlepaTypbl Ha TKaHU, IPO-
UCXOMUT JeHarypaiys OelKoB, B pe3yJbTaTe Yero
KaBepHO3HAsT TKaHb 3aMelaeTcss Ha COeIMHUTEIbHYIO.
O/HOBPEMEHHO ITPOUCXOAUT JIa3epHOE BO3/EHCTBHE
1 Ha TePMUHAJbHbBIC BETBU BEPXHE MPSAMOKUIIECYHOI

apTepuy, 4YTO B WUTOTe II03BOJISIET JIMKBUIUPOBATDH
CUMIITOMbBI FeMOPPONAaIbHOM OoJestu [3].

Wurpaonepaionto y 4,4 % (3/148) manuentosn
Pa3BUJIOCh KPOBOTEYEHHE U3 BHYTPEHHETO TEMOPPO-
UJIATBHOTO y3Ja, TPUYMHON KOTOPOTO SBJSIACh €r0
TpaBMaTU3AIUS JIA3ePHbIM UHCTPYMEHTOM U Hapylie-
HUE T[EJOCTHOCTH CJN3UCTON O0GOJOYKM BHYTPEHHETO
reMOpPPOU/IATHBHOTO Y3714, B CBSI3U ¢ 4eM ObLIa BbBITIOJI-
HEHa reMoppoudKToMus. Bo Bcex 3 ciyuasix OCJIOXK-
HeHMe BO3HUKJIO Ha (hoHE MEXaHMUYECKOW TpaBMaTHU3a-
U 1 OBLIIO 06YCJIOBIEHO HEOCTATOYHBIM KOHTPOJIEM
MIPOBE/ICHUST JIA3€PHOT0 MHCTPYMEHTA BO BpEMs BbI-
MOJTHEHUST BMEIIATEThCTBA.

[TpodunakTukoit JaHHOTO OCJOKHEHUS SIBJISETCS
co0Jojienne TPABUJIbHONW TEXHUKU [POBEJIeHUs Jia-
3epPHOTO MHCTPYMEHTA CTPOTO MO/l KOHTPOJEM TUJIOT-
HOTO JTyda.

BosHnukHOBeHNE WHTPAOHEPAIMOHHON TeMaTOMBbI,
paciieHeHHOe KaK OCJIOKHEeHHe, ObLIO JIMarHOCTUPOBA-
Ho y 10,1 % (15/148) manuentoB. Bo Bcex ciayyasx
MOJICJIM3UCTAsT TeMATOMa XapaKTepu3oBaiach HeOOJIb-
mmu pasmepamu (3,0—4,0 cM) u npu HabmogeHnn
B Teuenne >—10 MuHyT He Hapacrajsa. Hu B omHOM
cJlyvae BCKPbITHE T€MATOMbI HE BBINOJHSIIOCH.

Hamu ormedyeno, 4to B psze cjayydyaeB yBeJude-
HUEe Pa3MepoB BHYTPEHHETO reMOPPOM/IAJILHOIO y3Ja
BO BpeMs JIa3€PHOT0 BO3/IENCTBUSI TPOUCXO/IUT O3 Xa-
PaKTEPHOro CHHIONIHOrO oTTeHKa. OaHako ot HabJIIo-
JIEHUsI Mbl TAK)Ke OTHECJIM K TeMaToMaM, IIPe/oJia-
ras, 4to JaHHble U3MeHeHUsI 06yCa0BIeHbI 3(hDEKTOM
B3PBIBHOTO KUIICHUS € 00Pa30BaHUEM IY3bIPbKOBOTO
apdexkra.

[Ipn moMoIM WHTPAOTIEPAIIMOHHOTO  YJIbTPa3BY-
Kosoro wmccaegopanug (Y3U) HeBO3MOKHO pasin-
YUTb «UCTUHHYIO» TeMATOMY U I'eéMaTOMY, BO3HHKIIYIO
BCJIEJICTBUE BJIUSIHUS JIa3€PHOW SHEPruM Ha KaBep-
HO3HYI0O TKaHb BHYTPEHHETO T'eMOPPOM/IATHHOTO
yaJa. [Ipnunnoil pasBUTHS «UCTUHON» MOJACAU3UCTON
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Pucynox 1. «VcrunHasi» TOJCIU3NCTas TeMaToMa: A — WHTpaonepalMoHHas KaprtuHa (pesyJbrar mo-
BPEsKIEHHs TeMOPPOULAIbHON BEHbI 10/ BIUSHIEM Ja3epHOro Bosaeicreus); b — unrpaonepaunonunoe Y 3U;

B — Y3U na 1-e cyTku 1ocse BMelIaTeIbCTBA

Figure 1. “True” submucosal hematoma: A — intraoperative picture (result of laser-induced damage
to the hemorrhoidal vein); B — intraoperative ultrasound examination; B — ultrasound examination on day

1 after surgery

reMaToMpl y 3/15 HallMeHTOB SIBJSIOCH IMOBPEXK/IE-
HUEe TeMOPPOMJIAJIbHON BEHbI W HEJOCTATOYHBIH (-
ekt BO3/EHCTBUS OT Nepe/laBaeMoOil JTa3epHON dHep-
run (puc. 1). ITox BosgelicTBHEM JIa3epHOIl SHEPrUU
B peayJbTare IPOIecca B3PBIBHOTO MY3bIPbKOBOTO
kuneHust y 12/15 maiueHTOB pasBUach Tak Ha3bl-
BaeMast «JIOKHast» nojcausucras rematoma (puc. 2).
B mpoekiuu JsazepHoil 1eCTPYKIINN BHYTPEHHErO Te-
MOPPOUJATBHOTO y3J1a OTPEIEJSIeTCs KUJIKOCTHOE 00-
pa3oBaHue HENPaBUJIbHON (POPMBI ¢ HEOIHOPOIHDLIM
COJIEPIKMMBIM, CPEIHEN HXOT€HHOCTH, aBAaCKYJSPHOE
IIPU LBETHOM JIOILIEPOBCKOM KapTtupoBanuu (puc. 1A).
B ciyvae «J10KHOI» reMaTOMbl Ha CJIEYIONINE CYTKH
OTMeYaeTCsd MOJIHBINH PErpecc BbIEONUCAHHBIX H3Me-
nenuit (puc. 2B).

B ciydae BO3HMKHOBEHHS TeMaTOMbI HEOOXO/H-
MO YJ/IOCTOBEPUTBHCSI B OTCYTCTBUM €€ HapacTaHus

C IIOMOUIbIO BU3YasJbHOIO OCMOTPAa U TPaHCPEKTAJIb-
noro Y 3U. Ilogo6Hbie reMaTOMbI XOPOIIO TIO//IAI0TCS
KOHCEPBATUBHOI Tepanuy, dYalle BCEro IOJHBIH pe-
rpecc HactynaeT Ha 3—>-¢ cytku. Hu oxHoro ciayyas
HapacTaHusi reMaTOMbl HAMU BBISIBJIEHO HE ObLITO, O
HAKO B CJIy4asx HapacTaHusi HeoOXOANMO BBITIOJTHHUTD
ee BCKPbITHE.

B pannem nocmeoneparmonnom nepuoge (ma 1-e
cyTKn mocsie onepaunu) y 5,4 % (8/148) manmenton
pasBuicsa TPoMOO3 HAPYKHBIX TeMOPPOUIATBHBIX
y3JI0B, 4TO, IO HalleMy MHEHMIO, CBSI3aHO C BO3Jeid-
CTBUEM JIa3epHOW 3HepPrum Ha HapY’KHbIH TreMoppo-
npaabHBI y3es. [laHHoe ocyoskHeHHWe TpeGyeT KOH-
CEpBATUBHOTO JIEYCHUS U PErPeccupyer MOJHOCTBIO.
B mensx npodurakTnku He0OX0ANMO HCKJII0YATh BO3-
JleficTBe J1a3epHOro M3JIy4YeHHsl Ha Hapy»KHbIH reMop-
POV/IAJIbHBIN y3eJ.

B

Pucynox 2. «Jloxuas» MoACIN3UCTAas TeMaToMa: A — MHTpaonepannonHas kapruaa (mporece B3pbIBHOTO
My3bIPHKOBOTO KUIIEHUs TKaHei Kak pesyJ/bTaT JasepHoro uajiaydenus); B — unrpaonepanmnontoe Y3U; B —
Y3U na 1-e cyTku mocJsie BMelaTeabcTBa, reMaroMa He Olpe/lessieTcst

Figure 2. “False” submucosal hematoma: A — intraoperative picture (process of explosive bubble boiling
of tissues as a result of laser radiation; b — intraoperative ultrasound examination; B — ultrasound exam-
ination on day 1 after the surgery, hematoma not identified
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B pannem mocieoneparmonHom nepuoge y 0,7 %
(1/148) nanmenToB AnarHOCTUPOBaHO (POPMUPOBAHKE
«sI3BEHHOT0» JeeKTa CAM3NUCTON B 06JACTH BHYTPEH-
HETO TeMOPPOU/IATHHOTO Y374, YTO CBSI3aHO C TEPMU-
YeCKUM BO3/IEHCTBHUEM JIa3epa HA CIAUBUCTYIO 000JI0UKY
TeMOPPOUJATHHOTO y3Ja, TMPUBOJALIIUM K HeoOpaTu-
MbIM u3MeHeHusaM. HecMoTpst Ha npuMeHeHHe JTMHbI
BosHBI 1940 HM, rIe TIy6UHA TPOHNKHOBEHHS JIase-
pa cocrasager 0,5—0,7 MM, uMeeT 3HAYeHNE UMEHHO
TepMuYeckoe BoaelicTue. /JlanHoe ocyioskHEeHNE ObLIO
YCTPaHEHO IIyTeM IIPOBe/IeHUsI KOHCEPBATUBHOH Tepa-
nuu. llesbio TPOPUIAKTUKY SBJSETCS KOHTPOJDL KO-
JINYECTBA Ilepe/laBaeMoil SHEePIuu.

[To pesynbprataM omHOMAKTOPHOTO aHAINM3a, IPO-
BEJICHHOTO B HaIlleM I[eHTPe, BLISBJIEHO YBeJIHYeHHe
PUCKA Pa3BUTUS TOCTEOTEPAIMOHHDBIX OCTOKHEHWI
IPY HOBBIMIEHNN KOJMYECTBA Iepe/laBaeMOil sHEPTruu
Ha KQKIbII TeMoppoummaibHbiil y3ea [4]. Omraxo
3a BCe BpeMsl HAOJIO/IEH NS CIy4aeB Pa3BUTHS OCTPOTO
MAPANPOKTUTA BBISBIEHO HE OBLIO.

Bce Goubiiiee pactpocTpaHenne mpuobpeTaeT Maso-
WHBA3WUBHBIN METOJI JIeYeHUsT XPOHWYECKOTO BOCIIase-
HUS 9NUTEINATBHOTO KOITYMKOBOIO X0/la — JasepHas
KOAryJISAIus SIUTETUAIBLHOTO KOMYUKOBOTO XOAa, —
nssectnblii kak SiLaC (Sinus Laser Coagulation) [5].
BMetnaTesbecTBO BBITIOTHSETCS MTyTeM KOATYJISINN CTe-
HOK CBHIIEBOTO XO/la JIa3epOM C IIPe/BapUTEJbHBIM
MIPOBEJICHUEM KIOPETaXKa, YAAJTeHUsS BOJIOC M BOCTIAJNU-
TEJIbHOTO JIeTPUTA.

B ®I'bY «<HMUII kononpokronornm M. A.H. Poi-
kux» Munsapasa Poccun npoBoauTes ucciejoBanue,
BKJIIOUAIOIeEe Ha JAHHBIM MOMeHT 68 malmeHToOB, KO-
TOPBIM BBIIOMHANACh KoMOuHaius pit picking («c6op
AMOK») M JJa3ePHON KOATYJIAINY SINTEINATBHOTO KOTI-
YUKOBOI'O XO/la IIPU IIOMOIIK Jiadepa JJIMHON BOJHbI
1940 \M, MomHOCTEI0O 9 BT B HepepbIBHOM peEXKIMeE.
[Ipn momomu JepMoriaHya BBINOJHAIOCH HCCEUYeHHe
MEPBUYHBIX OTBEPCTHI € TOCTEAYIONell MeXaHude-
cKOil 06paboTKO#l Tpu moMoImn JoKKH MDosbkMana
1 JTazepHOil 0O6palbOTKOIM CTEHOK CBUINEBOTO XO/IA.
Meroauka BblinosHeHusT GoJjiee BCETO COOTBETCTBYET

KOMOMHAINK [IBYyX METO/OB, OMHMCAaHHBbIX panee (pit
picking, SiLaC). Wurpaoneparmonno y 1 (1,4 %)
HAaIMeHTa BO3HUKJIO KPOBOTEUEHWE, [JISI OCTAHOBKU
KOTOPOTO TOTPe6OBAIOCh PACHIMPUTD JOCTYII /LIS BU-
3yaams3alyi M JasepHoil 06paGoOTKH KPOBOTOYAIIETO
ydactka. OcTaHOBKa KPOBOTEYEHUS BO3MOMKHA C TO-
MOIIIBIO JIA3€PHOTO BO3/IEHCTBHS, OJHAKO NPU HEOOXO-
IMMOCTH TpeOyeTcs paciiipeHne pa3MepoB PAaHbI.

B mocneonepaumonnom nepuoge y 1 (1,4 %) ma-
IIMEHTa BO3HUK HEKPO3 KOXKXHOTO MOCTHKA, O0YCJIOB-
JeHHblit 6m3knuM pacnosoxenuem (1,0—0,5 cM) mep-
BUYHOTO W BTOPUYHOTO OTBepCTHil. /l0mOSHUTENIbHBIX
XUPYPrUYeCKUX BMEINIATeIbCTB HE MHOTPe6OBAIOCD.
[Tpn BBITIOTHEHNN €KeTHEBBIX NePeBsI30K yxKe Ha 40-i
JIeHb OTMEUYEHO II0JHOE 3a’KUBJEHUE MOCJTIeonepari-
ounoit paunt (puc. 3). IpodumrakTukoi JaHHOTO OC-
JIOKHEHUsT OyZieT BBIGOD AJTbTEPHATHBHBIX METO/IK
BMeIIATelbCTBA B Caydae OJM3KOTO PACIIONOKEHIS
OTBEPCTHUI.

B neuenun cuineil mpsiMoii KUIIKN OMUCAHBI METO-
[IbI FICIIOJIb30BAHUS JIa3epa. B HaleM IeHTpe BBINOJ-
HEHa JiazepHas TepMOOOJUTEPAIUS CBUIIEBOTO X071
y 23 manuMeHTOB C TPAHC- U IKCTPACHUHKTEPHLIMU
CBUNIAMHU TIPAMON Kumku. [[1MHA BOJHBI AWOIHOTO
mazepa cocrasiasia 1470 HM, wucnosb3oBajcs paju-
AJIBHBII CBETOBO/] B HETIPEPBIBHOM PEXKMME C MOTIHO-
crbio 12 Br.

B mocieonepalimoHHOM Teprojie B TPYIIIE Jia3epa
y 2 TIalMeHTOB OTMEYEHO PAa3BUTHE OCTPOTO MapaIrpoK-
TUTA, B CBSI3W C Y€M BBIOJHEHO BCKPBITHE W [[PCHU-
poBanue. B masnbHeiineM 1o MpUYNHE HE3aKUBJIEHUS
CBUIIEBOTO XO/Ia B 060MX CJIyYassX OJHOMY U3 MAI[NCH-
TOB OBLJIO BBITIOJTHEHO NCCEUEHHE CBUIA C YITHBAHUEM
cuHKTEpa, BTOPOMY TAIMEHTY CBHUII JUKBUINPOBAH
JINTATYPHBIM MeTOIOM. BO3MOKHBIMI MIPUYMHAME Pa3-
BUTHS JJAHHOTO OCJIOKHEHUS SBJSIOTCS HEaJeKBATHBIN
OTTOK 9KCCY/aTa 10 PAHEBOMY KaHAJy, a Takke 6oJee
ObicTpas OOJHUTEpaIys UCTAJbHONW YacTH PAHEBOTO
KaHaJa IPH COXPAHEHNH PAHEBOTO KAaHAJIA B CpeHEM
WM TIPOKCUMATBHOM €ro cermMeHTe. B mensix mpo-
pUIAKTUKKY JAHHOTO OCJOKHEHHS PEKOMEH/IOBAHO

b

Pucynox 3. Hexkpos koxHoro Moctuka: A — o onepaiun; b — 2-e cytku; B — 21-e cyrku; I' — 40-it genb
Figure 3. Necrosis of the skin bridge: A — preoperatively; b — day 2; B — day 21; T' — day 40
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nccevyeHne UCTaIbHON YaCTU CBUIEBOTO XO/1a HA TJIy-
6wy 10 1,5 ¢M W TIIATENbHOE TOCTEOTEePAIHOHHOE
HaOTIo0/IeHNe 32 paHeBbIM KaHasioM [6].

JlazepHas Bamopu3alnug aHATHHON TPEIIHDI SBJIS-
eTcsl He MeHee Ba)KHBIM TIePCIEKTUBHBIM MaJIOMHBA-
3UBHBIM MeTo[oM JedeHnsd. Ha 6ase ®IBY «HMUIL
kosnonpokrosorun uM. A.H. Pooxux» Munsapasa
Poccun B paMKax MUJIOTHOTO WCCJEAOBAHUS 25 HaIi-
eHTaM C XPOHMYECKOW aHaJbHOH TPemMuHOWl CcO cras-
MOM c(UHKTepa BBITIOJTHEHA JadepHAs BalOPHU3AIUs
P TIOMOIIY Jiazepa JInHOI BoHbl 1940 HM, MOMHO-
cTbio 7,5 BT, B UMIyJIbCHO-TIEPUOAMYECKOM PESKHUME.
Ha pannbiii MOMeHT HaOJIO/IeHNs OCJIOKHEHWH B paH-
HEM TIOCJIEONEePANIMOHHOM TIepHo/ie He OTMEUaIOCh.

Oocy:kaenne

Ha ceromusiiiauii /ieHb Jia3epHble TEXHOJOTUU aK-
THBHO TIPUMEHSIOTCSI B KavyeCTBE MaJOMHBA3NBHOTO
MeTo/la JiedeHus 3a00JIeBaHWi aHOPEKTANbHOM 06.1a-
ct. OHU MO3BOJIIOT JOOUTHCS CHUMKEHUST UHTEHCHB-
HOCTH GOJIEBOTO CHUHIPOMA, a TaKXe CIIOCOOCTBYIOT
CTUMYJISITIN TIPOTIECCOB PereHepaluy TKaHel, 4To To-
3BOJIIET COKPATUTH Tepuoj peabusntarmu. OJHAKO
MpUMeHeHWe Ja3epa He MCKII0YaeT PUCKA PasBUTHS
PaHHUX MOCJIEOTePAINOHHDBIX OCJIOKHEHUT.

[Ipu comocraBieHNN BBISIBJEHHBIX HAMHU OCJOKHE-
HUil GOJIBITMHCTBO W3 HUX COTJIACYIOTCS C JaHHBIMU
JINTEPATYPBHI.

UccaenoBanne A.I'. XutapbsgH U cOaBT. OKa3aJjo,
YTO MOCJIe MPUMEHEHUST TPAHCHOATBHOTO crtocoba Jra-
3ePHON IeCTPYKIINN y MAIMEeHTOB ¢ reMoppoeM 2—3-i
CTa[Nii B paHHEM TIOCJTEONEPANIMOHHOM TIEPUO/IE Pas-
BUJINCH OCJIOKHEHUs: KPOBOTEUeHue, MmoTpeGoBaBIiee
0CTaHOBKH, ObL10 oTMeueHO y 2 (3,2 %) mamueHTos;
y 1 (1,6 %) passusicst ocTpbiii TPOMGO3 Hapy>KHBIX
TeMOPPOUIATBHBIX Y3JI0B, KYNMHPOBAHHBII KOHCEPBa-
TUBHBIM CIIOCOOOM; OCTPBIN MAPAIPOKTUT UATHOCTHU-
poBat y 2 (3,2 %) GOJbHBIX, IO MOBOLY YEro BBIIIOJ-
HEHO BCKPBITHE W JIPEHUPOBAHUE. ITU OCJIOKHEHUS
aBTOPBI CBSI3BIBAIOT CO CMENIEHNEM JIA3€PHOTO WHCTPY-
MeHTa JiaTepajbHee BHYTPEHHErO reMOPPOU/IATHHOTO
y3/1a, B Pe3yJbTaTe Yero MPOUCXOANUT HETOCTATOTHAS
BU3YJIN3AIMs aHATOMUYECKUX CTPYKTYp B Tpolecce
BbIIIOJIHEHUS orepaiun [7].

[To jaHHBIM IPYTUX UCCTEOBAHUI, YACTOTA PA3BU-
THST TAKUX OCJOKHEHUH, KaK TpPOMOO3 1 MapampoKTuT,
3HAYNTEJNBbHO CHIZKAETCS TP MPABUJIBHON TEXHUKE
BBITIOJTHEHUST TIPOTIEAYPDI 1 THIATETHHOM COOJTIOIEHITH
HEOOXOIUMDBIX TPEONEPAITMIOHHBIX U TOCTEOTePaIi-
OHHBIX pekoMmeHarmii [8].

[lepBblii  ONBIT TPUMEHEHUS JIA3EPHOW  JIECTPYK-
1M  TeMOPPOUIAJIbHBIX  y370B ommcan B 2007 r.
A.F. Karaholiloglu. 106 marerram ¢ remoppoem 1—2-it
CTaJMii  BBITIOJTHEHO — BMEIATETbCTBO — TPAHCHOIAD-
HBIM JIOCTYIIOM C ITPUMEHEHUEM Jiazepa JJINHON BOJIHDBI
980 um, MomHOCTBIO 15 BT, B MMNyJbCHOM pesKuMe.
Wurpaonepanmonno y 0,9 % (1,/106) pasBunoch KpoBo-
TeyeHre 13 00JACTH TEMOPPOUIAIBHOTO Y3/, KOTOPOe
ObLTIO YCTPAHEHO IMyTeM TIPONIUBAHUS KPOBOTOYAIIETO

reMoppouganbHoro yaaa. ¥ 1,9 % namuentos (2,/106)
B paHHEM IOCJEONEePANMOHHOM TIepro/ie 00pa3oBaIach
MOJIC/M3KCTAd TeMaToMa, He TOTpe6GoBaBIIas JeYeHHS.
Crycts To1 HaGJIIO/IEHUsT PEIUINB CUMIITOMOB 3a00.1€e-
Banust orMedeH y 11 % marmenTos [9].

[Ipu neyernn aMUTETNATHHOTO KOIMTYUKOBOTO X0/
¢ npumenenueM Meroaukn SilaC c ucrnosab3oBaHeM
Jazepa anuHO# BosHbI 1470 HM 1 MomHOCThIO 10 BT
M. Dessily et al. ormernsaun, uro u3 200 narmeHTOB
B TIOCJTIEOTIEPAIMOHHOM TEPHOJIe OCTOKHEHUS pas-
Busnch 'y 30 uenoBek. Bropuunoe unbuimpoBanue
00JTacT! TIOCJIEOTIEPAIIMOHHON paHbl, TOTpeboBaBIee
[pOBe/IeHrsT aHTUOMOTUKOTEPAIINN, OTMeYeHo y 8,5 %
(17/30) naumenToB; passuTHe abclecca, KOTOPBI
ObL1 BCKPBIT U ApennpoBan, — y 1 % (2/30); y 1,5 %
(3/30) mnamueHTOB OTMEYEHO Pa3BUTHE TEMATOMBI,
He T0Tpe6OoBaBIlIee [[ONOJHUTENbHBIX BMEIIATETbCTB.
Kpome toro, y 8 % manmentos (4,/30) nabmona-
soch dopmupoBanne GuOpUHA B 06JACTH TI€PBUY-
HBIX OTBEPCTHUIl, YTO MPENSITCTBOBAJIO JPEHUPOBAHUIO
PaHbl, B 9THX CJy4YasX ObLI BBIOJHEH KIOPETAXK PaH.
Yacrora PpenuBOB AIMHUTETHAIBLHOTO KOIYUKOBOTO
xoja coctaBuaa 15,2 % [10].

M. Abdelnaby et al. B pamMkax paHIOMH3HPOBAHHO-
TO WCCJEJOBAHUS BBIIOJHUIN JIeYeHHEe SIUTeHATIbHO-
r0 KOIYMKOBOro xozxa y 62 manuenros merozoM SilaC
¢ ucrnoJib3oBaHueM Jyazepa 1470 um 1 MormHocTbio 13 Br.
TexHWKa BMEIIATEIbCTBA HE OTJIMYAIACH OT TEXHHUKH,
BriepBble npegoskerHoin M. Dessily. B pamrax mo-
caeonepalmonHoro nepuoaa y 3,2 % (2,/62) narmentos
OTMEYEHO Pa3BUTHE HE3HAYUTEJbHOTO KPOBOTEYEHUS,
y 9,7 % (6/62) nabmoganoch Hajiudue THOMHBIX BbI-
JlesileHnii B 06J1aCTH TI0CJIe0TIePAIIMOHHOI paHbl. /[aHHble
ocnokHeHnst cooTBetcTByoT [—II cremensam TsokecTn
no kaaccudukaipn Clavien — Dindo [11].

B npocnexktnHOM nccaeqoBarun A.F. Pappas et al.
B JIEYCHHUU OIUTEJNATBHOIO KOIYMKOBOTO  XO/a
y 237 manyeHToB MPUMEHSJIN TOT >Ke JIa3ePHbBIN arma-
paT B aHAJIOrMYHON TexHuke, yto 1 M. Dessily. ¥ 7 %
narentos (17,/237) orMedeHO pasBUTHE BTOPUYHOTO
nHUIPOBaHUS 06JIACTU OCTIEONIEPAIMOHHOI PaHBbI,
He moTpeGoBaBIliee MOBTOPHOTO XUPYPTUYECKOTO BMe-
1IaTesabCcTBA, a YacToTa peluanBa 3a60JIeBaHUS CO-
crasiasia 7,5 % [12].

Hamr onpIT npuMeHeHus Ja3epHBIX TEXHOJOTUI
B JIEYEHNW KOJIOPEKTATBHBIX 3a00JeBaHWIl MO3BOJISET
MIPOBOJINTD TOAPOOHDINA aHAIN3 CIydaeB OCTOKHEHMUI,
YTO, B CBOIO OYepe/lb, [AeT BO3MOXKHOCTD TJIyO:Ke TI0-
HSITb MEXaHWM3Mbl X BO3HHKHOBEHUS, BBISIBUTD Hanbo-
Jiee ySI3BEMbIE HTAllbl BMEIIATENbCTBA W (DAKTOPBI PH-
CKa, a TakXKe paspaborarb NMOAPOGHBIE PEKOMEHAINN
10 TIPOPUIAKTIKE OCJIOKHEHWI W TOBBIIEHUIO YPOBHS
6e3omnacHocT JiedeHusi. Takoil 1MOJX0/ CHOCOGCTBYeT
He TOJIbKO CHIKEHUIO YUC/JIa OCTOKHEHUH, HO W TIOBBI-
1ieHnto 3(OEKTUBHOCTA MAJIONHBA3UBHbBIX METO/IVK, Jle-
Jlast uX OoJtee TIpeJICKa3yeMbIMU U 0e30TTaCHBIMU [IJIS Ta-
nuenTa. Bee aTo HanpaBieHo Ha JanbHelilee nu3ydyeHue
JIA3EPHBIX TEXHOJIOTHIT B KOJIOIPOKTOJIOTUH, OTpe/e-
JIeHWe eIUHOrO CTaH/AapTa [PUMEHEeHUs JJIMHBI BOJ-
HBI W MOIIHOCTN Jla3epHOTO u3iydeHus. [lasbHeiinme
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HCCJIE/IOBAHUST JIOJDKHBI BKJIIOYUTDH 3HAYUTETHHOE KO-
JITYECTBO  TAIMEHTOB C PA3JINYHBIMKU  3a00JI€BAHUS-
MU aHOPEKTAJIbHOI OGJACTH, YTO TO3BOJIUT OIEHHUTD
3 PEKTUBHOCTD, 11e1eCO0OPA3HOCTh UX TPUMEHEHUS
[0 CPABHEHUIO € KJIACCHIECKUME METOJ[AMHU JIEYEHHSI.

BroiBo b1

TakuM o6pa3oM, HUCHOJIb30BaHNE JTa3€PHBIX TEXHO-
JIOTHHT B KadecTBe MAJOMHBA3MBHOTO MeToJa He WC-
KJII0YaeT pa3BUTHE TAaKMX OCJOXKHEHWH, KaKk KPOBO-
TeyeHne, ITO/ICIMU3NCTAasl TeMaToMa, OCTPBI TPoM603
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Complications Associated
With Coloproctological Surgeries
Using a 1940 nm Wavelength Laser

Sergey A. Frolov, Dmitry V. Vyshegorodtsev, Alexandr M. Kuzminov, Yulia L. Trubacheva,
Vyacheslav Yu. Korolik, Ilya S. Bogormistrov, Tavus A. Alibekova*

National Medical Research Center of Coloproctology named after A.N. Ryzhikh, Moscow, Russian Federation

Aim: to analyze complications arising from coloproctological surgeries using a 1940 nm wavelength laser, identify
their causes, and propose preventive measures.

Materials and methods. 148 patients with stage 2-3 hemorrhoids underwent transdermal laser submucosal
destruction of internal hemorrhoids using a diode-pumped fiber laser with a wavelength of 1940 nm and a power
of 7.5W in a pulsed-periodic mode (pulse — 500 ms, pause — 750 ms).

Results. Intraoperatively, bleeding from the internal hemorrhoid developed in 4.4 % (3/148) of patients. The cause
was its trauma with a laser instrument and a violation of the integrity of the mucous membrane of the internal hemor-
rhoid. In this regard, hemorrhoidectomy was performed. The occurrence of intraoperative hematoma was diagnosed
in 10.1 % (15/148) of patients and regarded as a complication. In all cases, the submucous hematoma was charac-
terized by small sizes (3.0-4.0 cm) and did not increase during observation for 5—10 minutes. In the early postopera-
tive period (on the first day after surgery), thrombosis of external hemorrhoids developed in 5.4 % (8/148) of patients,
which regressed completely with conservative treatment. In the early postoperative period, 0.7 % (1/148) of patients
were diagnosed with the development of an ulcerative mucosal defect in the area of the internal hemorrhoid, which
healed with conservative therapy. According to our analysis, the main causes of complications are incorrect surgical
technique and excessive laser energy exposure.

Conclusion. Laser methods are promising for minimally invasive treatment of anorectal diseases but require strict
adherence to surgical techniques and control of energy parameters. Optimizing methodology and standardizing ap-
proaches will help reduce the frequency of complications and improve treatment safety.

Keywords: complications, minimally invasive treatment, hemorrhoids, laser destruction, anal fissure, laser vapor-
ization, laser technology
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OCNOXHEHNSA KOJIONPOKTOJI0OrMYeCcKMX onepawmii c npuMeHeHueM nasepa

OJINHOM BOJTHbI 1940 HMm
C.A. ®ponos, [.B. Beiweropoaues, A.M. KyabMuHoB, t0.J1. Tpybauesa, B.1O. Koponuk,

M.C. boropmucTtpos, T.A. Annbekosa*
DrbY «HaumoHanbHbI MeguUNHCKNKA NCCenoBaTeibCKui LLEeHTP KOJI0MPOKTOoA0rum uM. A.H. Pbixux» MuHucTtepcTaa
3apaBooxpaHeHusi Pocecuriickoi @eaepaumnmn, Mocksa, Poccuiickas denepavms

Llenb: NpoBecTV aHaNn3 OCIOXHEHUIA, BOSHUKAIOLLMX NPY KONOMPOKTOIOMMYECKNX OMNepaumusax ¢ NCNob30BaHNEM
nasepa anmHom BonHbl 1940 HM, BbISBUTb UX MPUYMUHBI U NPEOIOXUTb Mepbl NPOMUNAKTUKMN.

Martepuanbl U meToapbl. 148 nauyeHTamMm ¢ remoppoem 2—-3-i cTaguii BeiNMOSHEHA TPpaHCAepMalbHasa nasepHas
NMOACNM3NCTas OEeCTPYKLMS BHYTPEHHUX reMOopponaabHbIX Y3/10B C MPUMEHEHMEM BOJIOKOHHOMO nladepa C Anoa-
HOI HaKaykow, oNMHOM BOMHbI 1940 HM 1M MOLLHOCTbIO 7,5 BT B MMMY/IbCHO-MEPMOAMNYECKOM peXnMe (MMMNyNbCc —
500 mc, naysa — 750 mc).

PesynbraTtbl. VIHTpaonepauyoHHo y 4,4 % (3/148) naumeHToB pa3BuiIoChk KPOBOTEYEHNE U3 BHYTPEHHEIO reMop-
ponpanbHOro ysna, NpUYMHON KOTOPOro siBSi/IaCk €ro TpaBMaTu3aums 1a3epHbIM MHCTPYMEHTOM C HapyLUeHUeEM
LLEe/TOCTHOCTM CNN3NCTOMN 000J104KM BHYTPEHHENO FreMOpPpPOMaanbHOr0 y31a, B CBS3M C YeM Oblnia BbIMOJIHEHA FreMop-
ponpakToMus. Bo3HMKHOBEHME MHTPaonepauyioHHOM reMaToMbl Obino anarHoctuposaHo y 10,1 % (15/148) nauu-
€HTOB, PacLEeHeHo Kak OCJIOXXHEHMe, BO BCEX ClydYasix NOACAM3NCTas remaTtoMa xapakTepuaoBanacbk HEGONbLUNMMN
pasmepamu (3,0-4,0 cm) 1 npu HabngeHnM B TedeHne 5—10 MUHYT He HapacTana. B paHHem nocneonepauoHHOM
nepuopne (Ha 1-e cyTkm nocne onepaummn) y 5,4 % (8/148) naumeHToB pa3Buicsa TPOMO03 HapPY>KHbIX reMoppounaab-
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HbIX Y3J10B, KOTOPbLIM perpeccruposasl NoJHOCTLIO HA HGOHE KOHCEPBATUBHOIO JiedeHnsd. B paHHem nocneonepaum-
oHHOM nepuoae y 0,7 % (1/148) naumeHToB AMarHOCTUPOBaHO GOPMNUPOBAHNE «A3BEHHOIO» AedekTa CNN3NCTON
B 00/12CTV BHYTPEHHEr0 FeMOPPOMNAANbLHOIO y3a, KOTOPbI 3aXunn Ha GoHe KOHCepBaTUBHOM Tepanun. Mo pesyrb-
Taram Hallero aHanmsa OCHOBHOW NPUYMHOW OCIIOXHEHU ABNSETCH HEKOPPEKTHASA TEXHMKA BbINOJIHEHMS BMELLA-
TENbCTBA U N36bITOYHOE BO3AENCTBME TAa3ePHON SHEPTUN.

3akniovyeHue. JlazepHble METOAbI ABASIOTCS NEPCNEKTUBHBIMU AN MallOMHBA3MBHOIO Nie4yeHns 3abosieBaHuii aHo-
pekTanbHOl 061acTn, HO TPEDOYIOT CTPOroro COHMAEHNS TEXHUKY BbINOJIHEHUS U KOHTPOJIS NapamMeTpoB SHEPTUN.
OnTuMM3aums METOAMKM U CTaHOAPTMU3aLMS NOAXOA0B MO3BOIST CHU3UTb YACTOTY OCJIOXHEHMI 1 NMOBbLICUTL 6€30-
MacHOCTb JIEYEHUS.

KnioueBble cnoBa: OCJ/IOKHEHUSA, MaJIONHBA3MBHOE JIEYEHVE, FreMOPPOM, sla3epHas OeCTPYKLUNA, aHallbHAdA TPELLN-
Ha, Nna3epHas Barnopusaums, 1as3epHble TEXHOIOrMn

KoHdnukT MHTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMINKTA NHTEPECOB.

AnauutupoBanusa: PponosC.A.,Buiweropoaues/1.B.,KyabmuHoBA. M., TpybadeBalO.J1.,KoponukB.1O.,boropmuctposU.C.,
AnunbekoBa T.A. OCNOXHEHNS KONOMPOKTOJIONMYECKUX ONepaLnini ¢ NpuMeHeHneM nasepa oanHon BonHel 1940 HM. Poccuii-
CKUIA XYPHaN racTpO3HTEPONOrnKn, renatonornmn, kononpoktonornun. 2025;35(6):98-104. https://doi.org/10.22416/1382-4376-

2025-35-6-98-104

Introduction

Laser-assisted surgery represents an advanced
approach to the treatment of various diseases of
the anorectal region, such as hemorrhoids, rectal
fistula, anal fissure, and chronic inflammation of
the epithelial coccygeal passage. The use of laser
technologies allows to reduce the intensity of pain
syndrome, accelerate the rehabilitation of patients,
and reduce the number of postoperative complica-
tions [1].

To date, there is no unified approach to the
choice of wavelength and power of laser radi-
ation in surgical treatment of diseases, but the
trends are to reduce laser energy power (from 25
to 7.0—2.5 W) and increase wavelength (from 980
to 1940 nm) [2]. To achieve the highest effi-
ciency and safety of intervention with the use of
1940 nm laser we analyzed the causes of occur-
ring complications and methods of their elimina-
tion and prevention.

Patients and methods

At the present time in National Medical
Research Center of Coloproctology named after
A.N. Ryzhikh, we accumulated experience of la-
ser application in 148 patients with hemorrhoids
of stages 2—3. All patients underwent transder-
mal laser submucosal destruction of internal hem-
orrhoidal nodes using a fiber laser with diode
pumping, wavelength 1940 nm and power 7.5 W
in pulse-periodic mode (pulse — 500 ms, pause —
750 ms).

Under the influence of laser radiation due to
the effect of high temperature on tissues, dena-
turation of proteins occurs, as a result of which
cavernous tissue is replaced by connective one.
At the same time, laser treatment also affects
the terminal branches of the superior rectal ar-
tery, which, ultimately, allows to eliminate the
symptoms of hemorrhoidal disease [3].

Intraoperatively, 4.4 % (3/148) of patients de-
veloped bleeding from the internal hemorrhoidal
node, the reason for which was its traumatization
by the laser instrument and violation of the in-
tegrity of the internal hemorrhoidal node mucosa,
therefore hemorrhoidectomy was performed. In all
three cases the complication occurred against the
background of mechanical traumatization and was
caused by insufficient control of the laser instru-
ment during the intervention.

The prevention of this complication is the ob-
servance of the correct technique of laser instru-
ment delivery strictly under the control of the
pilot beam.

The occurrence of intraoperative hematoma
was diagnosed in 10.1 % (15/148) of patients, it
was considered as a complication, in all cases sub-
mucosal hematoma was characterized by small size
(3.0—4.0 ¢cm) and did not grow during 5—10 min-
utes of observation, in no case the hematoma was
opened.

We noted that in some cases the increase in the
size of the internal hemorrhoidal node during la-
ser exposure occurs without a characteristic bluish
tint, however, we also attributed these observa-
tions to hematomas, assuming that these changes
are due to the effect of explosive boiling with the
formation of bubble effect.

Intraoperative ultrasound cannot distinguish
between a “true” hematoma and a hematoma
caused by the effect of laser energy on the cavern-
ous tissue of the internal hemorrhoidal node. The
reason for the development of “true” submucosal
hematoma in 3/15 patients is the damage of the
hemorrhoidal vein and insufficient effect of the
transmitted laser energy (Fig. 1). Under the influ-
ence of laser energy as a result of explosive bubble
boiling process the so-called “false” submucosal
hematoma developed in 12/15 patients (Fig. 2).
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Figure 1. “True” submucosal hematoma: A — intraoperative picture (result of laser-induced damage
to the hemorrhoidal vein); B — intraoperative ultrasound examination; C — ultrasound examination on day

1 after surgery

Pucynox 1. «VctunHas» NMOACAU3NCTas reMaTtoMa: A — WHTpaolepalioHHast KaptuHa (pesyjabrar mo-
BPEKIEHIS TEMOPPOUAATBHOI BEHBI MO BJAMSHIEM JTa3ePHOTO BosjeicTBusA); B — unrpaonepanmonnoe Y 3U;

C — ¥Y3U na 1-e cyTku 1mocJie BMeIIaTeabCTBa

In the projection of laser destruction of the inter-
nal hemorrhoidal node a fluid formation of irregu-
lar shape with heterogeneous content, of medium
echogenicity, avascular in color Doppler mapping
is determined (Fig. 1A). In case of a “false” he-
matoma, a complete regression of the above-de-
scribed changes is noted on the next day (Fig. 2C).

In case of hematoma, it is necessary to make
sure that there is no hematoma growth by visual
inspection and transrectal ultrasound examination.
Such hematomas respond well to conservative
therapy; most often complete regression occurs on
day 3—5. We have not found any cases of hemato-
ma growth, but in cases of hematoma growth it is
necessary to perform its opening.

In the early postoperative period (1 day after
surgery), 5.4 % (8/148) of patients developed
thrombosis of external hemorrhoidal nodes, which,
in our opinion, is associated with the effect of
laser energy on the external hemorrhoidal node.
This complication requires conservative treatment
and regresses completely. For the purpose of pre-
vention, it is necessary to exclude the impact of
laser radiation on the external hemorrhoidal node.

In the early postoperative period, 0.7 % (1,/148)
of patients were diagnosed with the formation of
“ulcerative” mucosal defect in the area of internal
hemorrhoidal node, which is associated with the
thermal effect of laser on the mucous membrane of
hemorrhoidal node, leading to irreversible changes.

C

Figure 2. “False” submucosal hematoma: A — intraoperative picture (process of explosive bubble boiling

of tissues as a result of laser radiation; B — intraoperative ultrasound examination; C — ultrasound exam-
ination on day 1 after the surgery, hematoma not identified

Pucynox 2. «Jloxnasi» 1oJc/aM3ucTas TeMatoMa: A — uHTpaonepanuonnas kaptuia (Iporecc B3pbIBHO-
TO Ty3BIPPKOBOTO KUIIEHUSI TKAHEH KaK pPe3y/IbTaT JTa3epHOro msiaydenus); B — wmnrpaoneparmonnoe Y 3U;
C — ¥Y3U na 1-e cyTKHu mocjie BMEMIATEJbCTBA, TeMaTOMa HE OTPE/IEISIeTCsT
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Despite the use of a wavelength of 1940 nm, where
the laser penetration depth is 0.5—0.7 mm, ther-
mal effects are relevant, which can cause irrevers-
ible changes. This complication was managed by
conservative therapy. The aim of prevention is to
control the amount of energy transmitted.
According to the results of a single-factor ana-
lysis performed in our clinic, an increase in the

if there is a need, it is necessary to expand the size
of the wound.

In the postoperative period, necrosis of the skin
bridge occurred in 1 (1.4 %) patient due to the
close location (1.0—0.5 c¢m) of the primary and
secondary orifices. No additional surgical inter-
ventions were required. By performing daily dress-
ings, complete healing of the postoperative wound

risk of postoperative complications was found was observed already on day 40 (Fig. 3). The pre-
when the amount of energy transferred per hemor- vention of this complication will be the choice of
rhoidal node increased [4]. However, no cases of alternative intervention techniques in case of close
acute paraproctitis were detected during the en- proximity of the orifices.
tire observation period. Laser methods have been described in the treat-
Minimally invasive treatment of chronic in- ment of rectal fistulas. In our Center laser thermal
flammation of the pilonidal sinus — laser coag- obliteration of fistulous passage was performed in
ulation of the epithelial coccygeal tract, known 23 patients with trans- and extrasphincteric fistu-
as SiLaC (Sinus Laser Coagulation) — is becom- las of rectum. The wavelength of the diode laser

ing increasingly common [5]. The intervention is
performed by laser coagulation of the fistulous
passage walls with preliminary curettage, remov-
al of hair and inflammatory detritus. In National
Medical Research Center of Coloproctology named
after A.N. Ryzhikh we are conducting a study in-
cluding 68 patients who underwent a combination
of pit-picking and laser coagulation of the fistula
tract of pilonidal sinus using a laser with a wave-
length of 1940 nm, power of 9 W in continuous
mode. Dermopunch was used to excise the primary
foramen, followed by mechanical treatment with
a Folkman spoon and laser treatment of the fistu-
lous passage walls. The technique of performance
corresponds most of all to the combination of two
methods described earlier (pit picking, SiLaC).
Intraoperatively in 1 (1,4 %) patient there was a
bleeding that required wider access for visualiza-
tion and laser treatment of the bleeding area. It is
possible to stop bleeding with laser treatment but

was 1470 nm, a radial light guide in continuous
mode with a power of 12 W was used.

In the postoperative period in the laser group
in two patients the development of acute parap-
roctitis was noted in connection with which the
opening and drainage was performed. Later, due
to non-healing of the fistulous passage in both
cases, one of the patients underwent excision of
the fistula with sphincter suturing, the second pa-
tient had the fistula eliminated by ligature meth-
od. Possible reasons for the development of this
complication are inadequate outflow of exudate
through the wound canal and also faster oblitera-
tion of the distal part of the wound canal, while
the wound canal is preserved in the middle or
proximal segment. In order to prevent this compli-
cation, excision of the distal part of the fistulous
passage to a depth of 1.5 ¢cm and careful post-
operative monitoring of the wound channel are
recommended [6].

C D

Figure 3. Necrosis of the skin bridge: A — preoperatively; B — day 2; C — day 21; D — day 40
Pucynox 3. Hexpos koxxnoro Moctuka: A — no onepauuu; B — 2-e cytku; C — 21-e cyrku; D — 40-it genb
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Laser vaporization of anal fissure is an equally
important promising minimally invasive treatment
method. At National Medical Research Center of
Coloproctology named after A.N. Ryzhikh, as
part of a pilot study, 25 patients with chronic
anal fissure with sphincter spasm underwent laser
vaporization using a 1940 nm wavelength, 7.5 W
laser in pulsed-periodic mode. No complications
were noted in the early postoperative period at
this time of observation.

Discussion

Nowadays laser technologies are actively used
as a minimally invasive method of treatment of
anorectal diseases, they allow to reduce the inten-
sity of pain syndrome and stimulate the processes
of tissue regeneration, which allows to shorten the
rehabilitation period. However, laser application
does not exclude the risk of early postoperative
complications.

When comparing the complications identified
by us, most of them are consistent with the liter-
ature data.

A study by A.G. Khitaryan et al. showed that
after using the transnodal method of laser de-
struction in patients with stage 2—3 hemorrhoids,
complications developed in the early postopera-
tive period: bleeding that required stopping was
noted in 2 (3.2 %) patients; acute thrombosis of
external hemorrhoids developed in 1 (1.6 %) pa-
tient, which was stopped conservatively; acute
paraproctitis was diagnosed in 2 (3.2 %) patients,
for which incision and drainage were performed.
The authors attribute these complications to the
displacement of the laser instrument lateral to the
internal hemorrhoidal node, resulting in insuffi-
cient visualization of anatomical structures during
the operation [7]. According to other studies, the
incidence of complications such as thrombosis and
paraproctitis is significantly reduced with the cor-
rect technique of the procedure and careful com-
pliance with the necessary preoperative and post-
operative recommendations [8].

The first experience of application of laser de-
struction of hemorrhoidal nodes was described in
2007 by A.F. Karaholilo lu. 106 patients with
hemorrhoids of the stage 1—2 underwent inter-
vention by transnodal access using a laser with a
wavelength of 980 nm, power of 15 W, in pulse
mode. Intraoperatively, 0.9 % (1,/106) developed
hemorrhoidal bleeding, which was eliminated by
stitching the hemorrhoidal node. In 1.9 % of pa-
tients (2,/106) a submucosal hematoma developed
in the early postoperative period, which did not
require treatment. After one year of follow-up,

recurrence of the disease symptoms was noted in
11 % of patients [9].

In the treatment of pilonidal sinus using SilLaC
technique with the use of 1470 nm wavelength
laser with 10 W power by M. Dessily et al., it
was noted that out of 200 patients in the postop-
erative period complications developed in 30 pa-
tients. Secondary infection of the postoperative
wound area that required antibiotic therapy was
detected in 8.5 % of patients (17,/30), abscess de-
velopment, which was opened and drained, — in
1 % (2/30). Hematoma developed in 1.5 % (3,/30)
of patients, and did not require additional inter-
ventions. In addition, 8 % of patients (4,/30) had
fibrin formation in the area of primary orifices,
which prevented wound drainage: in these cases,
wound curettage was performed. The recurrence
rate of pilonidal sinus was 15.2 % [10].

M. Abdelnaby et al., in the framework of a
randomized study performed treatment of pilon-
idal sinus in 62 patients by SiLLaC method using
1470 nm laser with 13 W power. The interven-
tion technique did not differ from the technique
first proposed by M. Dessily. In the postoperative
period 3.2 % (2/62) had minor bleeding, 9.7 %
(6/62) had pus-like discharge in the area of the
postoperative wound. These complications corre-
spond to I-II degree of severity according to the
Clavien — Dindo classification [11].

In a prospective study by A.F. Pappas et al.,
the same laser device was used in the treatment of
pilonidal sinus in 237 patients in a similar tech-
nique to M. Dessily. In 7 % of patients (17,/237)
the development of secondary infection of the
postoperative wound area was noted, which did
not require repeated surgical intervention, and the
disease recurrence rate was 7.5 % [12].

Our experience in using laser technologies in
the treatment of colorectal diseases allows us
to conduct a detailed analysis of complications,
which in turn allows us to better understand the
mechanisms of their occurrence, identify the most
vulnerable stages of intervention and risk factors,
and develop detailed recommendations for pre-
venting complications and improving the safety of
treatment. This approach contributes not only to
reducing the number of complications, but also
to improving the effectiveness of minimally inva-
sive techniques, making them more predictable
and safer for the patient. All this is aimed at fur-
ther study of laser technologies in coloproctology,
determining a common standard of application of
wavelength and power of laser radiation. Further
studies should include a significant number of pa-
tients with various diseases of the anorectal region,
which will allow to evaluate the effectiveness,
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feasibility of their application compared to classi-
cal methods of treatment.

Conclusions

Thus, the use of laser technologies as a min-
imally invasive method does not exclude the
development of complications such as bleeding,
submucosal hematoma, acute thrombosis of hem-
orrhoids, necrosis and secondary infection of the
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Ductular Reaction, Late-Onset Bile Duct
Deficiency, and Cirrhosis: A Case Report
Highlighting Misleading Histological
Morphology in Alagille Syndrome

Grace E. R. Sigumonrong, Marini Stephanie, Hanifah Oswari, Tri H. Rahayatri,
Nur Rahadiani*, Ening Krisnuhoni, Amelia F. Manatar

University of Indonesia, Dr. Cipto Mangunkusumo Hospital, Jakarta, Indonesia

Aim: to highlight the diagnostic challenges of Alagille syndrome (AGS), which can mimic other cholestatic diseas-
es like biliary atresia. We aim to emphasize the importance of integrative diagnostic approaches, including genetic
testing, to avoid misdiagnosis and unnecessary surgical procedures in cases where histological findings, such as
ductular proliferation, do not follow typical patterns of AGS.

Key points. Diagnosing Alagille syndrome AGS is quite complex as it shares symptoms similar to those of other
cholestatic diseases, especially biliary atresia. Bile duct paucity is the major pattern of AGS. Infants more than six
months of age usually already show a visible bile duct paucity. However, in this case, our patient, who was more
than six months old, didn’t show bile duct paucity and ductular reaction was the major pattern. A four-year-old girl
presented with chronic cholestasis, congenital heart disease, skeletal anomalies, ocular abnormalities, and facial
deformity. Her liver biopsy at the age of one year predominantly showed ductular proliferation. Initially, we diagnosed
her with biliary atresia. However, subsequent examination of a total hepatectomy sample at the age of four revealed
bile ducts were difficult to identify in most portal tracts. Genetic testing in 2022 identified a heterozygous likely patho-
genic variant in the JAG1 gene, confirming AGS. The patient underwent liver transplantation.

Conclusion. We report the histology findings in AGS that can potentially be mistaken for other cholestatic diseases.
We also highlight the importance of integrative diagnostic approaches to avoid misdiagnosis and unwarranted sur-
gical procedures.

Keywords: Alagille syndrome, bile duct paucity, neonatal cholestasis, JAG1 gene, case report
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AyKkTynsapHaa peakuusi, HeAO0CTaTOYHOCTb XXEJTYHbIX MPOTOKOB C MO3AHMM Ha4YasioM
N UWMPPO3: KIIMHNYECKUA ClyYyain, CBUAETEJIbCTBYIOLLMIA O JIOXXHOU NMMCTONIONrM4YeCKOon

Mmopdonorum Nnpu cuHapome Anaxuns

I.3.P. CurymoHpoHr, M. Ctedann, X. Ocapu, T.X. PaxaaTtpu, H. Paxagnanu*, 9. KpucHyxoHun, A.d. MaHaTap
yHl/lBepCMTeT MHﬂOHe3I/II/I, HaLlMOHaﬂbHaﬂ ueHTpasibHas rocygapcrBeHHasl 60ﬂle/lLla JAOKTopa cunto MaHryHKycyMo,
Lxakaprta, IHgoHe3us

Llenb: akUeHTMPOBaTb BHMMaHME Ha CJIOXKHOCTSX AMArHOCTUKM CuHApOMa Anaxuss, CrnocoBHOro MMUTUPO-
BaTb Apyrve xosiectatmyeckue 3aboneBaHuns, Takme kak bunnapHas atpe3ausi. ABTOpbl CTPEMUIUCL NOOYEPKHYTh,
YTO OJ1 MOCTAHOBKM TOYHOrO AMarHo3a HeobxoauMOo NMPUMEHSATb KOMIMIEKCHbIE MEeTObl, BK/OYas reHeTU4eckoe
TecTUpoBaHue. ATo NO3BONUT M36exaTb OLWMOOK B ANArHOCTUKE U NMPeaoTBPaTUTb HEHYXXHbIE XUPYPruyeckne Bme-
LiaTenbCTBa B Cllyyasix, Korga rmctonormieckme aaHHble, Hanpumep nponndepaumsi NPpoToKOB, HE COOTBETCTBYIOT
TUMUYHBIM NPOSBNEHNSAM CUHAPOMA ANaxnns.

OCHOBHbI€ MOJIOXKEeHUA. [lnarHoctika cuHapoma Anaxuns MOXeT OblTb 3aTpyAHEHA 13-3a CXOACTBA €ro CUMI-
TOMOB C MPOSBNEHUSMU APYrnX XONecTaTnyieckmx 3aboneBaHnini, 0cobeHHO BunapHoi atpeann. KnoyesbiM npu-
3HaKoOM CuHApoMa Anaxuns SBASETCsl HEOOJbLLOE KOJIMYECTBO XENYHbIX MPOTOKOB. OBLIYHO Y MiafeHLUEB cTap-
e LeCcTn MecsLeB yXe HabsogaeTcsa sBHas HeA0CTaTOYHOCTb XENYHbIX MPOTOKOB. OQHAKO B ONMCAHHOM Cilyyae
y NaumeHTkn, KoTopas 6bisia cTaplue WecTU MecsLeB, He ObIo BbIABIEHO MaIOYNCIIEHHOCTU XeNYHbIX MPOTOKOB,
a OCHOBHbIM CMMMTOMOM Oblnia AyKTynsipHas peakums. Y YeTbipexneTHel AeBOYKU HabMoaannch XPOHUYECKNIA
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X0J1IeCTas, BPOXAEHHbIV NOPOK Cepaua, aHoManuu ckeneta, rmas v gedopmMauusa nuua. brnoncus nevyeHn, npose-
[eHHasi B BO3pacTe OL4HOro roaa, BbigBuia NpenmMyLLLeCTBEHHO NPOTOKOBYIO nNponudepaumio. [NepBoHayanbHO y na-
LIMEHTKN AMarHocTupoBann bunuapHyto atpeauto. OgHako nocnenylollee nccnenoBaHne obpasua, nojly4eHHoro
noce TOTaJIbHOW renaTakToOMUM B BO3PACTE YETbIPEX JIET, MOKA3as0, YTO XeNYHblE MPOTOKN TPYAHO MOEHTUGULN-
poBaTb B 6OMbLUMHCTBE NOPTaJIbHbIX TPAKTOB. [EHETMYECKOE UccnenoBaHue, npoeseaeHHoe B 2022 1., BbISBUIIO reTe-
PO3UIOTHBIN, BEPOSITHO NaTOrEHHbIV BapnaHT B reHe JAGT, NOATBEPAMB Hannyme cuHgpoma Anaxmns. NaumeHTke
Obls1a NPOBEAEHA TPAHCMIAHTaLMS NEeYeHN.

SaknoueHue. [peacTaBneHbl pesynbraTbl TMCTONOMMYECKOr0 NCCNEA0BAHVS MPY CUHAPOME ANaXuns, KOTOpble
NOTEHLUMANbHO MOTYT OblTb OWMOOYHO MPUHATHI 32 APYrMe xosnectaTnyeckne 3abonesaHusi. ABTopbl 0bpaLlaioT
BHMMaHME Ha HE0OXO0AMMOCTb KOMIMIEKCHOI O NoaxoAa K ANarHoCTuke, No3BoJISOLLEro n3bexartb owmnboK 1 Heobo-
CHOBAaHHbIX XMPYPrMYeCKNX BMELLATENbCTB.

KnioueBbie cnoBa: CMHAPOM ANaxung, HeAOCTaTOYHOCTb XENYHbIX MPOTOKOB, HEOHATA/bHbIN XOnecTas, reH JAGT,
KJIMHWYECKUI Cnyyan

KoHdnukT MHTEepecoB: aBTopbl 3as8BASIOT 06 OTCYTCTBUN KOHMINKTA NHTEPECOB.

Ansa uutupoanusa: CurymoHpoHr [09.P., Ctedann M., Ocapu X., PaxasTtpu T.X., Paxagnanu H., KpucHyxoHun 3., MaHaTtap A.®.
LykTynspHaa peakuusi, He4OCTAaTOYHOCTb XKEMYHbIX MPOTOKOB C MO34HMM HA4yanoM 1 LMPPO3: KIMHUYECKUIA CyyYain, CBUAETENb-
CTBYIOLLMI O JIOXHOM FM’MCTONOrM4eCcKom Mopdonormm npm cuHapomMe Anaxmns. POCCUNCKNA XypHan raCTpoO3SHTEPOIornu, rernaTto-

norun, kononpoktonorumn 2025;35(6):105-114. https://doi.org/10.22416/1382-4376-2025-35-6-105-114

Introduction

Alagille syndrome (AGS) is a genetic disorder
caused by mutations in two genes: Jagged 1 (JAGT)
or Neurogenic Locus Notch Homolog Protein 2
(NOTCH?2) [1, 2]. Having the potential to affect
multiple organs, AGS is considered a serious con-
dition with significant repercussions for a child’s
growth, development, and overall quality of life.
Timely management of AGS can be challenging for
clinicians, as early intervention is crucial for improv-
ing outcomes [3]. Additionally, AGS is relatively un-
common, with reported incidence rates of 1 in 70,000
to 100,000 live births worldwide [4]. Between 2012
and 2024, there were only five AGS patients at
Dr. Cipto Mangunkusumo Hospital (Rumah Sakit
Umum Pusat Nasional Dr. Cipto Mangunkusumo,
RSCM). This lack of exposure may contribute to the
inexperience and unawareness among some medical
practitioners [5].

Diagnosing AGS is quite complex, as it shares
symptoms with other cholestatic diseases, particu-
larly biliary atresia. A retrospective study reported
that 13 % of AGS patients were misdiagnosed and
underwent the Kasai procedure [6]. Bile duct pau-
city, defined as a reduced ratio of interlobular bile
ducts to portal tracts with a ratio of less than 0.5, is
crucial for distinguishing AGS histologically [7, 8].
This bile duct paucity is considered age-related and
tends to increase over time. Infants older than six
months typically exhibit visible bile duct paucity [9].

Our patient’s liver biopsy examination at one
year of age predominantly showed ductular prolif-
eration, which we initially regarded as indicative
of biliary atresia. Three years later, a second histo-
pathological examination revealed bile duct paucity
and biliary cirrhosis; however, ductular proliferation
was still observed in other areas of the portal tracts.
We aim to report these histological findings, which
can be mistaken for other cholestatic diseases, and

to highlight the importance of integrative diagnostic
approaches to avoid misdiagnosis and unwarranted
surgical procedures.

Case presentation

This is a case of a four-year-old girl referred to
the gastroenterology clinic at RSCM with an initial
diagnosis of biliary atresia. The patient was born at
term with a borderline low-normal birth weight of
2,500 grams. She is the second child of two siblings,
and her living elder sibling is asymptomatic (Fig. 1).
She experienced delayed developmental milestones
and malnutrition starting in early childhood. At two
months old, she began showing signs of jaundice,
accompanied by fever and elevated bilirubin levels.
Her urine was dark brown, and her stool was pale.
Phototherapy was administered in the perinatolo-
gy intensive care unit. Although her bilirubin lev-
els decreased, scleral icterus persisted, so treatment
continued for another month. She was eventually
referred to a (RSCM) after showing no significant
improvement.

In November 2018, she was suspected of having AGS
based on her clinical presentations. She had a triangular
face with a head circumference of 40 cm, a wide and
protruding forehead, deeply set eyes, a saddle nose with a
rounded tip, a small, pointed chin, and prominent ears.
Her eyes were icteric, with posterior embryotoxon and
normal intraocular pressure. A cardiac examination re-
vealed a grade III/6 holosystolic murmur. Her abdo-
men was distended, with an enlarged liver palpable
7 ¢cm below the costal arch and 6 cm below the xiphoid
process. The spleen was also palpable and firm, extending
4 cm below the left costal margin. Xanthoma, measuring
1.5 x 0.4 cm, was present in the subcutaneous tissue of
the back, at the level of the second and third lumbar
vertebrae. There were no pedal edema, purpura, palmar
erythema, or spider nevi.
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Figure 1. Pedigree of the patient. There is a history of jaundice in her lineage — which is her grandmother

from her father’s side of the family

Pucynox 1. PogociosHas manumentku. sKearyxa B aHaMHe3e nMeercsi y ee pojacTBeHHHKOB (y Galymiku

10 OTI[OBCKOIA JII/IHI/II/I)

Her bilirubin concentration was high at
30.96 mg/dL, with a direct fraction of 22.44 mg/dL,
a high aspartate transaminase (AST) level of
168 U /L, a high alanine transaminase (ALT) level of
150 U/L, a low albumin concentration of 3.48 g/dL,
and high gamma-glutamyl transpeptidase (GGT) lev-
els of 46 U/L. Her urine was yellow and cloudy,

containing bacteria, and was positive for 3+ biliru-
bin. Virology tests showed reactivity in EBV IgG,
anti-Rubella IgG (640 IU/mL), and anti-CMV IgG
(726.9 1U/mL). Meanwhile, anti-toxoplasma, an-
ti-HAV IgM, HBsAg, anti-HBs, anti-HBe, anti-HBc
total, and anti-HCV tests were all non-reactive. The
patient had been vaccinated against hepatitis A virus,

Figure 2. Imaging: A — chest X-ray in 2022 showed an enlarged heart and pulmonary infiltrate;
B — whole spine X-ray showed butterfly vertebrae on T —T,,

Pucynox 2. PenrrenorpaMma: A — CHUMOK TpyAHOH KjaeTkn B 2022 1., yBesmueHHOe cep/iiie W JerOuHbII
nHuIbTpaT; B — CcHIMOK Tmo3BoHOUHNMKA, 6aGouKOBU/HbIE MO3BOHKK Ha yposhe T —T,
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hepatitis B virus, tuberculosis, polio, diphtheria, influ- of the right lung (Fig. 2A). The X-ray of her spine
enza virus, pneumonia, mumps, typhoid, and varicella. showed butterfly vertebrae from the fourth to the

The results of her chest X-ray in 2019 showed twelfth thoracic vertebra (Fig. 2B). An ultrasound
a normal heart size and minimal infiltrates in the examination revealed portal hypertension and no vis-
right paracardial region. However, a chest X-ray ible gallbladder contractions, both when fasting and
evaluation in 2022 revealed an enlarged heart with after drinking. A multi-slice computed tomography
infiltration in the upper, middle, and lower fields scan of the abdomen confirmed hepatosplenomegaly

w
i, 3

A

Figure 3. Liver biopsy in 2019, histopathology: A — portal tract expansion (hematoxylin and eosin,
x40); B — portal tract expansion (hematoxylin and eosin, x100); C — ductular proliferation (hematoxy-
lin and eosin, x100); D — bile deposit (hematoxylin and eosin, x40); E — fibrosis F3 (trichrome, x40);
F — fibrosis F3 (trichrome, x100)

Pucynox 3. Buoncus neuenn 2019 r., rucromatosorusi: A — pacilmpeHne nopraibHoro tpakra (rema-
TOKCUINH-2031H, x40); B — pacmmpenune noprampaoro tpakra (rematoxcummn-sosut, x100); C — mporoko-
Bas nposmdepanns (rematokcunun-sosun, x100); D — skeaunbie orTaoxkenus (reMaToKCHAMH-503MH, *40);
E — ¢ubpos F3 (rpuxpom, x40); F — ¢ubpos F3 (rpuxpom, x100)
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Table. Frameshift mutation of JAG7 gene revealed by genetic testing
Tabauua. Myranus co cABUTOM paMKu cuntbiBanus reHa JAGT, BbISBAeHHAs TIPH TEHETHYECKOM

TeCTUPOBAHUU
Gene Subject Variant Coordinates Zygosity Allele Type and classification
. Exon 25 NM 000214.2:¢.3061 3064del, Frameshift likely
JAGI Patient p.(1le1021Glyfs*14) Het ATAC/del pathogenic
JAGI Mother Hom

and sagittal cleft bone deformity, with the gallblad-
der visualized in normal size and shape. She also
underwent echocardiography, which showed a pat-
ent ductus arteriosus. Gastroduodenoscopy revealed
esophageal varices grade I—II without any bleeding.
Fiberoptic endoscopic evaluation of swallowing re-
vealed 70 % adenoid hypertrophy.

Her first liver biopsy was performed in 2019
when she was one year old. The sample was a 2 cm
long, thread-like shape. We found six portal tracts.
The liver cells had a trabecular appearance; some
appeared degenerated and swollen. There were in-
tra-cytoplasmic and intra-canalicular bile deposits.
Acute and chronic inflammation was seen in the peri-
portal and lobular areas. In almost all portal tracts,
mild ductular proliferation and an intraepithelial in-
flammatory reaction in the ductules were found. The
portal area was dilated with slight fibrosis, suggest-
ing early cirrhosis (Fig. 3). We initially concluded
that it may be biliary atresia as a differential diag-
nosis. However, molecular testing in 2022 revealed
a four-nucleotide deletion in exon 25 of the JAGT
gene, leading to a premature termination codon, sup-
porting the diagnosis of AGS. After a board meeting,
a joint decision was made that the patient was eligi-
ble for liver transplantation.

Our patient underwent genetic testing in 2022.
A heterozygous variation was found. A four-nucleotide
deletion,  ¢.3061_3064del,  p.(1le1021Glyfs*14),
was identified in exon 25 of the JAG! gene. This
deletion changes the codon reading frame, leading
to the formation of a premature termination codon,
which results in the production of a truncated
protein (Table). The deletion is classified as likely
pathogenic according to the guidelines from the
American College of Medical Genetics and Genomics.
This finding is consistent with autosomal dominant
Alagille Syndrome Type 1. The heterozygous variation
in exon 25 (¢.3061_3064del) of the JAG! gene was
not found in the mother.

An examination of the liver resection sample from
when the patient was four years old in December
2022 revealed a liver with a soft consistency and a
greenish-brown color. The total liver size was 18.5 x
12.0 x 6.0 cm. The outer surface was smooth with
some nodular areas. The gallbladder was present,
measuring 3.5 x 1.2 x 1.0 cm, white in color, springy,
with a wall resembling a thin white membrane, and
its lumen was filled with clear mucus. The cystic
duct was difficult to identify. We did not find any
velvety mucosa, erosion, ulceration, or gallstones
(Fig. 4).

Figure 4. Liver resection in 2022: A—B — gross examination showed an 18.5 x 12.0 x 6.0 cm liver with
gallbladder present; C — on the cut surface, there was no mass

Pucynox 4. Peszexunsa nedernn B 2022 r.: A—B — Maxpockommueckoe ncc/e0BaHNe, MeYeHb pazMepoM
18,5 x 12,0 x 6,0 cM ¢ HaMU4IKMeM KeTuHOoro 1My3bipst; C — Ha MOBEPXHOCTH pa3pe3a 00pa3oBaHuii He 00HAPYKEHO
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Histologic examination of total hepatectomy
showed partially degenerated and swollen liver
cells. Bile deposits were found in hepatocytes and
canaliculi. There was mild steatosis. The bile duct
was difficult to identify in most portal tracts. In
other areas of the portal tract, ductular proliferation
and chronic inflammatory cells were found. The
gallbladder tissue showed a mucosa lined with single-
layered columnar epithelial cells and lightly covered
with chronic inflammatory cells. Bridging fibrous
activity was found and coiled with the regenerating
nodule formation (Fig. 5). We concluded it was
in accordance with bile duct paucity which can
be caused by AGS with Laennec scores 4A—4B
suggesting biliary cirrhosis.

After a total hepatectomy was performed and
the conclusion of AGS was obtained, the patient
underwent liver transplantation in 2022. To date,
the patient is alive and undergoing regular check-ups.

Discussion

This is a case of a four-year-old female diagnosed
with AGS [7]. AGS is inherited in an autosomal
dominant pattern [10]. There was a history of jaun-
dice in our patient’s lineage, specifically in her pater-
nal grandmother. If a parent has AGS, the offspring
have a 50 % chance of inheriting the gene mutation.
Regardless of whether she had a first-degree relative
with the disorder, individuals who exhibit one or
more clinical characteristics should be suspected of
having AGS [7].

AGS is caused by mutations in the genes encod-
ing JAGT, a ligand of the NOTCH receptors, or the
NOTCH2 receptor itself. More than 97 % of patients
have a mutation in the JAGT gene, while less than
1 % have a mutation in the NOTCH2 gene. Under
physiological conditions, four NOTCH receptors
interact with Jagged and Delta-like ligands, which

Figure 5. Liver resection in 2022, histopathology: A — bile duct paucity (hematoxylin and eosin, x100);
B—C — bile duct loss (hematoxylin and eosin, x400); D — Laennec score 4A—4B (trichrome, x100)

Pucynox 5. Pesexius nedenn B 2022 r., rucronartoyorus: A — CKYJAHOCTb >KEeJYHBIX MPOTOKOB
(rematokcummu-sosun, x100); B—C — orcyrcTBue sKequHbIX NPOTOKOB (reMarokcmamu-s03uH, x400);

D — onenka no Jlasuneky 4A—4B (tpuxpom, x100)
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regulate intracellular pathways that specialize cells
during embryonic organ development. While a mis-
step in this process can lead to other clinical condi-
tions, AGS is considered one of the most prominent
manifestations [11]. JAG! mutations may also dis-
turb postnatal liver growth. Postnatal liver growth is
thought to occur by increasing the number of mainly
peripheral lobules and branching and elongating the
accompanying portal tracts [9, 12].

The clinical presentation of AGS usually becomes
visible during infancy and can vary greatly from pa-
tient to patient [7, 9]. Our patient was suspected of
having AGS because she exhibited all five primary
symptoms: chronic cholestasis, congenital heart dis-
ease, skeletal anomalies, ocular abnormalities, and
facial deformity [7]. However, each of these symp-
toms is not exclusive to AGS, leaving room for the
possibility of other diagnoses.

Cholestasis affects over 90 % of those with AGS.
It is a major clinical presentation of hepatic in-
volvement and most often manifests as conjugated
hyperbilirubinemia [4]. The onset of conjugated hy-
perbilirubinemia can occur as early as two weeks of
life, though it usually occurs within the first three
months. In our case, it was marked by jaundice, dark
brown urine, and pale stools starting at two to three
months old [4, 13]. Laboratory examination showed
elevated levels of direct and total bilirubin, ALT/
AST, and GGT [4].

Cardiovascular diseases in AGS most often mani-
fest as peripheral pulmonary artery stenosis, with
30 % involving structural defects such as pulmonary
atresia, tetralogy of Fallot, ventricular septal defect,
or atrial septal defect. Our patient was found to have
a grade T11/6 holosystolic murmur, cardiomegaly on
chest X-ray, and patent ductus arteriosus on echo-
cardiography [14]. As for ocular abnormalities, we
found posterior embryotoxon with normal intraocu-
lar pressure. Posterior embryotoxon is characterized
by a prominent Schwalbe’s ring at the junction of
the cornea and iris [8, 13]. However, without ad-
ditional symptoms, embryotoxon alone cannot be a
diagnostic indicator of AGS, as it occurs in 15 % of
the general population without AGS, as well as in
70 % of patients with a deletion in 22Q11 [4]. Her
facial deformity was characteristic of AGS, with fea-
tures such as a broad forehead, straight nose with
rounded tips, pointy chin, deep-set eyes, and a gen-
erally triangular facial appearance with prominent
ears [13]. However, it should be noted that these
facial characteristics are more subtle in neonates due
to adipose tissue deposition, making the signs less
noticeable [4].

In most cases, patients with AGS may also ex-
perience severe pruritus, xanthomas, and impaired
growth or malnutrition [15]. Pruritus and growth
failure occur at a higher rate in AGS compared to bil-
iary atresia [14]. Our patient had both pruritus and
growth failure. Minor clinical manifestations such
as kidney disease, mental retardation, pancreatic

insufficiency, or intracranial abnormalities were not
present [3]. While these findings do not heavily im-
pact the diagnosis, they can be helpful for the physi-
cian in forming a more precise diagnosis based on the
frequency of symptoms.

Another method that may increase the precision
of AGS diagnosis is radiological imaging. However,
it is not recommended to rely solely on radiologi-
cal imaging to diagnose AGS due to the significant
resemblance of imaging findings, such as non-visual-
ization of the biliary tree and the presence of a small
gallbladder. Histological analysis remains necessary
to establish the diagnosis [16, 17].

Butterfly vertebrae can be assessed using radio-
graphic modalities such as anteroposterior X-rays
and multi-slice computed tomography [18, 19]. We
found butterfly vertebrae from the fourth to the
twelfth thoracic vertebra on the patient’s spine
X-ray. However, butterfly vertebrae are occasionally
found in asymptomatic patients [4]. On ultrasound
evaluation, AGS is distinguished from biliary atresia
by the absence of triangular cord signs, smaller he-
patic artery diameter, a lower incidence of gallblad-
der wall irregularities, and a lack of portal hyperten-
sion [3, 16]. AGS also has a narrower portal septum,
fewer hepatic parenchymal changes, smaller portal
vein diameters, larger hepatic artery diameters, and
less severe hepatic cirrhosis compared to biliary atre-
sia, especially in end-stage biliary atresia [20].

Histopathological examination is considered an
essential step in diagnosing AGS [1, 16, 17, 21, 22].
Through this examination, a pathologist can identify
a histological pattern and correlate it with clinical
parameters, such as GGT levels, which provide guid-
ance for diagnosis [5]. The major histological find-
ing in AGS is bile duct paucity, defined as a bile
duct/portal tract (BD/PT) ratio of less than 0.5
[2, 7]. However, it is important to be cautious when
interpreting the presence of bile duct paucity in pre-
mature infants, as a BD/PT ratio of less than 0.9
may be considered physiological [5]. There is also
debate, as some papers list ductular response as a
sign of liver disease in AGS patients. This difference
of opinion arises because newborns under six months
old may not exhibit visible bile duct paucity or may
instead show ductular proliferation [9].

This case report presents a patient with histo-
pathological findings of mild ductular proliferation
at one year of age. We also observed intraepithelial
inflammatory reactions in the ductules, along with
intra-cytoplasmic and intra-canalicular bile deposits
in almost all portal tracts. The porta was dilated with
slight fibrosis, suggesting early cirrhosis. Initially,
based on histopathological examination alone, we
had very little suspicion that this case could be AGS,
as bile duct paucity is the only feature considered the
major histopathological indicator of AGS. Although
AGS may present with a few histopathological fea-
tures, such as ductular proliferation, fibrosis, and
giant hepatocytes, these are not the main indicators
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of the condition [9]. Furthermore, histologic pat-
terns that overlap, such as bile duct proliferation,
are more common in AGS infants younger than six
months [23]. We suspected this patient had biliary
atresia due to the similar features observed under the
microscope [7, 8, 23].

An examination of a total hepatectomy sample at
the age of four years showed that the bile ducts were
difficult to identify in most portal tracts. However,
in other areas of the portal tracts, ductular prolif-
eration and chronic inflammatory cells were still
present. There was also evidence of bridging fibrous
activity. We noted cirrhosis with broad fibrous sep-
tae forming regenerative nodules. A similar case re-
ported by G.H. Deutsch indicated that ductular pro-
liferation observed in the initial biopsy at six months
transformed into a characteristic pattern of bile duct
paucity when the patient was re-evaluated at two
years of age [24]. Some ductules and cells in the
canals of Hering within the periportal parenchyma
of portal tracts may become more visible after CK7
immunostaining [9].

Different methods and timing of sampling in this
case — namely, a biopsy when the patient was one
year old and a total hepatectomy when the patient
was four — might contribute to the differing histo-
logical findings. The assessment of incomplete por-
tal tracts from the initial inspection is a significant
concern with needle biopsies from neonates. We also
suspect that the first liver examination revealed a
spontaneous appearance of bile ducts because it was
performed further toward the liver center. In con-
trast, the second liver examination sampled more
peripheral hepatic parenchyma. This distinction may
be explained by the fact that the liver’s center ex-
periences a ductular response, while the liver’s pe-
riphery does not. This occurs when the bile ducts
in AGS patients fail to branch and elongate during
postnatal liver growth shortly after delivery. A lack of
bile duct branching and elongation leads to progres-
sively severe bile duct paucity when sequential needle
liver biopsies are obtained from the peripheral liver
area in AGS patients [9]. However, it is also possible
that the interlobular bile ducts shrank as the patients
aged. JAGT haploinsufficiency in AGS interferes with
the branching and differentiation of biliary epithelium
in newly formed hepatic lobules, as JAGT is required
for the development of biliary epithelium [24].

Our patient underwent genetic testing in 2022,
which revealed a heterozygous likely pathogenic var-
iant in the JAGT gene [9]. Genetic testing, includ-
ing next-generation sequencing, can be very helpful
in cases where there is significant morphologic and
clinical overlap, as the vast majority of patients with
AGS have mutations in JAG7 (approximately 90 %),
with a minority having mutations in NOTCH?2

[5, 7]. Although JAG? has been reported by
T. Kohsaka et al. to be associated with extrahepatic
biliary atresia due to six missense JAG/ mutations
identified in about 100 patients, it is still considered
sporadic [7, 25]. Apart from diagnosing the patient,
the purpose of genetic testing in this case is also
to evaluate the potential donor, in this case, the
mother. A potential related liver donor should be as-
sessed for AGS to exclude the diagnosis in the donor.
If the pathogenic variant in the proband is known,
targeted genetic testing for that variant should be
performed on the potential donor [26].

Some AGS patients misdiagnosed as having bil-
iary atresia may undergo Kasai portoenterostomy
[4]. Since this procedure does not compensate for
the loss of bile ducts within the liver, surgical repair
of the extrahepatic bile duct system is not a viable
treatment option for AGS patients. The already com-
promised intrahepatic bile ducts may sustain further
damage due to the inflammatory processes triggered
by exposure to intestinal contents [3]. Instead, liv-
er transplantation is the preferred management for
AGS [27, 28]. By the age of 18, over 75 % of children
with AGS who present with cholestasis require liver
transplantation [29]. In this case, our patient under-
went this procedure at the age of four.

It is difficult to predict disease progression based
solely on histologic or clinical features due to the
involvement of multiple organs. This underscores the
importance of early and accurate detection of AGS.
Various studies have confirmed that the progres-
sion of AGS often leads to critically poor outcomes.
Generally, these outcomes are linked to the severity
of liver abnormalities or cardiac complications, as
these two organs account for patient mortality in ap-
proximately 25 % of cases [11, 14, 16].

Conclusion

Alagille syndrome presents with various clinical
signs of differing severity. Accurate and early diag-
nosis is crucial for appropriate patient management
and improved prognosis. While various papers agree
on the importance of histopathological examination,
there is always a chance that histological features
observed under the microscope can be misleading.
This poses a potential risk for misdiagnosing Alagille
syndrome as other cholestatic diseases, such as bil-
iary atresia. It is essential to integrate a variety of
diagnostic approaches, including patient anamnesis,
physical examination, laboratory testing, histopa-
thology, radiological imaging, and genetic testing.
These integrated diagnostic methods, especially early
genetic testing, should be employed for suspected
patients, particularly when multiple “grey areas” are
identified throughout the process.
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Llenb: npeacTaBUTb KIMHUYECKME PEKOMEHOALIMN C ONMUCAHUEM KIIMHUYECKMX, TabopaTOPHbIX, 3HAOCKOMNYECKNX
M TMCTOJNIOMMYECKNX XapaKTEPUCTUK ayTOMMMYHHOro ractputa (AU n obecnednts MHGOPMALMOHHYO NOAAEPXKKY
DS IPUHATUS PeLLIEeHNI NO AUarHOCTMKE, OLEHKE NPOrHo3a 1 BbIGopy TakTUKM BEAEHUS naumeHToB ¢ AU
OcHoBHoOe cogepxaHue. AVIIT — opraH-creumdunyieckoe ayToMMMyHHOe 3ab0eBaHne, KOTOPOE XapakTepusyeTcs
HaIMYMEM aHTUTEN K MapueTasnbHbIM KIeTKaM U/Unv BHYTPEeHHEMY GakTopy, NPy KOTOPOM BOCHasIeHne v atpodus
OorpaHuyeHbl CIN3UCTO 060104KON Tena xenyaka, GyHKUMOHaNbHO NPosiBAsiolLee cedbs rmno- 1 axjaoprugpuen.
MmetoTcs paHHble 06 yBennyeHun 3abonesaemoctut AU Bo Bcem mupe. AUTT 4acTo coveTaeTcs C ayTOMMMYHHbIM
Tpeonantom (oo 40 % cnyyaeB), caxapHbiM anabeTom 1-ro TMna, ayToOMMMYHHbIM NONUIIAHAYISPHBIM CUHOPO-
Mom. MpeacTaBneHbl AaHHble 0 METOAAX J1JabopaTOPHOWN ANArHOCTUKM, 930daroracTpoayoneHOCKONY U rTMCTos0-
rMYyeckoro 1uccnengoBaHsa 6uonTtaToB ¢ pa3dopom TunuuHon ansa AU 9HOOCKONMYECKOW U TMCTONIOrMYeckom Kap-
TuHbL. Mpn covetanmn AUI ¢ nndekunen H. pylori pekoMmeHayeTcs NpoBeaeHMe apaankaunoHHom Tepanmn. Kpome
CUMMTOMATMYECKOrO JIEYEHUS N NIEHEHNSI aHEMUY PEKOMEHAYETCS Tepanuvs pebamMunmaom B TEHEHNE OJINTENBHOIO
BPEMEHU C LIENbIO NMOTEHLMPOBAHMS 3aLUTHBIX CBOMCTB C/IM3NCTOM 000J1I04KM Xenyaka. YHA0CKoNMYeckoe Habto-
neHvie naupeHTam ¢ AUl pekomeHayeTcs ¢ nHTepeanom 1 pas B 3 roaa.

SakntoyeHue. KnuHnueckoe sHavenne AU onpenenaetcs BO3HMKHOBEHNEM B, ,-aeduumnTHon 1 xenesonepuumt-
HOW aHEMWM, NOBbLILLEHNEM purcka onyxosel xenyaka — H90-1 n ageHokapunHombl. HabntogeHve 3a naumeHTamm
¢ AUT" No3BOJISIET NPOBOANTL CBOEBPEMEHHOE NIeYeHNEe 1 NPOPUIaAKTUKY aHEMUM U BbISIBIEHE HOBOOOPAa30BaHM
Xenynka.

KnioueBble cnoBa: ayTOMMMYHHbIV FACTPUT, aHTUTENA K NapUeTasibHbIM KJIETKaM, aHTUTENa K BHYTPEHHEMY PaKTo-
py, atpodus, aHeMus, ayTOMMMYHHbIN TMPEOUANT, HEMPOIHAOKPUHHAA OMyXoJib Xenyaka | Tuna, ageHokapuyHomMa
KoHdnukT MHTEepecoB: aBTopbl 3as8BASI0OT 06 OTCYTCTBUN KOHMNNKTA NHTEPECOB.

Ansa umtnpoBaHua: VeawkuH B.T., Maes W.B., Jlanuna T.J1., TpyxmaHoB A.C., Pymanuea [.E., CtopoHoBa O.A., lNapacke-
BoBa A.B., TepTbiuHbIi A.C., KuptoxuH A.T., Masnos N.B., A6aynxakos C.P., Anekceesa O.I1., AnekceeHko C.A., AHgpeeB [.H.,
BakynuH W.T., BakynuHa H.B., BopauH A.C., laneesa 3.M., dexHudy H.H., KoHoHoB A.B., KopoyaHckasa H.B., Kysaes P.O.,
KyuepsaBnbiin KO.A., JlIuezaH M.A., OcuneHko M.®., MNuporos C.C., CapceHbaesa A.C., CumaHeHkoB B.U., TpowwnHa E.A., Pe-
nopos E.[., XneiHoB W.B., LlykaHos B.B. KnuHuyeckne pekomeHgaumm POCCUICKOM raCTPO3HTEPONOrM4eCKom accoumaumnm
Nno AMAarHOCTUKE U NIeYEHMNIO ayTOMMMYHHOIO racTpuTta. POCCUINCKNIA XypHan raCTpodHTEPONOrMK, renaTtoiornm, KONonpoKTo-
norun. 2025;35(6):115-136. https://doi.org/10.22416/1382-4376-2025-35-6-115-136
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Aim: to present clinical guidelines describing the clinical, laboratory, endoscopic and histological characteristics
of autoimmune gastritis (AlIG) and to provide information support for decision-making on diagnosis, prognosis as-
sessment and choice of management tactics for patients with AlG.

Key points. AIG is an organ-specific autoimmune disease characterized by the presence of antibodies to parietal
cells and/or intrinsic factor, in which inflammation and atrophy are limited to the gastric mucosa, functionally man-
ifesting as hypo- and achlorhydria. There is evidence of an increase in the incidence of AIG worldwide. AlG is often
associated with autoimmune thyroiditis (up to 40 % of cases), type 1 diabetes mellitus, and autoimmune polyglan-
dular syndrome. Data on laboratory diagnostic methods, esophagogastroduodenoscopy, and histological examina-
tion of biopsies are presented, with an analysis of the endoscopic and histological picture typical of AIG. When AIG
is combined with H. pylori infection, eradication therapy is recommended. In addition to symptomatic treatment
and treatment of anemia, long-term rebamipide therapy is recommended to potentiate the protective properties
of the gastric mucosa. Endoscopic monitoring of patients with AlG is recommended at intervals of once every 3 years.
Keywords: autoimmune gastritis, parietal cell antibodies, intrinsic factor antibodies, atrophy, anemia, autoimmune
thyroiditis, gastric neuroendocrine tumor type |, adenocarcinoma

Conflict of interest: the authors declare no conflict of interest.

For citation: Ivashkin V.T., Maev I.V., Lapina T.L., Trukhmanov A.S., Rumyantseva D.E., Storonova O.A., Paraskevova A.V.,
Tertychny A.S., Kiryukhin A.P., Pavlov P.V., Abdulkhakov S.R., Alekseeva O.P., Alekseenko S.A., Andreev D.N., Bakulin I.G.,
Bakulina N.V., Bordin D.S., Galeeva Z.M., Dehnich N.N., Kononov A.V., Korochanskaya N.V., Kuvaev R.O., Kucheryavy Yu.A.,
Livzan M.A., Osipenko M.F., Pirogov S.S., Sarsenbayeva A.C., Simanenkov V.l., Tertychny A.S., Troshina E.A., Fedorov E.D.,
Khlynov I.B., Tsukanov V.V. Clinical Recommendations of the Russian Gastroenterological Association for the Diagnosis and
Treatment of Autoimmune Gastritis. Russian Journal of Gastroentero-logy, Hepatology, Coloproctology. 2025;35(6):115-136.

https://doi.org/10.22416/1382-4376-2025-35-6-115-136

1. Kparkas undopmanus mo 3a60Ji€BaHUIO
WK cocTosHuio (rpymmne 3a6oJieBaHuii
UJIM COCTOSIHUIA)

1.1. Onpeaenenue 3a60.1€BaHUA HIH COCTOSHUS
(rpynmnbl 3a60J€BaHUIl WJIH COCTOSIHUIA)

Xponnueckuii ayroummynHbrii racrpur (AUT) —
opran-crenuduieckoe ayTOMMMyHHOe 3a00JieBaHue,
KOTOpPOE XapaKTepHU3yeTcs HAJINYUeM aHTHUTesJ K Ta-
pHeTaNbHBIM KJIETKAM ¥,/ W BHyTpeHHeMY (haKTopy,
Ipy KOTOPOM BocHajeHue u aTpodusi OrpaHUYeHbI
CIM3NUCTOH 000TOUKON Tesa SKeayaKa, (PyHKITMOHAID-
HO NposiBJIsiioniee ceGst TUIo- 1 axJjoprugpueii [1—4].

1.2. IrtHoJorud U naToreHe3 3a00JeBaHUs
WM cocTosuust (Tpynnsl 3a6oeBaHuii Wi
COCTOSTHHUIA)

Aytoanturenom ciayskutr  H'/K*-AT®asza (npo-
TOHHAsT TIOMIIa), KOTOpPasg SIBJASETCS  MUIIEHbIO
HE TOJBKO [II AHTUTEJ] K MapUeTaJbHbIM KJeT-
KaM, HO W /g ayTopeakTuBHbIX T-kiaerok. CD4*
T-nmumdonurbl 1 1uToTOKCHYeckne T-muM@onuThI
NPU3HAHBI OCHOBHBIMU  yYAaCTHUKAMH ~ ayTOUMMYH-
HOH peakimu. [IpoBocmasnTenbHble TUTOKWHBI TIPO-
AYLUUPYIOTCS aKTUBHUPOBAHHBIMU ayTOPEAKTUBHBIMU
T-gnerkamu, ycuanmBasg WMMYHHBIH OTBET W CIHOCOO-
CTBYSI allONTO3y NapheTalbHbIX KJeTok 10 Fas-
3aBUCHMOMY U 1epdOopHuH-3aBUCUMOMY IyTH. Takum
ob6pasoM, arpodudeckasi (aza AUI accormmpoBana
C JUTNTEJbHBIM BOCIHAJEHUEM W XapaKTepH3yeTcs T0-
Tepeil KICJOTONPOLYIUPYIONNX JKeJe3 Tesa >Key.l-
ka. Cumraercst, 4TO aKTUBHOCTb T-KJIETOK HMPUBOINT
K JUTATETbHON CTUMYJIIInu B-mmMdormToB, KoTopsble,
B CBOIO O4Yepe/lb, HMPOAYLUPYIOT aHTHUTENIA K Tapue-
TAJbHBIM KJETKaM U BHyTpeHHeMy (akropy [1, 4—6].

ITyckosble MexanHusMmbl paszsutuss AUNUI mamo us-
yuenbl. Bpicokaa wacrora AWI y nanuenros ¢ ors-
TOIIEHHBIM CeMETHBIM aHAMHE30M 10 ayTOMMMYHHbBIM
3a00/IeBaHUsAM WM HaJIMYUEM ayTOUMMYHHBIX 3a-
6OJIeBaHUI CBH/ICTEBCTBYET O TEHETHYECKOH TIpe-
pacnosioskennoctn. Csasp H. pylori u AUT nenn3s
CUNTATh YCTAHOBJIEHHOH, OJHAKO OOJBbIIMHCTBO aBTO-
poB npefrnosaraer, uro H. pylori Moxer wHAyIHPO-
BaTh mian yxyamuth tedenne AV mo kpaiineii Mepe
y 4YacTy HalyeHToB. Bocmasenuwe, MHAYIUPOBAHHOE
H. pylori, Bo3MOXHO, OKa3bIBaeT BJIMsIHUE HA Hapu-
eTaJbHble KJIETKH W <«PACKPbIBAET» MOJIEKYJISIPHbIE
narrepabl H*/K-AT®asbl ¢ mpojgyKineil ayroaHTu-
TeJT K TapueTaTbHbIM KJETKaM B ganbHeiimem. B Ges-
kax H. pylori BbIsSIBJIEHDI TIEPEKPECTHO-PEATHPYIOTIIE
¢ TIPOTOHHON TIOMTION 3MUTONBI, KOTOPbIE i Vitro WH-
nyimpoBasu npoJindgepaiuio T-KIeTOK ¢ aKcIpeccueit
npoduas Thi1. Takum o6pazoM, aHTHreHHAsT MUMH-
Kpus OaKTepUH W TapHETATHbHBIX KJIETOK CBSI3BIBAET
AUT c panee cyIiecTBOBaBIeil WK TeKyleil WH(pEK-
et H. pylori [1, 4—8].

I'ncromornueckasa kapruna AWI  xapaxrepusy-
eTcd moTepeil MapueTasbHBIX KJIETOK, KHCJIOTOMPO-
NYLUPYIONINX ’Kejie3d ¢ ux 3aMerieHueM (Guéposnoii
TKAHbIO U JIByMs THUIIAMHM MeTaIlJIACTHYeCKON TpaHC-
dopmarm TICEeBAIOMMIOPUIECKON  MeTarlIa3nei
n kuieunoit Merariasueit [1—3]. AUT paccmarpusa-
eTcsI KaK IpeApaKkoBoe 3a60JI€BaHMe JKely/lKa Mo OT-
HOIllleHUIO0 K ajeHokapuuHome [1, 5, 9]. Puck ajue-
HOKapIMHOMDBI Xemdy/ka y namnuentoB ¢ AU B Tom
uncse cBsizan ¢ HaguuneMm wndexknun H. pylori.
[Tpn mepsuyrom AW aHTpasbHBIN OTAEN KeETyIKa
He 3aTparmBaercs. ATpodudecKkoe MOpaKeHUs aHTPYy-
Ma y6equTeNbHO CBH/ETENbCTBYIOT O MPEIIIeCTBYIO-
meit i rekymeit undekuun H. pylori. Y atux ma-
nnentoB ¢ AUT, nmetomux Boicokyio cragnio OLGA
(cBssannyio ¢ BausinueM H. pylori), puck passutust
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HEOIJIa3MN JKeTy/Ka OlleHUBAETCs B J1arnasoHe ot 6,3
10 25 % [1].

[Ipu AUT arpoduueckre nuaMeHeHUs CIU3UCTON
060JIOUKHN Tesa KeayAKa C YMEHbIIEeHUeM KoJye-
CTBA MAPUETATbHBIX KJIETOK NMPUBOIAT K CHIDKEHUIO
CEKPEINN COJITHON KHUCJIOTBI € Pas3BUTHEM THIIO-
XJOPruApun u axJjopruapun. B orcyrcTBHE TOP-
MO3HOTO BJWSHWST MOHOB H* cekperusg racTpuna
G-KJIeTKaMu BO3pacTaeT, 4yTo 00yCJIaBIMBAET TUIEP-
ractpuHemuio npu AWNIT. M36bITouHOE KOJTMYECTBO
racTpuHa CTUMYJUPYET PeLeNnTopbl dHTepoxpomad-
(pHOTIOTOGHBIX KJIETOK ¢ Pa3BUTHEM WX JMHEHHOM
U/ M HOAYJSIpHON rumepmiasun. Ha done Takux
TUTEePIIACTHYECKUX WM3MEHEHWI B CJAUBUCTONH 000-
JIOUKe TeJsla KeJTyJKa MOKeT BO3HUKHYTD JMUCILIA3HS
U Pa3BUTLCS HEHPOIHAOKPUHHAS OMYXOJb JKEeTyIKa
1-ro tuna (H2O 1-ro tuma) [1, 9—11]. H20O 1-ro
THTIA — HEHPOIHJTOKPUHHAS OIYXOJb U3 IHTEPOX-
poMadPuHONOAOOHBIX KJETOK, TUCTAMHUH IPOJIY-
nupyionas. OMyXoJb cOYeTaeTcs ¢ TUIepIia3uei
G-KJIETOK B aHTPAJbHOM OT/eJie JKeIyIKa, TUIOo-
WIN aXJOPTUJpHUEl, TpaKTHYeCKW He [aeT MeTa-
CTa30B, J-JIETHSSI BbIXKHUBAEMOCTH COCTABJISET IOYTH
100 % [12]. B KOTOpTHOM WCCJIETOBAHUN THIIEPILIA-
3us aHTEepoXpoMadPUHOTOMOOHBIX KJIETOK HAGJIIO-
namnach B 65,9 % caysaes AUT (29,5 % — npocras/
auneitnas, 30,7 % — MukponomyJsiphas, 5,7 % —
MakpoHoayasapHas). [omoBas KymyasiTuBHas 3a60-
aesaemoctb HOO 1-ro tuma cocrasuaa 5,7 % [13].
H30 1-ro tuma xapakTepusyioTcs 0JaronpusiTHbIM
[MPOTHO30M: TSITUIETHSS BbIKIUBAEMOCTH Ial[UeH-
ToB (BKJIOYass HEGOJBINYIO T'PYIINE C MeTacTa3aMu
B snMbarnyeckue y3ubl) coctasuiaa 100 % [14].

limoxsopru/ipusi  MATOTEHETUYECKN  CBS3aHA
C pasBUTHEM Kese301ePUIUTHON aHeMUuu, KOTopas
nabmogaercsas y 30—50 % marmmentoB ¢ AUT [11,
15—17].

[Ipu AWT arpodus KUCIOTOTPOLYIUPYIOMIHIX
JKeJie3 TPUBOJNUT K CHUKEHUIO BCACHIBAHUS BUTAMU-
Ha B, us-3a runoxsopruapuu u geduiuTa BHyTPeH-
nero axropa. dedunnr suramuna B, npossiasgercsa
MaKpOLUTapHOil aneMueil (IepHUIMO3HOI aHeMueit)
" HEBPOJOTUYECKUMHU paccTpoiictBamu [15—17].

1.3. dnuaemuosiorusi 3a60JeBaHUs UIN
cocrostuust (rpynibl 3a60eBaHuil MK
COCTOSIHHIT)

AWT yame BcTpeuyaercst y >KeHIIMH (cooTHoTIIE-
HUE JKEHIMH K MyskumHam — 2—3 : 1) u y Jmig
crapie 60 et [5, 11, 18].

B cucrematuyeckom o00630pe 47 wucciegoBa-
Huii ¢ ydacruem 15 817 4YenoBexk pacnpocTpaHeH-
noctb AUT B Mupe onenena kak 3,85 % (95%-it
poseputenbubiii uarepsan (95% AMN): 2,94—5,04;
I? = 99,3 %). BoisgBaensl 3HaunTebHbIe Teorpadu-
yeckne pasianyus. B EBpome pacmpocTpaHeHHOCTD
cocrasuna 4,94 % (95% [AWN: 3,66—6,63), B Asun
2,23 % (95% JON: 1,19—4,14). Camble BbICOKUE
MOKa3aTeJu IMOJYyYeHbl TPHU JUATHOCTUKE C TIOMO-
IBI0 Cepojormyecknx aurturenr 5,4 % (95% [U:

3,79—7,65), npu TUCTOJOTHYECKOM UCCAEIOBAHUT —
2,71 % (95% JIN: 1,68—4,36), npu KoMOIHALINA Ce-
POJIOTMYECKUX U TMCTOJOTHYECKUX HCCJACJOBAHUN —
1,81 % (95% /I1: 0,80—4,07) [19].

[Tpu ananuse pannpix lleHTpasnsoBanHoro ma-
TOJIOTOAHATOMUYECKOTO OTAeeHusT KianHndeckoro
nentpa CeyeHOBCKOro YHUBepCcHTETa HM3y4yeHbI Ta-
crpobuonTaThbl 3162 MAIMEHTOB, KOTOPBIM B TIEPHO/]
¢ 2017 no 2022 r. mposenena 330(]aroracTpojyo-
JIEHOCKOMNNSI CO B3sATHEM OHoncuii. AYyTOMMMYHHBIN
racTpyUT 3aHSAJ YeTBepTOe MEeCTO 110 YacToTe BCTPe-
YaeMOCTH C JIOCTATOYHO BBICOKUM IPOIEHTOM Ha-
6monennii (8,6 %), 4ro, ¢ OJHOIl CTOPOHBI, MOYKET
6BITb 06YCJIOBJIEHO POCTOM 3a60JI€BaeMOCTH, C JIPY-
roif CTOPOHDI, «KOHIEHTPAallMeii» MalleHTOB C 9TUM
JINATHO30M JIJIST IMHAMWYECKOTO HAOJIO/leHUusS B Ta-
CTpoaHTepoJioTHIecKoi kannuke [20].

1.4. OcobennocTy KOAUPOBaHUS 3a00I€BaAHUS
uad coctostnust (rpynnsl 3a6oJeBanmii

HJIN COCTOSHUIT) 10 Mex1yHapoHoit
CTAaTHCTHYECKOH KJaccuPpukanuu 6oe3Heit

U npo0JjieM, CBSI3aHHBIX CO 30POBbEM

K29.4 — Xpouuuecknii arpopudecKkuii racTpur
Artpocdus causuctoit 060J0YKN

1.5. Knaccudukanus 3a60€BaHust WA COCTOSIHUS
(rpynmnbl 3a60J€eBaHUi NI COCTOSIHUIA)

B ocnHoBe KiIaccuduUKaIMOHHOTO BBIJETEHUS Aay-
TOUMMYHHOTO TacTpPHUTA TOJOXKEH 3THOJOTUYECKUil
npuaTmn [1].

1.6. Kunnnyeckas kapTuHa 3a00J€BaHUS WK
cocTosinust (Tpynnbl 3260 I€BaHUi WM COCTOSIHMIA)

Tactpoanreposorndeckne cumnrtombl npu AUT
He SABJSOTCS chenu@UUHbIME U HAOJIOAI0T-
¢ty 60 % manmentos [21, 22]. Cpeam Hux ot-
MeYeHbl AnuracTpaibHas O60Jb, H3MKOTa, TOITHO-
ta, B3JyTHe, abpoMuHasbHasi 6o0sb u auapes [21].
Y 4YacTu TMaIlMeHTOB CUMIITOMBI HANOMHHAJTIH TaKO-
Bbie TIpn (PYHKIMOHATbHON aucnencuu (mpenmytie-
CTBEHHO MOCTIPAHAMANBHBIA JUCTPECC CHHAPOM),
npu racrpossodareasibHoil pediiokcHO 6oJsie3HM,
MpU CHHAPOME Pa3[Pa’KeHHOr0 KUINEeYHUKa, (PyHK-
MOHAJbHOW J[uapee, 3anope uian B3ayruu [22].

Kenesonedpunnrnaa anemus un/mm B ,-nedpu-
nurtHag anemus npu AUT nposBasior ce6st ¢1abocTbio,
TOJIOBHOI 6OJIbIO, CHUXKEHWEM (PU3MUYECKOW M KOTHU-
TUBHOI paborocnocobnocru [4, 5, 11].

Heduuur Butamuna B, Moxer crarth npuuMHOIL
MOpaKeHUsl KaK IEHTPAJbHON, Tak u mepudepmye-
CKOWl HEpPBHOH cucteMbl. XapaKTePHBIM TIPUMEPOM

caykut GYHUKYJISIPHBIH MEHEI03 — KOMILIEKC He-
BPOJIOTHUECKNX HAPYyIIEHNH, KOTOPBIA MPOSBJISETCS
napecre3usiMu, runopedJexcueii, II0J0KUTETbHbIM

pe(bJIGKCOM bBabunckoro un COITPOBOXK/IA€TCA CHUMIITO-
MaMi OIYIEHUA MOJI3aHuA MYpPalleK, MOKaJIbIBaHUA,
JKIKEHHUA, 6outee BbIpaKEHHBIMM B ITaJibIlaX HOT, CJa-

60CTH B KOHEYHOCTSX, HEYBEPEHHOCTH MPHU XO/b0e
[5, 11, 23, 24].
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2. /luarHocTuka 3a00JIeBAaHUSI MJIH COCTOSTHHS
(rpynmsl 3a060Ji€BaHUIl UK COCTOSIHUIA),
MeUIMHCKNE MOKa3aHUs 1 NPOTHBONOKAa3aHUs
K MPUMEHEHHIO METO/I0B JNAarHOCTHKHU

Kpumepuu ycmanosaenus duaznosa/cocmo-
AHUA: MArHO3 ayTOMMMYHHOTO TacTpPUTA YCTaHABJIIH-
BaeTCsl HAa OCHOBAHWM KOMILJIEKCHOTO 00CJe0BAHUS
C TpoBefieHneM 930(aroracTpoCKOIMKH € Pas3iesib-
HBIM TIOJTy4eHueM OMONTATOB M3 aHTPAJIBHOTO OT/e]a
U TeJa JKEeNyAKa, JEeMOHCTPUPYIOIMIUX THIINYHbIE TH-
CTOJIOTHYECKUE TIPU3HAKK 3a60JIeBaHNusS. 3HAYMMBIMU
CepOJIOTHYEeCKIMU  TecTaMM [iJI ayTOUMMYHHOIO Ta-
CTPHUTA CJIyKaT OIpe/leJieHne aHTUTeT K MaphueTab-
HBIM KJIETKaM M aHTHUTE] K BHyTpeHHeMY (DaKTopy.

2.1. ’Kano00b1 1 aHaMHe3

Bosmosknble xano6bl y manmentoB ¢ AV u uH-
TepIperanus JaHHBIX KajJo0 IPeJACTaBAeHbl B IO/
pasmese 1.6.

[Ipu cGope anamHesa cJeayerT yTOYHUTH, OblLia
Jgun panee mpoegena mnaiumenty II/IC c¢ Guorcueii;
UMeJMCh JIM TPU 9TOM YKa3aHUs HA HajIudue Hu3Me-
HEeHWH cam3ncToii o6ooukn keayaka (arpodus tena
SKEeJyKa, KUIIeYHas MeTamiasus). BajkHO yTOYHUTD,
ObL1a Jin paHee MPOBeJeHA HPAJAMKAIMOHHAS Tepalius
uudekuun H. pylori, ¢ moMOIIbIO KAKOW CXeMBbI Jie-
4YeHUs, MPOBEJIEH JIM KOHTPOJIb 3(D(HEKTUBHOCTU AHTH-
XeJTUKOOAKTEPHOI TePATTHH.

[dna AWT Bakubl ykazaHus B aHaMHe3e Ha [ie-
dbunur Buramuna B,, m Makponurapmyio aHemuio,
JKese301ePUIUTHYI0 aHEeMUIO, HaJn4ue TaKuX ayTo-
UMMYHHBIX 3a00JIeBaHWi, KaK ayTOMMMYHHBIH THPe-
ouINT, caxapHblil gunaber 1-ro THNA, BUTUIUTO U JP.,
BBISIBJEHHYIO TIPU PaHee TPOBEJEHHOM 9H/IOCKOIIIYe-
CKOM W TIATOJIOTOAHATOMUYECKOM WCCIEIOBAHUU aTPO-
$uio cam3ncToit 060JOYKN Teaa JKeaYIKa TP OTHOCH-
TEJBHO COXPAHHON CJM3UCTON 060JOUKE aHTPATHHOTO
oTrzesa.

2.2. duszukaapbHoe o6caeoBaHNe

[Ipn ¢usukasbHOM 06CIEIOBAHIN, KaK MPaBUJIO,
HET JAHHBIX, KOTOpble ObLiu Obl XapaKTepHbI KOH-
kpetHO 171 AUI. BpraBieHHBle NPH (PU3NKAILHOM
00CTeIOBAHNN CUMIITOMBI AHEMHUH, COUYETAHHBIX AyTO-
UMMYHHBIX 3a6osteBanuii (ayTOMMMYHHBIH TUPEOUJINT,
caxapHblii quaber 1-ro THIa, BUTUJIUTO, MHOKECTBEH-
Hasl SHAOKPUHHAS HEOILIa3Wd) JOJUKHbI HallpaBUTh

Bpaya Ha [OJTBEp:KAeHKe,/ UCKIIOYeHe JIMartHosa
AUT [4—6, 16, 17].

2.3. JlaGopaTopHbie HATHOCTHYECKHE
UCCJIe[OBAHUS

e Pexomenayercss BpimosHenne o6mero  (KanmHu-
YeCKOro) aHaau3a KPOBH C OIIEHKOH TI'eMaTOKPHTA,
IPUTPOIUTOB W PETUKYJOIUTOB B KPOBHU, OIpejeJie-
HUEe CPeIHero CO/ep>KaHusl U Cpe/iHell KOHIEHTPAIun
remMoryiobMHa B 3APUTPOIUTAX, OIpejeJeHne pasMe-
poB sputporuToB BceM mammernTaM ¢ AUT ¢ 1enpio
MOATBEPIKICHUsT/ UCKIIOUEHNsT  JKeJie301ePUIUTHOI
wm B ,-nepunmurnoil anemun [15—17].

Yposenv yoedumenvrnocmu pexomenoauuii — 2;
yposensb docmogepHocmu doxazameabcmes — 3.

Kommenmapuu. Kiunuueckuil anaiu3 xpoeu
npU AYMOUMMYHHOM 2ACMPUTNE MOKEM 0CTNABAMbCSL
6e3 cyuecmeenHvlx U3MeHeHUll, HO MOXKem 00HAaApY-
KUBAMBCSL AHEMUSL, KAK MUKPOUUMApHas, ceude-
MeJIbCMBYI0WAs. 0 HAPYWEHUU BCACHIBAHUS Keae3d,
max u maxpouyumapnas eciedcmeue depuyuma 6u-
mamuna B,, npu aymoummynnom nopaxenuu xe-
ayoxa [15—17].

e PekoMeH/yeTcsi BBINOJHEHHE aHali3a KpPOBH
Ha aHTHTeNa K TapHeTaJTbHBIM KJIeTKaM W aHTHUTeIa
K BHyTpenHeMy (axropy (daxropy Kacra) Bcem ma-
nueHTaM ¢ nojgo3dpenuem Ha AT qig noarsep:kaeHus
nuartosa [4, 24—28].

Yposensv yé6edumenvrocmu pexomendavuii — 2;
ypoeenb docmoesepHocmu 00KaA3ameascme — 3.

Kommenmapuu. Anmumena K napuemanipbHvim
Kaemxamn npucymcemeyiom y 85—90 % navuenmog
¢ AUT, a maxxe y 2,5—9 % 300posvix 63pocivix
U Y nAyuUenmos ¢ OpyzuMu AYMOUMMYHHIMU 3A00-
aesanuamu. OHU BUIABASIIOMCS HA HAYATILHLIX CMA-
Jusx AHT, ¢ Odanvuedwem ux mump umeem mem-
denuuio k KoACOAHUIM U NOCTNENEHHOMY CHUKEHUIO,
6N10Mb 00 NOJIHOZ0 UCUEIHOBEHUS HA NO3OHUX CNA-
dusx ampouu u3-3a <UCMOWEHUSL> NAPUCTNATD-
HOIX KAemoK. Anmumena K enympennemy axmopy
svisieasiiom npumepno y 80 % nayuenmos ¢ nep-
HUUUO3HOU anemuell;, onu 6oJiee cneyupuuvl, uem
anmumena K napuemdaivbHolM KJiemram (98,6 % wus.
90 % ), no menee uyscmeumenvmuovt (37 % vs. 81 % ).
Hx ewsensiom uawe na 6oree nozonux (ampo-
(uueckux) cmadusax aymouMMyHHozo 2acmpuma
[4, 24—28].

e PexoMeH/yeTcst orpe/iesieHne yPOBHsI BUTAMUHA
B,, (1maHokoGaaMiH) B KPOBH, HCCJIEJOBAHHE YPOB-
Hs1 GOJIMEBOI KUCIOTHI B CHIBOPOTKE KPOBU TAITMEHTAM
¢ AUT ¢ nonospenueM Ha B, -nedunurayio aHeMuio.

Yposensv yé6edumenvrocmu pexomendavuii — 2;
ypoeens docmogeprHocmu dokasamebcme — 3.

e PekoMeH/IyeTcss WCC/IeIOBAHUE ChIBOPOTOYHBIX
nokazareseil oOMeHa JKeje3a — WUCCJeOBAHUE yPOB-
Hs (heppuUTHHA B KPOBH, MCCJIEOBAHIE YPOBHS TPAHC-
deppuHa CHIBOPOTKH KPOBH, WCCJEJI0BAHUE JKeJe-
3ocBsspBalomell cmoco6nocts ceBoporkn (OJKCC),
uccJe[0Balne yPOBHsS JKejie3a ChIBOPOTKH KPOBH
U WCCJIeoBaHNe HACHIEHUST TpaHc(eppuHa Keae30M
(HTK) st Bepudukaiun Haamdust aGCOMOTHOTO Jie-
¢urnura xenesa BceM narmmentam ¢ AU nmomosperneM
Ha JKesie30e(PUIUTHYIO aHEMHUIO.

Yposenv yb6edumenvnocmu pexomenoauuiit — 2;
Ypoesens 0ocmosepHoOCmuU 00Ka3ameascms — 3.

Kommenmapuu. B myasvmuyenmposom nepcnex-
muenom ucciedosanuu depuyum sumamnuna B,, 6vin
eoiaeren y 13,3 % nayuenmos ¢ AHT no cpaguenuio
¢ 1,5 % nayuenmos npu ampoguueckom H. pylori-
accoyuuposannom zacmpume. /euyum xenesza o06-
napyxen y 28,9 % nayuenmos c AU, a cpednsis kou-
uenmpayus. eppumuna Oviiad CYUeCMEEHHO HUXKe
N0 CPAGHEHUIO € XeAUKOOAKMEPHHLIM 2dCTPUNOM
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[15]. Taxum obpasom, nepeuucaenmnvie anaIu3vl
CAYKAM BAKHBIMU MEOOAMU KAK NPU YCMAHOS.Le-
nuu duaznosa AUT, max u npu danvnetiwem nadao-
denuu 3a Mumu NAyUeHMaMu.

e PeKoMeH/IyeTcsl BCeM TallueHTaM ¢ TIOJ03peHneM
Ha AUT npoBenenne anamnsa KpoBU Ha TercuHoOTeH I,
nencuHored I m racTpun-17 ¢ 1esbi0 yCTaHOBJIEHUS
auarnosa [29—31].

Yposens y6edumenvnocmu pexomendavuii — 2;
yposens docmogepHocmu doxkazamensbcme — 2.

Kommenmapuu. Y nayuenmosé c¢ ampogu-
YecKUM edcmpumoMm nokazamenv nencunozena I
npu  UMMYHOpPEPMENMHOM — aAHAIU3E — NPOOEMOH-
CMPUPOBAL bICOKYI OUAZHOCMUUECKYIO UEHHOCTND
o0 ycmawosienus —ampouu mena xeayoxa
¢ uyscmeumenvnocmoio 92,7 % u cneyuhuuHocmoro
99,1 %, npu AUT amu noxasameau cocmasuiu 97,7
u 97,4 %. Ipu mmnozopaxmopuom andaiuse ypos-
nu nencunozena I 6oLy c8a3aHLL ¢ AYMOUMMYHHOU
npupodou zacmpuma (p < 0,001), no ne co cmene-
Hv10 ampogpuueckozo eacmpuma [29]. Husxue noxa-
3ameiu coomnowenus nencunozena I u nencunozena
11 6 couemanuu ¢ evicokum yposnem zacmpuna-17
obecneuusaiom ulcoKyo A0CMoBePHOCMb O YCMa-
noeaenus ouaznosa AU [31].

e He pekoMmeHyeTcsl BBIIOJHEHNE AHAIN3a KPOBH
Ha xpomorpanuH A nanuentaMm ¢ AWI, tak kak aror
MOKa3aTeNlb, KaK TPABUIO, GyIeT BHICOKUM HE3aBHCHMO
ot Hasmaust wan orcyterBust HOO 1-ro tuma [32, 33].

Yposenv yb6edumenvnocmu pexomenoauuiit — 2;
yposens docmosepHocmu doxkasamebcme — 3.

Kommenmapuu. Ilogviwenue yposus colo-
pPOMOUH020 XpomMozpanuna A cayxum mapkepom
HEUPOIHOOKPUHHBLX — ONYX0ell, O0HAKO YPOBEHD
xpomozpanuna A nosviwaemcs npu HAIUNUU AMPO-
Guueckozo eacmpuma, 6 mom uucie aymouMMyHHoOU
npupodvt [32]. Hpu nabriodenuu 3a nayuenmamu
¢ AUT 6 meuenue 3,5—7 nem npu ucxooHou ua-
cmome  unepnia3ul  IHMEPOXPOMAPPuUHHLIX  K.le-
mok 6 65,9 % cayuaes 20006as KymyasimueHas 3d-
bonesaemocmo HOO 1-20 muna cocmaeura 5,7 %.
Yposuu wupryrupyrowezo xpomozpanuna A docmo-
8EPHO He PAIUUAIUCL Y NAUUEHINO8 C PASSUMUCM
H30 1-20 muna u 6e3 HOO 1-z0 muna [33].

2.4. UncrpymeHTaIbHbIE UATHOCTHYECKHE
HCCJIe/IOBAaHUS

e PexoMmen/yercst mpoBejeHre 230daroracTpomyo-
nenockormmn (ITC) BceM manmeHTaM IIOL03PEHHEM
Ha AUT ¢ 11eJbi0 MOATBEPsKAECHNUST,/ UCKIIOYeHUsT J{a-
THO3a, OMPEIETEHNST N PAHKUPOBAHUS TIPEIPAKOBBIX
COCTOSHUN W WM3MEHEHUN CAU3UCTON OOOJIOYKU JKe-
JyJIKa, a TaKKe BbISBJICHUS HOBOOODPA30BaHMIA (H50
1-To THIIA M aJEeHOKapIMHOMBI), TIPH OTCYTCTBUU IPO-
TUBOIIOKA3aHUIM.

Yposenv ybedumenvnocmu pexomenoauuit — 2;
Yypoeens 0ocmosepHoCcmu 00Ka3ameascmes — 2.

Kommenmapuu.  Indockonuuecxkas  Oudzuo-
cmuxa AHUIT ocnosana na evisaeérenuu npusnaxos
ampoguu  cauzucmor  000404KU ¢ HAUOOIbULEN

BLIPAKEHHOCTNLIO 8 Mee KeAYyoKa: OAeOHOCMb U Om-
cymcmeue CKAAOOK CAUSUCMOU 060JI0UKU, GU3Yd-
auzayus cocydos nodcausucmozo caos [3, 34, 35].
Causucmasn 060104Ka AHMPAILHOZ0 0MOELA HKeayo-
Ka, Kax npasuno, He nodeepzaemcs ampoghuueckum
usmenenusim, oonaxo ¢ 20—30 % cayuaes mozym eu-
3Yaru3uposamvcs maxkue usMeHeHus Kax spumemd,
Ipo3uu, ouazU KUWEUHOU MemAanid3uu, u, Cneyu-
Guunviil dass AUT npusnax — yupkyaspuas cxiao-
uamocmwv (circular wrinkle-like pattern) [34, 36].
Hecmompsi na mo, umo 6 meze xeayoxa, kax npasu-
a0, Habaodaemcs Jugpgysnas ampopus, ¢ mpemu
CAYUAEE MOKHO GbIABUMb OCMAMOUHBIE 30HLL KUC-
A0MONPOOYuUpyIowets CAu3ucmor 06010uKu 6 Gude
ocmposros uau ncegdonoaunos [3, 34, 35]. B omau-
yue om H. pylori-accoyuuposannozo ampogpuuecko-
20 zacmpuma npu pazeumuu AU uwemxou <«aunuu
ampoghuus He nPocieKUSACMCS, NOIMOMY CMAOU-
posanue no kaaccugpuxavyuu Kimura — Takemoto
He Npedcmaeasiemcs 603MOXHuIM. Tlo  danHbiM
E. Dilaghi et al., cneyuguurnocmo 3ndockonuueckou
OUEHKU PACNPOCMPAHEHHOCU KUULEUHOU Memanid-
3uu ¢ nomowpro wrarve EGGIM npu AU ne npe-
eviara 21,7 % [37]. Omo 6vino ceasano ¢ men,
umo Jughpepenyuarvrnas ouaznocmuka Mmexdy Ku-
WEYHBIM U NCEBOONUNOPULECKUM TMUNAMU MEMANId-
3UU CAOKHA 66UDY CXOKe20 MYOYA0-BUNIEIHOZO PU-
CYHKA nogepxHocmu. B amoil c6s3u ucnoiw3osdanue
Kaaccugpuxavuonnvix cucmem Kimura — Takemoto
u EGGIM umeem cywecmeennvle O2panHuienus
Yy nauuenmos ¢ AUT [1].

Ocobyio cA0KHOCID 015 IHOOCKONUUECKOU OUazHO-
cmuku npedcmasasiiom cobot <pannues opmor AUT
6e3 paseumus ampoghuu. B maxux cayuasx 603HuKda-
10M UIMeHeHUst CKAADOK CAUIUCMOU 00004KU ¢ Pop-
MUPOGAHUEM NPUHAKA <«OAMOYKOBGLIX NEPEMSLKEK >
3a cuem ncesdozunepmpouu NAPUEMAILHLIX KAMOK
(pynoanvHvLx xKene3, b0 IPUMeMvl 1 OMeKd no Muny
<JI0COCEBOU UKPLL> 3A CUem S0CRAIUMENHOU UHGDUIL-
mpavuu npu omcymcmeuu H. pylori [38].

Basxnoti omauwumenvnoti ocobennocmoro AUT
aeasemcs waiuyue 6 32,4 % cayuaes 6s13K020
MpYoHo omMwvleaemozo cexpemd, OUKCUPOBAHNHO2Z0
HA NOBEPXHOCU CAUSUCTNOU 0O0N0UKU Mead Ke-
AYoKa, Komopuli 3ampyonsem O0emanvHwill OcC-
momp u mpebyem ucCnoaAbL306AHUs NeHozacumeell
U MYKOAUMUUECKUX Npenapamos 0 nodz0moeKu
K ocmompy 60 epemsi nposedenus II/C [34, 38,
39]. Hpu oyenxe simounozo pucymxa CAU3UCTOU
000104KU 6 Y3KOM Chekmpe C6emd C YGeIUUEeHIU-
em 6 59 % cayuaee AHUI onpedensemcs ¢heno-
MeH «COPOWEHHOU KOKU>, NPU KOMOPOM UCUe3d-
em susyaiusayus amMox dyundarvuvix xeaes |34,
38]. B xauecmee 0onosmumenvuvix 3IHOOCKONUYUE-
ckux npusnaxkose AHI paccmampueaemcs 06Ha-
pyxenue Genvix cpepuueckux cmpyxmyp (white
dots, white globe appearance) [34] u <zromy-
cos» (glomus-like lesions) — okpyenvix npo3pay-
HOLX 04A206 ¢ HAAUYUEM KANULIIPHOIX KAYOOUKOG
[40, 41]. Haruvue <2i0Mycoe» cAusucmot 06010uKu
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ona u mena xeayoxa s67€MCsi BbLCOKOCNEUUPDUY-
Hotm npusnaxonm AHT u accoyuuposano ¢ namo-
mopgpoaozuveckumu maprepamu AU — ampogpueti
Gpynoarvuvix xenes u eunepnirazueii ECL-kaemox
[40, 41]. Ob6napyxenue amozo 3udOCKONUUECKOZ0
npusnaxa onpedeisem nNOGIUEHUE GEPOSITNHOCTNU
duaznocmurxu HO0 na ¢pone AUT.

OcHo6HOU yeavio noucka npu 3HIOCKONUUECKOM
ocmompe nayuenmos ¢ AUI sieasemcs o6Hapyxe-
nue HIO [33], odnaxo ¢ psde cayuaes, ocobenno
6 couemanuu ¢ ungexyuet H. pylori, evisersemcs
adenoxapyunoma [9].

dujpockonnueckass kapruna AWIL mpencraBiena
Ha puc. 1—19.

Pucynox 1. BenecoBarblii HaJeT Ha CJIUUCTON 060-
Jlouke Tesa skemyaka. OcMoTp B 6esioM cBete

Figure 1. A whitish sticky adherent dense mucus
on corpus mucosa. White light image

Pucynox 2. Boipakennas arpodusi CJIM3UCTOI
000J10uKN Tesa Keayara. OcMoTp B 6e70M cBete

Figure 2. Severe atrophy of the corpus mucosa.
White light image

Pucynox 3. Bpipakennas arpodus CJIM3UCTOH
000JIOUKN Tesla JKEJIYIKA. Y3KOCTIEeKTPaTbHAs IHIOCKO-
nusg NBI

Figure 3. Severe atrophy of the corpus mucosa.
NBI image

Pucynox 4. OrcyrcrBre SIMOK Hapsily ¢ COXpaHeH-
HBIM KalMIAPHBIM pucyHkoM (npusHak “cast-off skin”.
bmmskodokycHas yskocnekTpasbHast anjockorus NBI
Near Focus

Figure 4. Absence of pits along with preserved
capillary pattern (“cast-off skin”). NBI Near Focus
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Pucynox 5. T'noMysbl TUTIEPIIA3UHT U3 9HTEPOXPO- Pucynoxk 6. Besecble y4acTKu JieTpuTa B >kese3ax
maddurononobubix kierok (ECL). Bamskodorycnas (WGA). OcMorp B 6esiom cBete
y3kocrekTpasibias asugockomnust NBI Near Focus Figure 6. Whitish areas of detritus in the glands

Figure 5. “Glomus-like” lesions as hyperplasia (WGA). White light image
of ECL-cells. NBI Near Focus

Pucynox 7. DBemecble yuacTKu JieTpUTa B Kese3ax Pucynox 8. OcratouyHast CeKpeTHpYOas CJN30-
(WGA). BuuskodokycHasi y3KoclekTpaibHas sHA0- crag o6onouka (ncesgonosmnouaubii tun) OcMoTp
ckorust NBI Near Focus B GesioM cBeTe

Figure 7. Whitish areas of detritus in the glands Figure 8. Residual secreting mucosa (pseudopol-
(WGA). NBI Near Focus ypoid type). White light image

Pucynox 9. Ocrartounasi ceKpeTupyIonas cJau3nucras Pucynox 10. OcrarouHast CeKpeTHUPYIOIAs CJII3H-
o6osouka (ncepponommoBnanbii i) Bimskodokycnas — crast o6onouka (muddysubiii Tam). OcMoTp B 6e1oM cBeTe
y3rocrekrpasibtast aHgockonust NBI Near Focus Figure 10. Residual secreting mucosa (diffuse

Figure 9. Residual secreting mucosa (pseudopol- type). White light image
ypoid type). NBI Near Focus
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Pucynox 11. OctatouHas ceKpeTupyionas CJII3u- Pucynox 12. DBoposnyarblii THII PUCYHKA SMOK.
cras o6omouka (audpdysubri ). Yskocnekrpanbhas — BiamskodokycHas yskocnekTpambHas angockonus NBI
suockonust NBI Near Focus

Figure 11. Residual secreting mucosa (diffuse Figure 12. Grooved type of pit pattern. NBI
type). NBI image Near Focus

Pucynox 13. DoBeossspHLINT THIT PUCYHKA SIMOK. Pucynox 14. Boipakennasg aTpodus CAM3UCTOI
bmuskodokychas yskocnekTpanbHasa supockonus NBI - o6osoukn Tena sxeayzaka. Ocmorp B pesknme TXI
Near Focus Figure 14. Severe atrophy of the corpus mucosa.
Figure 13. Foveal type of pit pattern.NBI Near TXI image
Focus

Pucynox 15. Heiiposngokpunnblie omyxonan 1-ro Pucynox 16. HeliposHIOKpUHHAST  OIyXOJIb
trna. OcMoTp B 6eJIOM cBeTe 1-ro Tnma. Ocmotp B pesknme TXI

Figure 15. Type 1 neuroendocrine gastric tumor. Figure 16. Type 1 neuroendocrine gastric tumor
White light image TXI image
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Pucynox 17. HeiiposHaokpuHHas omyxosb 1-To
tina. bimskodokycHast y3KoceKTpasIbHast 9HIOCKOITIS
NBI Near Focus

Figure 17. Type 1 neuroendocrine gastric tumor
NBI Near Focus

Pucynox 19. I'inepruactuiyeckue 1moyuibl. bansko-
okycnast y3rocrexrpanbias sugockormss NBI Near
Focus

Figure 19. Hyperplastic polyps. NBI Near Focus

e PekoMeH/IyeTcst TPOBe/IeHIE MIUIIIIOBON OMOTICHN
(pytnaHO — TI0 ABa GMONTaTa M3 TeJla W AHTPAILHO-
ro oTAenaa 10 Majoil M GOJBIION KPHUBU3HE; IOTOJ-
HUTEeNbHas GUOTCUST — W3 KayKIOTO BUINMOTO TIOMO0-
3PUTENBHOT0,/ TIATOJIOTHYECKOT0  y4acTKa CJIU3UCTOM
060JIOUKN) BCEM TIAllMEHTaM, y KOTOPBIX BIIEPBbIE
npoBoautes auartoctuueckass II/IC, ansg ycranos-
senns gumarno3a AUT m aexkBaTHOTO CTaAMPOBAHUS
MPEIPAKOBBIX COCTOSTHUI CJAU3UCTOH OGOJOUKH JKe-
aynka [1, 3, 34, 35].

Ypoeenv yoedumeavhocmu pexomendavuii — B;
yposens 0ocmosepHocmu 0oKa3ameascms — 2.

e PeKOMeH/IyeTcsT TTaToI0T0-aHATOMUYECKOe HCCITe-
[noBaHne OHONCUINHOTO MaTepuaja >KeJayIKa, B TOM

Pucynox 18. I'mmepriactunieckne moyurbl. OcMoTp
B GeJIoM CcBeTe
Figure 18. Hyperplastic polyps. White light image

YHCJIe ¢ TIPUMEHEHNEM THCTOXMMHYECKHX M HMMYHO-
IUCTOXMMHYECKUX METOJIOB, BCEM IMAllMEHTaM, y KO-
TOPBIX BHepBbIe MpoBouTcst aAnarnoctnyeckast II/(C,
AUt ycranosienus auarnosa AUT n ageksarHoro cra-
JINPOBAHUS TIPEJPAKOBBIX COCTOSHUI CJIU3UCTON 000-
JIOUKHM JKEJTY/IKA M OIMCAHUSA aTPOPUUECKNX, MeTarla-
CTUYECKNX W HEOIUIACTUYeCKNX uaMenenuii [1, 3—5,
28, 34, 35, 42].

Yposenv ybedumenvrnocmu pexomendauuii — B;
yposenv docmosepnocmu 0oKasdameancms — 2.

Kommenmapuu. Pannsas ¢paza AUI xapaxme-
puszyemcsi ouhhysnotl uru ouazosou aumpoyumap-
HO-NIA3MOUUMAPHO uHpuIsmpayueti coocmeennol
NAACMUHKU  CAUSUCTNOU  000JI0UKU Mead Keayokd,
npeumyuwecmeenno 6 eayookux (6asarvhoix) om-
deaax cobcmeennot naacmunku. Ilapuemanvroie
U 2]asHble KJACMKU eue OMHOCUMENbHO COXPAHHYL,
HO MOZYm OOHAPYKUSAMCs eunepmpodhus u ouc-
mpogpuueckue usMeHeHus NApUemaivHvlX KJIemox.
Ampoghus  Kucaiomonpodyyupyowux xeies au6o
omcymemeyem uau Hesnauwumenviud. Moezym nose-
JSAMBCS. YUACMKU NCeBOONUIOPULECKOU MEMANAAIUU
kax paunuu npusnax AUI. 3penas ¢paza AUT
Xapaxmepuzyemcs GulpaeHHou JUMPONIAZIMOUU-
mapnou ungurvmpayueli coo6cmeeHHol NAACIMUHKU,
dehurumon Kuci0monpooyuupyouux xeies ¢ op-
MUPOBAHUEM  YMEPEHHOU/ 8bIpaKeHHOU ampoghui,
uepedosanuem OCMAMOUHLIX NAPUCTNATLHBIX / 216
HbLY KJIETNOK C MEMANJACTNUYECKUM INUMESUCM, 21046~
HbIM  00pPA30M NCeBOONULOPUUECKOU Memaniasuetl
(«anmpanusayus mena xenyoxkas). Onpedensemcs
eunepnaasus snmepoxpomagppurnonododbmuvix (ECL)
KJlemox 6 meae Keayoka no Mmuny JAUHelHol
u HoOyasipHoli. B OGuonmamax awmpanviozo omoe-
A4 BO3MOKHO YCMAHOBUMY 2UNEPNAAIUI0 2ACTPUH-
npodyyupyrowux xaiemox. Hmenno 6 amou ¢hase
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Mopghonoeuneckas kapmuna cmanogumcs naubonee
munuunou ors AUT. Koneunas cpaza AU npome-
Kaem ¢ nOYMU NOJAHOU YMpamol Kuciomonpooyu-
pyrowux/ pyndarvnowx xeres (svipaxennas ampo-
pus) (<onycmomusanues MUNUYHOU CAUSUCTOU
meaa Keayoxa ¢ KuCI0MONPOOYUUPYIOUWUMU Kele-
3amu), npeobaadanue ncesOONUIOPUHECKOT U KUULEY-
Hou mMemaniasuu, oseonspuas ezunepniasus. Bos-
MOKHO — (hopMuposanue  2unepniacmuueckux  noJi-
noe. Ilo mepe ucue3nosenus Muwen aymoummynnol

peaxyuu  (napuemaivHolx KAEMOK) BbIPAKEHHOCID
BOCNAIUMENDHOZ0 UHDUILIMPAINA  CHUKACMCS,  MOXK-
HO HABI00aMb> MSAKEAYIO AMPOPUIO ¢ OMHOCUMENLHO
cxyonvim 6ocnarenuem. Coxpansiemcs u napacmaem
2UNEPNAA3USL IHMEPOXPOMAPPHUHONOOOOHBLX KAEMOK:
CAUSIHUE MEJKUX Y3ETKOBbIX Npoupepamos é 6o.ee
kpynuvie (adenomamosnas zunepniasus), 603MOX-
HblL 0uazy QUCNAA3UU IHMEPOXPOMAPHUHON0D0OHbLY
kaemox u pazeumue HOO 1-z0 muna [1, 3—5, 28,
34, 35, 42] (puc. 20—24).

Pucynox 20. PacripocTpaHeHHast 11CeB/IONNI0OPHYe-
CKasg M ovaroBasi NOJHas KuniedHas Metariasus (mo-
Kazana crpenkamn). x200. OKpacka TeMaTOKCHIMHOM
U 903UHOM

Figure 20. Disseminated pseudopyloric and
focal complete intestinal metaplasia (shown by ar-
rows). x200. H&E

Pucynox 21. PacnpocrpaHeHHast ICEBIONIIOPHYe-
CKasl MeTariasus ¢ oBpeskaeHreM sxene3. x250. Okpacka
TeMATOKCUIMHOM ¥ 303HHOM

Figure 21. Disseminated pseudopyloric metapla-
sia with glandular damage. x250. H&E

Pucynox 22. Tvmnepruia3usg HEWMPOIHIOKPUHHDBIX KJe-
TOK CJIM3KUCTON OGOJIOUKH TeJia SKeJIy KA ¢ (POPMHUPOBAHIEM
MeJIKUX Y3€/IKOBBIX CKolulenuil. MIMMynorucroxumudeckas
PEAKITHST C AHTUTENOM K XpoMorpanuny A, x50

Figure 22. Hyperplasia of neuroendocrine cells
in the gastric body mucosa with the formation of
small nodular clusters. Immunohistochemical reac-
tion with an antibody to chromogranin A, x100

Pucynox 23. HO0 1-ro tuna (Matepuan SHIOCKO-
muueckoii pesexipn). x100. OKpacka TIeMaTOKCHIMHOM
U D03UHOM

Figure 23. Type 1 neuroendocrine gastric tumor
(endoscopic resection specimen). x100. H&E
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Pucynox 24. H30 1-ro tuna (MMMyHOTHCTOXUMITYE-
CKasl peaklys C aHTHTeIoM K cuHantodusuny), x100

Figure 24. Type 1 neuroendocrine gastric tumor
(immunohistochemical reaction with an antibody
to synaptophysin, x100)

s sepuchuxayuu zunepniasuu sumepoxpomagp-
Ppunonodobnvix xkaemox uiu HOO 1-z0 muna npu-
MEHAEMCS UMMYHOZUCTOXUMULECKOE UCCIe)08AHUE
¢ xpomozpanunom A [1, 3, 34].

Y navuenmos ¢ AHI npumenenue zucmonamo-
aoezuyeckoezo  cmaduposanus OLGA  oepanuueno,
nocxoavky npu nepsuurom AHI anwmpanvnvii om-
desl He noodsepzaemcst ampopuueckum UIMEeHeHUIM
u cmaduss OLGA y maxux nayuenmos ne npeegul-
waem cmaowio 11 [1].

o [larmmentam ¢ AWI, ¢ momo3penmeM Ha paH-
HIOIO CTaui0 3a60JIeBaHMs, TacTpoa3odareasbHbIH
pedJIIOKC, PEKOMEHyeTcs IMPOBOIUTH  CYTOYHYIO
pH-MeTpuio ¢ 1esIbI0 OLEHKN KHCJIOTOIPOLYIINPYIO-
el GyHKIMN JKeTyAKa /IS TOATBEPKIEHUsT THarHo-
3a AUT, noaTBep:kAeHs MaToJOTHYecKoro pedJriokca
U [POTHO3UPOBAHUST BEPOSITHOCTH PA3BUTHS AHEMUU
[11, 15-17, 21, 22].

VYposenv yb6edumenvnocmu pexomenoauuii. —
C; ypoeenv docmoseprocmu dokazameancme — 5.

2.5. Nuble quarHocTuyeckue UCCJae0BaHus

e Pexomennyerca BceM mnamuenTtam ¢ AU mposo-
JTh TEepBUYHYIO auarHoctuky H. pylori m xontpo-
ampoBaTh 3(PEKTUBHOCTD IPA[UKAIMOHHON Tepariu
He paHee, YeM dYepe3 4 He[eqN MOCTe OKOHYAHUS
Kypca aHTUXEINKOGAKTEPHON Tepanuu Jau6o Toce
OKOHYAHUS JIEYEHUsST AHTUCEKPETOPHBIMU CPEACTBAMI
(uHrE6UTOPaMK IIPOTOHHOIO HACOCA) WM BHCMYTOM
TpuKaaus aunurpara [43—45].

Yposenv yoedumeavnocmu pexomenoavuuii — A;
yposenv docmogeprocmu doxazamenvbcme — 1.

Kommenmapuu. Ilopsdox Haswauenus Me-
modo6 nepeuunHol U  8MOPUUHOU  OUAZHOCTRUKU
H. pylori onucan 6 KAUHUYECKUX DPEKOMEHOAUUSX
«Tacmpum u dyodenums [https://cr.minzdrav.goo.
ru/ preview-cr/708_2]. Onmumanvroimu mecmamu

nepsuunou  OuazHocmuku unpexkuyuu H. pylori
U KOHmMpPOas Ihpexmuenocmu IpaouKayuonHou me-
panuu H. pylori cayxam neunsasusnvie (ne mpeby-
ouue nposedenus 330¢hazozacmpodyodeHockonuu)
BC-dvixamenvhoil  ypedsuviti mecm U MOHOKJLO-
Hanvnoe onpedenenue anmuzena H. pylori 6 xaze.
Coznacno Kokpeinogckomy 0630py u MeMaanaiusy,
yyecmeumeavocms C-dvixamenvHozo mecma co-
cmasasem 94 % (95% JAH: 0,89—0,97), a onpe-
denenus awmuzena H. pylori ¢ xare — 83 % (95%
JIH: 0,73—0,90) npu cneyupuunocmu 6 90 % [43].

e Pexomenayerca mnarumentam AWI ¢ Bmepsbie
YCTaHOBJIEHHBIM /MarnosoM B, -neduiurHoii anemnn
npueM  (0CMOTp, KOHCYJIbTalust) Bpada-HEBPOJIOTA
NEPBUYHBINA JIJIsI BBISIBICHUST W JIOKYMEHTAIlMU BO3-
MOJKHBIX HEBPOJOTHYECKUX HAPYIIeHuit, 00yCI0BIeH-
HbIX Jeduiutom Butamuna B, [5, 11, 23, 24].

Yposenn yoedumenvrnocmu pexomendavuii — C;
Yypoeeib 00cmosepHocmu 00KaA3admeabcme — 5.

Kommenmapuu. Cm. pazden 1.6 «Kaunuueckas
Kkapmuna sabonesanus uau cocmosnus (zpynnvl 3a-
6ose6anULl UNU COCTROSAHULL)>.

e Pexomenpyerca namumentam ¢ AWTD ¢ mompospe-
HUEM WM yCTAHOBJIEHHBIMU [UATHO3AMU AyTOMMMYH-
HOTO THPEOUNTa, caxapHoro amaGera 1-ro Tuma, ay-
TOUMMYHHOTO TOJIUTIAHAYJISIPHOTO CHHIPOMA IIPUEM
(ocMOTp, KOHCYJIbTalMsl) Bpava-sHIOKPUHOJIOTA HEp-
BUYHBIN 11 MOATBEPIKAEHIS [UATHO3a M YTOYHEHISI
TaKTUKHU BegeHud namuenra [1, 2, 6, 46—48].

Yposenn yoedumenvrnocmu pexomendavuii — C;
Yypoeeib 00cmosepHocmu 00KA3Admeabcme — 5.

Kommenmapuu. Ipumnepno y 40 % nayuenmos
¢ AUT umeem mecmo aymoumMmyHHuli mupeououm
[46]. Ilo dannvim memaanaiuza 20 uccaedosanuil
(n = 3721), uwacmoma obuapyxenus awmumen
K napuemaivHoiM KJAemKaMm Y Nayuenmos ¢ daymo-
UMMYHHOIMU 3A00NCEAHUAMU UUMOBUOHOU KeNe3bl
cocmaeasem 27,0 % (95% [AH: 20,0—36,0) [47].
1o dannvim memaanaiusa 18 uccaedosanuii, uacmo-
ma o6HapyKenus anmumesn K NApUeMAaivHolM Kiem-
Kam y nauuenmos ¢ caxapuvin duabemom 1-20 muna
no CPasHenuIo ¢ KOHMPOJILHOU ZPYNNOU CYULecmeen-
Ho evie (omuowenue wancos 4,11; 95% /[1H:

3,12—5,42) [48].

3. Jleuenne, BKJIIOYAsI MeAUKAMEHTO3HYIO

U HEME/MKaMEHTO3HYI0 TepPaltIO, AUETOTEPAIHIO,
00e3060/MBaHNe, MEAULMHCKHE MMOKAa3aHU

U NPOTUBONOKA3aHUS K IPUMEHEHHIO

METO/IOB JIeUeHHSI

3.1. KoHcepBaTuBHOe JeueHHe

e Pexomenjyercst coOJIIOI€HNE TIPUHITUTIOB 37I0POBO-
ro muranust [https://www.who.int/ru/news-room,/
fact-sheets/detail /healthy-diet] = Bcem  manmentam
¢ AUT. CrenunaibHbIX JUeT pu aTpOUIECKOM TacTpH-
Te, JIOKA3aBIINX CBOIO 3(PEKTUBHOCTD, HE CYIIECTBYET.

Yposenv yoedumeavtocmu pexomendavuit — C;
YposeHsb 00CMosepHOCU 00KA3ameaLcme — 5.
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e PexoMennyerca TMpoBefieHNe 3PATUKAITMOHHON
tepanun H. pylori Bcem nanmentam ¢ AUT 1ipu Bbi-
apyennn aroit uudexun [49, 50].

Yposenn yoedumeavnocmu pexomendavuii — B;
Yypoeens docmogepHocmu doxasameabcme — 3.

Kommenmapuu. 3navenue 3apaduxayuonnou
mepanuu npu AUT mpebyem darvreviuux ucc.iedo-
eanuil. Iloxasano, umo y 80 % nauuenmos ¢ AUT
6 pannel cmaduu 6e3 ampopuueckux usmMeHenull
6 pesyavmame spaduxauyuu H. pylori ucuesnra ax-
MUBHOCMb 2ACMPUMA Mead Keayokd, d JUMPouu-
mapnas unuivmpayus xenes, ux OecmpyxKyus
u zunepmpoghus napuemarvHblX KJ1emox IHaAUUmenb-
1o ymenvwuaucos [49)]. B xaunuuecxom nab.modenuu
cnycms 26 mecsues nocae ycnewHou 3pAouKayiion-
HOU mepanuu 6bL10 KOHCMAMUPOSAHO YMeHbULeHUE
ampopuu meaa xeiyokd, 60CCMAHOBACHUE NApUe-
MANLHBIX U 2]IABHBIX KAECMOK 6 Kele3dx, HOPMAIU-
3auusi CLLEOPOTNOUHOZO YPOBHSL 2ACTMPUHA U NAOEHUEe
mumpa anwmumen Kk napuemanvivim kaemxam [50].

e PexoMeH/IyeTcst Tepanust peOaMUTIUAOM B Tede-
HUe JJINTeIbHOTO BpeMeHnu naruentam ¢ AUT ¢ nesbio
MOTEHIIMPOBAHKST 3AlTUTHBIX CBOMCTB TacTpOAyo/Ie-
HAJAbHOW cam3ucToii obosouku [51—53].

Yposenv yoedumeavnocmu pexomendavuii — B;
yposens docmosepHocmu 00KaA3ameascme — 2.

Kommenmapuu. B xiunuueckux ucciedoea-
HUsX pebamunud nokasar ceoio 3pgexmusnocmo
npu ampopuueckom u npu aymouMMyHHoOM 2aCmpu-
me. ITpu nasnavenuu pebamunuda 6 meuenue 12 me-
CAUEE  YMEHLUUNACH OALIbHAS OUEHKA ampoduu
U KUWEYHOU MemAania3uu 6 aHmpaivbHoM omoeJie
Y NAYUEHMOs, KOMOpble NepeHecau IHOOCKonuUe-
CKYI0 Pe3exyuio pannezo paxka uiu OUCNAA3UU Ke-
ayoxa [51]. Ilocae xypca pebamunuda ¢ meuenue
6 mecsues y nayuenmos AHUI ommeuena cmamu-
CIMUYECKU 3HAYUMOE NOBBLULEHUE COOMHOULCHUS. NeNn-
cunozena I x nencunozeny I1 ( p <0,001 ), CHusKeHue
eacmpuna-17 (p < 0,001), yrasviearoujue na pezpecc
ampoghuu mena xeayoka [52]. Yepesz 12 mecsuyes
mepanuu pebamunudom y nayuenmos ¢ AUI onpe-
deJien CMAMUCMUYECKU 3HAYUMDLIL POCM COOMHOULe-
nus nencunozena I x nencunozeny II ¢ 1,38 (0,96;
2,62) 0o 2,00 (1,60; 3,10) (p < 0,001; p < 0,001).
Bes neuenus, naobopom, 6vla6.1eH0 CHUXKEHUE INOZ0
coomnowenus (p = 0,002). IIpu zucmonozuueckom
uccaedosanuu na one mepanuu pebamunudom Gol-
SA6JIEHA NOJIOKUMEAbHAS. OUHAMUKA NO GbIPAKEHHO-
cmu socnazenus (p = 0,002) [53].

e He pexkomenyercst teparusi THTrHGUTOPAMH MPO-
tounoro Hacoca (UITH) mammentam ¢ AUT 3a uckio-
yeHneM WX Ha3HavyeHWs Ha 14 mgHell B cocTaBe spaau-
Karmonnoi reparnuu H. pylori [54, 55].

Yposenv yoedumeavnocmu pexomendavuii — B;
ypoeensb docmoeepHocmu 0oKdsameancmes — 2.

Kommenmapuu. Y navuenmos ¢ AU u npue-
mom HITH 6 noanotl 0ose 6 anammese Ovli olaeie-
HoL 60J1ee GbIpaXentble cmaduu ampopuu u Kuuleu-
HOU Memanaasui, yem y Nauuenmos, Komopoie panee
ne npunumaru HITH [54]. Ilpu sndocxonuueckom

nabmodenuu 3a navuenmamu ¢ AU wacmoma ne-
ONAA3UU KeAYOKA ObLAA Gbille 8 ZPYNNe NAUUESHINOS,
6 anammese KOmMoOpulx 00 ycmawosienus 0udznosa
AHUT npuem HIIH 6vin 3apezucmpuposan 6 me-
uenue 12 mecaues u 6oaee (54,3 % vs. 18,6 %;
p < 0,001) [55].

4. MeauuuHCKast peaOuIMTanusi ¥ CAaHATOPHO-
KYPOPTHOE JieyeHue, MeJUIMHCKHE NTOKa3aHUs
U MPOTHBONOKA3aHUS K IPUMEHEHUIO MeTO/I0B
MeAUIMHCKON peaOuIMTalMHi, B TOM YHCJIe
OCHOBAHHBIX Ha MCIMOJIb30BAaHUU NPUPOIHBIX
JeuyebHbIx (paKTopoB

e [Tarmmentam ¢ AUI pexomenjyercss caHaTOPHO-
KyPOPTHOE JiedeHUe C yYEeTOM BO3PACTA M HATUYUS CO-
MyTCTBYIOMNX 3a60JIeBaHUll, UTO OIPE/essieT BbIOOp
KJIMMATHYECKOTO PETHOHA.

Ypoeenv yoedumenvrocmu pexomendauuii — C;
Ypoeens 00CmosepHOCmU 00KA3AMeabcms — 5.

Kommenmapuu. Ilokazanus, npomueonoxasa-
HUSL K CANATMOPHO-KYPOPMHOMY Jleuenuio, a maxie
€20 XApaxmepucmuku npu XpoHUUeCKOM 2acmpu-
me npedcmasnenvt ¢ Kaunuueckux pexomenoayusx
«acmpum u dyodenums (https:/ /cr.minzdrav. goo.
ru/view-cr/708_2) u Memoduueckux pexomen-
davusx </lucnancepnoe nabawdenue NAUUESHMOB
¢ eacmpumom u OYoOeHUMOM BPAUOM-TNEPANEETNOM
6 NePBUUHOM 36eHe 30pAsoOXpanerus s [56].

5. MpodunakTuka u AucnancepHoe HadIoO/IeHHE,
Me/UIMHCKNE TOKa3aHUsl U POTHBONOKA3aHUS
K IPUMEHEHUIO METO/0B NPOPUIaAKTHKH

e PekoMeH/IyeTcsl 3HIOCKOTMYecKoe HalJIo/IeHIe
1 pa3 B 3 rojia BceM namuentam ¢ AUT [27].

VYposenv ybedumenvnocmu pexomenoauuii —
C; yposensv docmosepHocmu 00KaA3ameancme — 5.

Kommenmapuu. Aymoummynnolii zacmpum s6-
AAEMCS NPeOpaKosvim 3a00Le8aHUCM, YMO ONPAG-
Owvieaem audockonuueckoe #abawdenue [1, 5, 9,
27, 57, 58]. Omuocumenvuvitl puck paxa xeayoxa
npu nepruuuosnol anemuu cocmasur 6,8 (95% JAH:
2,6—18,1). Hedocmamkom 3mozo Memaanaiusd
CAYHKUM GKAIOUCHUE JTOOIX NAUUCHNOE € HUSKUM
yposuem eumamuna B, npuuunoi xomopozo ciy-
Kum He MOAbKO aymoummyunvill eacmpum [39].
B xoeopmuom uccaedosanuu navuenmos ¢ AHI
adenokapuunoma xeayoxa oviaa eviasaenda 6 5,3 %
Ccayuaes, a GLICUUMAHHASL 3A00NEBACMOCTL  Pd-
Kom sxeayoka npu AHI cocmasuna 14,2 cayuas
na 1000 uenoeexo-iem, umo CYwecmeenno npeevl-
wano cpednue noxazameau [60]. Pexomendyemoil
unmepean nabmodenus me pazpaboman 6 pando-
MUBUPOBAHHBIX  KOHMPOAUPYEMBIX  UCCACO0BAHUSLX.
Yuumuieas kpome pucka adenoxapyumnomol xeayoxa
PUCK passumust HetupodIHOOKPUHHOU ONYX0IU Keayo-
Ka, Mol pekomeHoyem IHOOCKONUYECKUU KOHMPOJlb
1 pas 6 3 zo0a. IIpu nposedenuu IHOOCKONUUECKO20
HAONI00eHUs NAUUESHMAM C YCMAHOBICHHBIM OUAZHO-
3om AUT pexomendosano nposedenue moabKo npu-
UeLHOU  OUONCUU  NAMOAOZUECKUX  00PA306aANUIL,
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n0003PUMENLHBIX HA HEONAA3UI0, NOGMOPHOU Gepu-
Ppuravuu 2acmpuma ne mpebyemcs [1].

e PexoMeH[yeTcs 3HIOCKOMIYecKoe HabJIo/IeHTe
He pexke 1 paza B 2 roma BceM marmentam ¢ AUT,
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127473, Moscow, Delegatskaya str., 20, build. 1.

ORCID: https://orcid.org//0000-0001-6114-564X

Tatiana L. Lapina* — Cand. Sci. (Med.), Associate Professor
at the Department of Propaedeutics of Internal Diseases,
[.M. Sechenov First Moscow State Medical University (Seche-
nov University).

Contact information: tatlapina@gmail.com;
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TpyxmanoB Asexcanap CepreeBmd — [OKTOP MeJUIIMHCKHUX
HayK, mpodeccop Kadeapbl TPONEAEBTHKI BHYTPEHHHX 60-
JIe3Hel, TaCTPOIHTEPOJIOTHN U renatojorun VHCTUTYTA KIMHU-
yeckoit mMexuimubl M. H.B. Ckimdocosckoro, @TAOY BO
«IlepBblit MoOCKOBCKMIT TOCY/apCTBEHHbIN MEAMIIMHCKUI yHU-
Bepcurer uM. V.M. CeuenoBa» Munucrepcrsa 3/1paBooxXpaHe-
Hust Poceniickoii Mepepaipun (CeueHOBCKUIA yHIUBEPCUTET).
Komraxrnas undopmaryrst: trukhmanov_a_s@staff.sechenov.ru;
119435, r. Mocksa, y.a. Ioroannckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0003-3362-2968

PymsaueBa /lmana EBrempeBHa — KaHAMIAT MEAMIIMHCKIX
HayK, Bpad OT/EeJEeHUs] racTpoanTeposoruu Kiannuku nporne/es-
THKH BHYTPEHHHUX 60JIe3HEIl, TaCTPOIHTEPOIOTHN U TeNaTOJIOr I
uM. B.X. Bacunenko, @I'AOY BO «Ilepsblii MockoBckuii rocy-
JlapcTBeHHbIN MepuimHcKuil yausepeuter um. .M. CeuenoBa»
MunncreperBa 3apaBooxpanenust Poccuiickoii @eeparu (Ce-
YEHOBCKUiT Y HUBEPCUTET).

Konrakraas undopmanus: diana-ryazanceva@yandex.ru;
119435, r. Mocksa, ya. Horoannckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-7048-0538

CroponoBa Ouibra AHZIpeeBHa — KaH/NJAT MEIUIIMHCKUX HayK,
Bpay oT/eseHus (PYHKIIMOHATBHON ANAarHoCTHKN KAnHUKN 1po-
MeIEBTHKN BHYTPEHHUX (0JIE3HEN, raCTPOIHTEPOIOTHH U TETaTO-
gorun uMm. B.X. Bacmmenko, PTAOY BO «Ilepsorit Moc-
KOBCKHUI TOCYy/1apCTBEHHDIIH MeIUINHCKUNT YHUBEPCHUTET
um. .M. CevyenoBa» Munucrepcrsa 3/ipaBooxpanenusi Poccuii-
ckoit Degepannn (CeuenoBcknit YHI/IBepCI/ITeT).

Konrakrnas nndopmarnusi: storonova_o_a@staff.sechenov.ru;
119435, r. Mocksa, ya. Horoaunckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0002-0960-1166

ITapackeBoBa Anna BuaaumupoBHa — KaHAUAAT MeIUIMH-
CKUX HayK, Bpay orieseHnss (yHKIMOHAIbHOI AMATHOCTHKI
Knunnku 1mporneseBTikn BHYTpeHHUX O0Jie3Hel, racTposHTe-
posiorun u renatojorun um. B.X. Bacunenko, ®TAOY BO
«IlepBblit MockoBCcKMil TOCY/apCTBEHHbBIN MeAMIIMHCKUI yHU-
Bepcuter uM. V.M. CeuenoBa» MuHmcTEpPCTBA 3/[PABOOXPaHE-
nus Poccuiickoit Meneparun (Ceuenosekuil Yuusepeurer).
Konrakrrnas nndopmarnust: paraskevova_a_v@staff.sechenov.ru;
119435, r. Mocksa, yu. Ilorogunckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0002- 1662 2352

Teprorunbiii Anexcangp CeMeHOBHY — JIOKTOD MeIUITMHCKUX
Hayk, mpodeccop, 3aBemyiomuii Jaboparopueil AJIeKTPOHHOI
MHKPOCKOIINN M MMMYHOTUCTOXMMHHM, VIHCTHTYT KJIMHIYECKOi
Mopdosornn n nudposoii marosorun, DITAOY BO «Ilepsbrit
MockoBcKuil  ToCy/IlapCTBEHHbIIl  MEAMIIMHCKUIT  yHUBEPCUTET
uM. 1I.M. CeuenoBa» MunucrepcrBa 3apaBooxpanenus Poccuii-
ckoit Mepepanun (CedeHoBckuil YHUBEpCHUTET).

Konrakraast nadopmarust: atertychnyy@yandex.ru;

119435, r. MockBa, AGpuKocoBckuii ep., 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-5635-6100

Kupioxun Anapeii IlaBroBuy — kaHAnaaT MEIUIHCKIX HAYK,
BPAY-9H/IOCKOIMCT OT/IeJeHUsT JMArHOCTUYECKOW M Jie4eGHOi
SH/IOCKONUN Y HUBEPCUTETCKON KJIMHUYECKOH GoJbHUIBI No 2,
®DI'AOY BO «Ilepsbrii MockoBCKHiI rocyfiapcTBeHHBII Meau-
nnHekuit yausepcurer uM. M.M. CeuenoBa» Munucrepcrsa
sapasooxpanenust Poccuiickoii Menepaipun (Cevenosekuii Ynu-
BEPCUTET).

Konrakraas undopmanus: a.p.kiryukhin@gmail.com;

119435, r. Mocksa, ya. Horoannckas, 1, crp. 1.

ORCID: https://orcid.org,/0000-0001-5685-8784

ITaBnoB IlaBen BuaaumupoBuy — KaHAWJAT MEANUIITHCKIX
HayK, JIOLEeHT Kadeapbl Xupypriuu VMHCTHTYyTa KINHIYECKOH Me-
quirsabl uM. H.B. CrimdocoBckoro, 3aBeaylommuii otaesneHneM
JINATHOCTHYECKON ¥ JIe4eOHOM 9HIOCKONNU Y HUBEPCUTETCKOIT
kinanueckoit Gosnpuuibl Ne 2, @IAOY BO «llepsoiii Moc-
KOBCKHMI  TrOCYJapCTBEHHbII  MEIUIMHCKUI  YHUBEPCUTET
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of Internal Diseases Propaedeutics, Gastroenterology and He-
patology, I[.M. Sechenov First Moscow State Medical
University (Sechenov University).

Contact information: paraskevova_a v@staff.sechenov.ru;
119435, Moscow, Pogodinskaya str., 1, build. 1.

ORCID: https://orcid.org/0000-0002-1662-2352

Alexander S. Tertychnyy — Dr. Sci. (Med.), Professor,
Head of the Laboratory of Electron Microscopy and Immuno-
histochemistry, Institute of Clinical Morphology and Digital
Pathology, I.M. Sechenov First Moscow State Medical
University (Sechenov University).

Contact information: atertychnyy@yandex.ru;
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Andrey P. Kiryukhin — Cand. Sci. (Med.), Endoscopist, Depart-
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uM. M1.M. CeuenoBa» Munncrepcrsa 3apaBooxpanenust Poccuii-
ckoii Mepepannn (CeyeHOBCKUiT yHUBEPCUTET).

Konrakraas undopmanust: pavlov_p_v@staff.sechenov.ru;
119435, r. Mocksa, ya. Ilorogunckas, a. 1, crp. 1.

ORCID: https://orcid.org,/0000-0002-4391-5441

A6ayaxakos Caitssp PycramoBud — KaHaugar MeAWIIUH-
CKUX HayK, 3aBeayiommii kadeapoili BHYTpeHHUX GoJie3Heil
Wucruryra dyngamMentanbHoil Megunuubl 1 6uosornn, GrAOY
BO «Kaszancknii (ITpuBosmkckuit) denepanbHbiil yHUIBEPCUTET;
JONEHT Kadeappl TOJUKINHIYECKON Tepanuu 1 ofieil Bpaue6-
noit npakrtuku, DI'BOY BO «Kasauckuit rocyapcTBeHHbII
MeJUIIMHCKUI YHuBepcuTeT»> MUHHCTEPCTBA 3/1PaBOOXPAHEHMS
Poccniickoit Depeparui.

Kownrakraast nuadopmarus: sayarabdul@yandex.ru;

420012, r. Kasanb, yua. Kpemnesckas, 18.

ORCID: https://orcid.org,/0000-0001-9542-3580

AnexceeBa Oupra IlosmkapmoBHa — [OKTOpP MeJUIIMHCKHUX
HayK, mpodeccop Kadeapbl roCIUTATbHON Tepamiu 1 00TeBpa-
ye6Hoit mpaktuku M. B.I. Borpamuka, ®TBOY BO <«IIpu-
BOJDKCKMII  MCCJIE0BATEeNIbCKUI  MEAMIIMHCKUIL  YHUBEPCUTET»
MunucrepctBa 3/1paBooxpanenusi Poccuiickoii  Degepaiiu;
I'maBHBII BHEIITATHLIN racTposHTeposor IIpmBosxckoro deme-
pajibHOrO OKpyra MunucrepcTBa 3apaBooxpanenus: Poccuniickoit
Denepannn.

Kownrakraast nundopmarmst: al_op@mail.ru;

603005, r. Huwxknuit Hosropoa, mi. Mununa u Iloxkapckoro,
10/1.

ORCID: https://orcid.org,/0000-0002-1475-6584

Aunekceenko Cepreii AnexceeBHY — JIOKTOP MeUIIMHCKUX
Hayk, mpodeccop, 3aBeayionmii Kadeapoil TOCITUTAIBHON Te-
panuu, DI'BOY BO «/laabHeBOCTOUHBII TrOCYAapCTBEHHbII
MEJUIINHCKUI YHUBEPCUTET> MUHNCTEPCTBA 3/[paBOOXPaHEHUS
Poccuiickoit Denepanun; [1aBHbIN BHEMITATHBIN TaCTPOIHTEPO-
gor [lanpHeBocToYHOrO (hesiepaibHOro OKpyra MuHHCTEpCTBa
3apaBooxpanenus Poccuiickoit Megepannn.

Konrakraas nadopmars: sa.alexeenko@gmail.com;

680000, r. XabapoBck, yia. MypaBbeBa-AMypcKoro, 35.
ORCID: https://orcid.org,/0000-0003-1724-9980

AunzppeeB [Imurpuii HukonaeBuu — kanaugat MeIUIMHCKUAX
HayK, JOIEHT Kadeapbl MPONEAEBTUKN BHYTPEHHUX OGoJie3Heil
u racrposureposornn, IBOY BO «Poccuiickuil yHuBepcu-
TeT MeAMIMHbI» MUHUCTEPCTBA 3/[paBooXpaHeHusi Poccuiickoit
Depepannn.

Konrakraas undopmanus: dna-mit8@mail.ru;

127473, r. Mocksa, yu. [leneratckas, 20, ctp. 1.

ORCID: https://orcid.org//0000-0002-4007-7112

Bakysmn Uropps I'enHasbeBHY — JIOKTOpP MEJAMIIMHCKUX HAYK,
rpopeccop, 3aBeyioninit Kagepoit MporeseBTUKN BHY TPEHHIX
6osiesneit, racrposnteposornu u gaueronornn um. C.M. Poicca,
DIBOY BO «Cesepo-3anajnblii ToCy/1apCTBEHHbIH MeUITHH-
ckuit ynuepcurer um. V.M. MeunnkoBa» Munucrepcrsa 3/pa-
Booxpanenusi Poccuiickoit Degeparuu.

Konrakruast nndopmanus: ighakulin@yandex.ru;

191015, r. Canxr-IlerepGypr, ya. Kupounas, 41.

ORCID: https://orcid.org,/0000-0002-6151-2021

Bakysmna Haranbs BanepbeBHa — [OKTOp MeIUIIMHCKUX
HayK, 3aBelyiomas Kadeapoil BHYTpeHHHX OosiesHell, Hedpo-
Jioruu, oO01eil 1 KJIMHIYecKoil (hapMakooriuu ¢ KypcoM (apma-
1, @I'bOY BO «Cepepo-3anaanblil rocy1apcTBeHHbIN Me/in-
nuHCcKil yHusepcuter nM. V.M. MeunnkoBay» Munncrepcrsa
3apaBooxpanenus: Poccuiickoii MDegepanun.

Konrakrraas nndopmanms: natalya.bakulina@szgmu.ru;
191015, r. Canxr-IletrepGypr, yia. Kupounas, 41.

ORCID: https://orcid.org,/0000-0003-4075-4096
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Dmitry N. Andreev — Cand. Sci. (Med.), Associate Professor
of the Department of Propaedeutics of Internal Diseases
and Gastroenterology, Russian University of Medicine.
Contact information: dna-mit8@mail.ru;

127473, Moscow, Delegatskaya str., 20, build. 1.

ORCID: https://orcid.org,/0000-0002-4007-7112

Igor G. Bakulin — Dr. Sci. (Med.), Professor, Head of the De-
partment of Propaedeutics of Internal Medicine, Gastro-
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Bopaun /Imurpuii CraHHCIaBOBHY — JIOKTOP MEIMIITHCKIX
HayK, mpodeccop Kadeapbl TPONEIEBTHKH BHYTPEHHUX 060-
sne3Heit n racrposnteposiornn, MDOIBOY BO «Poccuiicknii
YHUBEPCUTET MeIUIMHbI» MUHUCTEPCTBA  3/[PABOOXPAHEHUST
Poccuiickoii  Denepanuy; 3aBepyonnil OT/AeJ0M IaTOJOTMU
MOJPKEJTY IOUHOI JKeJie3bl, JKeTUHBIX MyTeil U BePXHUX OT/eJIOB
nuieBapuresbHoro tpakta, 'BY3 «MockoBckuil KiamHIYeCKnit
HayyHo-TpakTHdeckuii mentp uM. A.C. Jlormnosas; mpodec-
cop Kadeapor obieil BpaueGHOI TPAKTUKI 1 CeMeilHOl Mean-
IMHBI (paKyJbTeTa HMOCJIeIUIIOMHOTO obpasoBanus, DPI'BOY
BO «TBepckoii rocyiapcTBeHHbBIN MEJINIIMHCKIIT YHUBEPCUTETS
Munucrepcrsa 3/paBooxpaHenust Poccuiickoit Megeparnnu.
Kownrakraast nadopmarst: dbordin@mail.ru;

111123, r. Mocksa, u. IuTy3uacros, 86, crp. 6.

ORCID: https://orcid.org,/0000-0003-2815-3992

laneeBa 3apuna MyHupOBHA — KaHJM/IAT MEIUIMHCKUX HAYK,
JOLeHT Kadenpbl Tepanuu, repuarpiuu U ceMeitHOil MeuIMHbI,
Kasanckag rocymapcTBeHHas MEAMIMHCKas akajeMus — Qu-
man OIBOY AITO «Poccuiickasg MeauiMHCKas akajgeMus He-
[IPEPBIBHOTO PO eCCHOHATBHOIO 06pa3oBaHust> MuHICTEPCTBA
3apaBooxpanenus: Poccuiickoit Megepannn.

Kownrakraas nadopmarms: zarina26@bk.ru;

420012, r. Kagaunb, yu. Bytaeposa, 36.

ORCID: https://orcid.org,/0000-0002-7241-3352

[dexuny Haranps HukxonaeBHa — [OKTOP MEAMIIMHCKUX HAyK,
npodeccop Kadeapbl (HaKyJIbTETCKONH TEPaIy; [POPEKTOP
0 JIOTIOTHUTENHHOMY TTPO(hECCHOHATEHOMY 06Pa30BaHNIO T Pa3-
BUTHUIO pernoHasbHOro 3apasooxpanenusi, MIBOY BO «Cwmo-
JIEHCKWIT ~ TOCYJIAPCTBEHHBIH  MEJAMIUHCKUIT  YHUBEPCUTET»
MunuctepcrBa 3apaBooxpanenusi Poccuiickoit Meaepariii.
Konrakraast undopmanns: n.dekhnich@mail.ru;

214019, r. Cmonenck, yia. Kpymnckoii, 28.

ORCID: https://orcid.org,/0000-0002-6144-3919

Kononos Auexceii BaaauMupoBuy — [OKTOD MEAMIIMHCKUX
Hayk, Tpodeccop, 3aBemyommii kabeapoil MaToJOTHIeCKOit
anatomun, DOIBOY BO «Owmckuit rocyaapCTBeHHbI Mey-
IIMHCKUIT ~ yHUBEpCUTET> MUHHCTEPCTBA  3PABOOXPAHEHUS
Poccuiickoit Meneparmn.

Konrakraast undopmanus: profavkononov@mail.ru;

644099, r. Omck, ya. Jlennna, 12.

ORCID: https://orcid.org,/0000-0001-8607-7831

Kopouanckass Haranbsi BceBosogmoBHa — JIOKTOpP MeJUIIMH-
cKuX Hayk, npodeccop xadeapor xupyprun Ne 3 OIIK u IIIIC,
DOIBOY BO «Kyb6aHckuii rocysapcTBeHHbBIN MeIUIIMHCKUI
yHUBepcuTeT> MuHucTepcTBa 3/ipaBooxpaHenust Poccuiickoit
Denepanun; PyKOBOAUTEND TACTPOIHTEPOTOTHIECKOTO IEHTPA,
I'BY 3 «KpaeBast kinnmndeckasi GoybHuma No 2».

Konrakraast undopmannmst: nvk-gastro@mail.ru;

350063, r. Kpacnozgap, yia. Murpodana Ceanna, 4.

ORCID: https://orcid.org,/0000-0002-5538-9418

KyBaes Poman OueroBny — KaHIUIAT MEJUIIMHCKUX HAyK,
BPAY-9H/IOCKOINCT, Bpau-ractpoaureposior, 'BY 3 Apocaasckoii
obaact «KinHuyeckast OoHKosiornyeckast OOJIbHUIA»; JIOLEHT
Kaepbl  TacTpodHTEPOSIOTUN  (haKyJIbTETA MOCTIEUIIIOMHOTO
o6pasosanusi, DIAOY BO «Poccuiicknii HalimoHaIbHbBIN Uccie-
JloBaTesIbCKUil MequimHcknil yausepcureT nM. H.U. IInporosas
MununcrepcrBa 3apaBooxpanenust Poceniickoit Megepariuu.
Konrakraast undopmanus: kuvaev_roman@mail.ru;

117997, r. Mocksa, yia. OcrpoBursinosna, 1.

ORCID: https://orcid.org,/0000-0002-0070-9066

Kyuepssbiii IOpuii AnexcanapoBuy — KaHAWAAT MeIUIMH-
CKHX HayK, 3aBe/YIONIUIl raCTPOIHTEPOJOTMYECKIM OT/IeJIEHUEM,
AO «Unpumckasi GOJbHUTAY; HAYYHBINH PYKOBOIUTENH 06Pa3o-
BaTesibHOTO TIpoekTa DiaGastro ams Bpadveil mo BompocaMm ra-
CTPOIHTEPOJIOTHH U CMEKHBIX JAUCIUIUINH areHTcTBa « Eventum
Medical Consulting».

Dmitry S. Bordin — Dr. Sci. (Med.), Professor of the De-
partment of Propaedeutic of Internal Diseases and Gastro-
enterology, Russian University of Medicine; Head of the De-
partment of Pancreatic, Biliary and Upper Digestive Tract
Disorders, A.S. Loginov Moscow Clinical Scientific Center;
Professor of the Department of General Medical Practice
and Family Medicine, Tver State Medical University.

Contact information: dbordin@mail.ru;

111123, Moscow, Entuziastov highway, 86, build. 6.

ORCID: https://orcid.org/0000-0003-2815-3992

Zarina M. Galeeva — Cand. Sci. (Med.), Associate Professor
of the Department of Therapy, Geriatrics and Family Medicine,
Kazan State Medical Academy — Branch of the Russian
Medical Academy of Continuous Professional Education.
Contact information: zarina26@bk.ru;

420012, Kazan, Butlerova str., 36.

ORCID: https://orcid.org/0000-0002-7241-3352

Natalia N. Dekhnich — Dr. Sci. (Med.), Professor of the De-
partment of Faculty Therapy, Vice-Rector for Continuing
Professional Education and Development of Regional Health-
care, Smolensk State Medical University.

Contact information: n.dekhnich@mail.ru;

214019, Smolensk, Krupskoy str., 28.

ORCID: https://orcid.org,/0000-0002-6144-3919

Alexey V. Kononov — Dr. Sci. (Med.), Professor, Head
of the Department of Pathological Anatomy, Omsk State Medical
University, Ministry of Healthcare of the Russian Federation.
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of the Russian Gastroenterological Association
for the Diagnosis and Treatment

of Autoimmune Gastritis
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Aim: to present clinical guidelines describing the clinical, laboratory, endoscopic and histological characteristics
of autoimmune gastritis (AlIG) and to provide information support for decision-making on diagnosis, prognosis as-
sessment and choice of management tactics for patients with AlG.

Key points. AIG is an organ-specific autoimmune disease characterized by the presence of antibodies to parietal
cells and/or intrinsic factor, in which inflammation and atrophy are limited to the gastric mucosa, functionally man-
ifesting as hypo- and achlorhydria. There is evidence of an increase in the incidence of AIG worldwide. AlG is often
associated with autoimmune thyroiditis (up to 40 % of cases), type 1 diabetes mellitus, and autoimmune polyglan-
dular syndrome. Data on laboratory diagnostic methods, esophagogastroduodenoscopy, and histological examina-
tion of biopsies are presented, with an analysis of the endoscopic and histological picture typical of AIG. When AlG
is combined with H. pylori infection, eradication therapy is recommended. In addition to symptomatic treatment
and treatment of anemia, long-term rebamipide therapy is recommended to potentiate the protective properties
of the gastric mucosa. Endoscopic monitoring of patients with AlG is recommended at intervals of once every 3 years.
Keywords: autoimmune gastritis, parietal cell antibodies, intrinsic factor antibodies, atrophy, anemia, autoimmune
thyroiditis, gastric neuroendocrine tumor type |, adenocarcinoma
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20 @rBOY BO «lOxHO-Ypanbckuii rocynapCTBeHHbIV MeaULUNHCKNIA yHuBepcuTeT» MUHUCTEPCTBA 3paBOOXPaHEHUS
Poccwiickoii ®enepaummn, YensbuHck Poccurickas Penepauysi

21Prby «HaumoHabHbI MeaNLIMHCKNG NCCeA0BaTesIbCKUK LIE@HTP SHAOKPUHOMOru» MUHUCTEpCTBa 34paBO0XPaHEHNS
Poccurickovi enepaummn, MockBa, Poccurickas denepaLiyiv

22 prbOY BO «Ypanbckuii rocynapCTBeHHbIV MeAULMHCKNI yHuBepcuteT» MuHucTepcTaa 3apaBooxpaHeHms Poccuiickori
benepaunn, ExarepuHbypr, Poccurickas ®enepaums

28 BIrHY «PenepasnbHbiti NCCnen0BaTesibCkui LeHTP "KpacHospcknii Hay4YHbiv LeHTp Cubupckoro otaeneHns Poccurickori
akagemuu Hayk'"», o6ocobsieHHoe roapasneneHne «Hay4Ho-vuccnen0BaTebCkuii MIHCTUTYT MeAULMHCKUX npobnem CesBepa»,
KpacHosipck, Poccuiickas denepauus

Llenb: npeacTaBuUTb KIMHNYECKME PEKOMEHOALIMN C ONMUCAHUEM KIIMHUYECKMX, TabopaTOpHbIX, 9HAOCKOMNYECKNX
M TUCTONIOMMYECKNX XapaKTEPUCTUK ayTOMMMYHHOro ractputa (AUIN) n obecneynts MHGOPMALMOHHYIO MOAAEPXKY
DS NPUHATUS PELLIEHNI MO AUarHOCTUKE, OLEHKE NPOrHO3a 1 BbIOOPY TakTUKW BEAEHWS NaumeHToB ¢ AU,

OcHoBHoe coaepxxaHue. AT — opraH-cneunduryeckoe ayTouMMyHHOe 3aboneBaHne, KOTOPOoe XxapakTepuayeTcs
HaM4YMEM aHTUTEN K NapueTasibHbIM KJ1IeTKaM 1/Uiv BHyTpeHHeMy dakTopy, Npyv KOTOPOM BOCNasieHe 1 atpodus
OorpaHvyeHbl CM3nCTON 060N04KON Tena xenyaka, GYyHKUMOHaNbEHO NPOSBASioLLEee cebs rmno- 1 axaoprugpuen.
NmetoTcsa paHHble 06 yBennyeHun 3abonesaemoctu AU Bo Bcem mupe. AUT 4acTo coveTaeTcs C ayTOMMMYHHbBIM
Tpeonantom (oo 40 % cnyyaes), caxapHbiM AnabeTom 1-ro Tmna, ayTOMMMYHHbIM NOAUIIAHAYASPHBIM CUHAPO-
MoM. lNpeacTaBneHbl faHHbIe O MeToAax 1abopaToOPHON ANArHOCTMKM, 330¢haroracTpoayoeHOCKONUN 1 TCTONO0-
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rmyeckoro nuccrnenosaHms 6uonTtaToB ¢ pa3dopom TunuyHon ans AU sHAO0CKONMYeCKOoW 1 TMCTONIOrMYeckom Kap-
TuHbL. Mpwu covetanmmn AUT ¢ nndekumen H. pylori pekoMeHayeTcs NPOBEAEHME apaanKaLnoHHOM Tepanun. Kpome
CMMMTOMATUYECKOro JIeYeHUs1 1 IeYEeHU aHEMUN PEKOMEHAYETCS Tepanusa pedbamMmunuoom B Te4eHne OJINTeslbHoro
BPEeMEHU C LieJiblo MOTEeHUMPOBaHUS 3aLLMTHBIX CBOCTB CIN3UCTOM 000/104KM Xenyaka. dHO0ocKonmyeckoe Habnio-
neHne naumeHtam ¢ AUIM pekomeHayeTcs ¢ uHtepsanom 1 pas B 3 roga.

3aknioueHue. KnmHnyeckoe sHavyeHne AU onpeaenseTcsa BOSHYKHOBEHMEM B -aebuumntHon v xxenesonebuumr-
HOI aHeMUM, MOBbLILLEHMEM pUcKa onyxonei xenyaka — H90-1 n ageHokapuyHoMbl. HabnogeHne 3a naumeHTamm
¢ AT Nno3BoNsieT NPOBOANTL CBOEBPEMEHHOE JieHeHne 1 NPodPUIakTUKy aHEMUM U BbisiBIEHME HOBOOOPa30BaHUIA
xenyoka.

KnioueBble crioBa: ayTOMMMYHHbIM FAaCTPUT, aHTUTENA K NapueTanbHbIM KJIETKaM, aHTUTena K BHyTpeHHeMy dakTo-
py, aTpodusl, aHeMusl, ayTOMMMYHHbIN TUPEOUAMNT, HEMPOIHAOKPUHHAS OMyX0Jib Xenyaka | Tmna, ageHokapumHomMma
KoH)NUKT nHTepecoB: aBTOPbI 3as9BNSIOT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.

Ana umtupoBaHus: VeawkuH B.T., Maes N.B., Jlanuna T.J1., TpyxmaHoB A.C., PymsaHuesa [.E., CtopoHosa O.A., lNapacke-
BoBa A.B., TepTbluHblii A.C., KuptoxmH A.T., Masnos N.B., Abaynxakos C.P., Anekceesa O.I1., AnekceeHko C.A., AHgpeeB [.H.,
BakynuHn W.T., BakynuHa H.B., BopauH A.C., laneesa 3.M., dexHny H.H., KoHoHoB A.B., KopoyaHckas H.B., Kysaes P.O.,
KyuepsaBbiin 0.A., JlIuezaH M.A., Ocunenko M.®., MNMuporos C.C., CapceHbaesa A.C., CumaHeHkoB B.U., TpowwnHa E.A., ®Pe-
nopos E.[., XneiHoB U.B., LlykaHoB B.B. KnuHuyeckne pekomeHgaumm POCCUIACKO racTPO3HTEPONOrMYECKOM accoumaumnm
no AMarHOCTUKE N JIEYEHMIO ayTOMMMYHHOIO racTpuTa. Poccuiickuii XypHan raCTpo3HTEPONIOrnn, renaTosiormm, KonomnpoKTo-

noruu. 2025;35(6):115-135. https://doi.org/10.22416/1382-4376-2025-35-6-115-135

1. Brief information on the disease or
condition (a group of diseases or conditions)

1.1. Definition of the disease or condition
(group of diseases or conditions)

Chronic autoimmune gastritis (AIG) is an
organ-specific autoimmune disease featured by
presence of antibodies to parietal cells and/or to
the intrinsic factor, where inflammation and at-
rophy are limited to the gastric mucosa, function-
ally manifested by hypo- and achlorhydria [1—4].

1.2. Etiology and pathogenesis of the disease
or condition (groups of diseases or conditions)

The autoantigen is H*/K*-ATPase (proton
pump), which is a target not only for antibodies
to parietal cells, but also for autoreactive T cells.
CD4* T lymphocytes and cytotoxic T lymphocytes
are recognized as the main participants in the auto-
immune reaction. Pro-inflammatory cytokines are
produced by activated autoreactive T cells, enhanc-
ing the immune response and promoting apoptosis
of parietal cells via the Fas-dependent and perforin-
dependent pathways. Therefore, the atrophic phase
of AIG is associated with prolonged inflammation
and is featured by loss of acid-producing glands of
the stomach body. It is believed that the activity
of T cells leads to prolonged stimulation of B lym-
phocytes, which, in turn, produce antibodies to
parietal cells and intrinsic factor [1, 4—6].

The triggering mechanisms of AIG develop-
ment are insufficiently studied. The high AIG dis-
ease incidence in patients with a burdened fam-
ily history of autoimmune diseases or presence of
autoimmune diseases is indicative of genetic pre-
disposition. The relationship between H. pylori

and AIG cannot be established; however, major-
ity of authors suggest that H. pylori can induce
or aggravate AIG progression in at least some of
the patients. Inflammation induced by H. pylori
may have an effect on parietal cells and “reveals”
the molecular patterns of H*/K*-ATPase with
the production of autoantibodies to parietal cells
in the future. H. pylori proteins revealed pro-
ton pump cross-reacting epitopes that in vitro
induced the proliferation of T cells expressing
the Th1 profile. Therefore, the antigenic mim-
icry of the bacterium and parietal cells links AIG
to a pre-existing or current H. pylori infection
[1, 4-8].

The histological pattern of AIG is featured
by loss of acid-producing glands with their re-
placement by fibrous tissue (nonmetaplastic at-
rophy). The disappearance of acid-producing
glands co-exists with two types of metaplastic
transformation — pseudopyloric metaplasia and
intestinal metaplasia [1—3]. AIG is reviewed as
a precancerous disease of the stomach in relation
to adenocarcinoma [1, 5, 9]. The risk of gastric
adenocarcinoma in patients with AIG is also as-
sociated with the presence of H. pylori infection.
With primary AIG, the antrum of the stomach
is not affected. Atrophic lesions of the antrum
strongly indicate a previous or current H. pylori
infection. In these patients with AIG, who have
a high OLGA stage (associated with the influ-
ence of H. pylori), the risk of developing gastric
neoplasia is estimated in the range from 6.3 to
25 % [1].

In case of AIG atrophic changes in the gastric
body mucosa with a decrease in the number of
parietal cells result in decrease in hydrochloric
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acid secretion with development of hypochlo-
rhydria and achlorhydria. In the absence of the
inhibitory effect of H* ions, gastrin secretion
by G cells increases, which causes hypergas-
trinemia in case of AIG. Excessive amounts of
gastrin stimulate the receptors of enterochro-
maffin-like cells with the development of lin-
ear and/or nodular hyperplasia. Against the
background of such hyperplastic changes in the
gastric mucosa, dysplasia may occur and a type
1 neuroendocrine gastric tumor (NET-1) may
develop [1, 9—11]. NET-1 is a neuroendocrine
tumor of enterochromaffin-like cells that pro-
duces histamine. The tumor is combined with G
cell hyperplasia in the antrum of the stomach,
hypo- or achlorhydria, practically does not me-
tastasize, and the 5-year survival rate is almost
100 % [12]. In the cohort study, hyperplasia
of enterochromaffin-like cells was observed in
65.9 % of AIG cases (in 29.5 % of patients it
was simple/linear, in 30.7 % of them it was mi-
cronodular, and in 5.7 % it was macronodular).
The annual cumulative incidence of NET-1 was
5.7 % [13]. NET-1 is characterized by a fa-
vorable prognosis: the five-year survival rate of
patients (including a small group with lymph
node metastases) was 100 % [14].

Hypochlorhydria is pathogenetically associ-
ated with development of iron deficiency anemia,
which is observed in 30—50 % of AIG patients
[11, 15—17].

In AIG cases atrophy of the acid-producing
glands entails decreasing absorption of vitamin
B,, owing to hypochlorhydria and deficiency of
the intrinsic factor. Vitamin B, deficiency is
manifested by macrocytic anemia (pernicious
anemia) and neurological disorders [15—17].

1.3. Epidemiology of the disease or condition

(groups of diseases or conditions)

AIG is more common in women (the ratio of
women to men is 2—3 to 1) and in people over
60 years of age [5, 11, 18].

In the systematic review of 47 studies involving
15,817 persons the estimated global prevalence
rate of AIG was 3.85 % (95% confidence interval
(CD: 2.94-5.04; I? = 99.3 %). Significant geo-
graphical differences were identified. In Europe,
the prevalence was 4.94 % (95% CI: 3.66—6.63),
in Asia 2.23 % (95% CI: 1.19—4.14). The high-
est rates were obtained with the diagnosis using
serological antibodies 5.4 % (95% CI: 3.79—7.65),
with histological examination — 2.71 % (95%
CI: 1.68—4.36), with a combination of serologi-
cal and histological studies — 1.81 % (95% CI:
0.80—4.07) [19].

When analyzing data obtained from the
Centralized Pathology Department of the Sechenov
University Clinical Center, we studied the gastro-
bioptates of 3162 patients who underwent esoph-
agogastroduodenoscopy with biopsies from 2017 to
2022. Autoimmune gastritis was on the fourth posi-
tion in terms of incidence with a fairly high per-
centage of cases (8.6 %), which, on the one hand,
may be owing to the increase in incidence rate, on
the other hand, owing to the “concentration” of
patients with this diagnosis for dynamic follow-up
in a gastroenterological clinic [20].

1.4. Specific coding features of the disease

or condition (group of diseases or conditions)
according to the International Statistical
Classification of Diseases and Health-Related
Problems

K29.4 — Chronic atrophic gastritis
Atrophy of the mucous membrane.

1.5. Classification of the disease or condition
(groups of diseases or conditions)

The classification of autoimmune gastritis is
based on the etiological principle [1].

1.6. Clinical picture of the disease or condition

(groups of diseases or conditions)

Gastroenterological symptoms of AIG are not
specific and are observed in 60 % of patients [21,
22]. Epigastric pain, heartburn, nausea, bloating,
abdominal pain, and diarrhea were noted among
them [21]. In some patients the symptoms resem-
bled those of functional dyspepsia (mainly post-
prandial distress syndrome), gastroesophageal
reflux disease, irritable bowel syndrome, func-
tional diarrhea, constipation, or bloating [22].

Iron deficiency anemia and/or B,, deficiency
anemia in AIG manifest themselves in the form of
weakness, headache, and decreased physical and
cognitive performance [4, 5, 11].

Vitamin B,, deficiency can cause damage to both
the central and peripheral nervous systems. A typ-
ical example is funicular myelosis, a complex of
neurological disorders that is manifested by pares-
thesia, hyporeflexia, and the positive Babinsky re-
flex and is accompanied by symptoms of crawling,
tingling, and burning sensations, more pronounced
in the toes, weakness in the extremities, and uncer-
tainty when walking [5, 11, 23, 24].

2. Diagnosis of the disease or condition
(group of diseases or conditions), medical
indications and contraindications

to the use of diagnostic methods

Criteria for diagnosis/condition: the di-
agnosis of autoimmune gastritis is established on
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the basis of a comprehensive examination with
esophagogastroscopy with separate biopsy sam-
ples from the antrum and the body of the stom-
ach, showing typical histological signs of the dis-
ease. Significant serological tests for autoimmune
gastritis are the determination of antibodies to
parietal cells and antibodies to intrinsic factors.

2.1. Complaints and medical history

Possible complaints from AIG patients and
the interpretation of these complaints are pre-
sented in subsection 1.6.

When collecting an anamnesis, it should be
clarified whether the patient had previously
undergone an upper endoscopy with a biopsy;
whether there were indications of changes in the
gastric mucosa (atrophy of the gastric body, in-
testinal metaplasia). It is important to clarify
whether H. pylori infection has been previously
eradicated, with which treatment regimen, and
whether the effectiveness of antihelicobacter
therapy has been monitored.

For AIG diagnosis it is essential to have a his-
tory of vitamin B,, deficiency and macrocytic
anemia, iron deficiency anemia, the presence of
autoimmune diseases, such as autoimmune thy-
roiditis, type 1 diabetes mellitus, vitiligo, etc., as
well as atrophy of the gastric mucosa discovered
by previous endoscopic and anatomical examina-
tion with a relatively intact antrum mucosa.

2.2. Physical examination

During physical examination, as a rule, no
data is obtained that would be specific for AIG.
The symptoms of iron deficiency or B,, deficiency
anemia, combined autoimmune diseases (autoim-
mune thyroiditis, type 1 diabetes mellitus, viti-
ligo, multiple endocrine neoplasia) discovered
during physical examination must serve the evi-
dence for the doctor to give the AIG diagnosis
confirmation [4—6, 16, 17].

2.3. Laboratory diagnostic tests

e It is recommended to perform a clinical
blood test with count of hematocrit, erythrocytes
and reticulocytes in the blood, to determine the
average content and average concentration of
hemoglobin in erythrocytes, and determine the
size of erythrocytes in all AIG patients in order
to exclude iron deficiency or B,, deficiency ane-
mia [15—17].

Grade of recommendation — 2;

level of evidence — 3.

Comments. Clinical blood analysis in au-
toimmune gastritis may remain unchanged,
but anemia may be detected, both microcytic,

indicating impaired iron absorption, and mac-
rocytic due to vitamin B,, deficiency in autoim-
mune gastric lesions [15—17].

e It is recommended to perform the blood
test for anti-parietal cells antibodies and for an-
tibodies to intrinsic factors in all patients with
suspected AIG for the diagnosis confirmation
[4, 24—28].

Grade of recommendation — 2;

level of evidence — 3.

Comments. Antibodies to parietal cells
are present in 85—90 % of AIG patients, as
well as in 2.5—-9 % of healthy adults and in
patients with other autoimmune diseases. They
are discovered at the initial AIG stages, and
later their titer tends to fluctuate and gradu-
ally decrease, until complete disappearance in
the later stages of atrophy owing to “depletion”
of parietal cells. Antibodies to the intrinsic fac-
tor are discovered in approximately 80 % of
the patients with pernicious anemia; they are
more specific than antibodies to parietal cells
(98.6 % wvs. 90 %), but less sensitive (37 %
vs. 81 % ). They are discovered more often in
later (atrophic) stages of autoimmune gastritis
[4, 24—28].

o It is recommended to determine the level of
vitamin B,, (cyanocobalamin) in blood, and to
test the level of folic acid in the blood serum
of AIG patients with suspected B,, deficiency
anemia.

Grade of recommendation — 2;

level of evidence — 3.

e It is recommended to test serum indicators
of iron metabolism — test of blood ferritin lev-
els, test of serum transferrin levels, test of serum
iron binding capacity (TIBC), test of serum iron
levels and test of transferring saturation with fer-
rum (TSF) to verify the presence of absolute iron
deficiency in all AIG patients with suspected
iron deficiency anemia.

Grade of recommendation — 2;

level of evidence — 3.

Comments. In a multicenter advanced study,
vitamin B, deficiency was discovered in 13.3 %
of AIG patients as compared with 1.5 % of pa-
tients with atrophic H. pylori-associated gas-
tritis. Iron deficiency was discovered in 28.9 %
of AIG patients, while the average ferritin con-
centration was significantly lower as compared
with helicobacter gastritis cases [15]. Therefore,
the above referred analyses serve as important
methods both in establishing the diagnosis of
AIG and in further monitoring of those patients.

e It is recommended that all patients with sus-
pected AIG should pass blood test for pepsinogen I,
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pepsinogen II and gastrin-17 to be diagnosed
with AIG [29-31].

Grade of recommendation — 2;

level of evidence — 2.

Comments. In patients with atrophic gas-
tritis the pepsinogen I in enzyme-linked immu-
noassay tests demonstrated a high diagnostic
value for determining gastric body atrophy with
92.7 % sensitivity and 99.1 % specificity, and
in AIG patients these values were 97.7 % and
97.4 % accordingly. In multifactorial analysis,
pepsinogen I levels were associated with auto-
immune nature of gastritis (p < 0.001), but not
with atrophic gastritis score [29]. Low ratios of
pepsinogen I and pepsinogen 11 combined with
high levels of gastrin-17 provide high reliabil-
ity for AIG diagnosis [31].

e It is not recommended to perform a blood
test for chromogranin A in patients with AIG,
as this indicator, as a rule, will be high regard-
less of the presence or absence of gastric NET-1
[32, 33].

Grade of recommendation — 2;

level of evidence — 3.

Comments. [ncrease in serum chromogranin
A levels serves as a marker of neuroendocrine
tumors, however, the level of chromogranin A
increases with PPI administration in the pres-
ence of atrophic gastritis as well, including
gastritis of autoimmune nature. Observations
of AIG patients monitored for 3.5—7 years with
initial rate of enterochromaffin cell hyperplasia
demonstrated that in 65.9 % of cases the annual
cumulative incidence of type 1 neuroendocrine
tumours was 5.7 %. The levels of circulating
chromogranin A did not significantly differ in
patients with neuroendocrine tumours type 1 and
without neuroendocrine tumours type 132, 33].

2.4. Instrumental diagnostic tests

e Esophagogastroduodenoscopy (EGD) is rec-
ommended for all patients suspected for AIG to
confirm the diagnosis, identify and stage precan-
cerous conditions and gastric mucosal changes, as
well as to detect neoplastic lesions (neuroendo-
crine tumors and adenocarcinoma) in the absence
of contraindications.

Grade of recommendation — 2;

level of evidence — 2.

Comments. Endoscopic diagnosis of AIG is
based on identifying signs of mucosal atrophy of
the gastric body mucosa (whitish discoloration,
loss of mucosal folds, visibility of submucosal
vessels) [3, 34, 35]. Usually, the mucosa of the
gastric antrum has no atrophic changes, how-
ever in 20—30 % of cases pathological changes

(such as erythema, erosions, foci of intestinal
metaplasia, and a sign specific to AIG — cir-
cular wrinkle-like pattern) may be visualized
[34, 36]. Although diffuse atrophy is typically
observed in the gastric body, in one-third of
cases remnants of oxyntic mucosa may be seen
as islands or pseudopolyps |3, 34, 35]. Unlike
H. pylori-associated atrophic gastritis, a clear
atrophic line is not observed in AIG, therefore
staging according to the Kimura — Takemoto
classification is not feasible. According to
E. Dilaghi et al., the specificity of endoscopic
assessment of intestinal metaplasia extent using
the EGGIM in AIG did not exceed 21.7 % |37].
The main reason for low diagnostic value was
the difficult differentiation between intestinal
metaplasia and pseudopyloric metaplasia due
to their similar tubulovillous surface pattern.
Therefore, application of Kimura — Takemoto
classification and EGGIM system has signifi-
cant limitations in patients with AIG [1].

Early AIG without atrophy pose a particu-
lar challenge for endoscopic diagnosis. In such
cases, endoscopy reveals a “bamboo joint-like
appearance” of mucosal folds due to pseudohy-
pertrophy of parietal cells in the fundic glands,
or erythema and edema identified as “salmon
roe appearance” due to inflammatory infiltra-
tion in the absence of H. pylori [38].

A distinguishing feature of AIG in 32.4 % of
cases is the presence of sticky mucus, found in
the gastric fundus and upper body, which im-
pairs detailed examination and requires the use
of defoaming and mucolytic agents for prepara-
tion during EGD [34, 38, 39]. When assessing
the pit pattern of the mucosa using narrow-band
imaging with magnification “cast-off skin ap-
pearance” is observed in 59 % of AIG cases. It
is characterized by the disappearance of fundic
gland pits visualization [34, 38]. Additional en-
doscopic signs of AIG include the detection of
“white globe appearance” (minute hemispherical
whitish lesions) [34] and “glomus-like” lesions
(small, round-shaped, transparent dots with
branched microvessels) [40, 41]. Studies have
shown that the presence of “glomus-like” lesions
in the gastric fundic type mucosa and body is
a highly specific feature of AIG and associated
with histopathological markers of AIG — atro-
phy of fundic glands and hyperplasia of ECL-
cells [40, 41]. Detection of this endoscopic sign
increases the likelihood of diagnosing neuroen-
docrine tumors in the setting of AIG.

The primary objective of endoscopic exami-
nation of patients with AIG is the detection of
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NET [33]; however, in some cases, especially e Forceps biopsy is recommended (routine —
when combined with H. pylori infection, adeno- two biopsies from the body and antrum in small
carcinoma could be diagnosed [9]. and large curvature; additional biopsy from

The endoscopic picture of AIIl is shown each visible suspicious/pathological area of the
in Figures 1—19. mucosa) for all patients undergoing diagnostic

Figure 1. A whitish sticky adherent dense mucus Figure 2. Severe atrophy of the corpus mucosa.
on corpus mucosa. White light image White light image

Pucynox 1. BesecoBarblit HajieT Ha CM3UCTOI 060- Pucynox 2. BoipakenHasi arpodusi CaM3UCTON
Jlouke Tesa skemyaka. OcMoTp B GesioM cBeTe 000JI04KN Tesa sxeayara. OcMoTp B 6esioM cBete

Figure 3. Severe atrophy of the corpus mucosa. Figure 4. Absence of pits along with preserved

NBI image capillary pattern (“cast-off skin”). NBI Near Focus

Pucynox 3. Boipakennasi arpodusi Ccausucroit Pucynox 4. OtcyTcTBre SIMOK Hapsily ¢ COXPaHEH-

060JIOUKY TeJIa JKeay/Ka. Y 3KOCIEKTpasbHas SHIOCKO- HBIM KalWLIAPHBIM pucyHkoM (mpusHak “cast-off skin”.

mug NBI brmskodokycnas yskocnekrpasbHas sHg0cKoms NBI
Near Focus
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Figure 5. “Glomus-like” lesions as hyperplasia Figure 6. Whitish areas of detritus in the glands
of ECL-cells. NBI Near Focus (WGA). White light image

Pucynox 5. T'moMysbl TUTIEPIIA3UHT U3 9HTEPOXPO- Pucynox 6. Besecble y4acTKu JieTpuTa B >kese3ax
maddurononobupix kierok (ECL). Bamskodorycnas (WGA). Ocmorp B 6esiom cBete
y3kocnekTpaiabHas angockonust NBI Near Focus

Figure 7. Whitish areas of detritus in the glands Figure 8. Residual secreting mucosa (pseudopol-
(WGA). NBI Near Focus ypoid type). White light image

Pucynox 7. DBesecble yuacTKH JieTpUTa B Kese3ax Pucynox 8. Ocratounas CeKpeTHPYIOIIas CJN3U-
(WGA). BuauskodokycHass y3KOCHEKTpasbHas 9HI0- crass oGosmouka (rceponomunosuanpiii ) OceMoTp
crorusi NBI Near Focus B GesioM cBeTe

Figure 9. Residual secreting mucosa (pseudopol- Figure 10. Residual secreting mucosa (diffuse
ypoid type). NBI Near Focus type). White light image
Pucynox 9. Ocrartounasi ceKpeTupyonas cJamu3nucras Pucynox 10. Ocratoynasi ceKpeTHpyroas CIu3u-

o6onouka (ncesponommonHbii i) Bamskodokycnas — crast o6onouka (uddysubiii tum). OcMotp B 6e10M cBete
y3kocrekTpaabiad snjockonsa NBI Near Focus
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Figure 11. Residual secreting mucosa (diffuse Figure 12. Grooved type of pit pattern. NBI

type). NBI image Near Focus

Pucynox 11. Ocrarounasi CeKpeTHPYOIasi CInu3u- Pucynox 12. Boposauatblii TUN PUCYHKA SAMOK.
crast o6omouka (mddysubiii ). Yskocnekrpasbhast — BiauskodokycHas yskocnekrpanbhas anjgockonus NBI
anjiockonusa NBI Near Focus

Figure 13. Foveal type of pit pattern.NBI Near Figure 14. Severe atrophy of the corpus mucosa.
Focus TXI image

Pucynox 13. MDoBeossIpHLINT THIT PUCYHKA SIMOK. Pucynox 14. BoipaskeHnag atpodus CJIM3UCTOI
bruskodokychas yskocnekTpanbHas supockonus NBI - o6osouku Tena sxeayaka. Ocmorp B pesknme TXI
Near Focus

Figure 15. Type 1 neuroendocrine gastric tumor. Figure 16. Type 1 neuroendocrine gastric tumor
White light image TXI image

Pucynox 15. Heliposnjokpunnble onyxosu I tuma. Pucynox 16. HeliposunokpuHHas omyXosb | tuma.
Ocmotp B 6esioM cBeTe Ocmotp B peskume TXI
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Figure 17. Type 1 neuroendocrine gastric tumor
NBI Near Focus

Pucynox 17. HeliposHIOKpUHHAST  OIyXOJb
1-ro tuma. BrimskodokycHas y3kocnekTpasbHAs 9HI0-
ckormst NBI Near Focus

Figure 19. Hyperplastic polyps. NBI Near Focus

Pucynox19. I'nnepinacrunyeckue noaunbl. binsko-
(oxycnasg yskocnexrpanabHas snjgockonuss NBI Near
Focus

upper endoscopy for the first time to establish
the diagnosis of AIG and adequate staging of
precancerous conditions of the gastric mucosa
[1, 3, 34, 35].

Grade of recommendation — B;

level of evidence — 2.

e Pathologic examination of gastric biopsy
material, including histochemical and immuno-
histochemical methods, is recommended for all
patients undergoing diagnostic upper endoscopy
for the first time to establish the diagnosis of AIG
and adequate staging of precancerous conditions

Figure 18. Hyperplastic polyps. White light image
Pucynox 18. l'unepiuiactiuyeckue nosuibl. OcMoTp
B GesioM cBeTe

of the gastric mucosa and description of atrophic,
metaplastic and neoplastic changes [1, 3—5, 28,
34, 35, 42].

Grade of recommendation — B;

level of evidence — 2.

Comments. The early phase of AIG is char-
acterized by diffuse or focal lymphoplasmacytic
infiltration of the lamina propria of the gastric
body mucosa, mainly in the deep (basal) parts
of the intrinsic lamina. The parietal and main
cells are still relatively intact. Atrophy of the
acid-producing glands is either absent or in-
significant. Areas of pseudopyloric metaplasia
may appear as an early sign of AIG. The mature
phase of AIG is characterized by pronounced
lymphoplasmacytic infiltration of its lamina
propria, deficiency of acid-producing glands
with the formation of moderate/severe atro-
phy, alternation of residual parietal/main cells
with metaplastic epithelium, mainly pseudopy-
loric metaplasia ( “gastric body antralization™ ).
Hyperplasia of enterochromaffin-like cells in
the body of the stomach is of linear and nodular
type. In biopsies of the antrum, it is possible to
establish hyperplasia of gastrin-producing cells.
It is in this phase that the morphological pat-
tern becomes the most typical for AIG. The final
phase of AIG occurs with an almost complete
loss of acid-producing/ fundal glands (marked
atrophy) ( “desertification” of the typical gas-
tric mucosa with acid-producing glands), the
predominance of pseudopyloric and intestinal
metaplasia, foveolar hyperplasia. Hyperplastic
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polyps may form. As the target of the autoim-
mune reaction (parietal cells) disappears, the
severity of the inflammatory infiltrate decreas-
es, and severe atrophy with relatively scant
inflammation can be observed. Hyperplasia of
enterochromaffin-like cells persists and increas-
es: the fusion of small nodular proliferates into
larger ones (adenomatous hyperplasia), foci of
dysplasia of enterochromaffin-like cells and the

development of NET-1 are possible [1, 3—35, 28,
34, 35, 42] (Figs. 20—24).

Immunohistochemical  examination  with
chromogranin A is used to verify hyperplasia of
enterochromaffin-like cells or type 1 neuroendo-
crine tumours [1, 3, 34].

In patients with AIG, the use of histopatho-
logical OLGA staging is limited, since in prima-
ry AIG, the antrum does not undergo atrophic

Figure 20. Disseminated pseudopyloric and
focal complete intestinal metaplasia (shown by ar-
rows). x200. H&E

Pucynox 20. PacmpocTpaHeHHas TCEBIOTNIO-
pryYecKast M oyaroBast TOJTHAST KUIMEYHAsT MeTaTIa3ust
(nmokasana crpenkamn). x200. OKpacka reMaTOKCHIN-
HOM ¥ 303UHOM

Figure 21. Disseminated pseudopyloric metapla-
sia with glandular damage. x250. H&E

Pucynox 21. PacnpocrpaHeHHas ICEB/ONNJIO-
puvecKasi MeTATUIa3usl ¢ TIOBPeKIeHneM xee3. x250.
OKpacka reMaTOKCHJINHOM U 303HHOM

Figure 22. Hyperplasia of neuroendocrine cells
in the gastric body mucosa with the formation of
small nodular clusters. Immunohistochemical reac-
tion with an antibody to chromogranin A, x100

Pucynox 22. Tvmnepruia3usg HEWPOIHIOKPUHHDBIX KJe-
TOK CJIM3KCTON OGOJIOUKH TeJia JKeJIy KA ¢ (POPMHUPOBAHIEM
MeJIKUX Y3€/IKOBBIX cKollenuil. MIMMynorucroxumuyeckas
PEAKITHST C AaHTUTENOM K XpoMorpanuny A, x50

Figure 23. Type 1 NET (endoscopic resection
specimen). x100. H&E

Pucynox 23. HOO 1-ro tuma (Marepuan sHIO-
cxommueckoll pesexnun). x100. Okpacka reMa-TOKCH-
JINHOM ¥ 303WHOM
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Figure 24. Type 1 NET (immunohistochemical
reaction with an antibody to synaptophysin, x100)

Pucynox 24. HIO 1-ro Tuna (MMMyHOrucTOXMMIYe-
CKast PeakIyst C aHTHTEIOM K cunarnrodusumy ), x100

changes and the OLGA stage in such patients
stage 11 [1].

e Patients with AIG with suspected early-
stage disease, gastroesophageal reflux, are rec-
ommended to undergo 24-hour pH monitoring to
assess the acid-producing function of the stomach
to confirm the diagnosis of AIG, confirm patho-
logical reflux and predict the likelihood of ane-
mia [11, 1517, 21, 22].

Grade of recommendation — B;

level of evidence — 2.

2.5. Other diagnostic tests

e [t is recommended that all AIG patients
should undergo a primary diagnosis of H. pylori
and effectiveness of eradication therapy shall be
monitored no earlier than upon expiry of 4 weeks
after the end of the course of antihelicobacter
therapy or after the end of treatment with antise-
cretory agents (proton pump inhibitors, PPIs) or
bismuth tripotassium dicitrate [43—45].

Grade of recommendation — A;

level of evidence — 1.

Comments. The procedure for prescrib-
ing methods of primary and secondary diag-
nosis of H. pylori is described in the clinical
guidelines “Gastritis and duodenitis” [https://
cr.minzdrav.gov.ru/ preview-cr/708_2].  The
optimal tests for the primary diagnosis of H.
pylori infection and monitoring the effective-
ness of H. pylori eradication therapy are non-
invasive (not requiring esophagastroduoden-
oscopy) PC respiratory urease test and fecal
monoclonal H. pylori antigen test. According

to the Cochrane review and meta-analysis, sen-
sitivity of C breath test is 94 % (95% CI:
0.89—0.97), and fecal monoclonal H. pylori an-
tigen test is 83 % (95% CI: 0.73—0.90) with
specificity in 90 % [43].

e It is recommended that AIG patients with
a newly diagnosed B, ,-deficiency anemia shall
(examination, consultation) be examined by neu-
rologist to identify and document possible neuro-
logical disorders caused by vitamin B,, deficiency
[5, 11, 23, 24].

Grade of recommendation — C;

level of evidence — 5.

Comments. See section 1.6 “Clinical pic-
ture of the disease or condition (group of dis-
eases or conditions)”.

e It is recommended that AIG patients with
suspected or established diagnosis of autoimmune
thyroiditis, type 1 diabetes mellitus, and autoim-
mune polyglandular syndrome shall be received
(examined, consulted) by endocrinologist first to
confirm the diagnosis and to clarify patient sur-
veillance [1, 2, 6, 46—48].

Grade of recommendation — C;

level of evidence —5.

Comments. Approximately 40 9% of AIG
patients have autoimmune thyroiditis [46].
According to meta-analysis of 20 studies
(n = 3721), the detection rate of antibodies
to parietal cells in patients with autoimmune
thyroid diseases is 27.0 % (95% CI: 20.0—
36.0 %) [47]. According to the meta-analysis
of 18 studies, the detection rate of antibodies
to parietal cells in patients with type 1 diabe-
tes mellitus is significantly higher than in the
control subjects (odds ratio — 4.11; 95% CI:
3.12—5.42) [48].

3. Treatment, including drug and non-drug
therapy, diet therapy, pain relief, medical
indications and contraindications

to implementation of treatment methods

3.1. Conservative treatment

e Adherence to the principles of healthy di-
ets is recommended [https://www.who.int/ru/
news-room/ fact-sheets/detail /healthy-diet] to
all patients with AIG. There are no evidence
based diets specific for atrophic gastritis.

Grade of recommendation — C;

level of evidence —3.

e H. pylori eradication therapy is recommend-
ed for all AIG patients where this infection is
discovered [49, 50].

Grade of recommendation — C;

level of evidence —3.
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Comments. Relevance of eradication thera-
py in AIG cases requires further investigation.
It was demonstrated that in 80 % of AIG pa-
tients at an early stage without atrophic changes
as a result of H. pylori eradication, activity of
gastric body gastritis disappeared, while lym-
phocytic infiltration of glands, their destruc-
tion and hypertrophy of parietal cells signifi-
cantly decreased [49]. In clinical observation,
26 months after successful eradication therapy,
a decrease in gastric body atrophy, recovery of
parietal and main cells in the glands, normali-
zation of serum gastrin levels, and a decrease in
antibody titer to parietal cells were noted [50].

e Rebamipide therapy is recommended for a
long period for AIG patients in order to potenti-
ate protective properties of gastroduodenal mu-
cosa [51—53].

Grade of recommendation — B;

level of evidence —2.

Comments. In clinical studies, rebamipide
demonstrated its effectiveness for autoimmune
gastritis. When rebamipide was prescribed for
12 months, the score of atrophy and intestinal
metaplasia in the antrum decreased in patients
who underwent endoscopic resection of early
cancer or gastric dysplasia [51]. After 6 months
course of rebamipide a statistically significant
increase in the ratio of pepsinogen I to pepsino-
gen II (p < 0.001) was found in AIG patients,
and also a decrease in gastrin-17 (p < 0.001),
indicating regression of gastric body atrophy
[52]. After 12 months of rebamipide therapy,
AIG patients had a statistically significant in-
crease in the ratio of pepsinogen I to pepsinogen
II from 1.38 (0.96; 2.62) to 2.00 (1.60; 3.10)
(p < 0.001, p < 0.001). Without treatment,
on the contrary, a decrease in this ratio was
reported (p = 0.002). Histological examina-
tion during rebamipide therapy discovered
a positive trend in severity of inflammation
(p = 0.002) [53].

e Proton pump inhibitor (PPIs) therapy is not
recommended for AIG patients, except for pre-
scription for 14 days as part of H. pylori eradica-
tion therapy [54, 53].

Grade of recommendation — B;

level of evidence —2.

Comments. AIG patients who took full-dose
of PPIs had a history of more pronounced stages
of atrophy and intestinal metaplasia than those
patients who had not previously taken PPIs
[54]. During endoscopic surveillance of AIG
patients, the incidence of gastric neoplasia was
higher in the group of patients with a history

of taking PPIs for 12 months or more prior to
the diagnosis of AIG made (54.3 % vs. 18.6 %,
p < 0.001) [55].

4. Medical rehabilitation and health resort

treatment, medical indications

and contraindications to the use of medical

rehabilitation methods, including those based

on the use of natural healing factors

e Sanatorium-resort treatment is recommend-
ed for AIG patients, taking into account age and
the presence of concomitant diseases, which de-
termines the choice of the climatic region.

Grade of recommendation — C;

level of evidence —5.

Comments. I[ndications, contraindications
to spa treatment, as well as its characteristics
in chronic gastritis are presented in the Clinical
Recommendations “Gastritis and duodenitis”
(https:/ /cr.minzdrav.gov.ru/view-cr/708_2)
and Methodological recommendations “Follow-
up monitoring of patients with gastritis and
duodenitis by a primary care physician” [56].

5. Prevention and follow-up, medical
indications and contraindications
to the use of preventive methods

e Endoscopic follow-up is recommended once
every 3 years for all AIG patients [27].

Grade of recommendation — C;

level of evidence — 5.

Comments. Autoimmune gastritis is a pre-
cancerous disease that justifies endoscopic ob-
servation [1, 5, 9, 27, 57, 58]. The relative risk
of stomach cancer in pernicious anemia was 6.8
(95%CI: 2.6—18.1). The disadvantage of this
meta-analysis is the inclusion of any patients
with low vitamin B, levels, which is caused
not only by autoimmune gastritis [59]. In a co-
hort study of AIG patients, gastric adenocarci-
noma was discovered in 5.3 % of the cases, and
the calculated incidence of gastric cancer in
AIG cases was 14.2 cases per 1000 person-years,
which was significantly higher than the aver-
age values [60]. The recommended follow-up
interval has not been developed in randomized
controlled trials. Considering, in addition to
the risk of gastric adenocarcinoma, the risk of
developing neuroendocrine tumor of the stom-
ach, we recommend endoscopic monitoring once
per every 3 years.

e Endoscopic follow-up is recommended at least
once every 2 years for all AIG patients who have
undergone endoscopic resection of NET-1 [27].

Grade of recommendation — C;

level of evidence — 5.
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Bxaaa aBropos

Bce aBTOpBI BHEC/M PaBHBII BKJIAJ B cO0P M aHAIN3 JaHHbIX, Ha-
MICaHue JOKYMEHTa, yTBep:KJcHHe (PUHATBbHON BepCcHH U JaJIi
corsacue Ha my6smkammo. C.C.IInporos npeocTaBu pUCYHKH
1—19. A.C. Teprbrunblit npesocraBu pucyHku 20—24.
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