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OueHka uHTepBana Q-T y AOHOLLEHHbIX AeTel NepBoro roga
XKU3HK, NepeHecLLnX 3aaepXKKy BHYTPUYTPOOHOro pocTta

U Pa3BUTUA NIETKOW CcTeneHun (monepeyHoe uccnegoBaHme)
[0.0. MeaHos', 1.B. Koanosa?, .. Unbexko®, B.B. depesuor?, [A. CemalumHa’

1 CaHkT-TeTepGyprekuit rocyAapCTBEHHbIN NeanaTpudeckuii MeauumuHcki yHusepcutet, CaHkT-MetepGypr, Poccus
2 CmoreHckas oBnacTHas feTckas knuHudeckast GonbHuua, CmorneHcek, Poccus
3 Poccuiickuin HaLMOHaMbHBIN NCCefoBaTeNbCKUA MeNLIMHCKVIA yHuBepcuTeT umen H.. Miporosa, Mockea, Poccus

PE3IOME

AkTyanbHocTb. Peanusauns MexaHU3MOB 3afepkku BHYTPUYTPOBHOrO pocTa M paseuTWS B MOCTHATanbHOM OHTOTEHe3e B BUAE
pucka 06LLeit CMEPTHOCTU M CMEPTHOCTM OT CEPAEYHO-COCYANCTLIX 3ab0neBaHNin onpegenuna akTyansHoCTb.

Llenb nccnepoBaHna — Ha OCHOBaHWM OLeHKN MHTepBana Q-T Ha 3anekTpokapauorpavMme Y AOHOLIEHHbIX JeTel, NepeHectumx 3a-
BEPXKKY BHYTPUYTPOOHOrO pocTa W pa3BuTUS METKOW CTeNeHn, B AMHAMUKE NEPBOrO rofa XU3HW BbISBUTb NEPUOAbI C MOBbILIEHHBIM
PWUCKOM M3MEHEHNN CO CTOPOHBI CEPAEYHO-COCYANCTON CUCTEMBI ANS PAHHETO BMELLATENbCTBA W YIYYLIEHUS KaYeCTBa XU3HM.
Martepuansi n metoabl. B uccnegosanue Bkntounnm 139 getein ot ogHONMOAHbIX 6epEMEHHOCTEN U3 OTAENEeHMI PrU3NONOrM HOBO-
POXAEHHbIX. /3 H1X 114 poaunmch OT MaTepen ¢ OTArOLLEHHbIM aHAaMHE30M, B TOM YMCIe 3aepXKor pocTa nnoga (1-a rpynna, n=58)
(mmnoTtpodbuueckum (1a mogrpynna, n=45) n rnonnactuyeckum (16 nogrpynna, n=13) Tunamu) u 6e3 TakoBoi (2-9 rpynna, n=56).
KoHTponbHas rpynna — npakTy4ecku 340POBbIE AETY OT NEPBLIX POLOB Yepe3 eCTECTBEHHbIE POLOBbIE MYTW MPaKTUYECKW 300POBbIX
matepen (3 rpynna, n=25). 3aBepLueHo nccnegosanve y 128 neteit. MeauumHCKoro BMeLIaTeNbCTBa He 6bino. Touku HabniogeHus:
2-3-n cyTku, 1, 3, 6, 12-11 MecsLbl Xu3HN. amepsncs u oueHnsancs nHtepaan Q-T ¢ UCMONb30BaHMEM HeNapameTpUYECKMX METOL0B
CTaTUCTUYECKOTO aHanu3aa, cpaBHeHNs 95% [0BEPUTENBHOTO MHTEpBana.

Pe3ynbTathl. He ycTaHoBNeHO 3HaumMmoro ykopoyeHus nHtepsana Q-T, B Bbibopkax 1-i1 rpynnbl B 3 1 12 mecsues, 1a nogrpynnbi B
3 mecsua, 16 nogrpynnbl Ha 2-3-u cyTk, B 1, 3, 6, 12 mecsaues. B BbiGopke 16 noarpynnbl Ha 2-3-1 cyTkv B 17 pa3 vawe Q-T,<T,-T
no cpaBHeHMIo ¢ cutyauuen, koraa Q-T,=T,~T, B 3 1 6 MeCsLEB 3aBUCUMOCTEN He YCTaHOBIEHO, MMENO MECTO HapyLLEHWE COOTHO-
LUeHNs a3 SMeKTPUYECKON CUCTOMbI, OTCYTCTBOBANA 3aBUCUMOCTb Q-T, 1 Q-T, OT YaCTOTbI CepAEYHbIX COKPALLEHU.

BbiBog. Neprogp! € NOBbILWEHHBIM PUCKOM U3MEHEHUIA CO CTOPOHBI CEPAEYHO-COCYANCTON CUCTEMBI B BbIGOPKAX 1-1 rpynnbl SBASIOT-
s 3-1 1 12-1 mecsupl xm3Hu pebeHka, 16 noarpynnbl — 2-3-1 cyTku, 1, 3, 6, 12-1 mecsaubl, 1a noarpynnbl — 3-i Mecs.

KntoueBble croBa: 3afepxka BHyTpUyTPOBHOMO pocTa 1 passuTus, AeTh, uHtepeansl Q-T, Q-T,, Q-T,, T-T

Kak uutupoBatb

VBaros [1.0., Kosnosa 1.B., Unbenko J1.W., Oepesuos B.B., Cemawmna "A. OueHka nHTepeana Q-T y [OHOLLEHHBIX AETEN NepBOro rofa Xma-
HW, MepeHecLIMX 3aflepXKy BHYTPUYyTPODHOrO pocTa M passuTWS NeErkol CTeneHu (nonepeuHoe uccneposakue). [Meduamp. 2026;17(1):5-14.
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Evaluation of the Q-T interval in full-term infants
with mild intrauterine growth and development delay
(cross-sectional study)

Dmitry O. Ivanov', Lyudmila V. Kozlova?, Lidiya . llyenko?, Vitaly V. Derevtsov?,
Galina A. Semashina?

' Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia
2Smolensk Regional Children’s Clinical Hospital, Smolensk, Russia
®N.I. Pirogov Russian National Research Medical University, Moscow, Russia

ABSTRACT

Background. The implementation of fetal growth and development retardation mechanisms in postnatal ontogenesis in the form of the
risk of total mortality and mortality from cardiovascular diseases has determined the relevance.

Aim — based on the assessment of the QT interval on the electrocardiogram in full-term infants who have suffered mild intrauterine
growth restriction, in the dynamics of the first year of life, identify periods with an increased risk of changes in the cardiovascular system
for early intervention and improvement of quality of life.

Materials and methods. 139 children from singleton pregnancies from neonatal physiology departments were included. 114 were born
to mothers with a history of fetal growth retardation (group 1, n=58) (hypotrophic (subgroup 1a, n=45) and hypoplastic (subgroup 1b,
n=13) types) and without it (group 2, n=56). The control group consisted of practically healthy children born from the first birth through
the natural birth canal to practically healthy mothers (group 3, n=25). 128 completed the study. The children were not subjected to
medical intervention. Children’s observation points: 2-3 days, 1, 3, 6, 12 month. The Q-T interval was measured and evaluated using
nonparametric methods of statistical analysis, comparing the 95% confidence interval.

Results. No significant shortening of the Q-T, interval was found in the samples of group 1 at 3, 12 month, sub group 1a at 3 mo.,
subgroup 1b on days 2-3, at 1, 3, 6, 12 month. In the sample of subgroup 1b on days 2-3, Q-T, <T,-T was 17 times more common
compared to the situation when Q-T,=T,~T; no dependencies were found at 3, 6 month, there was a violation of the ratio of the phases
of electrical systole, there was no dependence of Q-T; and the Q-T, on the heart rate.

Conclusion. The periods with an increased risk of changes in the cardiovascular system in the sample of children of group 1 are 3
12 month, subgroup 1b — 2-3 days, 1, 3, 6, 12 month, subgroup 1a — 3 month.

Keywords: delayed intrauterine growth and development, children, Q-T intervals, Q-T,, Q-T,, T,-T
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AKTYAIIbHOCTb

MexaHuambl 3agepxku BHyTpUyTpoBHOrO pocTa n pas-
BuTna (3BYP), BeposTHO, MOryT ONpeaensTb nepuHaTanbHyto
3aboneBaemocTb, MOCMEACTBUS, MPOSIBASKLIMECT HA MPOTS-
XEHWUW BCEWN XU3HM, CMEPTHOCTL [2, 3, 6, 8]. Peanu3aums vx B
NoCTHaTanbHOM OHTOTEHE3e B BMAE pucka 0OLLEe CMEpPTHOCTH
W CMEepPTHOCTW OT CEPLEYHO-COCYAUCTbIX 3abonieBaHuil, B TOM
yncne pucka BHE3AMHOM CMEPTH, He Hallna JOCTaTO4HOro OT-
paXeHnsi B aHanM3MpyeMon nutepatype ¥ onpegenuna akTty-
anbHOCTb NCCNEA0BAHMS N PAHHETO MOMCKa N3MEHEHMIA.

[ns aTyx yenen oueHKa NPOAOIKUTENBHOCTW MHTEpBana
Q-T Ha cTaHgapTHom anekTpokapauorpamme (OKI) sBnsetcs
BOCTYMHON W NMO3BONSET CBOEBPEMEHHO BbIAENUTb MALMEHTOB
C BbICOKAM PUCKOM WM3MEHEHWIA CO CTOPOHbI CEPAEYHO-COCYaM-
CTOW CUCTEMbI, B TOM YMUCMEe PUCKOM Pa3BUTUS KapAMOreHHbIX
MPUCTYNOB NOTEPU CO3HaHMs, paTanbHbIX apuTMUiA U BHe3an-
HoW cepaeyHon cmepTn [9, 11, 12, 15] M npegocTaBuTh LWaHC Ha
NonyyYeHne MeAULIMHCKON MOMOLLN.

LEJTb UCCNEOOBAHUA

Ha ocHoBaHuu oueHku nHTepBana Q-T (Mc) Ha cTaHaapT-
Hoit QKT y [oHoWeHHbIX feTel, nepeHecwux 3BYP nerkoi
CTENEHW, B ANHAMIKe MEepBOro rofa XM3HU BbISIBUTL NepUoab
C MOBbIEHHbIM PUCKOM W3MEHEHWU A CO CTOPOHbI CEepAeyHo-
COCYAMCTON CUCTEMbI ANt PaHHEro BMeLlaTenbCcTBa W ynyule-
HWS Ka4YecTBa KU3HN.

MATEPWANBI U METOAbI

lMpoBeaeHo nonepeyHoe (OQHOMOMEHTHOE), BbIMOJIHEH-
HOe Yepe3 onpeferneHHble NPOMEXYTKM BPEMEHM, uccneaoBa-
Hue. Habop maTepuana ocyljecTsnsncs Ha 6asax oTaeneHuin
(OM3NONOrMM HOBOPOXKAEHHBIX U KOHCYNbTaTUBHO-AWNArHOCTM-
YEeCKMX nepuHaTanbHbIX LEHTPOB KuHUK defepanbHOro ro-
CyLapCTBEHHOrO BIOMKETHOro yypexgeHns «HaunoHanbHbIn
MEANLMHCKII ncenenoBaTenbCknin LEHTp umenn B.A. Anmaso-
Ba» Munagpasa Poccum (®rbY HMWL, vm. B.A. Anmasosa M3
P®), r. Cankt-lNeTtepbypr, 1 ®eaepanbHOro rocygapcTBeHHO-
ro OIOMKETHOTO yypexaeHns Bobiclwero obpasoBaHns «CaHKT-
MeTepbyprckuid rocyapCTBEHHbIA NeauaTPUYECKUin MeANLIMH-
ckui yHueepcuteT» Munagpasa Poccun (OIBY BO CI6IMMMY
M3 Po), r. Cankt-leTtepbypr. Cneumnduyecknx ¢akTopos (co-
LManbHbIX, 3KOHOMWYECKMX, KYMbTYPHbIX), CMOCOBHbIX MOBMM-
ATb Ha BHELLHI0 060611aeMOCTb BbIBOLOB UCCNEA0BAHNS, He
“Menoch.

[narHo3a «3afepxka pocta nnogay» usHavanbHoO CTaBusCs
Bpayamu-ruHeKonoramu, a B nocnegyrouiem auarHos «3BYP»
NoaTBEepXAeH BpayaMu-HEOHATONOraMmu, UYTO OTpaxeHo [o-
kyMeHTanbHo. Bce HOBOpOXAEHHblE C AWArHOCTUPOBAHHLIM
3BYP nmenu nokasatenu macchl Tena Huxe nepueHtuns P,
MO CPABHEHWIO C JOMKEHCTBYIOLLEN ANS reCTaLMOHHOro Bo3pac-
Ta. HoBopoxpaeHHble, nepeHecwne 3BYP runotpodmyeckoro
TMNa, IMenu Maccy Tena B uHTepBane nepueHTunen P,—P, npu
HOPMarbHON UM YMEPEHHO CHWXXEHHOW ANWHE Tena, a nepe-
Heclume 3BYP runonnacTtuyeckoro Tuna UMenu Maccy Tena u
AMNVHY Tena HKe nepueHTuns Ps.

BkntoveHve aeTeit B rpynnbl APOMCXOAMNO0 NapannensHo, ¢
POXAEHNS, B TeYeHNe 6 MecALEeB, ANUTENbHOCTb HabnogeHus
3a getbMun coctaBuna 1 rog. Toukamu HabnogeHns SBISNNCH
nepuoabl XusHu — 2-3-u cytkm, 1, 3, 6, 12-i mecsiubl. Cmelwe-
HWe X He Npou3oLwno. BeinonHanm cbop u aHanus aHaMHeCTu-
YeCKWX [aHHbIX, KMMHUYECKNX, UHCTPYMEHTanbHbIX U nabopa-
TOpHbIX MokasaTtenei y aeten. MeauumMHCKOe BMeLLIaTeNbCTBO
He npoBOAMNOCh. Bce OCYLLECTBASNOCH MCKIIOYMTENBHO MO
[06POBONBHOMY KENaHMo 3aKOHHbIX NMPEACTaBUTENEN.

Kputepun BKMoueHUs aetent B rpynnbl: U3NONOrM4ecku
npoTekaBluMe GepeMeHHOCT Y MpaKkTUYECKU 30O0POBLIX Ma-
Tepeil U OCMOXHEHHbIE OFHOMMOAHbIE BEpeMEHHOCTH, B TOM
yncne C 3aflepXKo pocTa Nnoja pasHbiX TUMOB, a Takke 6e3
TaKOBOW, Y XEHLLUWH, MMEBLUMX OTSFOLLEHHbI COMATUHECKNA U
TMHEKONOTMYECKUI aHaMHe3, POLlopa3peLLEHHbIE B CPOK Ha 37—
42-n Hegene, 3BYP nerkoi ctenenu, Hanuyme 3ybua T Ha OKT,
BbINKCKa 13 OTAENEHNA DU3NONOrIN HOBOPOXAEHHBIX HA 3-5-€
CYTKM XN3HW.

B nccnenosaHve He BKMOYan HOBOPOXAEHHBIX, NEPEHEC-
wux 3BYP, 0bycnoBneHHy HacneACTBEHHbIMU U MHAEKLNOH-
HbIMK chakTopamu. [JononHuTeNbHblE UCCREA0BaHNS U Bbiae-
neHWe noarpynn Ans npoBefeHUs JONONHUTENbHOMO aHanusa
npesBapuTensHO He 3annaHupoBaHo.

Mo HabntogeHWeM B TeYeHMe NEPBOrO FoAa XWU3HW Haxo-
QUNNCb TPW TPYNMbl AOHOLUEHHbIX AeTen: 1-9 rpynna — getw
OT MaTepel C OTArOWEHHbIM COMAaTWYECKUM W aKyLlepcKo-
TMHEKOMOTMYECKMM aHaMHEe30M, B TOM YWCIE C 3aLEepXKOM
pocta nnoga (n=58), 2-a rpynna — AeTu OT maTepen ¢ OTs-
FOLLEHHbIM COMAaTUYECKUM W aKyLLEPCKO-TMHEKONOMNYECKUM
aHamHe30M, Ho 6e3 TakoBoi (n=56), 3-9 rpynna — npakTu4ecku
300pOBble AEeTH, POXAEHHbIE OT NPaKTUYECKN 340POBbIX MaTe-
pein B UCxoae (P13nonornyeckn npotekasLLmx bepeMeHHoCTeN
(n=25). B Bbibopke geten 1-i rpynnbl 3BYP runotpoduyeckoro
TMNa guarHocTmpoBaH y 45 petei (1a nogrpynna), runonnactu-
yeckoro —y 13 (16 nogrpynna).

B nccnepoBaHne Ha 2-3-WM CYTKWM XW3HW NOTEHUMaNsHO
BKtoueHbl 350 aeteit. /13 HIX He OLieHEHbI N0 KpUTEPUSM BKITHO-
yeHns 80, oTkasanucb y4acTBOBaTb U3-3a YAANEHHOMO MecTa
NPOXMBAHUS NO XENaHMI0 3aKOHHbIX NpeacTasuTenet 60 u no
WHbIM npuyamHam 10, oLeHeHbl No kpuTepuam BkoyeHus 200.

13 OUEHEHHbIX MO KPUTEPUSM BKIOYEHWUS WCKITIOYEHO
25 peTen, U3 COOTBETCTBYIOLLMX KPUTEPUAM BKITHOYEHMS OTKa-
3ammcb OT y4acTus 5 1 No gpyruMm NpudnHam 6, BKITHOYEHO B UC-
cnegoBaHue 164 pebeHka.

[Ona aHanusa goctynHbl gaHHble 164 OKI: B 1-n1 rpyn-
ne — 71 (13 Hux 1a nogrpynna — 56, 16 nogrpynna — 15), Bo
2-i rpynne — 68, B 3-1 rpynne — 25.

lMpoaHanuanposaHo 820 KapaMOLWKMOB, U3 HWUX COOTBET-
CTBOBanW Kkputepuam BkroyeHns 139 uHtepsanos Q-T (no
opHOMy MHTepBany y pebeHka): B 1-i1 rpynne — 58 (M3 HUX
1a nogrpynna — 45, 16 noarpynna — 13), Bo 2-it rpynne — 56,
B 3-1 rpynne — 25.

B 1 mecsu ans aHannaa gocTynHbl AaHHble 154 3KT: B 1-i
rpynne — 63, BbIOLIN MO XenaHuio 3aKOHHbIX NpeacTaBuUTENEN
8 geten (B 1a nogrpynne — 49, Bbibbinm 7; B 16 nogrpynne —




14, BbIbbIN 1), BO 2-i1 rpynne — 66, BbIbbINM N0 XenaHuio 3a-
KOHHbIX NpefcTaBuTenen 2 pebeHka; B 3-i rpynne — 25.

[poaHanuanMpoBaHo 745 KapAWOUMKNOB, W3 HWMX COOT-
BETCTBOBaNM Kputepuam BknoveHns 149 uHtepeanoB Q-T
(no ogHomy mHTepBany y pebeHka): B 1-i rpynne — 61 (M3 Hux
1a nogrpynna — 48, 16 nogrpynna — 13), Bo 2-i1 rpynne — 63,
B 3-# rpynne — 25.

B 3 mecsua ansg aHanusa gocTynHbl AaHHble 142 OKT: B
1-1 rpynne — 56, BbIObINM NO XenaHMIo 3aKOHHbIX NPeACTaBy-
Tenen 7 geten (B 1a noarpynne — 44, Boibbinm 5; B 16 noarpyn-
ne — 12, BbIObIN 1, He SIBUNCSA B CBSA3M C OCTPbLIM pecnmpaTop-
HbIM 3abonesannem 1); Bo 2-11 rpynne — 61, BbIBbINM Mo xena-
HWIO 3aKOHHbIX NpeAcTaBuTenei 4 pebeHka; B 3-i rpynne — 25.

[MpoaHanuauposaHbl 700 KapAMOLMKMOB, U3 HUX COOTBET-
cTBoBanu kputepusm BkrnoveHus 140 uHtepsanoB Q-T (no
ofHOMYy uHTepBany y pebeHka): B 1-it rpynne — 55 (13 Hux 1a
nogrpynna — 44, 16 noarpynna — 11), Bo 2-i rpynne — 60,
B 3-/1 rpynne — 25.

B 6 mecsueB ans aHanusa OOCTYMHbI gaHHble 133 OKT:
B 1-# rpynne — 56 (B 1a nogrpynne — 43, BbIObIN N0 XenaHuio
3aKOHHbIX NpeacTaBuTenen 1 pebeHok; B 16 nogrpynne — 13,
SIBUINCS MOCNe 0CTPOro pecnupaTopHoro 3abonesanus 1 pebe-
HOK); BO 2-1 rpynne — 52, He IBUNUCb B CBSA3M C OCTPbIM pecnu-
paTopHbIM 3abonesaHvem 9 petei; B 3-1 rpynne — 25.

[MpoaHanuanpoBaHbl 665 KapAMOLMKMOB, U3 HUX COOTBET-
CTBOBanM Kputepuam BknoveHus 133 wmHtepeanoB Q-T (no
OQHOMY uHTepBany y pebeHka): B 1-it rpynne — 56 (13 Hux 1a
nogrpynna — 43, 16 nogrpynna — 13), Bo 2-it rpynne — 55,
B 3-11 rpynne — 25.

B 12 mecsueB ans aHanusa focTynHbl faHHble 130 OKT:
3aKOHYMNK uUccnefoBaHue B 1-i1 rpynne — 49, He SBUNKCH B
CBA3M C OCTPbIM pecnupaTopHbiM 3aboneBaHnem 7 peteit
(B 1a nogrpynne — 39, He sBunuch 4; B 16 nogrpynne — 10,
He ABUNUCb 3); BO 2-i rpynne — 56, ABUIMCH Mocrne ocTporo
pecnupaTopHoro 3abonesanus 4 pebenka; B 3-1 rpynne — 25.

poaHanuanpoBaHbl 650 kapAMOLMKIOB, U3 HUX COOTBET-
CTBOBaNW KpUTEpUSIM BKIIOYEHNS B aHanu3 128 uHTepBarnos
Q-T (no ogHomy uHTepBany y peberka): B 1-it rpynne — 48 (13
HWx 1a nogrpynna — 38, 16 noarpynna — 10), Bo 2-1 rpynne —
55, B 3-i rpynne — 25.

Bcero 3a Bpemsi npoBefeHus 1ccnefoBaqns npoaHanmsm-
poBaHbl 723 3K, 3580 kapanoLUmMKnoB v 0TobpaHbl B Uccneao-
BaHue 686.

HekoTopble cBeeHNs 0 JETSX, BKMKYEHHbIX B UCCrefoBa-
HWe, oTpaxeHbl B nutepatype [1-3].

OKT peructpupoBanit no o6LLENPUHATON METOAMKE W B ON-
TUManbHbIX ycnosusx [2, 4, 5, 7, 10, 12-14]. Bo Il ctangapt-
HoMm oTBeAeH Ha KT oLeHMBanu AnNUTENbHOCTb MHTEPBAOB
R-R, Q-T, Q-T,, T,-T. [ina pacyeTta KOPPUrMpOBaHHOTO UHTEp-
Bana Q-T (Q-T,) wucnonb3osanu chopmyny ®Ppammrema. 3a
HOPMaTUBHbIE 3HAYEHUS MPUHUMANK 4IUTENbHOCTb MHTEPBana
Q-T, 332-467 wmc [4].

Bce cTagun uccnefoBaHus COOTBETCTBOBANM POCCUICKO-
My 3aKOHOAATENbLCTBY, MEXAYHAPOAHLIM STUYECKUM HOPMaM U
HOpMaTWBHbLIM JOKYMEHTaM UCCIeA0BaTENbCKUX OpraHu3aLuii.
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Puc.1. [varpamma pasmaxa 4acToTbl CepLeYHbIX COKpaLLeHWn
y AeTel NepBoro roga Xu3Hu. 34ecb U Ha puc. 2-5 nepuodpl XnU3Hu
2-3-n cytkm — 1; 1 mecay — 2; 3 mecsaua — 3; 6 mecsues — 4; 12 me-
caueB — 5; rpynnbl 1, 2 3 — 1, IV, V; noarpynnel 1a, 16 — II, Il co-
OTBETCTBEHHO (PUCYHOK CO3[aH Ha OCHOBaHUM COBCTBEHHbIX [aHHbIX
aBTOPOB CTaTbK)

Fig. 1.  Heart rate range chart for infants. Here and in Figs. 2-5,
the periods of life are 2-3 days — 1; 1 month — 2; 3 months — 3;
6 months — 4 and 12 months — 5; groups 1, 2, and 3 — I, [V and V,
subgroups 1a, 1b — II, Ill respectively (the figure was created based on
the authors’ own data)

Boinnckn 13 npotokonos Ne 59 ot 17.03.2014 r. u Ne 12/3 ot
04.12.2017 r. atnyeckux komutetoB ®FBY HMWLL um. B.A. An-
masoea M3 P® n @'Y BO CI6IMMY M3 Po.
Cratmctuyeckun ananu3. Pasmep BbIGOpKM npenBapu-
TENbHO HEe paccuynTbiBancs. Mcnonb3oBanu nakeT KOMMbio-
TEpHbIX Mporpamm Ans cTaTUcTMYeckoro aHanmsa StatSoft
STATISTICA v. 6.1. MogcuuTtbiBanUChL creayrllme napame-
Tpbl: Konu4ecTBo (n), Meanana (Me), ksapturm (Q; Q), Mu-
HUManbHOE (Min) U MakcumarbHoe (max) 3HavyeHus, pasmax,
WHTEepKBapTUMbHLIA pa3max. Mcnonb3oBanu MeToAbl Hena-
paMeTpuyecKoro cratucTyeckoro aHanusa. Conocraenenue
KONMNYECTBEHHbIX AaHHbIX ABYX HE3aBWUCUMbIX BbIGOPOK Bbl-
nonHanu npu nomowm U-kputepuss MaHHa-YuTHu, a 3aBucu-
MbIX — KpUTEpUS YUIKOKCOHa. Pe3ynbTaTthl KOppensLmoHHOro
aHanuaa nokasaTenen OoLueHWBanm C NCNoNb3oBaHMEM CTaTu-
CTWUYECKOro aHanmsa paHroson koppensyun Cnmpmena. Cpas-
HeHWe OTHOCMTENbLHOM YacTOThl B BbIOOPKaX OCYLLECTBASANOCH
npu nomowy cpaBHeHus 95% [OBEPUTENBHOTO WHTepBana
(OW) ¢ wucnonb3oBaHMeM WHTepHeT-kanbkynsatopa EpiTools
(https://epitools.ausvet.com.au/ciproportion). Koppekuus pe-
3ynbTaToB UCCNeAoBaHNs He npoBogunack. CTaTucTnyeckm
3HauMMbIMK cunTanu pasnuyua npu p <0,05, a Takke npu
YCNoBWM OTCYTCTBUS Nepeceyerns 95% ON'. OrpaHunyeHnem

' [insi pacyeTa uHTepeana Q-T, MPUMEHSNM MHTEpPHET-KarbKymnsTop
https://medicalc.pro/qt.
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Puc. 2. [varpamma pasmaxa uHtepsana Q-T'y AeTelt NepBoro rofa xusHu (PUCYHOK CO3AaH Ha OCHOBaHUN COBCTBEHHBIX aHHBIX aBTOPOB CTaTby)
Fig.2.  Q-Tinterval range diagram in infants (the figure was created based on the authors’ own data)
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Puc.3. [varpamma pasmaxa Htepsana Q-T,y [eTel nepBoro roaa XmaHu (PUCYHOK Co3aaH Ha OCHOBaHM COBCTBEHHBIX JaHHbIX aBTOPOB CTaTbi)
Fig. 3.  Q-T,interval range diagram in infants (the figure was created based on the authors’ own data)

nccrefoBaHus crieayeT MpusHaTb [0CTaTOYHO HEBOMbLUOW
pasmep BbIGOPOK.

PE3YNbTATDI

OueHka pesynbTata CTaTUCTUYECKOTO aHanu3a, npeacras-
NEHHOr0 Ha puUCyHKe 1, Nokasana, YTo B BblGOpKax aeten 1-i u
2-1 rpynn, ocobenHo B 16 noarpynne, ¢ 2-3-x cyTok o 1 mecs-
Lja XXU3HW HAMETUNCS TPeHA K yBennyeHnto (p <0,05) meamnaHsb!
4acToTbl cepAeyHbIx cokpatyenuin (YCC) (yoapos B MuHYTY). Bo
Bcex Bblbopkax geteit ¢ 1,00 3 1 ¢ 3 4o 6 MecALEB XU3HU Hame-
TUNCS TPeHS K ee ymeHbLueHnto (p <0,05). Mpu 3TOM BbIpaxeH-

Hble U3MEeHeHuMs Habmoganucs B Bbibopke AeTeit 16 nogrpynnbl
€ 3 00 6 MecsLEB KU3HM.

B BbI6opke feTen 1-i rpynnel ¢ 1-ro 4o 3-ro Mecsiya xms-
HW HameTuncs TpeHd K ysenudenuio (p <0,05) meguaHbl uH-
Tepeana Q-T (mc) (puc. 2). B Boibopke geten 16 noagrpynnbi
¢ 3 0O 6 MecsLEeB XN3HM HAMETUNCS TPEHT K ee yMeHblue-
Huo (p <0,05), TO ecTb anekTpuyeckas cucTona ykopaymea-
nacb, TOorga Kak B Bbibopke geteil 3-i rpynnbl — yBennyeHne
(p <0,05).

PesynbTaT CTaTUCTUYECKOTO aHanu3a L/IMTeNbHOCTU WH-
Tepsana Q-T, (Mc) npeAcTaBneH Ha pUCyHke 3.
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B Bbibopkax aeteit 1-it rpynnbl, 0cobeHHo 16 nogrpynnbl, ¢

2-3-X cyTOK A0 1 MecsLa XM3HU HAMETUNCA TPEHA K YBEnu4e-

Huio (p <0,05) meamaHbl anutensHocTU MHTepBana Q-T, (mc) 1.

(puc. 4).

B Bhibopke feTen 1-11 rpynnbl, ocobeHHo 16 noarpynnel, ¢
2-3-x CyTOK 40 1 MeCcsiLa XW3HU HAMETUICS TPEHL K yMeHbLue-
Huio (p <0,05) MeamaHbl AnuTenbHOCTH WHTepsana T—T (Mc)
(puc. 5). B Bbibopkax getent 1-i rpynnbl, ocobenHo 1a nog-
rpynnbl, ¥ 2-i rpynnsl, ¢ 1-ro 4o 3-ro Mecsua Xu3Hu, a Takke
3-1 rpynnbl ¢ 3 1O 6 MecsUEeB XW3HW HaMeTUNCs TPeHS K ee

yBennyenuto (p <0,05).

Ny
o
o

=0
[==3
o

[nuTensHocTb uHTepaana QT Mc / Duration of the Q-T, interval, ms

D
o

Hanuune koppensunonHon ceasm (p <0,05) yctaHoBneHo

Mexay:

YCC (ynapos B MUHYTY) 1 uHTEpBanom Q-T (Mc) B BbIGOp-
ke aeteir 1-i rpynnbl Ha 2-3-u cyTkm (r=-0,69), 1 (r=-0,5),
6 (r=-0,64) n 12 (r=-0,29) mecsiueB, B BbibOpKe LeTeit
1a nogrpynnbl Ha 2-3-n cytkn (r=-0,68), 1 (r=-0,56) u
6 (r=—0,66) mecsues, B Bbibopke geTent 16 noarpynnbl Ha
2-3-n cyTkm (r=-0,78) u 6 (r=-0,65) mecsLeB, B BbIGOpKE
peten 2-n rpynnel Ha 2-3-u cytku (r=-0,6), 1 (r=-0,37),
3 (r=-0,37), 6 (r=—0,49) n 12 (r=-0,52) mecsLeB, B BbibOpKe
peteit 3-i rpynnel B 1 (r=-0,56) 1 3 (r=—0,66) mecsaua;
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Fig. 4.  Q-T, interval range diagram in infants (the figure was created based on the authors’ own data)
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Puc.5. [varpavmma pasmaxa nHtepsana T,—Ty fieTel nepsoro rofa xuaHu (PUCYHOK CO3aH Ha OCHOBAHMI COBCTBEHHbIX JaHHbIX aBTOPOB CTaTby)
Fig. 5.  T,—Tinterval range diagram in children of the first year of life (the figure was created based on the authors’ own data)




2. YCC (ynapos B MUHYTY) 1 MHTepBanom Q-T, (Mc) B BbIGOp-
ke aeten 3-i rpynnbl B 3 (r=—0,5) 12 (r=—-0,66) mecsLes;

3. YCC (ymapoB B MUHYTY) M MHTepBanomM Q-T, (Mc) Ha 2-3-n
CyTku B Bblbopkax geten 1-i rpynnbl r=—0,38 u 1a noa-
rpynnbl r=—0,38; B 6 MecsLEeB B BbIbopKe AeTel 2-i rpynnbl
r=-0,38;

4. YCC (ynapoB B MUHYTY) v uHTepBanom T,—T (Mc) B BbIbOp-
ke peten 1-i rpynnbl Ha 2-3-n cyTku (r=-0,5), 1 (r=-0,42)
1 6 (r=—0,45) mecsues, B Bbibopke AeTen 1a noarpynmbl Ha
2-3-n cyTku (r=-0,48), B 1 (r=—0,45) n 6 (r=—0,39) mecsLes,
B Bbibopke fgeTen 16 mogrpynnbl Ha 2-3-1 cyTkn (r=—0,66)
n 6 (r=-0,73) mecsueB, B BbIbOpke AeTEN 2-1 rpynnbl Ha
2-3-n cyTkm (r=-0,4) n B 3 (r=-0,37) mecsua.
0630p pesynbtaTos oueHkn 95% AW ans nHtepsana Q-T,

(Mc) nokasan, 4To oH ykopoyeH (p <0,05), meHble 350 mc, u3

HWUX MeHbLUe 332 MC, N0 CPaBHEHMIO C HOPMATWUBHBIMMW 3HAYEHM-

MK B BbIbOpKax geTen:

1. 1-n rpynnbl Ha 2-3-u cyTkn y 71% (95% QW 57-82), 3 Hnx
y 68% (95% [N 52-82), no cpasHeHnto ¢ 29% (95% O
18-43), B 1 mecau y 72% (95% AW 59-83), n3 Hux y 55%
(95% 0K 39-70), no cpaBHeHuto ¢ 28% (95% ON 17-41), B
6 mecsues y 70% (95% W 56-81), n3 Hux y 41% (95% AU
26-58), no cpaBHeHuio ¢ 30% (95% AN 19-44);

2. 1anogrpynnbl Ha 2-3-u cyTkn y 73% (95% [ 58-85), ns
HUX Yy 67% (95% [N 48-82), no cpaBHeHuo ¢ 27% (95%
N 15-42), B 1 mecay y 71% (95% AW 56-83), n3 Hux y
53% (95% [OW 35-70), no cpaHeHuo ¢ 29% (95% O
17-44), B 6 mecsueB y 74% (95% AW 59-86), u3 Hux y 47%
(95% W 29-65), no cpaBHeHuto ¢ 26% (95% 0N 14-41),
B 12 mecsues y 68% (95% AN 51-83), u3 Hux y 42% (95%
[N 23-63), no cpasHeHuto ¢ 32% (95% AN 18-49);

3. 2-n rpynnbl B 1 mecsy y 76% (95% QW 64-86), u3 Hux
y 46% (95% [W 31-61), no cpasHeHuio ¢ 24% (95%
[N 14-36), B 3 mecaua y 77% (95% AW 64-87), u3 Hnx
y 37% (95% [N 23-52), no cpasHeHnto ¢ 23% (95% O
13-36), B 6 mecsueB y 77% (95% AW 63-87), u3 Hux y 52%
(95% W 36-68), no cpasHeHuto ¢ 23% (95% OWN 13-37),
B 12 mecaues y 75% (95% [N 61-85), u3 Hux y 41% (95%
[N 26-58), no cpasHeHmto ¢ 25% (95% AN 15-39);

4. 3-i rpynnbl Ha 2-3-u cyTkn, B 1, 3, 6 1 12 mecsueB 3Ha-
YeHnst He oTnMyanucb oT HopmatueHblx y 100% (95%
[ 86-100).
0O630p pesynbTaToB oueHkn 95% [V ans cooTHOLEHMS

nHTepsanos Q-T, u T,—T nokasan, 4yto 3Hauumo (p <0,05) B

BbiOOpKax AeTei:

1. 1-i rpynnbl Ha 2-3-u cyTkm Q-T, <T,—Ty 43% (95% W
50-57) n Q-T, >T,-T y 50% (95% AW 37-63) no cpas-
HeHmto ¢ Q-T,=T,-T y 7% (95% [OWN 2-17), B 1 mecsy
Q-T, >T,-T y 64% (95% W 51-76) no cpaBHeHuto ¢
Q-T,=T,-Ty 21% (95% AN 12-34), B 3 mecaua Q-T, >
>T,-T'y 60% (95% W 46-73) no cpasHernio ¢ Q-T,=
=T,-Ty 9% (95% AW 3-20) n ¢ Q-T, <T,-T'y 31% (95%
[ 19-45), B 6 mecsaueB Q-T, >T,-Ty 54% (95% AW 40-
67) no cpaBHeHuto ¢ Q-T,= T,-Ty 14% (95% [N 6-36), B
12 mecsaues Q-T, >T,—Ty 62% (95% AW 47-75) no cpas-

HeHnto ¢ Q-T,=T,-Ty 12% (95% AN 4-24)n ¢ Q-T, <T,-T
y 26% (95% W 15-40);

2. 1anoarpynnbl Ha 2-3-u cyTkn Q-T, >T,—Ty 58% (95% N
42-72) n Q-T, <T,-T'y 35% (95% W 22-51) no cpasHe-
Huo ¢ Q-T,=T,-Ty 7% (95% AW 1-18), B 1 mecay Q-T, >
>T,~Ty 63% (95% [N 47-76) no cpasHeHuto ¢ Q-T,=T,—-T
y 21% (95% AW 10-23) n ¢ Q-T, <T,-Ty 16% (95% AN
7-30), B 3 mecaua Q-T, >T,-T y 61% (95% [N 46-76)
n Q-T, <T,-Ty 32% (95% AW/ 19-48) no cpasHeHnio C
Q-T\=T,-Ty 7% (95% i 1-18), B 6 mecsues Q-T, >T,-T
y 51% (95% AW 35-67) no cpasHeruio ¢ Q-T,=T,-Ty 14%
(95% W 5-28), B 12 mecaue Q-T, >T,—Ty 58% (95% AN
41-74) no cpaBHeHuto ¢ Q-T,=T,—Ty 13% (95% OV 4-28);

3. 16 nogrpynnbl Ha 2-3-1 cyTkn Q-T, <T,—Ty 69% (95% O
39-91) no cpasHeruio ¢ Q-T,=T,~T 'y 8% (95% A 1-36),
B 1 mecaua Q-T, >T,-Ty 69% (95% [N 39-91) no cpas-
HeHwto ¢ Q-T, <T,-T y 8% (95% [N 1-36), B 12 mecs-
ueB Q-T, >T,-Ty 75% (95% W 43-95) no cpasHeHuto C
Q-T,=T,-Ty 8% (95% W 1-38);

4. 2-n rpynnbl Ha 2-3-n cyTkm Q-T, <T,-Ty 35% (95% O
23-50) n Q-T, >T,—T y 54% (95% [OW 40-67) no cpas-
Hennio ¢ Q-T,=T,—-T y 11% (95% [N 4-22), B 1 mecsu
Q-T, >T,-T y 67% (95% [V 54-78) no cpaBHeHuto ¢
Q-T=T-Ty 1% (95% AN 5-22) n ¢ Q-T, <T,-Ty 22%
(95% W 13-36), B 3 mecaua Q-T, >T,-T y 53% (95%
[N 40-66) no cpasHenunio ¢ Q-T,=T,—T y 18% (95% [N
10-30), B 6 mecsauyes Q-T, >T,-T y 60% (95% AW 45-
73) no cpasHenmto ¢ QT,=T,-T y 13% (95% AW 6-26) u
¢ Q-T, <T,-Ty 27% (95% [N 16-41), B 12 mecsueB
Q-T,>T,-Ty 58% (95% OWN 44-71) n Q-T, <T,-Ty 38%
(95% AW 25-52) no cpasHeHnto ¢ Q-T,=T,-Ty 4% (95%
an 1-13);

5. 3-i rpynnbl Ha 2-3-n cyTkn Q-T, >T,—T y 40% (95% [N
21-61) n Q-T, <T,-T y 56% (95% AW 35-76) no cpas-
HeHwto ¢ Q-T,=T,—-T y 4% (95% AW 0-20), B 12 mecsLeB
Q-T,>T,-T y 60% (95% [ 39-79) no cpaBHeHmi0 ¢ Q-
T,=T,~Ty 4% (95% O 0-20).

OBCYXOEHWE

XapakTep uameHeHus meguansl YCC (yoapoB B MUHYTY) B
Bbibopkax geten 1-i rpynnel, 1a, 16 nogrpynn, 2- u 3-i rpynn
B AMHaMuKe HabmiofeHus CBSi3aH C akTWBHOCTbIO cuMMnaTuye-
CKOro OTAerNa BeretaTMBHOM HEPBHON CUCTEMbI, TUMOKCHEN [2].
Ypexerne YCC B BospacTe ¢ 3 Ao 6 MecsiLieB Obino bonee Bbl-
paxeHo B BbIOOpke feTeit 16 noarpynnbl 1 CBUAETENLCTBOBAIO
00 MCTOLLEHMM KOMNEHCATOPHBIX PECYpPCOB.

B nccnenoBaHuu Ha ocHoBaHWM aHanu3a 063opa pesynb-
TaToB oueHkn 95% AW ana uxtepsana Q-T, (MC) He ycTaHOB-
NEHO 3HAYMMOro ero u3MeHeHus B BblIbopke getei 1-i rpynmbi
B Bo3pacTe 3 1 12 mecsLeB, B Bbibopke feTen 1a nogrpynnbl B
Bo3pacTe 3 MecsLeB, B Bbibopke aeTen 16 moarpynnbl BO BCe
nccneagyemble neprogsl, B Boibopke aeten 2-i rpynnbl Ha 2-3-
W CYTKM, TO €CTb OH He yKopaumBancs. [laHHbIi (hakT ykasbiBa-
eT Ha TO, 4TO OTCYTCTBUE KOPOTKOro uHTepBana Q-T, (MeHee
340 mc) n oyeHb KopoTkoro (MeHee 320 mc) accouumpyetcs

1
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C NMoBbILLIEHNEM 06LLen CMePTHOCTM 1 CMEPTHOCTY OT CEpPAEYHO-
cocyancTbix 3abonesanui [9]. MNMonaraem, YTo yCTaHOBNEHHOE
OnpegenseT nokasaHus Ans KOHCYNMbTaluu Bpada-kapgnonora
[ETCKOro ¢ yrnybneHHbiM 06CnefoBaHNeM CepgeyHo-cocyan-
CTOM CUCTEMbI Yy AETEN, B TOM YMCIIe OLIEHKOW MHTepBana Q-T
npu XonTepoBckoM MoHuTopupoBaHuu OKI, ¢ aTana nepuHa-
TarnbHOro LiEHTPa, a Takke peLleHne Bonpoca 0 MOMEKynsapHO-
reHeTM4eCckOM 1CCNea0BaHNM AN NOUCKa YPOBHS W xapakTepa
MOpaxeHMs! MOHHbIX KaHasoB.

YrnybneHHas oueHka (yHKUMOHANBHOMO COCTOSHWS MUO-
kapAa nokasana, 4To MonyyeHHble AaHHble B BbIOOpKax AeTen
1-1 rpynnel, 1a, 16 noarpynn, 2- n 3-i rpynn B NOAaBNSOLEM
BonbLlWWHCTBE CMy4YaeB COrMacylTcs C pesynbTatamu, AOKYy-
MeHTUpOBaHHbIMK y Gonee cTaplumx getei [7]. Ho B Bbibopke
peten 16 noarpynnbl Ha 2-3-1 cyTku B 17 pa3 vauue (p <0,05)
nHtepean Q-T, < uHTepsana T,—T N0 CPaBHEHMIO C CUTYaLMeN,
koraa uHTepsan Q-T, = uHtepBany T,—-T, a B Bo3pacte 3 1 6
MECALEB HUKaKVUX 3aBMCUMOCTEN HE YCTaHOBMEHO, YTO yKasbl-
BaeT Ha HapyLueHue COOTHOLIEHNs nHTepeanoB Q-T, n T,-T.
VImeHHO B BbIGOpKe 3TVX AETEl OTCYTCTBOBANa 3aKOHOMEPHast
3aBucumocTb uHTepsanos Q-T, n Q-T, ot YCC. BbiaBneHHble
0cobeHHOCTH B BbIOOpKE A€Tel 3-i1 rpynmbl, BOIMOXHO, SBNS-
I0TCS HOpPMAarbHbIMK, HO B NUTepaType HET AaHHbIX Ans CpaB-
HeHns, TpebytTca uccnegoBanus. OTCYTCTBME W3MEHEHWS
npoponmxutensHocT T,—T ¢ uamereHnem YCC y feten ot 3 go
15 neT JOKyMEHTUPOBaHO [7] W JomyckaeTcs Hamu B BbIOOpKe
AeTten 3-M rpynnbl, HO, Ha Haw B3rnsA, B Bbibopke geTen 16
MOArpyNMbl HE ABNSETCS HOPMATbHbIM.

BbIBO[

Ha ocHoBaHuu oLeHkn nHTepBana Q-T (Mc) yCTaHOBMEHO,
4TO AOHOLLEHHBIM AeTaM, nepeHeclumm 3BYP nerkon ctenexu,
0COOEHHO MMMONMaCTUYECKUIA ero TUM, NokasaHo NpPOoBefeHNe
OKTI-1ccnenoBarms ¢ KOHCYNbTaLmel Bpaya-kapamnosiora JeTcKo-
ro v peLleHnem Bonpoca 06 06beme yrnybneHHoro o6cneaoBaqus
CEepAEYHO-COCYNCTON CUCTEMbI C pOXAeHNs. Ha nepeom rogy
KU3HN BbISIBMEHbBI NEPUO/BI C NOBbILIEHHBIM PUCKOM N3MEHEHNI
CO CTOPOHbI CEpAEeYHO-COCYANCTON cUcTEMBI. MIMn okasanuch v
peten, nepeHecwnx 3BYP, 3-i1 u 12-i1 MecsiLbl XU3HY, Y AeTEN,
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OuHamunyeckoe HeMpocoHorpadmyeckoe uccnegoBaHme
CTPYKTYPHbIX U3MEHEHUMN LIeHTPanbHON HepBHOWU CUCTEMbI
Y He[OHOLWIEHHbIX AeTen C HU3KOW OLIeHKOM no wkane Anrap
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PE3IOME

AkTyanbHocTb. HelipocoHorpadms SBRSETCS KNHYEBLIM MHCTPYMEHTOM AMst CBOEBPEMEHHOTO BbISBMEHNS U OLEHKM CTPYKTYPHbIX
M3MEHEHUIA LLEHTParbHOWM HEPBHOW CUCTEMbI Y HEJOHOLLEHHbIX HOBOPOXAEHHBIX. OCcobYH0 akTyanbHOCTb 3TOT METOA NpuobpeTaeT B
rpynmne AeTeil C HA3KOW OLIEHKOM Mo Likane Anrap, MOCKOMbKY NO3BOMSIET HEWHBA3MBHO W B PEXME pearibHOr0 BPEMEHH ONpesennTb
TSKECTb MOBPEXAEHWIA TONIOBHOTO MO3ra, Y4TO KPUTUYECKN BXKHO A1 NPOrHO3MPOBAHNS NCXOAO0B M ONTUMU3ALMN TaKTUKU BEAEHMS.
Llenb — n3yyeHne UHaMUKN CTPYKTYPHbIX N3MEHEHWIA LLEHTPaNbHOM HEPBHOW CUCTEMbI Y HEJOHOLLEHHbIX AETEN C HU3KOM OLLEHKON NO
Lkane Anrap npy poXaeH!M C MOMOLLbH HEMPOCOHOTpadiv 41151 BbISIBNEHUSt 0COOEHHOCTEN Pa3BUTHSI TUMOKCUYECKN-MLLEMUYECKNX U
TMMOKCUYECKI-FEMOPParniecknx MopaxeHuid rofIOBHOMO Mo3ra.

Matepuanbi n metogbl. ObcnegoBaHbl 123 HEAOHOLLEHHBIX HOBOPOXAEHHBIX C O4EHb HU3KOM W 3KCTPEMarbHO HM3KOM Maccon Tena
(<1500 r), pasgeneHHbIX Ha rpynnbl C OLEHKOI Mo Lwkane Anrap 1-3 6anna npu poxaeHumn (n=45) n 4-7 6annos npu poxaeHnn (n=55),
Takxke KOHTponbHyto rpynny 8—10 6annos npu poxageHun (n=23). MpoBefeHa HerpocoHorpadus Ha 1-2-e 1 7-8-e CyTKM KU3HN.
Pe3ynbTatbl. B 1-e CyTkW Xm3H1 HelpocoHorpaduyeckas kapTHa bbina conocTaBuMa Bo BCEX rpynnax. K 7-M cyTkam ycTaHOBIeHa
HeraT/BHas 3BOMIOLMS MOpaXeHuiA Mo3ra y AeTEN C HU3KOI OLIEHKOM Mo Anrap: 4acToTa MMMOKCUYECKU-reMOopparMieckmx nopaxeHni B
rpynne 1 (Anrap 1-3 6anna) Bospocna ¢ 34,3 fo 50,0%, Bkntovast MaHUECTaLWI TSKEMbIX BHYTPKENY[0UKOBbIX KpoBou3nnsiHui I
n IV ctenenei. Ouddy3Hoe NOBbILLIEHE 3XOTEHHOCTU NMAPEHXUMbI BO 2-€ CYTKM OTMEYanoch BO Beex rpynnax (65,2-78,2%), ogHako K
7-M CyTKaM B KOHTPObHOW rpynne YacToTa npuaHaka cHuaunack 40 53,3% (TpaH3UTOpHbIN xapakTep), Toraa kak B rpynne 1 coxpaxu-
nack Ha BbICOKOM ypoBHe (76,4%), YTo CBUAETENBCTBYET O hOPMUPOBAHUM HEOOPATUMBIX ULLEMUYECKNX U3MEHEHMIA.

BbiBoAbI. Huskas oLeHKa no Lwkane Anrap y He[OHOLEHHbIX ETEN C 04EHb HU3KOW 1 SKCTPEMANbHO HW3KOW Maccoii Tena npu pox-
[EHNN accOLMMPOBaHa C HEraTMBHOWM AMHAMMUKON CTPYKTYPHBIX M3MEHEHWIA LIEHTPparbHO HEPBHOW CUCTEMBI (HapacTaHue YacToThl
BHYTPVKEMNYA0YKOBbIX KDOBOW3MUSHWIA 11 CTONKAs NEPUBEHTPUKYNSIPHAS TMMEPIXOreHHOCTb) K KOHLYY MepBoi Hegenm xwnsnu. Coxpa-
HeHre Anddy3HOro MOBBILLEHWS SXOTEHHOCTU MapeHXMbl 6omnee 7 CyToK SBNSeTCS 0OBEKTUBHBIM KPUTEPUEM ULLEMUYECKOTO Mo-
PaXEHWS1, B TO BPEMS Kak paHHsIS MMNepaxoreHHOCTb B rpynne KOHTPONS Yallie HOCUT TPaH3UTOPHBINA xapakTep. [onyyeHHble AaHHble
NOATBEPKAAT HEODXOANMOCTL CEPUITHOTO HEMPOCOHOTPadhNIECKOr0 MOHUTOPUHTa (1-2-e 1 7-8-e cyTk1) Ans AnddepeHLmansHoi
AVArHOCTUKI TPAH3UTOPHBIX UBMEHEHWI N UCTUHHBIX MOPAXeHUA Mo3ra.

KntoueBble cnoBa: He[OHOLLEHHbIe AeTH, HeVIDOCOHOFpa(*)VIFI, TMNOKCUYECKU-NLLEMUYECKOE NOoPaXKeHUe rofloBHOro Mo3ra, BHyTpuxe-
JIYA04KOBOE KPOBOU3NNAHNE
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Dynamic neurosonographic study of structural changes
in the central nervous system in premature infants
with low Apgar score
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ABSTRACT

Background. Neurosonography is a key tool for the timely detection and assessment of structural changes in the central nervous
system in premature infants. This method is particularly relevant in infants with low Apgar scores, as it allows for non-invasive and real-
time determination of the severity of brain damage, which is critical for predicting outcomes and optimizing management.

The aim — to study the dynamics of structural changes in the central nervous system in premature infants with low Apgar scores at birth
using neurosonography to identify the developmental features of hypoxic-ischemic and hypoxic-hemorrhagic brain lesions.

Materials and methods. A total of 123 very-low-birth-weight and extremely-low-birth-weight (<1500 g) premature infants were
examined. They were divided into groups with Apgar scores of 1-3 at birth (n=45) and 4-7 at birth (n=55), as well as a control group
with Apgar scores of 8-10 at birth (n=23). Neurosonography was performed on days 1-2 and 7-8 of life.

Results. On the first day of life, neurosonographic findings were comparable across all groups. By day 7, a negative evolution of brain
damage was observed in infants with low Apgar scores: the incidence of hypoxic-hemorrhagic lesions in Group 1 (Apgar scores of 1-3)
increased from 34.3 to 50.0%, including the manifestation of severe severe intraventricular hemorrhage of grades Il and IV. A diffuse
increase in parenchymal echogenicity on the second day was observed in all groups (65.2-78.2%). However, by the seventh day, the
frequency of this sign in the control group decreased to 53.3% (transient), while in Group 1 it remained at a high level (76.4%), indicating
the development of irreversible ischemic changes.

Conclusions. Low Apgar scores in premature infants with very low birth weight and extremely low birth weight are associated with
negative dynamics of structural changes in the central nervous system (an increase in the incidence of IVH and persistent periventricular
hyperechogenicity) by the end of the first week of life. Persistence of diffuse increased parenchymal echogenicity for more than seven days
is an objective criterion for ischemic damage, while early hyperechogenicity in the control group is more often transient. The data obtained
confirm the need for serial neurosonographic monitoring (days 1-2 and 7-8) to differentiate transient changes from true brain damage.

Keywords: premature infants, neurosonography, hypoxic-ischemic brain injury, intraventricular hemorrhage
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AKTYAIIbHOCTb

HeLoHOLWEHHbIE HOBOPOXAEHHbIE MPEeACTaBMsT 3HAuM-
MY TpynMy pucka no pasBuUTHIO NATONOIA LIEHTPaNbHO HepB-
Hon cuctembl (LUHC), npu aTOM Yem paHblue CpoK POXAEHUS,
TEM Bbllle BEPOSTHOCTb MLLEMUYECKOTO MOBPEXAEHMS MO3ra
W BHYTPWKENyLOYKOBLIX KPOBOM3MMSHWIA, KOTOPLIE MOTYT Mpu-
BECTYU K CEpbe3HbIM HEBPOMOTMYeCckUM nocneacTausam. MporHos
0COBEHHO HebnaronpusaTeH y HOBOPOXAEHHbIX C SKCTPEMarbHO
HW3KOW Maccoi Tena. Bbicokast yi3BUMOCTb CTPYKTYP FOMOBHOIO
MO3ra K TUMOKCUYECKOMY MOBPEXAEHMI0 0BycrnoBneHa Heapeno-
CTbl0 MEXaHW3MOB ayToperynsuum uepebpanbHoro KpoBOTOKa,
KOTOpble HECMOCOOHbI B MOMHOM Mepe KOMMEHCMPOBaTb reMo-
AVHAMWUYECKNE HapyLleHusi, 0ByCrnoBMnEeHHbIE KaK MepeHeceH-
HOW acduKcyen, Tak U CoNyTCTBYHOWMMI chakTopamu (nabuss-
HOCTb CWUCTEMHOrO apTepuanbHOro AaBMeHus, NepcuCTeHLms
heTanbHbIX KOMMYHUKaLWA, WHAEKLMOHHO-BOCNANUTENbHBIN
npolecc, HeobxoauMoCTb PecnMpaTopHON MOA4EePXKKA W ap.)
[1, 3, 6].

Huskas oueHka no Lwkane Anrap y HOBOPOXOEHHbIX, 0CO-
BeHHO cpeay HeOHOLLEHHbIX AeTel, CNpaBeaIMBO OTHOCUTCS
kK Hanbornee 3Ha4YMMbIM MPUYMHAM NEPUHATANLHOMO NOBPeXae-
Husa LHC, 4To onpenensieT akTyansHocTb Npobnembl 1 Heobxo-
AMMOCTb NOJTyYEeHMs HOBbIX COBPEMEHHbIX JAHHBIX O XapakTepe
NOBPEXAEHUS rONOBHOMO MO3ra y HEAOHOLEHHbIX JeTel, B TOM
yncne Npy pasnMyHbIX 3HAYEHWUSX Macchl Tena 1 nokasarensx
wkanbl Anrap npw poxaeHum [13].

MNOKCUYeCKN-MILEMIYECKNE MOPAKEHWS TONTOBHOTO MO3-
ra (TUM'M) ©u runokcuyeckn-remopparmyeckne MopaxeHus
(TTMCM), BkNtoYast  BHYTPWXKENYAOYKOBbIE  KPOBOUIMUSHMS
(BXK), sBnsitoTcs Hanbonee pacnpoCTpaHEHHBIMU CTPYKTYPHbI-
MW U3MEHeHUsMM, HabnogaemMbIMU Y HEAOHOLIEHHbIX AeTeN ¢
nepeHeceHHon acukenen Npu poxaeHun [2]. 3T CocTOSHMS
MOryT 0TMeYaTbCs Cpa3y nocrne poxXAeHus, a Takke ObITb OT-
CPOYEHHBbIMW 1 OBHapyXMBaTbCA B TEYEHME PaHHEro HeoHa-
TamnbHOro Neproaa, Yacto C 3aLEPXKKON KITMHUYECKUX UMK CO-
Horpapn4eCKMX MPU3HAKOB.

CBOeBpeMeHHasl OnarHocTka W AuHaMu4eckoe Habnio-
AeHue 3a cocTosiHmeM LIHC mrpatoT KntoyeByto porb B fAMarHo-
CTUKE MOBPEXAEHU MO3ra, a Takke B NpesoTBPALLEHUM npo-
rPeccMpoBaHMs NaToNOrM4eckoro npolecca u opMUpoBaHns
HebnaronpusTHbIX HEBPONOTMYECKMX UCXOL0B.

MHorouncneHHble UccnefoBaHus, MOCBSLLEHHbIE HeWpo-
COHOrpath4eCcKon OUarHOCTHKe MMMOKCUYECKOTO NMOBPEXAEHNS
FONIOBHOTO MO3ra y HEe[JOHOLUEHHbIX HOBOPOXAEHHBIX, [EMOH-
CTPUPYIOT BaXHOCTb 3TOMO METOAA [Nt PAHHETO BbISIBNIEHNS W
MoHuTOpMHra coctostHua LUHC [1-3, 7, 11].

Takum 00pa3om, HeOAHO3HAYHOCTb B3aMMOCBA3N MEXIY
HW3KOW OLeHKOW No Lkane Anrap, XapakTepoM CTPYKTYpHbIX
W3MEHEHWN TONOBHOTrO MO3ra W WX AMHAMWKOW B pPaHHEM He-
OHaTanbHOM Nepuoge ocTaeTcs NPeAMETOM NPOLOITKAKLLMXCS
anckyccuit. MNonemmuka Ha TeMy KOppensumm HU3Koi OLEHKM no
Wwkane Anrap ¢ xapakTepOM W ANHAMUKON CTPYKTYPHBIX M3MeEHe-
HW FOMOBHOMO MO3ra Y HELJOHOLLEHHbIX eTei NpOJoIKaeTcs,
4TO ONpeAenseT He0BXOAMMOCTb NOJTyYeHUsl COBPEMEHHBIX Ha-
YYHbIX aHHbIX MO yka3aHHoM npobneme.

LIESTb UCCNEAOBAHUA

Llenb HacTosiero nccnefoBaHus — MpoBefeHNe OuHa-
MWYECKOTO HEeMpOCOHOTpadMyeckoro aHanusa CTPYKTYPHBbIX
nameHeHnin LUHC y He[OHOLIEHHbIX AeTei C HWU3KOW OLeHKOM
no Lwkane Anrap npu poXaeHWn Ans yTouHeHUst 0CobeHHOCTEN
pasBUTUS U NPOrPECCUPOBAHUS TUMOKCUYECKU-ULLEMUYECKUX W
TUNOKCUYECKU-TEMOPPAriYeCcKnX NOpaxeHWn rofioBHOrO Moa3ra.
B paHHEM HeoHaTanbHOM Nepuoae.

MATEPWANbI U METO[bI

BbinonHeHo obcnenosaHmne 123 HeQOHOLIEHHBIX HOBOPOX-
LEHHbIX AeTeit ¢ oveHb Huakon (OHMT) n akcTpemarnbHO Hus-
ko Maccoi Tena npw poxaenun (QHMT), ¢ HU3KOW OLLEHKOM MO
wkane Anrap.

KpMTepMM BKMIOYEHUAMCKNIOYEHUSA nauneHToB
1. KpuTepuwn BkntoueHus B uCCneaoBaHue:

* HeJOHOLIEHHbIE HOBOPOXAEHHbIE AETU C O4YEHb HU3KON
N 9KCTPEMarbHO HW3KOW Maccoil Tema mpu pOoXAEHUH
(macca Tena <1500 r);

* OleHKka no wwkane Anrap <7 6annoB B KOHLie NepBon
MNATON MUHYT KU3HU;

*  NOMNyYeHne cornacus Ha y4actue B UCCNEAOBaHMM.

2. Kputepuu nCKntoyeHms U3 nccnegoBaHns:

*  OTCYTCTBME MHOPMUPOBAHHOIO [OBPOBONBHOTO Corna-
CMsl 3aKOHHOTO MpeacTaBuTens pebeHka;

* MpepblBaHNe CTaLMOHAPHOTO NeYeHns (Mo HAaCTOSHUIO
poauTenen, NepeBos B APYryK MeWLMHCKYI0 OpraHu-
3auuto, neTanbHbIii MCXOL);

*  Hanuyue BPOXAEHHbLIX MOPOKOB Pa3BUTMSl, HECOBMECTH-
MbIX C XM3HbIO.

[ins pelueHns nocTaBneHHbIX 3agay nauueHTbl Obinn pas-
[€eneHbl Ha [Be rpynnbl B 3aBUCMMOCTW OT OLIEHKM MO LiKane
Anrap npw poxgeHuu (tabn. 1).

Mepeas rpynna (rpynna 1): HOBOPOXAEHHbIE C OLEHKOW Mo
Lwkane Anrap 1-3 6anna B KOHLE NepPBOA MUHYTbI XW3H1 — 45 fe-
Tei (22 manbymka, 23 AEBOYKM), reCTaLMOHHbIN Bo3pacT 27,4 [25,7;
29,7] HeZlenb, Macca Tena npu poxaeHun — 800 [650; 1030] r.

Btopas rpynna (rpynna 2): HOBOPOXAEHHbIE C OLEHKON Mo
wkane Anrap 4-7 6anmnoB B KOHLE NEpPBOA MUHYTbI XU3HN —
55 peten (27 manbunkoB, 28 AEBOYEK), FECTALMOHHbIN BO3pacT
28,4 [27,0; 29,7] Hepenb, macca Tena 900 [860; 1240] r.

TpeTbs rpynna (KOHTponbHas) (fpynna 3): HOBOPOXAEHHbIE C
oLieHkon no wkane Anrap 810 6annoB B KOHLE NEpPBO MUHYTHI —
23 HOBOPOXAEHHBIX (11 Manb4MKoB 1 13 AEBOYEK), reCTaLMOHHBIN
Bo3pact 29 [27,43; 30] Hegenb, Macca Tena 1200 [1000; 1350] r.

CpaBHuTENbHAS OLEHKA BKIMKOYEHHBIX B UCCNEA0BaHME HO-
BOPOXEHHbIX NPOBOAMNACH B PaHHEM HEOHATaNbLHOM Nepuoae
B TPeX TOYKax HabmnogeHus: npu poXaeHun, Ha 1-2-e CyTku 1
Ha 7-8-e cyTku. MepBrYHbIA OCMOTP BKIKOYas cbop aHTponome-
TPUYECKNX OaHHbIX MPU POXOEHUM (Macca Tena, AnvHa Tena,
OKPYHOCTb TOMOBbI, OKPY)XHOCTb rpyam) M UKCaLMo OLEHKM
no wkane Anrap.

OcHoBHbIM MeToAOM oueHku coctosHus LIHC Obina Heit-
pocoHorpadus, BeINOMHAeMas B AUHaMUKe Ans BepudukaLlmm
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TaGnuua 1. XapaKTepVICTI/IKa HOBOPOXAEHHbIX N0 aHTPONOMETPUYECKUM AaHHbIM, CTENEHU AblXaTelbHbIX HaprJeHVII;I M ANUTeNbHOCTW rocnuTanu-

3auum (Me [Q1; Q3))

Table 1. Characteristics of newborns by anthropometric data, severity of respiratory distress, and length of hospitalization, (Me [Q1; Q3])

MapameTp / Parameter

Ipynna 1 (Anrap 1-36.)/
Group 1 (Apgar 1-3)

n=45

'pynna 2 (Anrap 4-7 6.) /
Group 2 (Apgar 4-7)

n=55

Ipynna 3 (Anrap 8-106.) /
Group 3 (Apgar 8-10)

["eCTaLMOHHbIN BO3pACT, Hedenn /
Gestational age, weeks

2741257, 29,7]

28,4 [27,0; 29,7]

29,0 [27,4; 30,0]

Macca, r / Birth weight, g

800 [650; 1030]

900 [860; 1240]

1200 [1000; 1350]

HOBOPOXAEHHbIX 1 HEAOHOLLEHHbIX AeTen /
Length of stay in the Neonatal unit (days)

[nuxa, cm / Body length, cm 34,0[32,5; 38,0] 37,0 [34,0; 40,0] 39,5 [36,0; 41,0]
OKpYXHOCTb roNnoBbl, CM / 25,0[23,0; 27,0] 26,0 [24,0; 28,0] 27,01[26,0; 29,0]
Head circumference, cm

OKpy>HOCTb rpyam, cm / 22,0[20,0; 24,0] 24,0 [21,5; 25,0] 25,0 [23,0; 26,0]
Chest circumference, cm

OueHka no wkane CunbBepmaH / 61[4;9] 45; 6] 2[3; 4]
Silverman score

Koiiko-aHen B 0TAeneHun aHeCTeanono- 23 [11; 48] 11[5; 28] 73, 11]
rm-peannmadm / Length of stay in the

Intensive care unit (days)

Koiiko-aHeit B 0TAENEHWE naTonorum 61[47; 77] 47 [38; 60] 36 [32; 52]

Tabnuuya co30aHa Ha 0cHogaHUU cobcmaeHHbIX OaHHbIX asmopos cmamau. / The table was created based on the authors’ own data.

CTPYKTYPHbIX W3MEHEHW TOMOBHOrO MO3ra. YrbTpasByKOBOe
“ccnegoBaHWe rOMOBHOMO MO3ra BbIMOMHANOCH Ha anmnapare
GE Logiq P5 Bcem nauueHTam B AnHaMuUKe: NepBUYHO — B 1-2-e
CYTKM XW3HU, NOBTOPHO — Ha 6-8-e CyTKW XM3HW. [1ns makcu-
ManbHO MomHoi Buayanusaumu ctpyktyp LUHC npumensinacoh
KOMOWHMPOBaHHas TpaHCKpaHWanbHO-4pPE3POSHNYKOBAs MeTo-
Avka. ViccneposaHne MpoBOAMNOCH C UCNONb30BAHNEM MUKPO-
KOHBEKCHOMO M NWHEMHOro JaTymMkoB ¢ yactoTon 4-12 MIu.
Vcnonb3oBaHne BbICOKOYACTOTHOMO NIMHEIHOTO JaTuka No3Bo-
NUNo AeTanbHO OLEHNTb COCTOSHWE MOBEPXHOCTHBIX CTPYKTYP
Mo3ra n cybaypanbHoro npoctpaHcTea. C LEenbio UCKYeHNs
«CrenbIX 30H» NPUMEHSANOCH MONMMNO3NLMOHHOE CKaHUPOBaHMe
C JOCTYNOM Yepes nepefHni (6onbLUOit), 3aaHUIA U COCLEBMA-
HblE POAHUYKM, @ TakxXe Yepes Yellyto BUCOYHOI kocTu. Wccne-
[0BaHWe NPOBOAMIOCH B CaruTTanbHOM, (POHTAmNbHOM, akcu-
anbHoM 1 Kocbix nnockocTsx. MeTtoauka Obina chokycupoBaHa
Ha BepunKaLuu CTPYKTYPHBIX U3MEHEHU NapeHXMbl Mo3ra
W NINKBOPHOW CUCTEMbI (OLEHKA 9XOreHHOCTH, AUArHoCTUKa -
MOKCUYECKN-TEMOPPArNYECKUX U WULIEMWYECKAX MOPaXEHWI).
[ins naHHOro uccnefoBaHus LBETOBOE U SHEPrETUYECKOE AOM-
NNepoBCKOE KapTUPOBAHME MCMONb30BANOCh WCKIIOYUTENBHO
ANS BU3yanus3auuu COCYAMCTON aHaTOMUM U MOATBEPKAEHUS
MPOXOANMOCTN OCHOBHbIX BEHO3HbIX CMHYCOB W apTepuii, 6e3
NpOBeLEeHNs KONUYECTBEHHOTO aHann3a CKopoCTel KpoBOTOKA
W pacyeTa MHOEKCOB PE3NUCTEHTHOCTM.

Cratuctuyeckass obpaboTka pesynbTaToB BbIMOMHEHA C
MOMOLLIbI0  MEPCOHANbHOTO KOMMbIOTEPa B MakeTe npuknag-
HbIx nporpamm MS Excel 2021 (Microsoft Corporation, CLLA),
STATISTICA 8.0 (StatSoft Inc., CLLUA). TectupoBaHue Ha Hop-
MasbHOCTb pacnpefeneHns nokasatenen OCyLWEeCTBASNN C no-
MoLLbto kpuTepues LWanupo-Yunka n Konvoroposa—CmupHoBa.
HomMuHanbHble faHHble NPeAcTaBeHbl C ykasaHnem abcontoT-

HbIX 1 OTHOCUTENbHbIX (%) 3HaveHui. MpoBepka Ha HopManb-
HOCTb pacnpefenexus onpefensna ganbHenwne pacyeTsbl C
NCMONb30BaHMEM METOLOB napa- ¥ HenapameTpuyeckon cra-
TUCTWKKN. Pa3anuuns cyntanmchb CTaTUCTUYECKM 3HAYMMBIMI NPY
p <0,05. Mpu cpaBHeHUM TPEX rPYNN UCMONb30BANCA KpUTEPHit
Kpackena-Yonnuca, npu oBHapyXeHuM pasHuubl, NPOBOAM-
NOCb CpaBHEHWE rpynn C NoMOLLbio Kputepus MaHHa-YWTHM.
Pasnuuus cumtanucb ctaTucTuyeckn Hayumbimm npu p <0,05.
CTaTuCTMYeCKyl0 3HaYNMOCTb Pasnnyuin Mexay ABYMS HecBs-
3aHHbIMK TPyNNamy AaHHbIX ONPEAEnsnu ¢ UCnonb3oBaHNeEM
paHroBoro kputepust ManHa-YutHu. B Tabnuyax npuBeaeHo He
KOMWYEeCTBO AE€TEN B rpynnax, a Konm4ecTBO HOBOPOXAEHHBIX,
Y KOTOPbIX MPUCYTCTBOBaNM AaHHbIe HEMpPOCOHOrpacuyecko-
r0 UCCNeAOoBaHMsl, COOTBETCTBEHHO, CTATUCTUYECKNE pacyeTbl
NPOBOAMINCH HE Ha rpynnbl BbIOOPKM, @ HAa KOMWYECTBO Mory-
YeHHbIX Pe3ynbTaTos.

ViccnegoBaHve NpoBeeHO B COOTBETCTBUM C 3TUHECKAMM
CTaHgapTamn XenbCYHKCKON AeKknapauum v npasunamm KnHu-
yeckoi npaktuku PO. MpoTokon uccnepoBaHus ogobpeH no-
KanbHbIM 3TUYECKAM KOMUTETOM'.

OrpaHu4eHnsi MCCNEeQOBaHUA: PasfNiMsg B aHTPOMO-
MeTPUYECKMX MoKasaTensx Mexgy rpynnamu obycrnoBneHb!
TPYBHOCTbIO Mogbopa «YCroBHO 3[0POBLIX» HEJOHOLIEHHbIX
3KCTpeMaribHO HWU3KOM Macckl Tena. Bknag daktopa rnybokoi
HEeJOHOLEHHOCTN B CTPYKTypy nopaxenun LIHC yuutbiBancs
NP1 MHTEpNpeTaLum SaHHbIX.

! UccnepoBaHne NpoBeaeHo C COBMIOAEHUEM 3TUYECKMX MPUHLMMOB,
npeabsBnsemMblX XenbCUHKCKOW Aeknapauuen BcemmpHon MegnumH-
cKoit accoynauum n «lMpaBunamu KNMHUYECKOW npakTukn Poccuiickon
®depnepaummy. Vccnenosatue opobpeHo atndeckum komutetom ®rEOY BO
Kpacl'MY um. npod. B.®. BoitHo-AceHewkoro MuHagpasa Poccum (Bbl-
nucka 3 npotokona ot 16.11.2021 r. Ne 109/2021).




PE3YNbTATDI

AHanus cTpykTypHoro coctosiHua LIHC nposogunca Ha
OCHOBaHWUW pe3ynbTaToB HEeMpOCOHOrpaduu ¢ onpeaeneHnem
ITTIFM (BHyTpWXenymo4KkoBble kKpoBouanusaHus |-V ctenexen)
(tabn. 2, 3) u TUMNIM (BblpaxeHHoe Anddy3HOe NoBbILEHNE
9XOreHHOCTW MEPUBEHTPUKYNAPHBIX oBnacTe, coxpaHsioLye-
ecs bonee cyTok) (Tabn. 4).

Mnokcuyeckn-remopparuyeckne  NopaxeHnst rofoBHOIO
mo3ra ¢ BXK | cteneHn no aaHHbIM HerpocoHorpadum onpe-
AEnsnucb BO BCeX Tpex rpynnax, 6e3 3HauMmbix pasnnyui
¢ KoHTponem. B Tpetbent rpynne BXK Il cteneHn oTmeyeHbl
B ogHom cryyae (4,3%), Il ctenenn — B AByX cnyyasx (8,6%).
B nepsoit rpynne BXK Il ctenenu BbisiBReHbI B ABYX CyYasx
(6,2%), Ill ctenenm — B ogHom cnyyae (3,1%). Hanbonee T5-
xenoe kposousnusHue (BXK IV cTenenun) 3apernctpupoBaHo
TOMbKO B rpynne AeTen ¢ oLeHKkom no wkane Anrap 1-3 6anna
(1 cnyyan; 3,1%).

[anee nposegeHa oueHka [TTIM no gaHHbIM HEMPOCOHO-
rpacum Ha 7-t cyTku xu3Hu (Tabn. 3). BXXK onpepensnucht Bo
BCex Tpex rpynnax, a Haubonee TsXeNble NOBPEXAEHWS, Takue
kak BXK Il v IV cteneHu, Hapocnu K 7-M cyTkam B rpynne aeTten
c Bonee HK3KOWM OLEHKOI No LWwkane Anrap.

CymmapHas oueHka Bbisisnsiemoct [TTMM Ha 1-e n 7-e
CYTKW XM3HU He Nokasana 3HauuMbIX pasnuyuii Mexay rpyn-

namu, Npu 3TOM Kak Npu POXAEHUM, TaK 1 Ha 7-€ CYTKM XM3HM
Hanbonblee konuyectso MTMM onpegensnock B 1-i rpynne
(oueHka o wkane Anrap 1-3 6anna) 11 (34,3%) npu poxgeHuu
n 15 (50,0%) Ha 7-e CyTKM XU3HW.

lMony4yeHHble AaHHbIE SBASIOTCS AONONHNTENbHBIM 0BOCHO-
BaHMEM K NPOBEEHWNI0 AMHAMUYECKOTO KOHTPONS 3@ TEYEHUEM
BXK, remopparuyeckum CMHLPOMOM W COCTOSIHUEM remocTasa
¢ 060CHOBaHWEM 3aMEeCTUTENbHON FeMOCTaTUYeCKoM Tepanim.

Ananus MMM ronosHoro mMosra nokasan, YTo B nepBble
[BOE CYTOK XM3HU BbICOKas 4acToTa BbIpaXXeHHOro Anddy3Ho-
FO MOBbILLIEHUS 9XOTEHHOCTW NEPUBEHTPUKYNAPHBIX 30H OTMEYa-
nacb BO Bcex rpynnax 6e3 CTaTucTUYeCcKn 3HaUMMbIX pasnnuyuii
(Tabn. 4).

lMpoBeaeHHas oLeHKa AMHAMUYECKOTO HabmnoLeHNs K 7-M
CyTKam BbISIBUNO pa3HOHaNpaBMeHHble TEHAEHLUN paccMaTpu-
BaeMbIX nokasatenei. B TpeTben rpynne (KOHTpons) Habnto-
[anoch CHUKEHWe YacTOTbl AaHHOTO NPWU3HaKa, YTo No3BoNseT
WHTEPNPETUPOBaTb UCXOLHYI0 MMNEPIXOTEHHOCTb Y 3TUX AeTen
Kak TPaH3UTOPHOE COCTOsHWE, 00YCMOBMEHHOE MOPGOGYHK-
LiOHarbHON HE3PENOCTbi0 M 0COOEHHOCTAMY BacKynspu3saLmm
30H OMepexaloLLen MUenuHM3aLy y rnyboko HeOHOLIEHHBIX.

HanpoTtus, B nepBoil rpynne geteil C HU3KOM OLEHKOW no
wkane Anrap 1-3 6anna K KOHLy NepBON HeZenu XW3Hu OT-
Meyanocb COXpaHEHMe Unu HapacTaHue 4acToTbl AMddy3HOro

Tabnuua 2. M'vnokcuyecki-remopparnyeckme nopaxeHus rofloBHOTO Mo3ra Npy poxaeHnm (abce., %)

Table 2. Hypoxic-hemorrhagic brain injury at birth (abs., %)

nopanes onomoro el | | Group | (pgar 19 | | Grous 2 (hogar £1)) | Group 3 (Apgar8-10) <KpMTe§gang§K,eﬂﬂa-
Hypoxic-hemorrhagic brain injury n=32 n=46 n=23 b (Kruskal-Wallis test)
BXK | crenenmn / IVH Grade | 7(21,8) 7(15,2) 2(8,6) p >0,05
BXK Il crenenn / IVH Grade |1 2(6,2) 2(4,3) 1(4,3) p >0,05
BXK Il crenenu / IVH Grade Il 1(3,1) 0(0,0) 2(8,6) p >0,05
BXK IV ctenenu / IVH Grade IV 1(3,1) 0(0,0) 0(0,0) p >0,05
Bcero MMM / Total HHBL 11 (34,3) 9(19,5) 5(21,7) p >0,05

Mpumeyanue: BXXK — BHyTpxenygoykosble kpoBonanusaHus; MMM — runokcuyecku-remopparmyeckme nopaxeHus.
Note: IVH — intraventricular hemorrhages; HHBL — hypoxic-hemorrhagic brain lesions.
Tabnuya co30aHa Ha ocHogaHUU cobcmeeHHbIx OaHHbIX asmopos cmamau. / The table was created based on the authors’ own data.

Tabnuua 3. M'Mnokcnyeckn-remopparmyeckie NopaxeHns LEHTPanbHOM HEPBHOWM CUCTEMBI Ha 7-€ CyTKM XU3HW B rpynnax AeTen ¢ pasHoM OLEHKON

no wwkane Anrap (abc., %)

Table 3. Hypoxic-hemorrhagic central nervous system lesions on day 7 of life in groups of children with different Apgar scores (abs., %)

'mnokcnyecku-remopparnyeckoe | Mpynna 1 (Anrap 1-36.)/ | T'pynna 2 (Anrap 4-7 6.)/ | T'pynna 3 (Anrap 8-106.)/ p (KpuTepui
nopaxxeHue rofloBHOro moara / Group 1 (Apgar 1-3) Group 2 (Apgar 4-7) Group 3 (Apgar 8-10) | Kpackenna-Yonnuca) /

Hypoxic-hemorrhagic brain injury n=30 n=39 n=17 p (Kruskal-Wallis test)

BXK | crenenmn / IVH Grade | 7(23,3) 2(51) 1(5,8) p >0,05

BXK Il crenenn / IVH Grade |l 4(13,3) 3(7,6) 2(11,7) p >0,05

BXK Il crenenu / IVH Grade |l 1(3,3) 0(0,0) 1(5,8) p >0,05

BXK IV crenenn / IVH Grade IV 3(10,0) 0(0,0) 0(0,0) p >0,05

Bcero MMM / Total HHBL 15 (50,0) 5(12,8) 4 (23,5) p >0,05

Mpumeyanue: BXXK — BHyTpxenyaoukosble kposouanusHus; MMM — runokcuyecku-remopparuyeckue nopaxeHms.
Note: IVH — intraventricular hemorrhages; HHBL — hypoxic-hemorrhagic brain lesions.
Tabnuya co30aHa Ha ocHogaHUU cobcmeeHHbIx OaHHbIX asmopos cmambu. / The table was created based on the authors’ own data.
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Tabnuua 4. Mvnokcnyecku-uiLeMnyecke NopaxeHs roNIOBHOrO Mo3ra (Ha 2-e 1 7-e CyTKU XM3HW) B rpynnax AeTel C pasHoM OLIEHKOI Mo LwKane

Anrap (abc., %)

Table 4. Hypoxic-ischemic brain lesions on days 2 and 7 of life in groups of infants with different Apgar scores (abs., %)

[Mnokcuyeckn-uemmnyeckie I'pynna 3 (koHTponb) / p (kpuTepuin
nopaxeHusi rofoBHOro Moara / prnnanlgg roup 1 prnnan2=£;3 roup 2 Group 3 (Control) Kpackenna—Yonnuca) /
Hypoxic-ischemic brain lesions n=23 p (Kruskal-Wallis test)

2-e cyTkm xu3Hu / Day 2 of life 21(65,2) 33(70,2) 18 (78,2) P >0,05

[Mnokemyeckn-uwemMmnyeckme 'pynna 3 (koHTponb) / p (kpuTEpMIA
MopaxeHus rofIoBHOrO Moara / prnnanléfroup L prnnaniég roup 2 Group 3 (Control) Kpackenna-Yonnuca) /
Hypoxic-ischemic brain lesions n=17 p (Kruskal-Wallis test)

7-e cyTkun xusHu / Day 7 of life 26 (76,4) 27 (69,2) 7(53,3) p >0,05

Tabnuuya co30aHa Ha 0CHogaHUU cobcmeeHHbIx OaHHbIX asmopos cmambu. / The table was created based on the authors’ own data.

MOBLILLEHUSI 9XOTEHHOCTW. YuuTbIBasi, YTO CTabunbHOe MOBbI-
LEHWE 3XOreHHOCTMU NEPUBEHTPUKYNSPHBIX 30H (MpeBbILLatoLLee
9XOTEHHOCTb COCYANCTBIX CMNETEHUI), COXpaHsoLleecs bonee
7 OHen, aBnseTcs BepuuLMpPOBaHHbIM NMPU3HAKOM MEMMYe-
CKOTO MOBPEXAEHNS, [JaHHbIE U3MEHEHUS B OCHOBHOW rpynne
Bbinn knaccnuumMpoBaHbl kak HeobpaTuMble NOpaxeHus na-
PeHXuUMbl Mo3ra. Takum 06pa3om, H13kast OLeHKa Mo wkane An-
rap npu poxaeHun B covetaHum ¢ SHMT aBnsietcs npeaumkTo-
poM (hOPMUPOBAHWS CTOMKMX TMMOKCUYECKN-ULLIEMUYECKNX 13-
MeHeHWi1, B TO BpeMst Kak y bonee 3penbix AeTel aHanornyHas
nepBuUYHas kKapTuHa Yalle HOCUT oBpaTUMbIi xapakTep.

HenpocoHorpaduyeckas kapTuHa B NepBble CYTKN XU3HM
Bbia conocTaBuma y BCEX HEAOHOLLEHHBIX AeTeN HE3aBUCUMO
OT OLieHKM Mo LWkane Anrap npu poxgeHun. OgHako B AuHa-
MVKe K KOHLly paHHero HeoHaTanbHOro nepuoga yCcTaHoBMeHa
HeraTMBHas 3BOMIOLMS yNbTPa3BYKOBbLIX NPU3HAKOB B BUAE Ha-
pacTaHust yactoTbl [TIM u FTUMTM B rpynnax ¢ Gonee Hus-
knmn 6annamu no Anrap. BbisiBrieHMe OTCPOYEHHbIX BHYTpU-
KENYJOYKOBbIX KPOBOU3MMSHUIA HA 7-€ CYTKM XU3HW cregyet
WHTEpNpeTMpOBaThb Kak pesynbTaT COMETAHHOrO BIUSHUS MH-
TpaHaTanbHoro Hebnaronomy4uns u NOCTHaTanbHbIX (hakTopoB
(HecTabunbHOCTb FEeMOAWMHAMMKM, TSKECTb PECTNPATOPHBbIX
HapyLleHuit, MeTabonnyeckne paccTpomCcTBa), XxapakTepHbIX
ONs [eTel C OYeHb HU3KOW W 3KCTPEMArbHO HU3KOW Maccoil
Tena.

OGcyxaeHue pe3ynbTaToB

lMpobriema CHWKEHWS CMEPTHOCTW U MHBaNMNAn3aumm ry-
B0KO HEe[OHOLLEHHbIX JETEN 0CTAETCA NPUOPUTETHON 3aaqen
MUPOBOro 3ApaBooxpaHeHus [13]. Pe3ynbTaTtbl NpoBeAEHHO-
0 MCCrefoBaHUs AEMOHCTPUPYIOT, YTO BU3yamnbHas KapTuHa
CTPYKTYPHOrO COCTOSHUSI TOMOBHOrO MO3ra B MEpBble CYTKM
KM3HM CONOCTaBMMA Y HEOHOLIEHHbBIX JeTel BHe 3aBUCUMOCTH
OT OueHkn no wkane Anrap. OgHako npu AWHAMUYECKOM Ha-
BriogeHnn yCTaHOBNEHA HeraTuBHas 9BOIIOLMS YNbTPa3ByKo-
BbIX NPU3HaKOB B BuAe HapactaHus vactotbl [TTIM n TAMTM
B rpynnax ¢ Huskumu Bannamu no Anrap. ®yHoameHTanbHble
paboTbl B 061acTi HeoHaTanbHON HEBPOMOTMM MOAYEPKNBAIOT,
4TO Takas OTCPOYEHHas MaHudecTaums obycnosneHa ocoboit
YSI3BUMOCTHH FTEPMUHATUBHOMO MaTpUKCa U HE3PENOCTbI0 Mexa-
HW3moB ayToperynsauuum y geten ¢ OHMT n SHMT [12].

lemopparnyeckne nopaxenus (ITTIFM), Bkniovas BXK
pasnnYHON CTEMEHW, BbISIBMANMCH BO BCEX rpynnax, Yto noa-
TBEPXAAET BbICOKUA PUCK KPOBOM3MUSHWA Y AaHHOW rpynmbl
peten [1, 2]. BoigBneHue otcpoyerHbix BXXK u hopmmpoaHue
CTOMKMX 30H TUMEP3XOTEHHOCTU MAapPEHXMMbl K KOHLY paHHe-
0 HeoHaTanbHOTO Mepuoda CheayeT MHTEPNPETUpOBaTh Kak
pesynbTaT COBMECTHOTO BO3[EACTBWS WHTpaHaTanbHOTO He-
Bnarononyynst U nocTHaTanbHbIX (HakTOpoB (remMognHamuye-
ckast HeCTabUNbHOCTb, TSXKECTb PECMUPATOPHBIX HAPYLLEHWIA).
lMony4yeHHble HamMK AaHHble COrnacyloTcs C BbIBOLAMU O TOM,
4TO HU3KWA Bann no Anrap u NOTPe6GHOCTb B peaHMMALMOHHBIX
MeponpuUATUAX SBMSKOTCA BEAYLMMI NPEOUKTOPaMMU TSKembIX
BXK 1 nocnegytoweit netansHoctu [6, 8, 10].

[TTIrM, Bknovas BXK pasnnyHon cTeneHu, BbISBASAMNCH
BO BCex rpynnax HabntoaeHus. Mpn aToM 0TMeYeHa TeHAEeHLMs
k BOMbLUEI? YaCTOTe W TSHKECTW NOpPaxeHuii B rpynnax ¢ 6onee
HW3KOW OLeHKOM Mo Anrap, koTopas MaHudecTpoBana Kk 7-Mm
CyTKkaM Xw3HU. [laHHble HabmaeHUs KOppenupylT ¢ CoBpe-
MeHHbIMW UCCMEe0BaHNAMM, OMPEAENSIOWMNA HUASKYIO OLIEHKY
no Anrap Kak 3HauuMMbI NpeaukTop pucka pa3sutus BXKK y
petenn ¢ OHMT n SHMT, n noguepknBatoT HEOBXOANMOCTb AN-
HaMM4eCKOro HeMpOCOHOTPatUYECKOro KOHTPONS AN MOHMTO-
pVHra 3BonoLMK remopparuyeckoro nopaxerus LIHC [10, 14].

Ocoboro BHUMaHus 3acnyxuBaeT guHamuka FMITM. Eciv
B KOHTpOnbHoI rpynne (Anrap 8-10 6annos) Bbicokast 9xoreH-
HOCTb MEPUBEHTPUKYSPHBIX 30H B 1-2-€ CyTKM 4acTo Hocuna
TPaH3UTOPHBIA XapakTep, YTO pacLeHNBarnocb Hamn Kak npo-
ABrieHne MOphOMYHKLMOHANBHON HE3PENOCTU NapeHXUMbl 1
0CcobeHHOCTel BacKynsipusauuy y OeTell AaHHON BO3PACTHOW
rpynnbl, TO B rpynnax ¢ HW3KMM nokasaTenem no Anrap Habnto-
[anocb COXpaHEHe UK NPOrpeccUpoBaHNE MMNEPIXOTrEHHOCTH
napeHX1Mbl NEPUBEHTPUKYNSPHBIX 30H K 7-M cyTkam. CornacHo
9KCMEePTHbLIM KpUTEPUSM, NEPCUCTUPOBAHINE ANDPY3HOrO NOBbI-
LUEHMS) 9XOTEHHOCTY (MPEBbILLAIOLLEN 3XOreHHOCTb COCYAUCTOr0
cnneteHns) bonee 7 gHen sBnseTcs 0OBbEKTUBHBIM MapkepoMm
NLWEMMYECKOTO MOBPEXOEHNS, YTO AWKTYeT HeobXxoaumocTb
MPOMOHTMPOBAHHOTO HENPOBK3yan13aLUnoHHOT0 MOHUTOPUHTa
AN CBOEBPEMEHHON AMArHOCTUKM MEPUBEHTPUKYIISIPHON Nei-
komansauuu [7, 14]. Wcnonb3oBaHne MOHWUTOPUHIA B AMHAMUKE
no3sonsieT 3MEKTUBHO OTNNYATL TPAH3UTOPHbLIE COCTOSHUSA
OT UCTUHHOTO noBpexaeHus [11].




[MonyyeHHble B HACTOSLLEM WCCNELOBAHUM [aHHble COrma-
CYIOTCS C COBPEMEHHBIMU PEKOMEHAALMAMM, COTMACHO KOTOPbIM
MNaHOBbIA HEMPOBM3YaNN3aLMOHHBIA CKPUHUHT Y HEAOHOLIEHHbIX
HOBOPOXAEHHbIX U3 rPyNNbl pucka no LepebpanbHbIM Nopax)eHu-
siM (B TOM YKCne C Mpu3Hakami acdukeun) SBnseTcs Heobxoau-
MOW NPaKTUKOW 15 CBOEBPEMEHHON AMArHOCTUKIA 1 AMHAMNYECKO-
r0 KOHTPOMS! CTPYKTYPHBIX M3MEHEHUIA ronoBHoro mMo3ra [7, 10, 14].

KnuHuyeckast 3Ha4MMOCTb BbISIBMEHHBIX CTPYKTYPHBIX U3-
MEHEHWA NOATBEPKAAETCS MX BMMSHUEM Ha [ONTOCPOYHbIN
nporHo3. Tskenble BXK wn cToikas nepuBeHTpUKynspHas
MLWeMmMs HanpsIMyK acCoLMMPOBaHbl C PUCKOM (hOPMUPOBaHMS
AEeTcKoro LepebpanbHoro napanuya, 3agepkkin HepBHO-NCUXN-
4eckoro passuTus [4] 1 pa3BNUTUS HEOHATANbHbBIX CyAOPOr, Me-
IOLLMX pUCK TpaHcopMaLmu B anunencuio [5, 9].

Takum 06pa3oM, ANHAMUYECKNIA YNbTPa3BYKOBON MOHUTO-
PUHT B TEYEHME NMEPBON HELENM XKU3HU SBMSETCSH KPUTUYECKM
BaXHbIM WHCTPYMEHTOM AN 0ObEKTUBM3ALMM TSKECTU COCTO-
SHWS 1 MPOrHO3WPOBAHMS WCXOAOB Y HELOHOLIEHHbIX AETEN,
POXAEHHbIX C HA3KOI OLEHKO No LKkane Anrap.
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He[OHOLLEHHbIX AeTei 1 HeobX04MMO ANs ONpeaeneHns TakTy-
kv WX ganbHeiwero HabnoaeHns.

AONONHUTENIbHAA UHOOPMALIUA

Bknap aBTOpoB. Bce aBTOpbl BHECNM CYLLECTBEHHbIN
BKNaj B pa3paboTky KOHLENLWUW, NpoBe4eHNe UCCef0BaHNS U
MOArOTOBKY CTaTbW, MPOYMM M 0foBbpunn uHanbHY Bepcuto
nepea nybnukaumen.

KoHdpnukt nutepecoB. ABTOpLI A€KNapupyoT OTCYTCTBUE
SIBHbIX W NOTEHLMANbHbIX KOHPNKTOB UHTEPECOB, CBA3AHHBIX C
nybnmKkaLmen HacTosILLEN cTaTby.

WUcTounuk dmHaHcupoBaHma. ABTOpbI 3asBNslOT 06 oT-
CYTCTBWW BHELLHEr0 (OMHAHCUPOBAHNS NPy MPOBELEHNM UCCTe-
[OBaHNs.

WHdopmupoBaHHOe cornacue Ha nyb6nmkaumio. ABTOpbI
MONyYMnM NUCbMEHHOE Corflacie 3aKOHHbIX MpeacTaBuTENEn
NaLMEeHTOB Ha NybnmKkaLuio MeauLMHCKUX AaHHbIX.
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OueHKa AMarHoCTUYECKOW 3HAYUMMOCTU onpeaeneHuns
KOHLEeHTpauuu cypdaktaHTHoro 6enka D B cbIBOPOTKE KpOBU
Nnpv BHEOONbHMYHON MHEBMOHUN Y feTeN

H.A. Benbix, A.KO. Xynesa, H.A. AHukeesa, K0.B. AbanenunxuHa, A.A. Hukudopos,
J1.B. Hukndpoposa, B.B. ['opsiues

Psa3aHckuin rocyaapcTBeHHbI MeAULMHCKII YHUBEPCUTET UMeHM akademuka W.IM. Masnosa, PsisaHb, Poccus

PE3IOME

AkTyanbHocTb. B HacTosiLee Bpems cyllecTByeT He0bX0ANMOCTb NOMCKa HOBbIX GMOMAPKEPOB AN OLEHKN TSHXKECTU TEYEHMUS BHe-
BONbHNYHON MHEBMOHUW Y feTel. TpaanuLMOHHbe METOAbI AMArHOCTWKA, OCHOBaHHbIE Ha aHanuae neykouuTapHoin hopmynbl, ypoB-
Heln C-peakTmBHOrO 6enka 1 NpokamnbLUMTOHWHA, UMEKT OrPaHUYEHHYI0 MPOTHOCTUYECKYI0 LEHHOCTb W3-32 HU3KOM CreLmduiHOCTH
BaHHbIX nokasatenen. CypdaktaHTHbIn 6enok D BoipabaTbiBaeTcs anbBeonspHbIMK kneTkamu |l Tuna, oTpaxaeT cTeneHb NoBpex-
AEHNS NErOYHON TKaHM.

Llenb uccnenoBaHma — OLEHUTL ONAarHOCTUYECKYHD 3HAUYNMOCTb YPOBHS CypdhakTaHTHOro Benka D B CbIBOPOTKE KpoBM Y AeTen ¢
BHEDONBHUYHON MHEBMOHMEN PA3NUYHON CTENEHM TSKECTM.

Matepuansi n metoabl. MeTogoM MMMYyHO(EPMEHTHOTO aHann3a onpeaensnacs KoHLeHTpauns cypdaktaHTHoro benka D B cbiBo-
pOTKe KpoBM 65 feTen ¢ BHeGONbHUYHON NHeBMOHMeN 1y 31 3popoBoro peberka. ObcnenoBaHHble AeTH Bbinn pasaeneHsl Ha Tpu
rpynmbl: 1-9 — NauWeHTbl ¢ TSKenoi BHeBONbHUYHON NHeBMOHWEN (N=20); 2-9 — NauueHTbl C HETSHKeNo BHEBONBHUYHON MHEBMOHU-
el (n=45); 3-9 — koHTponbHas rpynna (n=31).

PesynbTatbl. YpoBHU cypdakTaHTHOro 6enka D B CbiBOPOTKE KPOBW y AeTel ¢ BHEGOMbHUYHON MHEBMOHMEN 3HAUNMO OTAMYaNCh
0T nokasateneit KoHTponbHoM rpynnbl (p <0,0001). 3aperncTpupoBaHbl CTAaTUCTUYECKN 3HAYMMbIE PA3NUYNS MEXAY YPOBHEM AaHHOMO
Bromapkepa y aeTeit ¢ BHe6ONbHIYHOM MHEBMOHWEN B 3aBUCUMOCTH OT TsKeCTH TedeHus (p <0,0001). BoisBneH koMnneke 3Ha4nMbIx
B3aMMOCBSI3e/ CbIBOPOTOUHON KOHLEHTpauu cypdakTaHTHoro 6enka D ¢ KIMHMYEeCKMK nokasaTensmm TsKecTy 3aboneBaHus
YPOBHEM [pyrux MapkepoB CUCTEMHOTO BOCNaneHus. YCTaHOBNEHO, YTO cypdakTaHTHbIN 6enok D obnagaet bonee BbICOKOM ANCKPU-
MWHALWOHHON CMIOCOBHOCTBIO MO CPABHEHMIO CO CTaHAapTHbIMM nabopatopHbiMi Mapkepamm (AUC = 0,95; p <0,0001).

BriBoabI. KoHueHTpauus cypdaktaHTHOro benka D B CbIBOPOTKe KPOBYW SBMSETCS BbICOKOYYBCTBUTENBHBIM 1 CELM(NYHBIM MapKe-
POM TSHKECTU BHEDOMBHUYHONM MHEBMOHWM Y AeTen. YpoBeHb cypdakTaHTHOro Benka D 3HauMmMo KoppenupyeT ¢ TSKECTbI0 TeYeHUs
BHEDONBHUYHOM MHEBMOHMM, MPEBOCXOAS MO ANCKPUMUHALIMOHHOM CMOCOBHOCTW TPaanLMOHHbIE nabopaTopHble napameTpsbl.

KnioueBble cnoBa: BHEGONMbHUYHAS MHEBMOHUS, AETU, cypdakTaHTHbIA Genok D, Guomapkepbl BocmaneHusi, NporHocTuyeckme
MapKepbl
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Assessing the diagnostic utility of serum surfactant protein D
concentration in childhood community-acquired pneumonia

Nataliya A. Belykh, Anastasia Yu. Zhuleva, Nataliya A. Anikeeva, Yulia V. Abalenikhina,
Alexander A. Nikiforov, Larisa V. Nikiforova, Vladimir V. Goryachev

Ryazan State Medical University named after Academician |.P. Pavlov, Ryazan, Russia

ABSTRACT

Background. Currently, there is a need to identify new biomarkers for assessing the severity of community-acquired pneumonia in
children. Traditional diagnostic methods, which rely on the analysis of leukocyte counts, C-reactive protein levels, and procalcitonin
levels, have limited predictive value due to the low specificity of these indicators. Surfactant protein D is produced by alveolar type |l
cells and reflects the degree of lung tissue damage.

The aim of the study was to evaluate the diagnostic significance of serum surfactant protein D levels in children with community-acquired
pneumonia of varying severity.

Materials and methods. The concentration of surfactant protein D in serum was measured using enzyme-linked immunosorbent assay
in 65 children with community-acquired pneumonia and 31 healthy children. The participants were divided into three groups: 18t —
patients with severe community-acquired pneumonia(n=20); 2" — patients with non-severe community-acquired pneumonia (n=45);
34— control group (n=31).

Results. Serum surfactant protein D concentrations in children with community-acquired pneumonia significantly differed from those
in the control group (p <0,0001). Statistically significant differences in serum surfactant protein D concentrations were recorded among
children with community-acquired pneumonia depending on disease severity (p <0,0001). A set of significant correlations was identified
between the serum surfactant protein D concentration and clinical indicators of disease severity, as well as the levels of other markers
of systemic inflammation. It was found that serum surfactant protein D concentration has a higher discriminatory ability compared to
standard laboratory markers (AUC=0,95, p <0,0001).

Conclusions. The findings indicate that surfactant protein D is involved in the development of the systemic inflammatory response in
community-acquired pneumonia and demonstrate the advantages of measuring this marker for differentiating disease severity.

Keywords: community-acquired pneumonia, children, surfactant protein D, inflammatory biomarkers, prognostic markers
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AKTYAIIbHOCTb

BHebonbHuyHas nHeBmoHus (BI1) octaetcs ogHum u3
Hambonee pacnpoCTPaHEHHbIX W MOTEHLMamnbHO OMacHbIX
WH(EKLMOHHbIX 3aboneBaHnii B JETCKOM BO3pacTe, YTO MoA-
TBEPXAAETCS 3HAYUTENbHON [OMEN rocnuTann3auuin, pUcKoM
pasBUTUSI OCMOXHEHWA M COXPaHSIOLLENCS NeTanbHOCTHH B
TsKenbix cnyyasx [1, 9]. KnoueBbiMu 3agavamu npu BeLeHUN
TaKUX NALMEHTOB SBMSKOTCA HE TOMBKO TOYHAs AMarHOCTMKa,
HO 1 0OBbEKTMBHas CTpaTUhuKkauus pucka Ans onpeaeneHns
ONTUMArnbHOW TakTUKM neyeHust [4]. OpHako OLEHKa TSHXECTy
COCTOSIHUSI, OCHOBaHHasl MPEUMYLLECTBEHHO Ha KITMHWUYECKMX
napameTpax, 4acTo HOCWUT CYDbEKTUBHBIA XapakTep W MOXeT
oTpaxaTb yxe pa3suBLUKeCs HapyLleHus [1, 8]. B cBa3u ¢ aTum
nouck nabopatopHbix GMoOMapkepoB, CMOCOOHLIX OOBEKTUBHO
OLEHUTb CTENEHb aNbBEONSPHOTO NOBPEXAEHNS U CUCTEMHOTO
BOCManeHusi Ha paHHWX aTanax 3aboneeaHusi, NpeacTaBASeTCs
ypesBblYaNHO aKTyanbHbIM ANS YNy4lWeHWs NporHo3a U UCXo-
pos By geten.

TpaguumoHHbIN guarHoctTnyecknin anroputM npu Bl 6a-
3MpyeTca Ha KOMMMEKCHON nabopaTopHOM OLEeHKE MapKepoB
CMCTEMHOTO BOCManeHusi, BKIKOYAKOWeEA aHanna nemkoyntap-
HOW chopMyITbl NepUEPUYECKON KPOBU, ONpeseneHne ypoBHen
C-peaktneHoro 6enka (C-reactive protein, CRP) n npokansuu-
ToHuHa (Procalcitonin, PCT) B ceiBopoTke kposu [4]. OaHako
AaHHbIE MOKa3aTenn UMEKT HU3KYK CNeLndUYHOCTb, YTO Cy-
LECTBEHHO OrpaHNYMBaET BOIMOXKHOCTM MX KIMHUYECKOTO Mpu-
meHeHus [8, 13].

Pa3spaboTka 06bEKTUBHbIX KpUTEPUEB CTpaTUdMKaL MM na-
LMEHTOB MO CcTeneHun Tskectn Bl no3BonuT onTMMN3nNpoBaTh
TaKTUKy BefieHnst 60MbHbIX W NOBLICUTL 3GhHEKTUBHOCTL TEpPa-
neBTUYECKMX MeponpuaTuid. OQHUM M3 NepPCreKTUBHBIX MapKe-
POB B OLeHKe cTeneHun Tskectw BIT paccmatpuBaetcs onpe-
[eneHne KOHUEeHTpauun cypdaktantHoro 6enka D (Surfactant
protein D, SP-D) B cbiBOpOTKE KpOBM [6, 12].

SP-D aBnsieTCs YNeHOM CEMENCTBA KOMNMEKTUHOB W BXOANT
B CynepceMencTBo nekTuHoB C-Tuna, yyacTByeT B pacnosHa-
BaHUM MaTOreHacCOLMMPOBAHHBIX MOJIEKYNSIPHBIX MaTTEPHOB.
MexaHuambl 3alLuTbl peanuaytoTcs Yepes NoAaBfieHne pocTa
MaToreHHbIX MUKPOOPraHW3MOB, y4acTie B NoBpexaeHun b6ak-
TepuanbHo MembpaHbl, CTUMYNALMIO haroumTosa, perynaumio
MPOAYKLMM LIUTOKMHOB M MOAYNSLMIO BOCTIANIUTENBHOM OTBETa
[7, 11]. YHukanbHomn ocobeHHocTbio SP-D aBnsietcs ero cnocob-
HOCTb BbICTYNaTh B kKa4yecTBe BK1BaneHTHOro perynsropa Bocna-
nenusi. B 3aBucumocTyn oT cBoeil hopMbl (MyNbTUMEPHAs 1IN
MoHoMepHas) SP-D moxeT nporpammmpoBaTh Makpodaru Kak
Ha NpOBOCMANUTENbHBINA, Tak U Ha NPOTUBOBOCMANUTENbLHLINA
OTBET, YTO A€NAET €0 KMOYEBLIM PETYIATOPOM UMMYHHOIO OT-
BeTa B TeroyHo TkaHu [3, 5].

lMaToreHeTnyeckas 3Haummoctb SP-D npu Bl o6ycnos-
neHa ero cnocobHOCTbIO OTpaxaTb CTEMEeHb MOBPEXAEHUS
neroyHon TkaHw. MMpy pasBuUTAWM BOCMANMMTENBHOTO MpoLecca
npoucxoauT  Aectabunusauus  anbBeonspHO-KanuUINsSpHOro
Bapbepa, ConpoBOXatLLasacs HapyLUEHEM ET0 CENEKTUBHON
NPOHULLAEMOCTH, YTO NPUBOAMT K TpaHcnokauuu SP-D v3 nerou-
HOrO KOMNapTMEHTa B CUCTEMHbIA KPOBOTOK. [1pn 3TOM ypOBEHb

SP-D B CbIBOPOTKE KPOBM HAXOAMUTCS B MPSIMON 3aBUCUMOCTM OT
BbIPAXXEHHOCTU CTPYKTYPHbIX MOBPEXAEHWI NErOYHON NapeHxu-
mbl [1, 6].

B HacTosILee Bpems pe3ynbTaThl MCCNefoBaHuiA AnarHoc-
TUYECKOW 3HAYNMOCTH OMpEedENEeHNs CbIBOPOTOHHON KOHLLEHT-
pauum SP-D npu Bl HeogHO3HauHbI, 0COOEHHO B KoropTe ne-
[uaTpuyeckmx naumeHToB. Psp uccneposatenen coobLiaeT o
BbICOKOW AMArHOCTUYECKON 3HAYMMOCTU CbIBOPOTOYHOTO YPOB-
Ha SP-D B oLeHKe TsxecTn TeueHus Bl1, a Takke AeMOHCTpUpY-
0T HaNNYMe MHOXKECTBEHHBIX KOPPENSALMOHHBIX CBA3EN YPOBHS
AaHHOro Briomapkepa C KIlo4eBbIMI KITMHUYECKMMI NapameTpa-
mu Tshxecty B [6, 10, 11]. OgHako HekoTopble aBTOPbI HE NOA-
TBEPXAAIOT BbILLEONNCAHHON 3aKOHOMEPHOCTM 1 YKa3blBaOT Ha
OTHOCUTENbHO HU3KWUA AuarHocTUyecknii noteHuyuan SP-D npu
B [2]. X noatomy n3yyeHue yposHs SP-D kak 6Guomapkepa Ts-
xenoro TeyeHus Bl 'y geten TpebyeT nposeneHns AONOMHM-
TenbHbIX UCCNEeA0BaHNA.

LENb UCCNEONOBAHUA

[MpOBECTM CPaBHUTENbHYIO OLEHKY AWArHOCTUYECKOM 3dh-
(DEKTUBHOCTW CbIBOPOTOYHOTO YPOBHSI CypdhakTaHTHoro 6en-
ka D ¢ TpaguUMOHHBIMM Mapkepamu BocraneHus (MpokanbLu-
TOHWH, C-peaKTuBHbIA OEenoK, NerKkounTbl, HenTpodunbl) Ans
cTpaTUdMKaLMm TSXKECTU TeYeHNs1 BHEOONMBHUYHON MHEBMOHIN
y oeTen.

MATEPWAIbI U METOObI NCCINEAOBAHUA

lMpoBeA€eHO NPOCNEKTUBHOE KOTrOpTHOE HabmogartenbHoe
“ccnepoBaHne, B KOTOPOe ObinM BKMHOYEHb! 65 NaLMEHTOB C
Bl B Bo3pacte ot 1 mecsua go 17 net 11 mecsues, noctynue-
KX B JeTCKoe WHekumoHHoe oTaenenue BY PO «[lopog-
ckas KnnHuyeckas 6onbHuLa Ne 11» 1 B getckoe MHQEKLNOH-
Hoe otaeneHne FBY PO «Ob6nacTtHas geTckas KnuHuYeckas
GonbHuya um. H.B. Omutpuesoi» 3a nepuog ¢ 17.11.2023 no
31.12.2024 r. (cpenHuit BospacT y4acTHukoB — 11,8+5,2 roaa;
Aesovek — 28 (43,1%), manbunkoB — 37 (56,9%)).

Kputepuu BKmtoueHWs:: Bo3pacT nauyueHToB oT 1 Mecsiua
po 17 net 11 mecsueB; NnoATBepXAEHHbIN anarHo3 Bl B cooT-
BETCTBUM C AEUCTBYIOLMMU KIMHUYECKUMU PEKOMEHALMUAMY;
OTCYTCTBME CUCTEMHbIX BOCMANUTENBHBIX ayTOUMMMYHHbIX 3a60-
neBaHuiA, CNOCOBHbIX MOBAMSATL HA YPOBEHb MApKepPOB CUCTEM-
HOrO BOCMaNEeHust; OTCYTCTBUE 3aboneBaHuin GpOHXONEero4Hom
CUCTEMbI 11 COMYTCTBYIOLLEN NATONOMM, OKasblBalOLLEN BINS-
HWe Ha PecnupaTopHYlo GYHKLMIO; OTpULATENbHBIN pedynbTar
MMMYHOXpOMaTOrpadn4ECKOro SKCMpecc-TeCTMPOBaHUS Ha Ha-
nuyune antureHos BupycoB SARS-CoV-2, rpunna tunos A u B
B MasKkax W3 HOCOFMOTKW M POTOrMOTKW; COrnacue Ha y4actue
B MCCrefoBaHuu (MUCbMEHHOe WHQOPMUPOBaHHOE cornacue
pOAMTENEN/OneKkyHoB).

YyacTHUKM nccrnefoBaHus bbinu pasgeneHbl Ha ABe rpyn-
nbl: 1-9 rpynna — naumeHTbl ¢ Tshkenon Bl (n=20) u 2-a rpyn-
na — nauueHTbl ¢ HeTskenon BIT (n=45). OueHka TsxecTtyn Bl
NpOBOAMNIACh COTMACHO KpUTEPHAM SENCTBYIOLLMX KITMHUYECKMX
pekoMeHzauuit [4]. KoHTponbHyto rpynny coctasun 31 yenosek
0e3 comaTtuyecknx M MHPEKLMOHHbIX 3aboneBaHnin (cpegHni




BospacT — 12,1+5,5 roga; gesoyek — 15 (48,4%), manbuu-
koB — 16 (51,6%).

Bcem naumeHTam Obino MPOBEAEHO KOMMMEKCHOE KIWHM-
yeckoe, NabopaTopHOE M MHCTPYMeHTanbHOe obcrenoBaHue,
NPeAYCMOTPEHHOE KIMHUYECKUMU PEKOMEHAALMSMK Mo aua-
rHocTuKe 1 neyenuto BINy geten [4].

B nabopaTopHbIX yCnoBusix ONpegensnm KOHUEeHTpaLuio
cypaktaHTHoro 6enka D (SP-D, Hr/mn) B cbiBOPOTKE KpOBW
MeTOLOM TeTEPOreHHOro MMMYHO(EPMEHTHOTO aHanusa ¢ uc-
Monb3oBaHMEM KoMmMepyeckux Habopos ELISA Kit (Wuhan
Fine Biotech Co., Ltd. (Fine Test) Kutait), ananasoH usmepe-
HUiA — 1,563-100 Hr/mn, yyBcTBMTENBHOCTH — 0,938 Hr/mm;
KoHLeHTpauuto npokanbuutonuda (PCT, nr/mn) B CbIBOPOTKE
KPOBU N3MepSN METOLOM reTEPOreHHOro UMMYHOEPMEHTHO-
ro aHanu3a C UCMomnb3oBaHUEM KOMMepYeckinx HabopoB ELISA
Kit (Wuhan Fine Biotech Co., Ltd. (FineTest) Kutai), gnana-
30H namepeHnit — 31,25-2000 nr/mn, YyBCTBUTENBHOCTD —
18,75 nr/mn; koHUeHTpaumto C-peakTusHoro Genka (CRP, mr/n)
B CbIBOPOTKE KPOBM ONPELENsN UMMYHOTYPOUAMMETPUYECKUM
MeToZoM, UCnonb3ys Habopsl peareHToB upmbl DiaSys (I'ep-
MaHusl), ananasoH namepenuit — 2,0-300 mr/n, 4yBCTBUTEND-
HocTb — 2,0 mr/n; konuyectso neiikoyutos (WBCx10%n) u
abcontoTHoe uncno HeirTpodpunos (NEx10%n) no aaHHbIM Knu-
HWYECKOro aHanm3a KpoBy.

Cratuctuyeckas 06paboTka NOMyYeHHbIX AaHHbIX Mpo-
Bogunmacb npu nomowm nporpamm  SPSS  Statistics 23,
GraphPadPrism 10.3.0. HenpepbiBHble NepeMeHHble Bbinu
npeAcTasneHbl B Buge meauadbl (Me) ¢ WHTEpKBapTUIbHBIM
pasmaxoM (25-75- npoueHTuUnn). [ns cpaBHeHNs ABYX HECBS-
3aHHbIX BbIOOPOK NPUMeHsIN Kputepuii MaHHa—YuTHW, npu uc-
CrefoBaHnW Tpex u Gonee He3aBUCUMbIX PYNM UCMONb30BaNy
kputepuit Kpackena-Yonnuca. CTaTuctu4ecku 3Ha4NMbIMu CHm-
Tanu pasnuuns npu SOCTMXKEHUN KPUTUYECKOTO YPOBHS 3HAYM-
mocTm p <0,05. KoppensiynoHHbI aHanus oCyLLecTBASIN MyTeMm
BbIYMCIIEHNS PaHroBbIX koadhuLmeHToB koppensuun Cninpme-
Ha. [INs OLeHKN AMarHOCTUYECKONA 3HAYMMOCTU MapKepoB Mpu-
meHsnm ROC-aHann3 (Receiver Operating Characteristic) c
ONpeaeneHneM YyBCTBUTENBHOCTM 1 cneuundmniHocTh. Kave-
CTBO Mogenm oueHusanu no nnowaam nog ROC-kpusoi (AUC)
CO CTaHAapTHON owwmbkoi, 95 % LoBepUTENbHBIM MHTEPBANOM
(OW) n ypoBHEM CTATUCTMYECKON 3HAYUMOCTH (P).

PE3YNbTATDI

locnutanusaumus nauweHToB ¢ Bl ocywecTtensnach B
cpedHeM yepes 6,0+4,3 cyTok ¢ MOMeHTa MaHudecTaLmumu nep-
BbIX KMMHUYECKMX MPU3HAKOB 3aboneBaHust BHE 3aBUCUMOCTM
OT TSXeCTU NaTonor1yeckoro npowecca.

Cpenn peten ¢ taxenon BIT (1-a rpynna) 11 naumeHToB
(55,0%) HaxogUnUChb B TSHKENOM COCTOSIHWW YXe Ha MOMEHT no-
CTYNMeHMs B CTauuMoHap, B TO BPEMS kak COCTOSHME 9 nauyeH-
T0B (45,0%) pacueHuBanoch kak cpegHeTskenoe. B npouecce
AanbHenwwero HabmogeHns y aeteil U3 1-1 rpynnbl 0TMEYanoch
YXYALUEHWe TeyeHns 3aboneBaHns: HapacTaHne fbixaTenbHoM
HeJoCTaTOYHOCTU, WHTOKCUKALMK, (DOPMUPOBAHME OCTOXHE-
HWA, 4TO NOTPebOBano YCUNEeHUs U KOPPEKLMN Ha3HAYEHHOM

Tepanuu, U B UTOre MO3BONNUNO OKOHYATENbHO OTHECTW 3TUX
NaLMEHTOB K AaHHOW rpynne.

[Mpy NOCTYNNEHUN B CTaLMOHap Y NaunUeHTOB C HETSKENon
Bl (2-9 rpynna) knuHUYeckoe COCTOSIHME pacnpefensnoch
cnegytolmm obpasom: 24 uyenoseka (53,3 %) Haxogunmuch B
COCTOSIHWW cpepHen TsxecTu, 20 yenosek (44,4 %) — B ynos-
NeTBOPUTENbBHOM, WX rocnuTanusauns 6bina obycnosnexa co-
LanbHbIMW NOKa3aHUsAMM.

Y geten ¢ TxenbiM TedeHnem Bl no cpaBHeHuto ¢ nauu-
€HTaMn 2-i1 TpynMbl CTAaTUCTUYECKU 3HAYMMO yalle BCTpeva-
NCb TaKMe CUMNTOMbI MHTOKCUKaLWK, Kak Taxukapams (16 ve-
nosek (80,0%) npoTus 19 (42,2%); p=0,015), CHxeHne anneTu-
Ta (17 yenoBek (85,0%) npotus 21 (46,7%); p=0,005), a Takke
Habrioganucb NposiBNEHUs AblxaTenbHON HeJoCTaTOMHOCTY B
BMAE CHUXeHUs caTypauun <92% (oTMeyanack Tonbko y 13 ae-
Ten (65,0%) 1-# rpynnel; p <0,0001), 0oAbILKM CMeLIAHHOMO
XapakTepa C y4acTMeM B akTe AblxaHusi BCIOMOraTenbHON My-
ckynatypsl (20 yenosek (100,0%) npotus 6 (13,3%); p <0,001),
LUnaHo3a KoXHbIXx mokpoBoB (11 uenosek (55,0%) nmpotus 1
(2,2%); p <0,001). Hapsay ¢ atum y getei ¢ Tsxenoi Bl otme-
yanuch n 6onee cepbe3Hble CUCTEMHBIE HAPYLLEHMS, KOTOpble
Obinu 3achukcpoBaHbl y 6 naumeHToB AanHon rpynnbl (30,0 %)
(p <0,0001).

Mpn HeTshkenom TeyeHun BI1 peHTreHonormyeckue us-
MeHeHUst Bbiny NpeaCcTaBeHbl 04aroBbIMU MOPAXEHUAMU Ne-
rOYHOM TkaHW (21 yenoBek; 46,7%), gonesas MHUNbTpaLms
nmena mecto B 11 cnyyasx (24,4%), nonucermeHTapHas nHes-
MOHUS oTMevanack y 10 nauueHToB (22,2%), o4aroBo-CrvB-
Has —y 3 yenoBek (6,7%). Y naumneHTOB C TsenbiM TeYEHNEM
3aboneBaHus CTaTUCTUYECKW 3HAYMMO npeobnaganu nonucer-
MeHTapHble WHUNbTPATUBHbIE U3MEHeHNs B nerkux (15 ue-
noeek (75,0%); p=0,004), nonesble nopaxeHus HabmgaNUCh
B 3 cnyyasx (15,0%), ovaroBo-cnuHble — B 2 (10,0%). Npu
Tsxenon Bl cTaTuCTMYeCKn 3HaYUMMO Yalle oTMevanoch ABy-
CTOPOHHEE MOpaXeHue NEeroYHoN TKaH! MO CPABHEHMIO C HeTS-
xenbimu BIT (p=0,001).

PasBuTIe ocnoxHeHui Habnganock B 12 cnyyasx Tse-
noro Teyenns Bl (60,0%). Y 6 naunenTos (30,0%) oTmMeyanochb
HanuuMe nneBpanbHoOro BbinoTa. [ecTpyKums NerovHoi TkaHu
Habnoganack y 4 geten (20,0%), npuyem y 0AHOrO nauueHTa
3aboneBaHue 0CMOXHUIOCh COYETaHHON NaToONOrMen: AeCTpyK-
TUBHbBIMU U3MEHEHUSMW B COYETAHNN C THOWHBIM MIIEBPUTOM W
abeueccom nerkoro. B 1 cnyyae (5,0%) passurncs cencuc, ewe
y 1 naumenTa (5,0%) Obin BbISBNEH aTenekTas NerovHoi TkaHu.

Y 60nbLUMHCTBA NALMEHTOB YCTaHOBUTL aTMonoruio Bl He
yaanocs (39 yenosek; 60%). B 4 cnyyasx Tshxkenoro Teyenns Bl
(20%) BbINOMHANOCL AMArHOCTUYECKOE MyHKTUPOBAHWE Mnes-
panbHOi NONOCTY C NOCNeayHoLLMM 0BHapyxeHuem Bo3byauTe-
N5 B NNeBpanbHON XMAKOCTM, B pe3ynbTaTe KOTOPOro B ABYX 06-
pasuax (10,0%) 6binm BbisBReHb! S. pneumoniae, B 1 (5,0%) —
H. influenzae, B 2 (10,0%) — couetaHue S. pneumoniae
n H. influenzae. B pesynbTaTte ceponornyeckoro obcnegosa-
HUA y 16 (35,6%) naumeHToB C HETsKeNbIM TeyeHnem Bl u
y 2 (10,0%) ¢ Tshxkenoin BT oTMeyanock Hanuune aHTUTEN Knac-
ca IgM k M. pneumoniae (p=0,033). Mpu GakTepronornyeckom
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“ccnefoBaHNN opohapuHreansHbIX MaskoB S. pneumoniae Bbl-
peneH y 1 (2,2%) naumenta ¢ Hetskenon BI, ny 3 (15,0%)
MauyeHTOoB C TsHkenbIM TeueHneM 3abonesanus (p=0,048).

AHanna nabopaTopHbIX MokasaTeneil CUCTEMHOrO BOC-
naneHust BbISBUMN CTAaTUCTUYECKU 3HAYMMble Pa3nuyuns Mexmy
nccnegyembIMu rpynnamu nauneHToB ¢ BI1. Y 6onbHbIx ¢ Ts-
XenbimM TeyeHnem Bl oTMeyanocb MHOroKpaTHOE NpeBbILIEHNE
3HayeHunin HOMbLIMHCTBA MapkepoB BOCMANEHWs Hapj nokasa-
TENAMW KOHTPOMBHOW IPYnMbl, B TO BPEMS Kak MPK HETSHXKENOM
TeyeHun 3aboneBaHns BONbLIMHCTBO MapaMeTpoOB 0CTaBaNoCh
B Npefenax pedepeHCHbIX 3Ha4YeHWin. Y NauMeHTOoB C TSXenoi
BIM megmaHa konmuyectBa nemkoumtoB coctasuna 13,7 [9,0;
20,9]x10°%n, yto B 2,2 pasa NpeBbIliano JaHHbIA nokasaTenb
Yy NauWeHToB rpynnbl C HeTsHKeNbIM TeyeHnem BIT — 6,3 [5,0;
7,8] 1090 (p <0,0001). AHanornyHas TeHAEHLMs NpocnexunBa-
nacb npu oLeHke abCoMoTHOTO Yucna HenTpodunoB: Npu Ts-
xenon BN megmnaHa 6bina B 2,5 pasa Bbiwe u coctasuna 9,1
[6,6; 17,2]x10%n npoTua 4,0 [3,0; 6,3]x10%n npu HeTsxenoit B
(p <0,0001).

MepnuaHa cbiBOPOTOYHOM KOHLEeHTpauum PCT y naumeHToB
C TaxenbiM TeyeHuem Bl okasanach B 4,9 pasa Bbllle, YeMm
npu HeTsxenon Bl (Me=1520,5 [759,3; 4748,2] npoTus 310,5
[215,1; 515,9] nr/mn; p <0,0001).

B otHoweHun yposHs CRP B CbIBOPOTKE KPOBM Takxe Bbl-
SBSIEHbI CTAaTUCTUYECKM 3HaUMMblE pasnnums: Me npu Tsxenom
TeyeHun B gocturana 65,0 [48,0; 96,0] mr/n, uto B 2,7 pasa

Bblle Mo cpaBHeHwto ¢ 24,0 [12,0; 48,0] mr/n y naumeHToB ¢
HeTsxenbIM TeveHnem Bl (p <0,0001).

lMonyyeHHble pe3ynbTaTbl AEMOHCTPUPYIOT Hanuuue Bbl-
PaXXEHHOW CUCTEMHOI BOCMANMUTENbHOWM peakuum y nauueHToB
c Tskenoi BI, 4To noaTBEPXAAETCS HANMMYMEM CTATUCTUYECKN

p <0,0001
p <0,0001

p1 <0,0001

607

E [l Tspxenoe Teyenue BM (n=20)
40 Severe CAP (n=20)

[ Hetskenoe Teverue BM (n=45)
Non-severe CAP (n=45)

204 [] KoHTponbHas rpynna (n=31)
] p <0,011 Control group (n=31)

= =

0 Nle:24,3IHI'/Mﬂ Me:5,5I Hr/Mn Me:3,l8 Hr/Mn
(ng/mL) (ng/mL) (ng/mL)

Puc. 1.  CbiBopoTOYHbIE YpoBHW SP-D y naLmeHToB B UCCNEAyeMbIX
rpynnax. YpoBeHb 3Ha4MMOCTW P MpW NOMApHOM CPaBHEHWUW BblYUC-
AAAN ¢ NOMOLLbo kpuTepus MaHHa-YuTHW. YpoBeHb 3HauumocTyn pl
NPy CPaBHEHUM TPEX rPYNN BbIYUCIANM C NOMOLLbIO KpuTepus Kpacke-
na-Yonnuca. Bl — BHe6oNbHNYHAS MHEBMOHNS (PUCYHOK CO3LaH Ha
OCHOBaHWUN COBCTBEHHbIX AaHHbIX aBTOPOB CTaTbi)

Fig.1.  Serum SP-D levels in patients across the study groups. The
significance level p for pairwise comparisons was calculated using
the Mann-Whitney U test. The significance level p1 for comparisons
among the three groups was calculated using the Kruskal-Wallis test.
CAP — community-acquired pneumonia (the figure was created based
on the authors' own data)

SP-D, Hr/mn (ng/mL)

Tabnuua 1. KoachdrumeHTsl koppensuun CnupmeHa mexay yposHeM SP-D B CbIBOPOTKe KPOBW 1 APYrAMU KIMHUYECKUMI 11 TaGOpaTOpHbIMK Nepe-

MEHHbIMW Y obcnefoBaHHbIX nauneHToB

Table 1. Spearman’s correlations of serum SP-D with clinical and lab variables in the examined patients

CbIBOPOTOYHBIN ypoBeHb SP-D, (Hr/mn) /
Serum SP-D concentration (ng/mL)
[Nokasatens / Parameter
- YpoBeHb p /

p-value*
TsikeCTb BHEOOMbHIYHOM NHEBMOHIMM | Severity of community-acquired pneumonia 0,636 <0,0001
CreneHb AbixaTenbHoM HegocTaTtouHocTh / Degree of respiratory failure 0,656 <0,0001
YacToTa fbixaTenbHbIX ABMKEHWA B MUH / Respiratory rate 0,493 <0,0001
YpoBEeHb HachILLEHUS KpoBM KucroposoM, % / Blood oxygen saturation, % -0,556 <0,0001
Hanuume ogpliwkm / Presence of dyspnea 0,670 <0,0001
YyacTne BcniomoraTensHon MyckynaTypbl B akte AbixaHus / Use of accessory respiratory muscles 0,636 <0,0001
MoTpebHocTs B kucnopogotepanim / Need for oxygentherapy 0,473 <0,0001
HeobxogumocTb B koppekuumn aHTnbnotukotepanuu / Need for antibiotic therapy adjustment 0,304 0,016
Obbem NopaxeHus NerovHoi TkaH! N0 AaHHLIM PEHTTEHONOrMYECKOro nccnefoBaHus / 0,313 0,011
Extent of pulmonary involvement on radiographic examination
Hanuune ocnoxHennin / Presence of complications 0,478 <0,0001
PCT, nr/mn (pg/mL) 0,564 <0,0001
CRP, mr/n (mglL) 0,336 0,006
WBC x 10%n (10°/L) 0,339 0,006
NE x 10%n (10°IL) 0,373 0,002

* KoadhcpuumeHT koppensiuum CnupmeHa mexay ypoHeM SP-D B cbIBOpOTKe KPOBY W ApyriMi TaGOPATOPHBIMK W KITMHUYECKMM NOKA3aTENSAMM.
* Spearman’s correlation coefficient between serum SP-D levels and other laboratory and clinical parameters.
Tabnuya cozdaHa Ha 0cHo8aHUU co6CMBeHHbIX OaHHbIX asmopos cmambu / The table was created based on the authors' own data
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Puc. 2.  YysctBuTEnbHOCTS U cnelnduyHocTb SP-D kak npeaukTopa
TAXECTV TeYeHst BHeOONbHUYHO MHEBMOHMN B CPABHEHUN C APYTMM
MapKepamu CUCTEMHOrO BOCManeHus (PUCYHOK CO3AaH Ha OCHOBaHWUM
CODCTBEHHbIX JaHHbIX aBTOPOB CTaTbM)

Fig.2.  Sensitivity and specificity of SP-D as a predictor of
community-acquired pneumonia severity compared to other systemic
inflammation markers (the figure was created based on the authors’
own data)

3HAYNMBIX MOMOXMTENbHBIX KOPPENSALMOHHBIX B3auMOCBS3eN
YMEPEHHON WHTEHCMBHOCTW MEXAY CTEMeHbl TSXeCT 3abo-
neBaHns 1 nabopaTopHbIMK NOKasaTensaMuM — KONMMYECTBOM
nenkoumtoB (r=0,54, p <0,001), abCONOTHLIM YUCNIOM HEl-
Tpochunos (r=0,53, p <0,001) n koHueHTpaumeir PCT n CRP B
cbiBopoTke kposu (r=0,67, p <0,0001 n r=0,54, p <0,001 cooT-
BETCTBEHHO).

KoHueHTpauws SP-D B cbIBOpoTKe KpoBy Y naumeHTos ¢ Bl Ha
MOMEHT MOCTYMIEHNs B CTaLMOHap NPOAEMOHCTpUpOBana 3aBuci-
MOCTb OT TSDKECTW TeUeHns 3abornesaHns. Mpu THKENOM TeYEHN
BIT 3admKkcmpoBaHO 3Ha4MTENbHOE MPEBbILLEHNE KOHLEHTpaLum
SP-D no cpaBHEHWIO ¢ MauueHTaMn ¢ HETSKENon dopmon 3abo-
neBaHus — MeaunaHa Obina Bobiwe B 4,4 pasa (Me=24,33 [12,18;
35,68] npotuB 5,46 [3,85; 8,14] Hr mn; p <0,0001). Mpw cpaBHeHm
[aHHbIX PE3yNbTATOB C MOKa3aTENAMM KOHTPOSLHON rpymnbl Takke
BbISIBNEHbI CTATUCTUYECKW 3HAYUMble OTRMYMS: Npu Tsbkenon Bl
MeaunaHa ypoeHs SP-D npesblilana aHanornyHbIn nokasaternb Y
300poBbIX AeTel B 6,4 pasa (Me=24,33 [12,18; 35,68] npoTus 3,83
[2,95; 6,19] Hr/mn; p <0,0001), Toraa Kak npu HeTsxxenon Bl ot-
mevarnocb fmwb 1,4-kpaTHoe NpeBbILLEHNE 3HAYEHUIA KOHTPOMb-
Hoi rpynnbl (Me=5,46 [3,85; 8,14] npotus 3,83 [2,95; 6,19] Hr/mm;
p=0,011) (puc. 1).

KoppensiLmoHHbIit aHanna no CnvpMeHy BbISIBUM KOMMIEKC
3HaYNMbIX B3aMMOCBSI3eN CbIBOPOTOYHOM KOHLeHTpayun SP-D
C KIMHUYECKUMM NOKa3aTensamMm TsxecTu 3aboneBaHus, a Tak-
€ C YPOBHAMM APYrX MapkepoB CUCTEMHOrO BOCMANEHMs, 4To
NOATBEPXAET ero posib B NaToreHe3e BOCManNMTENbHOMO Mpo-
Lecca (tabn. 1).

Viccnegosanue gnarHocTnyeckoro noteHumana SP-D nog-
TBEPANNO 3(PPEKTUBHOCTL ONpefenieHnst KOHLEeHTpauu gaH-
Horo 6ruomapkepa B A depeHLManbHoi AUarHOCTHKe TSKECTU
BIT (puc. 2).

ROC-aHann3 npogeMoHCTpUpOBan BbICOKYH0 AUCKPUMMHA-
LMOHHYK crnocoBHoCTb faHHoro 6uomapkepa: AUC=0,95+0,02
(95% 1 0,90-0,99; p <0,0001). Mpm ycTaHoBNEHUM ONTUMATTb-
HOro MOpOroBOro 3HaveHust 6onee 9,8 Hr/mMn YyBCTBUTENBHOCTb
coctasuna 90,0% (95% AW 69,9-97,2), a cneundnyHocts —
86,7% (95% OV 73,8-93,7).

[Mpu oueHKe AWArHOCTMYECKOM 3HAYMMOCTM ApYrixX Map-
KepoB CWUCTEMHOro BOCManexust BbisBeHo, 4yto PCT Takke
BbICOKOMH(pOpMaTUBEH AN oueHku Tsxectn Bl y pgeten
(AUC=0,92+0,03, 95% AWM 0,85-0,99; p <0,0001). Tem He me-
Hee MO creyndUYHOCTM AaHHbIM Mapkep ycTynaeT SP-D. lMpu
nopore oTceveHus Boiwe 487,8 nr/Mn 4yBCTBUTENBHOCTL COCTa-
Buna 95,0% (95% OV 76,4-99,1%), cneumnduyHocts — 73,3%
(95% OW 59,0-84,0%).

Bornee Hu3kue nokasaTenu AUCKPUMMHALMOHHOM Cnocob-
HOCTW ObinK BbiABNEHbI B OTHOWeHM CRP, neikouuToB u
HenTpocunos. Ans CRP AUC cocrasuna 0,81+0,05 (95% U
0,71-0,91; p <0,0001) npn nopore 32,5 mr/n, 4YyBCTBUTENb-
Hoctb — 90,0% (95% [N 69,9-97,2%), cneunduyHoCTb —
64,4% (95% [ 49,8-76,8%). KonnyecTBO NenkoLMTOB NoKasa-
no AUC 0,84+0,06 (95% W 0,72-0,96; p <0,0001) npn nopore
8,2x10°%n, uyscTBUTENBHOCTL — 80,0% (95% AW 58,4-91,9%),
cneumdunuHocts — 77,8% (95% LW 63,7-87,5%). [Ansa Hen-
Tpochunos AUC coctasuna 0,84+0,06 (95% W 0,71-0,96;
p <0,0001) npu nopore 6,5x10%n, uyscTBUTENBHOCTE — 75,0%
(95% [OW 53,1-88,8%), cneumdpmyrocte — 82,2% (95% AN
68,7-90,7%).

OBCYXOEHUE

CuctemHas BocnanuTenbHas peakuus npu Tsxenon Bl
XapakTepuayeTcsl 3HaUMTeNbHbIM MOBbLILLIEHWEM KOHLEHTpaLuu
MapKepoB CMCTEMHOrO BOCMAneHust B CbIBOPOTKe kposu. [pu
atom SP-D nokasan cebs kak Hanbonee nHpopMaTuBHbIN Bro-
MapKep, OEMOHCTPUPYS CTAaTUCTUYECKW 3HAYMMbIE Pa3nnyms
Mexay rpynnamy NauueHToB C PasnMYHOM TSHKECTbIO Teve-
Hus BIT.

BbisiBNeHHOe YeTbipexkpaTHoe npeBbilleHne ypoBHs SP-D
Npu TSHXKENOM TedeHnn 3aboneBanusi N0 CPABHEHMIO C HETSKE-
non Bl n wecTukpaTHOE — OTHOCUTENBHO KOHTPOMBHOM rpynnbl
cornacyercs ¢ pesynbTaTamu UCCNeAoBaHNs, B KOTOPOM Takxe
ObI0 3ahMKCUPOBAHO CYLLECTBEHHOE BO3paCTaHWe CbiBOPO-
ToYHoro ypoBHs SP-D y feTei ¢ Tsenbim TeveHnem Bl [11].

[ony4yeHHble AaHHbIE O MOMOXUTENBHON KOPPENALMOHHOM
CBA3N mMexgy ypoBHeM SP-D u knuHuYeckumu napameTpamu
TshkecT BIT HaxogsaT noaTeepkaeHne B paboTe, aBTOpbI KO-
TOPOM YCTaHOBUIMN CBAA3b MOBbILIEHHbIX KOHLeHTpauuit SP-D ¢
ANUTENBHOCTBI) UCKYCCTBEHHON BEHTUNSLMW NErkunx u npedbl-
BaHWEM B OTAENEHUN UHTEHCMBHOW Tepanuu [6].

PesynbTatel npoBegeHHoro ROC-aHanu3a noaTBepx-
[aKT ANarHOCTUYECKYH 3HauumocTb SP-D n conoctaBumbl ¢
[aHHbIMM UCCrEeLOBaHUs, NPOLEMOHCTPUPOBABLLETO BbICOKYHO
MPOTHOCTUYECKYID LIEHHOCTb JAHHOTO MapKkepa Mpu TSHKENom
TeyeHnn nHeBMoHuM [10].

Cnocob oueHkn pucka Tspkenoro Teuyenuss BIT y peTeit
nyTem M3MepeHust KOHUeHTpauum SP-D B CbIBOPOTKE KpOBM
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MPUHLMNMANBHO OTNNYAETCA OT KIMHUYECKOW OLEHKM TEM, YTO
obecneynBaeT 0OBEKTMBHOCTb, CTAHLAPTM3ALMIO W PaHHIOK0
NOEHTUDUKALMIO PUCKOB. B oTnuume oT CyObeKTUBHOM MHTep-
npeTawuun KIMHUYECKUX MPU3HAKOB, METOA AAET KONMYECTBEH-
Hble AaHHble, DOPMUPYS YETKYH LUKaMy pucka TSKENoro Te-
YeHust 3aboneBaHus C MOPOroBbIMK 3Ha4YeHNUsIMU. Kpome Toro,
[aHHbI METOA NO3BONSET BbISIBUTL PUCK TSHKENOro TeveHums Bl
Ha bonee paHHUX CTagusX, A0 NOSBIEHNS ABHbIX KIUMHUYECKNX
cumnTomoB. Takium oBpasom, uamepenme SP-D gonomHseT u
0OBEKTMBN3NPYET KIMHUYECKYHO ANarHOCTUKY, cnocobeTBys ne-
pexofy OT PEaKTUBHOTO K MPEBEHTUBHOMY BELIEHNIO OOMbHbIX.

Mpeumywectso SP-D Hag Apyrumu Mapkepamu CUCTEM-
Horo Bocnanenuss (PCT, CRP, neikouuTtsl, HeATpodunbl) B
puarHoctuke Bl nogyepknBaeT ero pomnb B OLEHKE TSXKECTY
natonoruyeckoro npouecca. O6HapyKeHHbIE KOPPENALNOHHbIE
CBSA3M C APYrMMU Mapkepamm BOCManeHus CBUAETENbCTBYHOT 06
yyactun SP-D B naToreHese 3abonesaHns v NOATBEPXKAAT €ro
3HAYMMOCTb B KOMMIIEKCHOW OLIEHKE TSHKECTW COCTOSIHMSA Mmauu-
eHToB ¢ BI.

BbIBO/bI

KoHueHTpauus cypdaktaHTHoro Gemka D B CbiBOpOTKe
KPOBW JOCTOBEPHO U 3HAYMMO MOBBILLIAETCS Y AETei C THXEenon
BHeOOMbHUYHON MHEBMOHMEN, NPEBbILLAs NokasaTenu nayneH-
TOB C HETSKENbIM TeveHnem 3abonesanus B 4,4 pasa n JeMOH-
CTPUPYS CUIbHYIO MOMOXUTENBHYIO KOPPENSALMIO CO CTEMEHBIO
AbIXaTenbHON HEAOCTAaTOMHOCTY 1 0BBEMOM NOPAXEHUS IETOY-
HOW TKaHW.

CypdaktaHTHbIn Genok D obnagaeT BbICOKOW LUCKPUMK-
HaLMOHHOI cnocoBHOCTBLI0 ANs AnddepeHLMaLmMmn TSKENbIX U
HeTsKeMbIX BHEDOMbHNYHbIX MHEBMOHUIA, TPEBOCXOASA NO 3TOMY
napameTpy TpaguLMOHHble Mapkepbl CUCTEMHOTO BOCManeHus.
Mnowage nog ROC-kpueon (AUC) ans cypdaktaHTHOro Gen-
ka D coctaBuna 0,95, 4To CBMAETENBCTBYET O €r0 BbICOKOW AMNa-
THOCTUYECKON TOYHOCTM.

Mpu yCTaHOBNEHHOM MOPOroBOM 3HaueHun >9,8 Hr/mn
cypdakTaHTHbIn 6enok D LeMOHCTpUpYET onTUManbHoe cove-
TaHue BbICOKOW YyBcTBUTENBHOCTH (90,0%) 1 CneLmduyHOCTH
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TaHTa B pa3BUTUM OTeka nerkux. Pocculickull meduko-buonoaude-
cKull 8eCmHUK UMeHu akademuka .M. Masnosa. 2025;33(1):145-
156. https://doi.org/10.17816/PAVLOVJ568729.

(86,7%) Ans BbISBNEHMS pUcKa TSHKENOro Te4eHns BHEOONbHNY-
HOWM MHEBMOHIW, NPEBOCXOAS MO CNELMMUYHOCTI NPOKanbLmMTO-
HWH 1 C-peaKTuBHbIA Genok.

OnpepeneHne cbIBOPOTOYHOTO ypoBHS SP-D MOXeT bbiTb
PEKOMEH0BAHO B Ka4YecTBE AOMOSHUTENLHOMO 0OBLEKTUBHOIO
nabopaTopHOro KpuUTepust NS paHHei cTpaTudukaumn pucka
W NPUHATMS KMUHUYECKUX PeLUeHUit y rocnuTann3npoBaHHbIX
peten ¢ BHEOOMbHUYHON MHEBMOHUEN, OCOGEHHO B CIIOXHbIX
ANarHoCTUYECKMX CIyYasix.

OOMNONHUTENIbHAA UHO®OPMALIUA

Bknap aBTOpOB. Bce aBTOpbl BHECNM CYLYECTBEHHbIN
BKNaj B pa3paboTky KOHLENLWW, NPOBEAEHNE UCCTe[0BAHNS U
MOArOTOBKY CTaTb, NPOYMM W 0foBpunK buHanbHY Bepcuto
nepeg nybnukavuen.

KoHdbnukt nHTepecoB. ABTOpbI AeKnapupyoT OTCYTCTBIE
SIBHbIX M NOTEHLMamNbHbIX KOHPAMKTOB MHTEPECOB, CBA3AHHBIX C
nyGnmKkaLmen HacToSILLEN CTaTby.

WcTouHMK dmHaHCcMpoBaHuA. ABTOpLI 3asBnslT 06 OT-
CYTCTBWW BHELUHEr0 (OMHAHCUPOBAHNS NPy NPOBELEHNM UCCTIe-
[OBaHus.

WHdopmmpoBaHHoe cornacue Ha ny6nukauuio. ABTOpbI
MNony4YMnu NUCbMEHHOe cornace 3akOHHbIX MpeacTaBuTenen
NaLMEHTOB Ha NybrukaLuio MeaMLMHCKUX AaHHbIX.
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Oco0eHHOCTM AUArHOCTUKN U XUPYPrU4eCKON TaKTUKM
MPN OCNOXHEHHOM TEYEHUU XKeNYeKaMeHHON 6one3Hu
y 6epeMeHHbIX U poXeHUL, B MHOronpothunbHOM
ctauunoHape lll b ypoBHs

[.H. Monos, A.FO. Koponbkos, B.®. bexeHapb, A.A. CmupHos, M.M. Caagynaesa,
[.0. Mackowesa, C.®. barHeHko

Mepsblit CaHkT-MeTepbyprekiit rocyapcTBEHHbIN MEAULIMHCKWI YHUBEPCUTET uMeHu akademuka W.1. Maenosa, CankT-MeTepbypr, Poccus

PE3IOME

BBepeHmne. XoneyycTakTomus ABISIETCS BTOPOW MO YaCTOTE HeaKyLLIepCKor onepauyen B nepnog rectaumn. OCroxXHEHHOE TeyeHne
XenyekameHHon bonesHn y bepemeHHbIx TpebyeT CBOEBPEMEHHOMO MEXANCLMMIIMHAPHOTO NOAX0AA, OGHAKO OMTUMAIbHbIE CPOKM 1
MeTOAbl XMPYPrYECKOro BMELLATENbCTBA OCTal0TCS NpeaMeToM AUCKYCCHR.

Llenb — npoaHanuanpoBaTh pe3ynbTaThl MPUMEHEHNS PasnUYHbIX METOAO0B MHCTPYMEHTAMbHOWM ANarHoCTVKM, OLEHNTb 3pdEKTHB-
HOCTb 1 6€30MacHOCTb MCMONb30BaHNS MMOPUAHBIX onepaLuii y 6epeMeHHbIX N POKEHML, C OCTIOXKXHEHHBIM TEYEHNEM KenYeKkaMeHHOM
GonesHn B MHoronpodunbHoM ctauuoHape |l b ypoBHSI € Lienbio ONTUMMU3aLn TakTUKA ANarHOCTUKMA U TEYEHNS.

Matepuansi n meToabl. [poBeaeH peTpocnekTBHbIN aHanns 183 cryyaes rocnutanuaauum bepemMeHHbIX C CUMNTOMHON Xemnyeka-
MeHHOW 6one3Hbo. MNauneHTkv npoxogunmu obenefoBaHne C UCMONb30BaHNEM yNbTPa3BYKOBOrO UCCMEA0BaHNS, MarHUTHO-PE3OHaHC-
HOWN XonaHronaHkpeaTorpacum, 3HLOCKONMYECKOR ynbTpacoHorpadumn. OueHnBanich pesynbTaTbl MPUMEHEHNS GannbHONA CUCTEMbI
MPOrHO3MPOBAHUS PUCKA OCTIOXHEHNN 1 3GhHEKTUBHOCTb TMOPUAHBIX OMepaLuii.

Pesynbratbl. Y 104 naumeHTOK ¢ NeYEHOYHON KONMKOWA NpUMEHeHne BannbHOM CMCTEMbI MPOTHO3MPOBAHNS PUCKA OCIIOKHEHMIA M-
3BOMUIIO CHU3NTb YacToTy Mx passutis ¢ 35,0 go 12,5% (p=0,001), cokpatutb cpokn rocnntanuaauum (¢ 10,5 go 5,1 gHs) u vactoty
9KCTPEHHbIX onepauui (¢ 18,8 fo 7,7%). Y nmaumeHTok ¢ oCTpbiM Xxoneunuctutom B 73,5% CnyyaeB XOMeuMCTIKTOMUS BbIMOMHEHa
NanapocKonMYecknM AOCTYMOM NPEeNMYLLECTBEHHO Ha cpoke 32/33 Heaenu. Y NaUMEHTOK C MOA03PEHNEM Ha XONIeA0X0NNTINa3 SHAO-
CcKOMM4Yeckas ynbTpacoHorpadmst N03BONNUNIa BbISBUT MEMKME KOHKPEMEHTbI (<3 MM) B 73,3% CryyaeB npu oTpuULaTenbHbIX AaHHbIX
MarHUTHO-PE30HAHCHOM XonaHronaHkpeatorpacun. Y 37 naLneHToK C NOATBEPKAEHHBIM XONIEA0X0NUTNA30M YCMELLHO BbIMOMHEHD
O[JHOMOMEHTHbIE rMOpuaHbIE onepauyumn (nanapockonuyeckas XONeLUCTIKTOMUS + JHOOCKONMYECKas NanumnnocuHKTEPOTOMMS), B
48,6% cnyyaeB — no metoauke «PaHgeBy». YacToTa npexaeBpeMeHHbIX pogoB cocTaBuna 5,4%, MHTpaonepaLoHHbIX OCIIOKHEHMI
He bbIro.

BbiBogbl. icnonb3oBaHne 6annbHOM CUCTEMbI OLEHKM PUCKa OCTTOXHEHWIA XenyekamMmeHHO GonesHn y 6epemMeHHbIX MO3BOSISET CHIA-
31Tb YaCTOTY UX Pa3BUTUS. JHAOCKONMYECKas ynbTpacoHorpadus bonee achhekTMBHA B AMarHOCTHKE XONeAoXonuTuasa y bepemen-
HbIX, YeM MarHMTHO-PE30HaHCHOM XoMaHrmonaxkpeaTorpacum. BeinonHeHne rmobpuaHbIX onepawmii He CONPOBOXOAETCS MOBbILIEHN-
€M YaCTOTbl OCITOXHEHMI U HE OKa3bIBaET HEraTUBHOIO BIMSIHUS Ha TeyeHne GepeMeHHOCTU.

KntoueBbie cnoBa: ﬁepeMeHHOCTb, QKCTpareHnTanbHasa naTtonorng, OCprII;1 XOneuncTnT, Xxoneaoxonntmnas, 6VIJ'IVIaprII;1 NaHKpeaTut
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Features of diagnostics and surgical tactics in complicated
course of gallstone disease in pregnant women and women
in labor at a lll B level hospital

Dmitrii N. Popov, Andrei Yu. Korolkov, Vitaly F. Bezhenar, Alexandr A. Smirnov,
Marina M. Saadulaeva, Dana D. Paskosheva, Sergei F. Bagnenko

Pavlov First Saint Petersburg State Medical University, Saint Petersburg, Russia

ABSTRACT

Introduction. Cholecystectomy is the second most common non-obstetric operation during gestation. The complicated course of
gallstone disease in pregnant women requires a timely multidisciplinary approach. However, the optimal timing and methods of surgical
intervention remain subjects of debate.

Objective. The aim of the study was analyzing the results of using various instrumental diagnostic methods and evaluating the
effectiveness and safety of hybrid operations in pregnant women and parturients with complicated course of gallstone disease in a
multidisciplinary level IlIB hospital for optimizing diagnostic and treatment tactics.

Materials and methods. A retrospective analysis was performed on 183 cases of hospitalization of pregnant women with symptomatic
gallstone disease. Patients underwent examination using ultrasound, magnetic resonance cholangiopancreatography, and endoscopic
ultrasonography. The results of a scoring system for predicting the risk of complications and the effectiveness of hybrid surgeries were
evaluated.

Results. In 104 patients with biliary colic, the use of a scoring system for predicting the risk of complications reduced the incidence
of complications from 35.0 to 12.5% (p=0.001), shortened hospital stay (from 10.5 to 5.1 days), and reduced the rate of emergency
surgeries (from 18.8 to 7.7%). In patients with acute cholecystitis, cholecystectomy was performed laparoscopically in 73.5% of cases,
predominantly at 32/33 weeks of gestation. In patients with suspected choledocholithiasis, endoscopic ultrasonography allowed detection
of small calculi (<3 mm) in 73.3% of cases despite negative magnetic resonance cholangiopancreatography findings. In 37 patients with
confirmed choledocholithiasis, simultaneous hybrid procedures (laparoscopic cholecystectomy + endoscopic papillosphincterotomy)
were successfully performed, with the rendezvous technique used in 48.6% of cases. The rate of preterm birth was 5.4%, and no
intraoperative complications occurred.

Conclusions. Using a scoring system to assess the risk of cholelithiasis complications in pregnant women can reduce their incidence.
endoscopic ultrasonography is more effective in diagnosing choledocholithiasis in pregnant women than magnetic resonance
cholangiopancreatography. Hybrid procedures are not associated with an increased complication rate and do not negatively impact the
course of pregnancy.

Keywords: pregnancy, extragenital pathology, acute cholecystitis, choledocholithiasis, biliary pancreatitis
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BBEOEHUE

CBs3b OCMOXHEHMI GepeMeHHOCTH C XenvekameHHON 60-
nesHblo (XKKB) obHapyxeHa yxe B Havane XX ctonetus. Tak,
nccnedys KenmyHbld My3blpb BO BpeMsi onepauuii kecapesa
ceyveHns y 309 xeHLWmH, 6bIN0 OTMEYeHO, 4To Yy 75% 13 HuX
OH BOnbLUOI, aTOHWYHBIA, WAPOBUAHLIA, @ aCTMpUPOBaHHas
13 HEro enyb — rycras, Baskas, Taryyas, gerreobpasHas [1].
[Mo3xe rpynna aBTopoB nokasana, YTo 'y 75% XeHLUMH, KoTopble
Obinn BepeMeHHbIMM, BCTPEYAKOTCS KaMHM B XETYHOM Ny3bIpe,
a pebrot cumntomoB XKB yacto otHocsiTes k nepuopy bepe-
MEHHOCTU [2]. A yxe B KOHUe XX B. B 9KCMEPUMEHTE Ha caMKax
Makak 6bIio foKa3aHo, YTO 9CTPHUON — OCHOBHOM 3CTPOreH, 06-
HapyXWBaeMbI y 6epeMEHHbIX KEHLWNH, — MOXET BbI3bIBaTh
NPOAYKLMIO NUTOrEHHOM xenyn [3].

B HacTosiee Bpemsi, MO AaHHbIM UCCNELOBaHWiA, YacTo-
Ta BcTpeyaemoctn XKKB y bepemeHHbIx Ha 3-7% BbllLe, YeM B
obwen nonynsaumu [4]. Hanbonee yacto 3aboneBaHne nNposie-
nseTcs B BUAE PeLMaMBMPYIOLNX NEYEHOYHBIX KOMK, @ Xofe-
LMCTIKTOMUS — BTOpast MO YaCTOTe HeaKyllepckas onepawus,
BbINONHsemas B nepuog rectauuu [5]. Mpn atom y 40% naypeH-
TOK pa3BuBatoTcs Takue ocnoxHeHus XXKb, kak ocTpbIi xonewuu-
CTUT, OCTPbI OUMMapHBIA NAHKPeaTUT, XONMaHrmT, BunnapHbIn
cencuc [6].

CornacHo mexayHapoAHbIM PYKOBOACTBAM MO MpuUMeHe-
HWIO Nanapockonuu B nepuog 6epeMeHHOCTH, YUUTbIBAS HUSKUIA
PVCK NanapoCKONMYeckon xoneyucTakTommuy (JTX3) ans xeHwm-
Hbl 1 MI04a, 3TOT JOCTYN CredyeT paccmaTpuBaTh Ans Bcex be-
PEMEHHbIX C CUMNTOMHBIM TeyeHneM 3abonesanus [7]. OgHako
npm 3ToM e, x0T JIX3 1 moxeT ObiTb Be3onacHo BbINOMHEHa
BO Bpemsi OepeMeHHOCTH, CPOKM 1 NOKa3aHns Ans LaHHOTo Xu-
PYPruyecKoro BMeLLaTensCTBa OKOHYATENbHO HE YCTaHOBNEHbI
[8]. 3T xe mexaoyHapoaHble PYKOBOACTBA PEKOMEHAYIOT npu
BO3HWKHOBEHWUM TaKWX OCMOXHEHUN, KaK MexaHWyeckas en-
TyXa, XONMaHruT, OCTPbIA BUNMapHbIA NaHKpeaTuT, BbIMOMHSATL
aTanHoe fieyeHne (3HLOCKOMMYECKAs NanumnoChUHKTEPOTO-
Mus (SMCT), NNTOIKCTPaKLMS NN CTEHTUPOBAHWE) 1 BTOPbLIM
3TanoM — OTCPOYEHHYH XONMeLWCTIKTOMUIO, BOSMOXHOCTb Xe
BbIMOMHEHUS! OJHOMOMEHTHBIX OMepaunii paccmaTpuBaeTcs
TONbKO nocne pogopaspellenus [7]. OgHako Hemnb3s He YUuTbI-
BaTb TOT (haKT, YTO NPU OTNOXEHHOMN XONELMCTIKTOMMUM YacToTa
MOBTOPHbIX FOCMNTANN3aALMIA, CBA3AHHBIX C PELMANBUPYHOLLMMM
BunuapHbIMy COBLITUSMM, TaKUMU KaK OCTPbIA BUNMapHbIn nax-
KpeaTuT, MexaHW4eckasi XenTyxa, XOnaHruT, Bo3pacTaeT Ao
50% [9].

B KpynHbIx MHOronpogunbHbIX cTayuorapax I yposHs co-
CPEAO0TOYEHbI BCE COBPEMEHHBIE METOAbI ANArHOCTUKM U Maso-
MHBA3WBHblE XMPYPrYECKMEe TEXHOMOTMM C KPYrroCyTOYHbLIM
[OCTYNOM K UX UCMONb30BaHMI0. Takue MeauuUmMHCK1E yupexae-
HWS SBMSAKOTCS «TOYKaMU KOHLEHTpaLUMUy Hanbonee TsKenblX n
CMOXHbIX KaTEropuil NaLMeHTOB, K KOTOPbIM OTHOCATCS 1 Bepe-
MEHHbIE C OCNOXHEHHbIM TeveHneM XXKB. Hakonnexue onbita
1 aHanW3 NCMonb30BaHMs MarnoVHBA3MBHbIX TEXHOMOMA U CO-
BPEMEHHbIX METO0B AMArHOCTVKW NO3BOMMT PacLUMpUTL W A0-
MOMHUTL NevebHO-AMarHoCTUYECKME anropuTMbl MpU PasBUTMK
ocnoxHeHHoro TeveHns XXKB B nepuog rectauuu.

LENb UCCIIEOOBAHUA

lMpoaHanu3npoBaTb pe3ynbTaTbl NPUMEHEHUS Pa3nnyHbIX
METOA0B WMHCTPYMEHTAmNbHOM AMArHOCTUKM, OLEeHWUTb adhdek-
TMBHOCTb 11 6€30MacHOCTb MCMOMb30BaHUs MOPUAHLIX onepa-
Lnit y 6epeEMEHHBIX M POKEHNL, C OCTIOXHEHHBIM TeveHneM XKKB
B MHoronpodgurbHoM ctauuoHape |ll b ypoBHS ¢ Lenbto onTu-
MU3aLLMM TAKTUKW OUArHOCTUKN U NEYEHMS.

MATEPWAIbI U METO[bI

[ponsBedeH pPeTPOCNeKTUBHLIA aHannu3  3aKOHYEHHbIX
cnyyaeB neveHuss 6epeMeHHbIX, roCnUTanu3npoBaHHbIX B IKC-
TPEHHOM nopsiake C CUMNTOMHbIM TeuveHuem XKB B ®IE0Y
BO «[Mepsbiit CaHkT-lMeTepbyprckuin rocyaapCTBEHHbIN Me-
OULMHCKUI yHUBepCUTET MMeHn akafemuka W.M. TMasnosa»
(MCN6IrMY wum. akag. W.M. Masnosa, ganee — YHUBEPCUTET)
B nepuog ¢ aHBaps 2020 r. no okta6pb 2025 .

lMepBoHayanbHO, MpW MOCTYMfeHun B YHUBepcuTeT, na-
LMEHTKM TOCnMTanuanpoBanucb B KnuHuky akylepctea u ru-
Hekonoru (¢ siHBaps 2026 r. — lNepuHatanbHbiid LeHTp lIl B
YPOBHS), TAE OHW OCMAaTpMBaIMCb BpPavyoM — aKyLIepoM-ru-
HEKOMOroM 1 UM BbIMOMHSANUCH NabopaTopHble U UHCTPYMEH-
TarnbHbIE UCCNELOBaHUS ANS UCKMOYEHUs NaToNori TeYEHUs
BepemeHHOCTY (ynbTpa3BykoBble 1ccneposanus (Y3M) nnoaa,
LepsukomeTpusl, kapguotokorpaduma (KTT)). Mocne uckntove-
HWS aKyLIepCKon MaTonorum 1 npn COXpaHsioLLEeMCs Nogo3pe-
HWW Ha OCTpOe Xupypriyeckoe 3aboneBaHne nauneHTku nepe-
BOAMMUCb B CTaLMOHapHOe OTAENEHWe CKOPON MeAWLMHCKOM
nomown (COCMI), roe ocmaTpyBanmch BpavyoM-XWUPYpProM U
MM BbINONHANNCH [OMOMHUTENbBHbIE NAabOpPaTOPHbIE U UHCTPY-
MeHTarbHbIE WCCMER0BaHMS: KIMHNYECKUA N BUOXMMUYECKMIA
aHanuabl kposu, Y3W OptowwHoi nonoctu, a3odarocdmubdpora-
ctpogyoaeHockonus (3I[C), MarHUTHO-pe30HaHCHas XOnaHru-
onaHkpeatorpadms (MPXMI), aHgockonuyeckas ynbTpacoHo-
rpachmusa (3YC). Mo pesynbTatam foobcnenoBaHus BbiCTaBMS-
NCb NOKa3aHMs ANs BbIMONHEHNS 3KCTPEHHBIX W HEOTMOXKHbIX
OnepaTUBHbIX BMELLATENbCTB.

OueHumBanuch Takve nokasaTenu, kak 06bem 1 CTpykKTypa
BbINOMHEHHbIX ONEPaTMBHbLIX BMELLATENLCTB, BPEMS OT Havyana
3aboneBaHns O NOCTaHOBKM OKOHYAaTENbHOTO AMarHo3a, WH-
TpaonepaLyoHHbIE OCMIOKHEHMS, OCTIOXHEHNS B paHHEM noche-
OnepaLyvoHHOM nepuoge, YacToTa pasBuTUs Yrposbl npexae-
BPEMEHHbIX POJOB B NOCEONepaLyoHHOM nepuoge.

CraTucTmyeckuit aHanma nosy4eHHbIX AaHHbIX MPOBOANICS
B nporpammax Microsoft Excel u StatPlus ver 6.7.2.0, ans onpe-
LENeHNs CTaTUCTUYECKON 3HAYMMOCTM Pasnuyns NCnonb3oBan-
cs t-kputepuint CTbtogeHTa (p <0,05). UccnenosaHue BbinonHe-
HO B COOTBETCTBUM C TpeboBaHWAMM XenbCUHKCKOW feknapa-
Lun BeemmnpHom MeaumumHcKomn accoumnauun (B ped. 2013 r).

PE3YNIbTATDI

Bcero B nepuog ¢ sHeaps 2020 r. no gekabpb 2025 r. B
KNUHKUKY YHuBepcuTeTa 6bino aocTaBneHo 183 GepeMeHHbIX
1 POXEHWL, C cUMNTOMHbIM TeuveHnem XKKB. CpeaHuit BospacT
rOCMMTaNN3NPOBaHHbIX XEHLUMH cocTaun 28,1+6,4 roga. bonb-
LUMHCTBO NMaLuMeHTOK Haxoaunochk B |1l TpumecTpe GepeMeHHOCTY
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(62,4%), MUHMMaNbHOE YNCIO XEHWWH Bbino B | TpumecTpe
rectaumn (1,2%).

Mo pesynbTaTam NpoBEeAEHHbLIX NabopaTopHbIX N UHCTPY-
MeHTanbHbIX nccnegosanuin y 104 naumentok (56,8%) Gbin
ycTaHoBneH gauarHo3 «KKB. XpoHWueckuin KanbKynesHbli
xoneuucTut. MeyeHouHas Konuka, KynupoBaHHas». C Lenbio
NPOrHO3u1poOBaHuMs pucka passutus ocnoxHeHuin XXKb B nepuog
rectauuy 3T NaLMeHTKN BbInu OLeHeHb! C NOMOLLbI0 BanmnbHOM
cucTembl, paspabotanHoi B HAW xupyprum 1 HeoTnoxHon me-
AnUMHbI YHuBepcuTeTa (Tabn. 1) [10].

MauueHTkM ¢ HU3KUM (5—7 6annos) puckom (n=17; 16,3%)
BbINMCbIBanuCb Ha ambynaTopHoe neyeHne ¢ pekoMeHaaLuen
BbINONHKTb JTX3 nocne popopaspelueHus. MNauueHTkn co cpea-
HuM (8-10 6annoB) puckom (n=74; 71,1%) 3aHocUnMChb B Yek-
nMCT 1 Habnoganucs ambynaTopHo B TeYeHue Bceil bepemeH-
HOCTW. [1py BO3HUKHOBEHWW NOBTOPHOTO MPUCTYNa NeYEHOUHOM
KOMWKM OHYU TOCMIUTaNM3POBanUCh 41151 BbINOMHEHUS XONeLucT-
akTomun. MaumeHTkn ¢ Boicokum (11-14 6annos) puckom pas-
BUTMSA ocnoxHenuin (n=13; 12,5%) rocnutanuanpoBamucb Ha
XMpypruyeckoe OTAENeHue, rae WM B MIaHOBOM MOPSAKe Bbl-
MOSHANACH XONELMCTIKTOMMUS.

[ns oueHKn adeKTUBHOCT NPEANOKEHHOTO anroputma
NPOBELEHO CPaBHEHWE PEe3ynbTaToB fEeYeHUs NPOCNEKTUBHOM
W PETPOCNEKTUBHOM rpynn MaUMEHTOK. B peTpocnekTuBHYyt
rpynny Bowwnm 117 BepeMeHHbIX, rocnMTanu3npoBaHHbIX B 3KC-
TpeHHoM mopsigke B nepuog ¢ 2014 no 2020 rr. ¢ gnarHo3om

«KKB. TeyeHouHas Konukay», neyeHne KOTOpbIX NPOBOAMMACH
COrMacHO NMEILWMMCS Ha TOT MOMEHT KIIMHUYECKUM PEKOMEH-
paumsm, 6e3 ncnonb3oBaHMs pas3paboTaHHOro anropuTMa.
B npocnekTtusHyto rpynny Bowno 104 6epemeHHbIX C gnarHo-
30M «KKB. lMeveHouHasi Konuka», NPONEYeHHbIX B Nepuos ¢
2020 no 2025 rr. ¢ MCnonb3oBaHWeM pa3paboTaHHON CUCTEMBI
OLIEeHKU pucka pa3suTus ocnoxHeHuit XKKb 1 cooteeTcTBYyHOLLE-
ro nevyebHo-AgMarHocTuyeckoro anroputma (tabn. 2).

Vicnonb3oBaHne MpeanoXeHHOW CUCTEMbI OLEHKW pucka
pa3suTua ocnoxHeHun XKb B nepuof rectauuy no3sonmno
YMEHbLNTb CpefHee BPeMs OT MOMEHTa MOCTYMMEeHUs 40 no-
CTaHOBKM OKOHYaTeNbHOrO AnarHo3a, CokpaTuTb ANUTENBHOCTb
npebbiBaHMs B cTauuoHape. Takke npakThyeckn B 3 pasa
yMeHbLUMMach YactoTa passutus ocroxHeHuit XXKb nocne ne-
YEHOYHOW KOMWKM, YTO B CBOK OYepefb NPUBENO K CHKEHUIO
4acTOTbl SKCTPEHHBIX XMPYPrUYECKMX BMELLATENbCTB B NEPUOA
rectaunn 1 YMEHbLUMMO YaCTOTY 3KCTPEHHBIX U NPEeXaEeBPEMEH-
HbIX pofoB. [py 3TOM CTOUT OTMETUTb, YTO aKTUBHAs XMPYpru-
yeckas TaKTMKa He 0Tpa3nnachb Ha COCTOSHWM Nnoga.

Y 34 naupenTok (18,6%) no pesynbtatam 1abopaTopHbIX U
WHCTPYMEHTaNbHbIX WCCnefoBaHuiA Obin YCTAHOBMEH AMArHO3:
«KKB. OcTpblit kKanbkyrnesHblit XONELMCTUT» U BbICTaBMEHbI MO-
kasaHWs K onepaTMBHOMY neyeHuio. OnTUMarbHbIM CPOKOM re-
cTauum ans BeinonHeHns JIXO Obin onpegeneH nepuog B 32/33
HeAenv rectauym, NOCKOMbKY C y4ETOM BbICOTbI CTOSHUS AHA MaT-
KM Ha 9TOM CPOKe BO3MOXHO BbIMOSTHUTL PaCcCTaHOBKY TPOaKkapos

Ta6nuua 1. Cucrema 6annbHoN OLIEHKM prcka pasBUTUS OCTIOKHEHWIA XenJekamMeHHol BonesHu B nepuog rectauum
Table 1. Scoring system for assessing the risk of gallstone disease complications during pregnancy

Bospact / Age

18-25 net / 18-25 years

26-34 net / 26-34 years

35 net 1 6onee / 35 years and more

1 6ann /1 score

2 6anna/ 2 scores

3 6anna/ 3 scores

KonunyecTo 6epemenHocTeit / Number of pregnancies

lNepBas bepemeHHoCTb / First Pregnancy

MoeTopHas 6epemeHHoCTb / Repeat pregnancy

1 6ann/ 1 score

2 6anna/ 2 scores

Cpok 6epemMeHHOCTV Ha MOMEHT MepBoii neveHo4Ho konmki / Gestational age at the time of the first biliar colic

| pumectp / | trimester of pregnancy

Il tpumectp / 11 trimester of pregnancy

1l Tpumectp / 1l trimester of pregnancy

3 6anna/ 3 scores 2 banna/ 2 scores

1 6ann/ 1 score

AHamHe3 xenyekameHHol 6onesnu fo 6epemenHocTy / History of gallstone disease before pregnancy

Briepsble BbIsIBNIEHHOE Npu HacTosLen bepe-
MeHHocTu / First detected during the current
pregnancy

PaHee n3BectHoe 6eccumnToMHoe TeveHue /
Previously known asymptomatic course

PaHee n3BecTHoe CUMNTOMHOE TeYeHme /
Previously known symptomatic course

1 6ann/ 1 score 2 6anna/ 2 scores

3 6anna/ 3 scores

KonunuecTBo npucTynos neveHouHoi konvku B TeueHne GepemenHocTn / Number of hepatic colics during pregnancy

1 npuctyn/ 1 attack 2 npuctyna / 2 attacks

3 1 6onee npuctynos / 3 or more attacks

1 6ann/ 1 score 2 banna/ 2 scores

3 6anna/ 3 scores

Pasmep KOHKPEMEHTOB B KEMYHOM nysblpe

o 1cm

Bonee 1 cm

3 6anna/ 3 scores

0 6annoe / 0 scores

Tabnuya co30aHa Ha 0cHogaHUU cobcmeeHHbIX OaHHbIX asmopos cmambu / The table was created based on the authors’ own data




Tabnuua 2. AHann3 pesynbTaToB MCMONMb30BAHUS HannbHON CUCTEMbI OLIEHKM pUCKa PasBUTMS OCTIOKHEHWI XenyekameHHo BonesHu B nepnoa

rectauum
Table 2. Analysis of the results of using the scoring system for assessing the risk of gallstone disease complications during pregnancy
PeTpfcnﬁnKaW/IBHaﬂ [MpocnekTBHas
[Mokasatens / Indicator pymr rpynna / Prospective P-value
Retrospective group, _
_ group, n=104
n=117
CpenHee Bpems MOCTaHOBKY AnarHo3a, MuH / Mean time to diagnosis, min 110,3 (20; 210) 61,1 (20; 125) <0,001
CpepHee konnyecTBO Koiko-aHer, AHu / Mean length of hospital stay, days 10,5 (2; 22) 5,1(2;10) <0,001
YacToTa OCroXHEHWI xenyekameHHol 6onesHu nocne nepeHeceHHbIX 41 (35,0%) 13 (12,5%) 0,001
neyveHouHbIX konuk / Incidence of gallstone disease complications after
biliary colic
YacToTa SKCTpeHHbIX onepawuin Bo BpeMst 6epeMeHHOCTH / 22 (18,8%) 8 (7,7%) 0,017
Incidence of emergency surgeries during pregnancy
YacToTa 3KCTPEHHbIX CPOYHbIX 1 NPEXAEBPEMEHHBIX POAOB / 18 (15,4%) 5(4,3%) 0,011
Incidence of emergency urgent and premature births
CpenHuin 6ann HOBOPOXAEHHbIX Mo Wkane Anrap / 7,6 (6;8) 7,7 (6;8) 0,955
Mean neonatal Apgar score

Tabnuya co30aHa Ha 0cHogaHUU cobcmeeHHbIx OaHHbIX asmopos cmambu / The table was created based on the authors’ own data

a/a
Puc. 1.

6/b

Y3-kapTuHa KOHKPEMEHTa AnameTpoM 2 MM B TEpMUHANbHOM OTAene Xoreaoxa (KOHKpEMEHT ykasaH CTPEenkKow) (a); SHaocKonuyeckas

KapThHa GonbLuoro OYyO[eHanbHOro Coco4ka € npuM3HakaMmm Murpauun 4epes Hero KOHKpeMeHTa (CTpeJ'IKOVI yKa3aH 6onbLuon nyo,quaanbM Co-

coyek) (6) (dpoto u3 nuyHoro apxmea Monosa [.H., 2022)
Fig. 1.

Ultrasound image of a 2 mm calculus in the terminal part of the common bile duct (the calculus is indicated by the arrow) (a); endoscopic

view of the major duodenal papilla with signs of calculus migration through it (the major duodenal papilla is indicated by the arrow) (b) (photo from

the private archive Popov D.N., 2022)

C ONTUMarbHbIM yriom 063opa. Takium 06pa3om, ¢ y4eToM pas-
paboTaHHbIX NokasaHui Bbino BbINONHeHo 25 (73,5%) X3 n 7
(21,6%) oTkpbITbIX XonmeyucTakTomMuii. B aByx cnyyasx (4,9%)
JIXO 6bIN0 BbIMOHEHO MOCNE POAOPA3PELLEHUs onepawuen
kecapeBa ceuveHus. VIHTpaonepawunoHHbIX OCIOXHEHUA M OC-
NOXHEHWA B MOCMEONepaLyoHHOM Mepuode He OTMEeYanocs.
B 29,4% B paHHeM nocneonepaLyMoHHOM nepuoge notpebosa-
NoCb NPOBELEHNe TOKONUTUYECKO Tepanuu. lNpexaeBpemeH-
Hble podbl B OTAaneHHoM nepuoge Oblnu 3adMKCUpOBaHbl Y
Tpex naumeHTok (8,8%).

Y 45 nayueHtok (24,6%) no pesynbtatam nabopaTopHbIX
W MIHCTPYMEHTaNbHbIX MCCrenoBaHuii Gbin 3anog03peH xoneao-
XOMUTWa3 C NPOSIBNIEHNSIMM B BUIE MEXAHUYECKON XENTYXN — Y
27 naumenTok (14,8%), ocTporo xonaHruta — y 9 6epemeHHbIx
(4,9%) ny 9 (4,9%) — octporo BunuapHoro naHkpeaTtuTa. Bcem
45 nauueHTkam C NOJO3PEHWEM Ha Xxonegoxonutuas 6Gbina
BbinonHeHa MPXIT, no pesynbTatam KOTOPOW Hannyue KOH-

kpemeHTOB Obino nogTeepxaeHo B 15 cnyyasix (33,3%). Y 30
naumeHTok (66,7%) KOHKPEMEHTbI He BbInn BU3yanu3npoBaHbl,
B CBSA31 C YeM AnS UCKITYEHNs KOHKPEMEHTOB ANaMeTpoM Me-
Hee 3 MM 1 BUnMapHOro cnaaxa um Bbina BbINOMHEHA SHLOCKO-
nuyeckas ynbTpacoHorpagus. Mo pesynbtatam nocnegHei B
22 cnyvasix (73,3%) 6b1no noATBEPXAEHO Hanr4me BunmapHoro
cnagxa v KOHKPEMEHTOB ANaMETPOM MeHee 3 MM, Y OCTamnbHbIX
8 naumeHToK (26,7%) Obln NPWU3HAKWM MPOXOXAEHUS KOHKpe-
MEHTOB Yepes nanunny (puc. 1).

Takum 0bpasom, auarHo3 «xonegoxonutuasy 6bin ycra-
HoBneH y 37 GepemeHHbIx. Bcem MM BbINOMHANNCL OLHOMO-
MEHTHbIe TMOpMAHbIE Onepauuu, npeacTaensowme cobon co-
YeTaHWe NanapocKon1YECcKoi U OTKPLITON XONELMCTIKTOMIN
W pa3nnyHbIX MOANVKALMIA SHOOCKONMYECKON CaHaLun bunm-
apHoro TpakTa. Tak, y 11 nauneHTok (29,7%) 6bina BbinosnHeHa
ofiHoMoMeHTHas JIX3 1 sHgockonuyeckas nanunnochuHKTepo-
TOMWS MO METOANKE pre-cut, koTopasi no3BonseT u3bexatb Unm
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b

ala 6/b

CrpyHa npoBefjeHa 13 ny3bIpHOTO NPOTOKa Yepes XoNneaox B NPOCBET ABEHaALATUNEPCTHON KULLKK (&); BbIMONHEHa KaHonALms xone-
[0Xa Mo NpOBE/IEHHOI CTPYHE M pacceyeHne 6oMbLIOro AyofeHansHoro cocouka (6) (oo n3 nnyHoro apxvea Monosa [.H., 2021)

TN
Puc. 2.

Fig. 2.

A guidewire is passed from the cystic duct through the common bile duct into the duodenum (a); cannulation of the common bile duct

over the inserted guidewire and incision of the major duodenal papilla (b) (photo from the private archive Popov D.N., 2021)

MakcyMarnbHO MUHWMW3MPOBATh UCMOMNb30BaHWe WHTpaonepa-
LIMOHHOTO PEHTTEHONOMMYECKOTO KOHTPONS. TaKoi BapuaHT SH-
[OCKOMMYECKOro BMeLLaTeNbCTBa BO3MOXHO BbIMONHUTbL TOMbBKO
Npy AOCTATOYHOM PACLUMPEHUM BHEMEUYEHOUHBIX KENYeBbIBO-
BALWNX NyTel n gnameTpe xonepoxa 6onee 6 Mm.

Y apyrvx 18 6epemenHbIx (48,6%) ¢ gnameTpom xonegoxa
MeHee 6 MM rMbpuaHoe BMeLLaTENbCTBO BbINO BbIMOMHEHO MO
meToauke «PaHaeBy» (puc. 2).

OTa MeTOAMKa 3aKIYaeTcs B TOM, YTO Mocre nepeceve-
HWS My3bIPHOTO MPOTOKA C MOMOLLbIO 3aXUMa NS XOnaHrmo-
rpacuv guameTpom 5 MM Yepes KymnbTio My3bIpHOTO NPOTOKa
NPOBOANTCS MONUMEPHbI BUNNMapHbIA KaTeTep ANS XonaH-
rnorpacpum guametpom 1,8 mm. locne KoHTpacTMpoBaHWs
KENYEBLIBOLAALNX NYTEN KOPOTKAMU CHUMKAMU C MOMOLLbIO
PEHTreH-yCTaHOBKM BUnnapHbIi kKaTeTep NpoOBOAUTCS A0 YCTbS
Bonblworo AyogeHanbHOro cocouka. flanee mog KOHTponem
3HJockona KOHel, burnmapHoro katetepa BbIBOAMTCS B Mpo-
CBET ABEHAALATMNEPCTHOM KMLIKM. 3aTem B KaTeETEp MPOBO-
QMUTCS CTPYHA C rMOKUM KOHYMKOM. [1ocne BbiBe4eHUs CTPYHbI
Noa KOHTPONeM 3HAOCKOMa B MPOCBET ABEHaALaTUNepCTHOM
KnLkn GunuapHbiin katetep ygansetcs. C nOMOLLbIO 3HOOCKO-
MMYECKOro ManunnoToMa OCYLLECTBMSETCS CENeKTUBHAs Ka-
HIONALMS XONeaoxa W BbIMOMHAETCS 3HZ0CKONMYeckas nanun-
NOCHUHKTEPOTOMMUS 1 MNTOIKCTPAKLMS MO CTaHAAPTHON MeTo-
puke. [laHHas TexHonorus no3sonsieT 6e30nacHo BbINOMHUTb
CENeKTUBHYK KaHIOMALWK0 Xonefoxa 1 n3bexatb nonagaHuns
CTPYHbI B BUPCYHIOB NPOTOK [jaxe Npu 0TCYTCTBUM GunmapHom
rUNepTeH3nu.

Y 3 naumenTok (8,1%) Ha cpoke rectauum Gonee 32/33 He-
[ENb XONeUnCTaKTOMUS Oblna BbINOSIHEHA U3 OTKPBITOTO A0CTY-
na no Koxepy, a QMCT v nnToakcTpaums 6binm BbINOMHEHbI MO
MeToauKe pre-cut.

B 5 cnyyasix (14,7%) OCNOXHEHHOE TeueHue KenyekameH-
HoW 6one3Hu pasBUIOCh Ha AOHOLEHHOM Cpoke rectauum (6o-
nee 38 Hefenb), B CBSA3M C 9TUM NEPBbIM 3TaNOM ONepaTUBHOM
BMeLLaTenbCcTBa ObiNO BbINOMHEHO POLOPA3peLLEHNe nyTem

KecapeBa CeveHus, a 3aTem ogHomomeHTHas JIX3 n OMNCT no
CTaHAapTHON METOANKE.

[Mpy BLINOMHEHNUN TMOPUAHBIX ONEPATHUBHBIX BMELLATENLCTB
WHTPaOoNepaLMOHHbIX OCIOXHEHUI A OTMeYeHO He Gbino. B no-
CneonepawlwoHHOM Nepuoae NNLb y OAHOW nauueHTkun (2,7%)
pasBWCa OCTPbIA NMOCTMAHMMYNAUMOHHBIA MaHKPeaTuT, KOTo-
Pl NpoTekan B fierkoi gopme 1 Obl1 KynMpoBaH KOHCepBa-
TMBHO B TEYEHME TPEX CYTOK. JleTanbHbIX NCXOA0B OTMEYEHO He
Obino. MpoBeAeHe Tepanuy yrpo3bl NpepbiBaHus 6epemeHHo-
CTW B paHHEM NocneonepaLoHHoM neproge notpeboBanacs B
5 cnyyasix (13,5%). Mpu aHanu3e oTganeHHbIX pe3ynsLTaTos Te-
YeHWs rectalnn CTOMT OTMETUTb, YTO NPEXAEBPEMEHHbIE POabl
BO3HUKIM TOMbKO Y 2 nayneHTok (5,4%).

OBCYXOEHUE

B npencraBneHHOM wWCCnedoBaHMM NpOBELEH aHanwms
pe3ynbTatoB neveHns 183 BepeMeHHbIX U POXEHWL, C OCTOX-
HEHHbIM TEYEHWEM KenYekamMmeHHOW 60nesHu, rocnuTanuanpo-
BaHHbIX B MHoronpogunbHbin ctauuoHap Il b yposHs. Mony-
YeHHble AaHHble NOLTBEPXAA0T, YTO BEEHWe AaHHO KaTero-
pUM NauWeHTOoK TpebyeT MynbTUAUCLMNIMHAPHOTO NoAxoda C
Y4aCTMEM aKyLLEPOB-TMHEKONOrOB, XMPYProB, SHAOCKOMUCTOB W
HEOHaTONOrOB, a Takke Hanmnyus COBPEMEHHbIX METOLOB Aua-
THOCTVKW 1 ManOMHBA3NBHbIX XMPYPrYECKUX TEXHOMOT N,

B BbILLEN3NOXEHHOM UccnefoBaHum y 56,8% naumeHTok ¢
CMMNTOMHbIM TeveHnem XKKB Bbin uarHoCTMpOBaH XpoHWYe-
CKMI KarnbKynesHblid XoneuucTuT 6e3 Npu3HakoB OCMOXHEHWIA.
[insi aTO# rpynnbl NaLUMeHToOK Obina npumeHeHa paspaboTaHHas
B HAW xupyprum YHusepcuteTa b6annbHas cucTeMa OLEHKM
pucka pasBuTMS OCMOXHEHWI B Nepuog rectauun. BHegpeHue
AaHHOM CUCTEMbI MO3BOMNMO CTPATU(MULMPOBATL NALMEHTOK
Ha TpW rpynmbl pUcka W ONpesenuTb ONTUMAnbHYH TaKTUKY
BeAeHus:: 0T ambynaTopHOro HabnaeHWsi C OTCPOYEHHBIM
OnepaTMBHLIM NeYeHeM nocrne pofoB O NaHOBOW rocnuTa-
NN3aLMK 1 BbIMOMHEHNS XONELMCTIKTOMUN BO Bpemsi GepemeH-
HOCTM.




CpaBHeHWe pe3ynbTaToB NEYEHUS B PETPOCMEKTUBHON
(2014-2020) n npocnekTnHoi (2020-2025) rpynnax nokasano
KITMHWYECKYI0 1 CTATUCTUYECKYI0 3HAYMMOCTb NPELOKEHHOro
anroputMa. CpegHee Bpems OT MOMEHTa MOCTYNMEHNs 40 no-
CTaHOBKM OKOHYaTEMNbHOrO AnarHo3a cokpaTtunock Ha 49,2 mu-
HyTbl (p <0,001), gnuTensHoCTb npebbiBaHUst B CTaLMOHape
yMeHbLuMnacs 6onee yem B 2 pasa (¢ 10,5 go 5,1 Koiiko-aHs,
p <0,001). YactoTa passutus ocnoxHennin XKKb nocne nepe-
HECEHHON NMEeYeHOYHOI Kommku cHuamnack ¢ 35,0 go 12,5%
(p=0,001), a yacToTa 3KCTPEHHbIX ONMEPaTUBHbIX BMELLATENLCTB
BO Bpems 6epemeHHocTn — ¢ 18,8 go 7,7% (p=0,017). O1m pe-
3ynbTaThl COMMACYKTCS C AaHHBIMU MEXAYHAPOAHBIX 1CCheao-
BaHWiA, yKa3bIBatOLLMX Ha TO, YTO HEONEPATUBHOE BEAEHUE CUM-
nTomHol XKKB y 6epemeHHbIX accoLumnpoBaHo ¢ BbICOKAM puUC-
KOM MOBTOPHbIX rOCMUTaNM3aLnin 1 pas3BuTUS ocnoxHeHun [11,
12]. BaxxHo OTMETUTb, YTO aKTUBHas XMUPYpruyeckas TakTuka He
okasana HeraTMBHOIO BMWSHUS Ha COCTOSHWE NOAA: CPeaHNN
6ann HOBOPOXAEHHbIX MO Wkane Anrap B 0benx rpynnax bbin
conoctasum (p=0,955), a yactoTa 3KCTPEHHbIX U MpexXaeBpe-
MeHHbIX POAOB B MPOCNEKTVUBHOI rpynne CHU3unach bonee yem
B 3 pasa (c 15,4 0o 4,3%, p=0,011).

Y 24,6% naumweHTok TeveHue XKKB ocnoxHunocb xone-
[0X0nUTHasoM, uto noTpe6oBano AnddepeHLMpOBaHHOO
nogxoAa K AMarHoCTuke W nevenuto. Hanbonee CroxHbiM C
KIMHWUYECKOW TOYKW 3pPEHUs OKa3anocb BedeHne 6epemeHHbIX
C NOLO3PEHNEM Ha XONeJoXonuTHas, Ho 6e3 SBHbIX MPU3HAKOB
BunuapHol rnepTeH3n. B npefcTaBneHHOM WCCregoBaHNm
BCEM NauyeHTKaMm 3Toi rpynnbl BeinonHsnacs MPXIT, ogHako
KOHKpPEMEHTbI ObIn BU3yanmanpoBaHbl TONbKO Y 33,3% U3 HuX.
[anbHenwee 1CNONb30BaHWE 3HOOCKOMMYECKOA yMnbTpaco-
Horpachuu NO3BOMUIIO BbISBUTL MENKWe KOHKPEMEHTbI (MeHee
3 MM) 1 bunmnapHbIn cnagx ewe y 73,3% naumeHToK, y KoTopbIX
MPXII" He jana guarHOCTUYECKU 3HaYMMbIX pesynbTaTos. [lo-
NyYeHHbIe AaHHbIE MOATBEPKAAKT BbICOKYH0 AMArHOCTUYECKYIO
LeHHocTb QYC npu NOA03PEHUM HA MUKPONTUTMA3 W BUNMapHbIN
cnagx y 6epeMeHHbIX, YTO COOTBETCTBYET COBPEMEHHBIM pe-
KOMEHAALMsSM N0 MPUMEHEHMIO 3HOOCKOMUYECKMX METOAOB B
nepuog rectauuu [13].

TakTnyecknM NpUOPUTETOM B NEYEHUM XONELMCTOXONE0-
XonuThasay bepemMeHHbIX CTano BbIMOHEHNE O4HOMOMEHTHbIX
rMBpuaHbIX onepaLuil, COMETaKOWMX XONEeLNCTIKTOMMIO U SHAO-
CKOMMYECKYH CaHaumto GunuapHoro Tpakta. Beibop meTogukm
9HAOCKOMMYECKOro BMELIATeNbCTBa ONMPEAEnsncs AMamMmeTpom
Xonegoxa v Hanuunem bunuapHoi rnepTeHann. MNpu paclumpe-
HWW xonepoxa 6onee 6 MM npegnoyTenne otaaeanock OMNCT
no MeToauke pre-cut, KOTopas MO3BOMNSET MUHUMW3NPOBATH
UCNOMNb30BaHWe PEHTTEHOMOrMYeCckoro KOHTpons. B crnyyasx
OTCYTCTBMS OUNMaApHON rMMepTeH3Wn v AuameTpa xonegoxa
MeHee 6 MM npuMeHsnacb TexHonorus «PaHgeBy», obecne-
unBaloas Ge3onacHylo CEeneKTUBHYIO KaHIONALMIo Xonegoxa
3a CYET NPOBEAEHNSI CTPYHbI Yepe3 My3bIpHbIA MPOTOK MOA
SHAOCKOMMYECKUM KoHTponeMm. [JaHHas meTogvka paHee Gbina
onucaHa Ans NeYeHns XxoneJoxonutnasa B obLern nonynsuum,
O[lHaKo Hallle NccneaoBaHue 4eMOHCTpUpYeT ee 6e30MacHOCTb
1 3heKTUBHOCTL Y GEPEMEHHDIX.

BaxHO nopyepkHyTb, YTO B rpynne nauueHTok ¢ rmbpua-
HbIM/ OMEepaTMBHbIMW BMELLATENbCTBAMW MHTPAONEPALNOH-
HbIX OCIOXHEHWI He BbIno 3auKCMpOBaHo, a YactoTa nocne-
OMepaLyOHHbIX OCMOXHEHWNIA OKa3anacb HW3KOW (TOMbKO OfWH
Cnyyai OCTPOro MOCTMaHMMYMALMOHHOMO NaHkpeaTuTa Nerkon
CTeneHn TskecTn — 2,7%). Yrpo3a npepbiBaHns 6epeMeHHOCTH
B paHHeM mocreonepaLoHHoM nepuoae notpebosana TOKo-
nuTnyeckon Tepanun y 13,5% nauueHTok, a YactoTa npexae-
BPEMEHHbIX podoB cocTasuna 5,4%, 4To He MpeBbiaeT no-
NYNALMOHHbIE MOKa3aTenn AN MauWeHTOK C HeaKyLepCKUMu
onepauysiMu Bo BpeMs bepemeHHoCTY [14].

Cnepyet otmeTuTb, 4T0 B 14,7% Criy4aeB OCMOXHEHHOE
TeuyeHme XXKB pa3Bunoch Ha JOHOLIEHHOM CPpOKe rectauum (6o-
nee 38 Hefenb), 4To NOTpebOBaNO aTanHol TakTWKK: CHavana
BbINOMHANOCH POLOPA3PELLEHe NyTeM KecapeBa CeyeHus, a
3aTeM ogHOMOMeHTHas xoneumctaktomust u OMNCT. [anHbin
NogXOA COOTBETCTBYET MEXAYHAPOAHBIM pPeKOMeHZauusM,
COrMacHoO KOTOPbIM MPK JOHOLIEHHON GepeMeHHOCTW npegno-
YTUTENbHA OTCPOYKA XMPYPrUYECKOT0 BMeLLaTeNbCTBa O POJo-
paspeLueHuns [15].

OpHvM 13 KMYEBbLIX BbIBOJOB paboThbl ABNSETCA Lene-
co00pasHOCTb MapLUpyTU3aumn 6epeMeHHbIX C OCMOXHEHHON
KB B MHoronpodguneHble ctauuoHaps! [l b ypoBHs, nmetoLme
B CBOEW CTPYKType nepuHaTanbHbIi LIEHTP U KPYrnoCyTOYHOE
OTZENeHne CKopon MeamumHekon nomowy. KoHueHTpauns be-
PEMEHHBIX C KCTpareHUTanbHON XMPYPruyeckoi natonoruen B
TaKuX LeHTpax no3BonseT 06ecneynTb NPEEMCTBEHHOCTb MEX-
LY aKyLIepCKoOM U XMpyprudeckoi cryx6amu, CBOEBPEMEHHOe
NPUMEHEHNE BCETO apCeHana AMarHOCTUYeCKnX W nevebHbIx
ManouHBA3NBHbIX TEXHONOMMIA, @ TaKkke aHecTe3nomnornieckoe
W peaHMMaToNorMyeckoe ConPoOBOXAEHNE C Y4eTOM (hranono-
rMyecknx ocobeHHOCTeN TekyLlel GepeMeHHOCTH.

Taknum 0Gpa3om, NnpoBefeHHOe UCCnefoBaHNe AEMOHCTPH-
PyeT, YTO MCMOMb3oBaHWe cTpaTuduKkaLnm pucka, akTMBHOM
pnarHocTuki (Bkmtoyass OYC) M OBHOMOMEHTHbIX MMBPUAHBIX
onepauuit y 6epeMeHHbIX ¢ ocrnoxHeHHon YXKB nossonsiet
YAYYLWNTb Pe3ynbTaTbl NEYEHUs, CHU3UTb YaCTOTY OCIOXHEHMWIA
1 SKCTPEHHbIX ONepaTUBHbIX BMELIATENLCTB, @ TakkKe MAHUMK-
3upoBaTh puckn Ans nnoga. lNpeanoxeHHas TakTuka MOXeT
CNYXWTb OCHOBOW ANs pa3paboTku KIMHUYECKUX pekoMeH4aLni
Mo BEAEHMIO JaHHOW KaTeropum NauueHToK B MHOronpogusb-
HbIX cTayuoHapax |l b yposHs.

BbIBO[bI

1. Micnonb3oBaHue GannbHOM CUCTEMbI OLEHKM prcka pas-
BUTUSI OCINOXHEHWIA Xen4yekameHHoi 6onesHn y BepemMeHHbIX,
3aKnoyaroLLenca B CTpatTuduKaLmy NaLneHTok Ha Tpu rpynnbl
pucka C COOTBETCTBYHLLEN XMPYPru4YECKOM TaKTUKOW, NO3BO-
NseT yMEHbLUMTL YacToTy pa3sutus ocnoxHerun XKKB nocne
nepeHeceHHon neyeHo4Hown konmkm ¢ 35,0 go 12,5% (p=0,001),
a YaCToTy 3KCTPEHHbIX OMEepaTMBHbIX BMELIATENbCTB BO BPEMS
BepemenHocTn — ¢ 18,8 §o 7,7% (p=0,017).

2. lMpy NOAO3pEHNN Ha XonefoxonuTinas y GepemMeHHbIX
ncnonb3oBaHme JYC nos3sonsieT ¢ 6Gonee BbICOKOW AnarHo-
cTnyeckon TouHoCTho (100%) no cpasHeHuio ¢ MPXIT (33%)
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BbISIBUTb KOHKPEMEHTbI AMamMeTpoM 3 MM M MeHee B TepMu-
HanbLHOM OTAEene xoneaoxa.

3.Y 0GepemeHHbIX C COYETaHHbIM XONEeLMCTOXONEA0X0-
NNTNA30M BbIMOMHEHWEe OAHOMOMEHTHBIX TMOPUAHBIX XWUPYp-
TMYECKMX BMELLATENbCTB He COMPOBOXOAETCS MNOBbILIEHWEM
4acToTbl MOCNEONepaLNOHHbIX XMPYPrUYECKUX OCMOXHEHUA
4acTOTbl OCTIOKHEHII TEYEHUSI OEPEMEHHOCTH.

4. Mpn guameTpe xonegoxa 6 Mm 1 Bonee onTUManbHbIM
cnocobom BbinonHeHus OMNCT y bepemMeHHbIX SBRseTcs MeTo-
AuKa pre-cut, a B Cryyae gnamertpa 06LLero XenyHoro npoToka
mMeHee 6 MM — meTo «PaHaeBy». Takoi auddepeHLpoBaH-
Hblil MOAXOA COMPOBOXAAETCA BbICOKOW 3(D(EKTUBHOCTHI W
HW3KO YaCcTOTON NOCNeonepaLOHHbIX OCNIOXHEHNIA.

PEKOMEHAOALWA

1. BepeMeHHbIX XEHLUMHbI C OCHIOKHEHHbIM TeyeHnem XKKB
Heo6X0AMMO MapLUPYTU3MPOBATL B MHOrONPOMUIbHBIN CTaLno-
Hap Il b ypoBHS, C HanNM4MEM B €ro CTPYKType CTaLMOHapHOro
OTZENEeHUs CKOPOA MELMLMHCKOWM MOMOLLM W MepuHaTanbHOro
LeHTpa.

2. Bcex 6epeMeHHbIX KEHLMH C CUMMTOMHBLIM TEYEHUEM
XPOHNYECKOrO  KarbKyNe3HOro XOmneuucTuTa pekoMeHLoBaHo
pacnpefensTb N0 TpeM rpynnam pucka (HU3KWiA, CPeaHuIA, Bbl-
COKWI1) C OnpefeneHnem COOTBETCTBYIOLLEN TaKTUKN Be4eHUS.

3. Mpn nogo3peHn Ha xonegoxonuTnas Heobxoaumo oT-
AaBaTb NPEANOYTEHNE BbINONHEHWIO SHOOCKOMMYECKON ynbTpa-
CoHorpacuu, Tak kak oHa no cpaBHeHnto ¢ MPXTIT ¢ 6onbluen
TOYHOCTBIO MO3BOMSIET BbISIBUTL MENKME KOHKPEMEHTbI (40
3 MM) B TEpMUHarbHOM OTAENe X0oneaoxa.

4. Tlpu XONeLMCTOX0NeJ0X0NNTHA3e, OCNIOKHEHHOM MeXa-
HWYECKOM JKeNTYXOM, XONaHrMTOM UMW OCTPbIM GUNMapHbIM NaH-
KpeaTUToM y 6epeMeHHbIX 1 POXeEHUL, AOMYCTUMO BbINOMHEHNE
OZJHOMOMEHTHbIX TMOPUAHBIX XMPYPrUYECKMX BMELLATENBCTB.

5.Tlpn pacwmpeHun xonegoxa bonee 6 MM BO3MOXHO
BbIMOMHEHNE 3HAOCKOMMUYECKOW caHauun GunmapHoro TpakTa
no MeToaumke pre-cut, B Cryyae xe OTCyTCTBUS BunmapHoim ru-
nepTeH3nn v Npu AuameTpe OOLLErO KeNYHOro NPOToKa MeHee
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6 Mm gns 6esonacHoi kaHonauumn xonegoxa AMNCT Heobxoan-
MO BbINOMHATb C UCMOMb30BaHNEM TEXHOMOTMN «PaHaeBy».

AONONHUTENBbHAA UHOOPMALIUA

Bknap aBTOpOB. Bce aBTOpbI BHECNM CYLYECTBEHHbIN
BKNaz B pa3paboTky KOHLENLWUW, NpoBeAEeHNE UCCNef0BaAHNSA U
MOArOTOBKY CTaTbM, MPOYNN 1 0A0OPUNM (UHAmNbHYK BEPCUIO
nepeg nybnukayuen.

KoHdhnukT nHTepecoB. ABTOpbI AeKnapupyroT OTCYTCTBIE
SIBHBIX M NOTEHLMamNbHbIX KOH(AMKTOB MHTEPECOB, CBA3AHHbIX C
nyGnmKaLmen HacTOSILLEN CTaTby.

McTouHMK dmHaHCcMpoBaHuA. ABTOpLI 3asBnslT 06 OT-
CYTCTBWW BHELUHETO (OMHAHCUPOBAHWS NPy NPOBELEHNMN UCCTe-
LOBaHus.

CooTBeTCTBME HOpPMaM 3TMKU. ABTOPbI NMoATBepXaa-
0T, 4TO CcobnoAeHbl npaBa Mogel, NpUHUMaBLIKX yyacTue
B WCCMefOBaHWM, BKMOYas MOnyvyeHue WHGOPMUPOBAHHOTO
corfacus B Tex Cryyasx, koraa oHoO Heobxogumo, v npasuna
oBpaLLeHns C XMBOTHBIMW B CryYasix UX UCMONb30BaHNS B pa-
6ote. MogpobHas uHdopmaums cogepxutcs B MpaBunax ans
aBTOPOB.
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Pa3sutue peTonnaueHTapHOro KOMnneKca y CaMok KpblIc
B YCNOBUAX HEanKorofibHON XMpoBou ANCTpocthun neveHu

T.I'. Tpans"?, . X. Tonnbosa', E.B. Mosrosas', M.A. KpbiwHa', A.A. BniaxeHko',
10.1M. Muntotura', O.H. Becnanosa’

' Hay4Ho-1ccnenoBaTenbCkii MIHCTUTYT akyluepcTsa, rHekonorvn v penpopyktonorvn umern [1.0. Otta, CankT-TMeTepBypr, Poccus
2 CaHKT-MeTepByprekuii rocynapCTBEHHbIN NeauaTpUYeckuit MeanuLMHCKuiA yHsepcuTeT, CankT-Metepbypr, Poccust

PE3IOME

BeepgeHue. OxvipeHie 1 COMPOBOXAAIOWMIA ero MeTabonmyeckuii aucbanaHc sSBNSITCS HapacTatoLei npoGremol COBPEMEHHOTO
obLecTBa. Mofo6HbIe M3MEHEHUS B OpraH3Me MaTepy Bo BpeMsi 6epeMeHHOCTY MPUBOAST K MATONOMM ()OpMUPOBaHNS MiaLEeHTbI 1
HeraTMBHbIM NepuHaTanbHbIM UCXofaM. HecMoTps Ha GomblLOe KONMYECTBO UCCTIef0BaHIUA B AaHHOM 061acTy, [0 CUX NOp HET eau-
HbIX MOAXOA0B K KOPPEKLMN BHYTPUYTPOBHbIX M3MEHEHMIA MpK HEANKOTONbHOI XMPOBOIA GONIE3HN NeYeHn BO BpeMsi GepeMeHHOCTH.
Llenb nccnepoBaHust — 13y4nTb BIMSHUE HEANKOTOMbHOM XMPOBOW GONE3HN NeyeHn Ha deTonnaLeHTapHbI KOMINEKC 1 BO3MOX-
HOCTb €€ KOPPEKLM B 3KCTIePUMEHTabHO MOZENM KpbIC.

Marepuansi u MeToAbl. B nccnenosaHme BioyeHbl 18 GepeMeHHbIX CaMoK KpbIC, Ha 12 13 KOTOPbIX MOLENMPOBanM HeamnKorosb-
HYI0 XMPOBYIO 6ONE3Hb NeYeHI NOCPEACTBOM BbICOKOKAMOPUIAHONM AMeTbl B TeueHe 35 AHeit. KuBoTHble Gbinn pacnpeneneHbl Ha
TPV IpyNMibl: camku 6e3 HeamnKkoroNbHOI XUPOBOiA GoresHn neyeHn (n=6), 6epeMeHHbIe C HearKoronbHO! X1POBON GONE3HbI0 NeYeHM
Ge3 Tepanun (n=6) 1 ¢ Tepanueii NpenapaToM HU3KOMOJIEKYNISIPHBIX caxapoB (FenTpoHr) (n=6). Mocne BbiBeAEHUS W3 OMbITa NPOBENX
rMCTONOrMYecKoe UccneaoBaHme niaueHT 30 NioaoB ¢ OLEHKON CTPYKTYPHBIX 1 LIMPKYNSTOPHbIX XapaKTepUCTHK.

PesynbTatbl. BbisIBNEHbI TUCTONOMMYECKUE U3MEHEHUS CTPYKTYPbI MiaLEHTbI MPY HEanKoroNbHOIA XMPOBOIi GoneaH neyeHu ¢ gop-
MMPOBaHWEM XPOHUYECKOIA MIaLEeHTApHOI He[OCTATOYHOCTM, COCYANCTLIX U SHOOKPUHHBIX HAPYLUEHWIA, @ TaKKe C MONIOXUTENbHO
AMHAMMKOI BbISIBNIEHHbIX M3MEHEHWIA NP renaTonpoTeKTOPHOI Tepanmu.

3akntoueHue. PesynbTaThl UCCNEOOBaHNS NPOAEMOHCTPUPOBANM HETaTUBHOE BNUSHIE METabOMNMYECKIX HapyLLEHUIA Mpn Hearko-
FOMbHOM XMPOBOII GONE3HN MeYeHn ¢ HOPMUPOBAHNEM NATONOTUYECKIX M3MEHEHUI CTPYKTYPbI NraLeHTbl. MpuMeHsemast Tepanus
CrocoBCTBOBArIA BOCCTAHOBNEHMIO CTPYKTYPHBIX KOMMOHEHTOB MNaLeHTbl MOTOMCTBA B paMKax aKCriepuMeHTa.

KntoueBble cnoBa: HeankoronbHas Xnposasa 6onesHb neyeHu, reTonorus, nnaueHTa, reI'ITpOHF
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Development of the fetoplacental complex
in female rats under conditions of non-alcoholic fatty liver

Tatiana G. Tral'-2, Gulrukhsor Kh. Tolibova', Elena V. Mozgovaya', Marina A. Kryshnya',
Alexandra A. Blazhenko', Yulia P. Milyutina', Olesya N. Bespalova'

" Research Institute of Obstetrics, Gynecology and Reproductology named after D.O. Ott, Saint Petersburg, Russia
2 Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia

ABSTRACT

Background. Obesity and its accompanying metabolic imbalance are a growing problem in modern society. Such changes in the
mother’s body during pregnancy lead to pathology of placenta formation and negative perinatal outcomes. Despite a large number of
studies in this field, there are still no unified approaches to correcting intrauterine changes in non-alcoholic fatty liver disease during
pregnancy.

The aim to study the effect of non-alcoholic fatty liver disease on the fetoplacental complex and the possibility of its correction in an
experimental rat model.

Materials and methods. The study included 18 pregnant female rats, 12 females were simulated for non-alcoholic fatty liver disease
through a high-calorie diet for 35 days. Animals were divided into three groups: without non-alcoholic fatty liver disease (n=6), with
non-alcoholic fatty liver disease without therapy (n=6), and with low-molecular-weight sugar (Heptrong) therapy (n=6). After withdrawal
from the experiment, a histological examination of the placentas of 30 fetuses was performed to assess the structural and circulatory
characteristics.

Results. Histological changes in the structure of the placenta in non-alcoholic fatty liver disease with the formation of chronic placental
insufficiency and vascular disorders, as well as with positive dynamics of the revealed changes during hepatoprotective therapy, were
revealed.

Conclusion. The results of the study demonstrated the negative impact of metabolic disorders in non-alcoholic fatty liver disease with
the formation of pathological changes in the structure of the placenta. The applied therapy contributed to the restoration of the structural
components of the placenta of the offspring in the framework of the experiment.

Keywords: non-alcoholic fatty liver disease, histology, placenta, Heptrong
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BBEOEHUE

/136bITOYHBIN BEC XEHLUMHbI 10 U BO BpeMmsi GepeMeHHo-
CTW MOXET OKa3blBaTb BMWSHME Ha BHYTPUYTPOBHOE pas3BuTHe
MOTOMCTBA, a Takxke CMyXuTb (PakTOpoM pucka 3abonesaHuii B
noctHaTanbHom nepuoge [1-4].

lMnaueHTa SBNSETCSH BaXHENLM OPraHoM noga BO BHY-
TpuyTPO6HOM pa3BuTMM, obecneynBas ONTUMarnbHbIA rOMEo-
CTa3 NMpu BIWSIHWWA BHELHUX W BHYTPEHHWX (DaKkTOpOB Cpeabl
BHE 3aBMCUMOCTM OT cnocoba HacTynneHus 6epemeHHOCTH,
[AETEPMUHUPYIOLLMX NaTONOrM0 NnaueHTsl [5—7].

MaTepuwHCKoe OXMpeHne, xapakTepuaytoLleecs Mmetabonu-
YECKAMW HapyLIEHWSMA WU XPOHWYECKUM BOCMareHneM, Hera-
TUBHO BNWSIET Ha (DYHKLMIO NNaLEeHThI 1 passuTtue nnoga. Oxm-
PeHMe NPUBOAMT K TMNEPUHCYNMHEMIUN, KOTOPas NOAAEPKMBAET
9YrNUKEMMIO NPW BO3pacTatoLleil HCYNMHOPE3UCTEHTHOCTH W
OKa3blBaeT 3HAYMTENbHOE BMUSHUE HA MNaLeHTy, aKTUBMPYS
nnaueHTapHbIi MHCYymMMHOBbIM U MTOR-CurHanbHeIA NyTh, a
TaKke TPaHCMOPT FIHOKO3bl Y aMUHOKMCIIOT. M3MeHeHe meTa-
fonrama nunuaoB, FOPMOHOB PerynaTopoB NUNMAHOTo obmeHa
W LIUTOKWNHOB, CEKPETUPYEMBIX XMUPOBOW TKAHbIO MPW OXMPEHUN,
MOXEeT NofLaBnATb (YHKUMIO NNALEHTbI, N3MEHSATb NpOHMLae-
MOCTb LUTOMMa3MaTnyeckon MemopaHsl MUKPOBOPCHUHOK CYH-
unToTpodobnacTa 1 NpUBOAMUTL K 3aAEPXKKE BHYTPUYTPOOHOrO
pocTta nnoga [8-11].

B nnaueHTe OT maTepen C OXWpPEHUEM 3a4acTyl npu-
CYTCTBYIOT BOCManuUTeNbHble U3MEHEHUS, @ Takke HapyLleHne
CTPYKTYpPbl BWNME3HOTO [AepeBa MiaueHTbl C YMEHbLUEHWEM
KONMWUYeCTBa TEPMUHANBHBIX BOPCUH, a Takke MMoWagn CuH-
untnotpocpobnacta BopcuH. INpu OXMPEHUN 3HAYNTENBHO M3-
MEHSIETCA MUKPOBACKYNAPU3ALMS BOPCUH B CTOPOHY CHUKEHMS!
KonmyecTBa 1 nnowagu getanbHbIX KanuiispoB B CTPOME
BOPCWH, NMoLazn MaTepPUHCKOrO KpOBOTOKA (MHTEPBUIIE3HOTO
MPOCTPaHCTBA), HapyLas obLlyt COCyaMCTY0 Manbnepdysanto
Mexay maTepbto 1 nnogom [12, 13].

BaxHOCTb MCXOOHOrO COCTOSIHUS OpraHu3ma Matepu 4o W
BO Bpemsi GepeMeHHOCTW Heocnopuma, 1 nobble naTonoruye-
CKME M3MEHEHWS OKa3blBAIOT MPSMOE UMM KOCBEHHOE BMMSHIE
Ha pacTywuin eTonnaLeHTapHbIA KOMMIEKC, a TakkKe akyLep-
CcKie W nepuHaTanbHble uexoabl. OgHako, HECMOTpS Ha pacnpo-
CTPaHEHHOCTb 1 YBEMNMYEHWe YacToTbl NaTonorum renatobunm-
apHOIt CUCTEMbI MaTepu, YeTkie Kputepun 1 cnocobbl Tepanuu
OKOHYaTeNbHO He pa3paboTaHbl, YTO CBA3AHO HEMOCPEACTBEH-
HO ¢ 6e30MacHOCTbI0 MPUMEHEHNS NpenapaToB BO Bpems bepe-
MeHHOCTK [14-18].

LEENb UCCNEAOBAHUA

V13yunTb BRMSIHWE HeamnKkoromnbHOM XMpoBon 6onesHu neve-
HW Ha peTonnaLeHTapHbI KOMMEKC U BO3MOXHOCTb €€ Kop-
PeKLMN B 3KCEPUMEHTaNbHOM MOAENN KpbiC.

MATEPWANNbI U METOObI

B nccneposaHue BkmtoueHo 18 GepeMeHHbIX CaMoK KpbiC
nuHum Wistar ¢ maccoit Tena ot 250 o 300 r, npuobpeTeHHbIX
B NUTOMHMKE NabopaTopHbix *nBoTHbIX OO0 «CMK Ctesap» B
r. Bnagumupe. [inst co3naHns HeamnkoronbHo XupoBon 6ones-

HW neyvenmn (HAXBI) ncnonb3oBanu BbICOKOKANOPUIAHYK AneTy
(116 kkan B CyTKu) Ha NPOTSHKEHUM 35 AHEN B CTPOro YCTaHOB-
neHHbIx ycnosusx BuBapust HAW ATuP nmenn [1.0. OtTa, cooT-
BETCTBEHHO MPUHLMNAM FyMaHHOro 0bpaLleHns ¢ KMBOTHBIMY,
nponucaHHbiM B ®eaepanbHoM 3akoHe Ne 708H!. [ins npose-
LEHNs KcnepuMeHTa 6epeMeHHbIE X1BOTHbIe Obiny pacnpese-
neHbl Ha Tpu rpynnbl: camkn 6e3 HAXBI (n=6), ¢ HAXBI Ges
Tepanum (n=6) n ¢ Tepanueir, 0CHOBaHHON Ha NpenapaTe H13Ko-
MONEKYNAPHBIX CaxapoB, KOTOPbI BBOLUN BHYTPUOPIOWMHHO
B Ao3se 12 mr/c ¢ 16-ro no 20-1 aeHb rectauynn. B kayecTse Te-
panuv npn HAXKEI B nceneaosaHnn ncnonb3osancs npenapat
l'entpoHr (per. Ne: JICP-002808/10 ot 02.04.2010 r.), KOTOPbIN
npeAcTaBnseT cobol pacTBOP HWU3KOMOMEKYMSPHbIX Caxapos,
nonyyeHHbIX 13 Méaa (H-neHTo3a, rmioko3a, caxaposa, MaHHO-
3a, ranaktosa, pykrosa, naktosa). Bcero 6bino uccnegosaHo
no 10 nnaueHT n3 Kaxaoi rpynnbl nccnegosanus. Matepuan
cukcuposanm B 10% HenTpansHom dopmanuHe (pH 7,2) B Te-
yeHne 24 4. TNCTONOrNYECKY NPOBOAKY TKAHEN OCYLIECTBNS-
NN C NOMOLLb0 r1cTonornyeckoro npoueccopa Histo-Tek VP1
(Sakura, Anonws), napacuHoBble 60K hopMMpOBanK Ha
npubope MoaynbHoit cuctembl 3anuekn TES99 (Medite, Mepma-
HWs). 13 nonyyeHHbIX BI0KOB M3roTaBn1Banm cpeabl TONLMHON
3-4 Mkm Ha mukpotome Rotary 3002 (PFM, Mepmanuns). [ns
0030pHOI OKpacku MCMONb30BamnM reMaToKCUIMH U 303uH. Mpu
CBETOBOM MWKPOCKOMWW OLEHWBanNM: rMCTONOrNYECKOe CTpoe-
HWe NabupUHTHOM 1 TPOOBIACTUYECKON YACTU, MUKPOLMPKY-
NATOPHOE PYCMO W CIOW TUraHTCKIUX KNeTok Tpodpobnacra.

PE3YNIbTATbI U OBCYXXOEHUE

FmMcTonornyeckoe MccnefoBaHne NnaLeHT 0T CaMOK KpbIC
©e3 natonoruy neyeHn (1-a rpynna) BbISIBUMNO COOTBETCTBUE TU-
CTONOMMYECKOr0 CTPOEHMUS AOHOLLIEHHOMY CPOKY 6epeMeHHOCTH
Be3 naTonornyecknx U3MEHeHN.

basanbHas yacTb mnaueHTbl KPbIC MPeAcTaBneHa Croem
TUraHTCKMX KNeTok Tpodpobrnacta (3—4 KneTku), 3a KOTOpbIM
cnegyeT Cnon CrnoHrmoTpodobracTuyecknx KneTok, popmmpy-
IOLLIMX NaKyHbl C MATEPUHCKOM KPOBbIO, B KOTOPbIX COAEpXaTCs
[MIMKOTEHOBbIE KIETKN.

[eneHne Ha Tpochobrnactuyeckyo N NabMpUHTHYIO YacTu
3:1. IlabupuHTHas vactb npeobnapana, Bbina npegcrasneHa
kneTkamu TpopobnacTa co CBETNbIM My3bIPbKOBUAHBIM SAPOM,
00uUnbHOM LMTONNa3Moi, HOPMUPYOLLMMI TOHKME Tpodhobna-
CTMYECKMe KOMOHHbI. PeTanmbHble Kanunmaspbl C YMEpPEHHbIM
paBHOMEPHBIM KPOBEHAMOMHEHNEM, HANMMYMEM SPUTPOLMTOB
(puc. 1).

B nnaueHTax kpbic ¢ HAXBI 6e3 Tepanuu (2-5 rpynna)
BbISIBMEHbI MPU3HAKM XPOHUYECKON NaLeHTapHON HeJocTaTou-
HocTn B 8 cnyyasx (80%) ¢ HapyleHneM auddhepeHLMpPOBKM
TPo0o61aCTUYECKOrO U CMOHTMO3HOTO CMOEB.

/13BeCTHO, 4TO maTonmorus renatoounMapHOM CUCTEMbI
MaTepu NPUBOAMT K CHXKEHUIO yAENbHOr0 06bema rraHTCKux

! Mpukad MuHucTepcTBa 30paBOOXPaHEHNS M COLMANbHOMO passi-
T1s PO Ne 708H ot 23.08.2010 r. «O6 yteepxaeHun Mpasun nabo-
patopHon npakTukuy. URL: https://www.garant.ru/products/ipo/prime/
doc/12079613/ (nata obpawyeHus: 04.02.2026).

45



46

ORIGINAL STUDIES Vol. 17 N1 2026

Pediatrician (St. Petersburg)

Puc.1. llnaueHTa KpbIC Ha AOHOLEHHOM CPOKe rectauuu C Hop-
ManbHbIM ructonornyeckum crpoeHneM. Okpacka remMaToKCUIMHOM—
303nHOM, X100 (pe3ynbTaTbl COOCTBEHHbBIX MMCTONOTMYECKNX NCCNEao-
BaHui)

Fig.1.  Placenta of rats at full-term gestation with normal histological
structure. Hematoxylin and eosin staining, x100 (results of our own
histological studies)
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Puc. 2. XpOqueCKaﬂ nnaleHTapHas HeJoCcTaTo4YHOCTb Ha [OHO-
LIEHHOM Cpoke 6epeMEHHOCTY NPX HEANKOTONbHOI X1POBO 6one3Hu
neyYeHun: UCTOHYeHne TpodhobracTuyeckoro cros, cnabo cdpopmmpo-
BaHHasi THE3QHOCTb, OTCYTCTBME [TIMKOrEHOBbIX KNETOK, YTOnLieHWe
TpodhobnacTuyeckmx KonoHH nabupuHTHoON Yactu. Okpacka remaTok-
CUNNHOM—3031HOM, %100 (pe3ynbTaTbl COGCTBEHHBIX TMCTONOMMYECKNX
1ccneaoBaHuii)

Fig. 2.  Chronic placental insufficiency in full-term pregnancy with
non-alcoholic fatty liver disease: thinning of the trophoblastic layer,
poorly formed nesting sites, absence of glycogen cells, thickening of
the trophoblastic columns of the labyrinthine part. Hematoxylin and
eosin staining, x100 (results of our own histological studies)

kneTok. B uccnegoBaHuy BbISIBNEHO WCTOHYEHWE CMOS TUraHT-
CKMX KneTok Tpodhobnacta (8o 1-2 KNeTok) ¢ HepaBHOMEPHbBIM
pacnpegeneHneM xpomatuHa B sgpax, MonnMOPGHOCTBIO KX
CTPOEHWMS, YTO CBUAETENBbCTBYET O HAPYLIEHUM SHOOKPUHHON
(YHKUMM nnaueHTbl. Habnoganucb o4aru MoBbLILLEHHOMO OT-
noxenus pubpuHomaa. TpodhobnacTUiecknit Cro UCTOHYEH,
rHe34HOCTb BblpaxeHa cnabo, rMUKOreHOoBbIE KNETKN B CKYAHOM
UNU KpanHe CKyOHOM KONMYecTBE, MPUCYTCTBOBAmM KpymHble
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Puc. 3. TnaueHTa KpbiC Ha JOHOLLIEHHOM CpOKe recTauuu 6es nato-
NOTUM NpU HearKkoronsHOM X1poBon 6ONEe3HN NeyeHn nocne neveHus
(FenTtpoHr). Okpacka remaToKCMnMHOM—303uHOM, X100 (pe3ynbTaTbl
CODCTBEHHbIX MMCTOMOMNYECKUX UCCNIEA0BaHNIA)

Fig. 3.  Placenta of rats at full-term gestation without pathology in
non-alcoholic fatty liver disease after treatment (Heptrong). Hematoxylin
and eosin staining, x100 (results of our own histological studies)

TpochobrnacTuyeckne KneTku C HEPABHOMEPHBIM pacnpegene-
HVeM.

B nabupuHTHOA YacTM OoTMevanoch yTonLieHne Tpogo-
BracTuyeckux KOMOHH, HEpaBHOMEPHOE KpPOBEHAMOMHEHNe
heTanbHbIX KamUInspoB, UX 04aroBas dKTasus, Hanmnyue apu-
TpOoUWTOB (puc. 2).

B nnaueHTax kpbic ¢ HAXBI nocrne npoBegeHus rena-
TOMPOTEKTOPHOW Tepanuu (3-9 rpynna) ukcupoBanoch BOC-
CTaHOBIEHWE MMCTOMOMNYECKON CTPYKTYPbl MMaLeHTbl B CeMM
cnydasx (70%). B Tpex cnyyasx (30%) npusHakn XpoHUYeCcKoi
NnaLeHTapHO HeLOCTaTOYHOCTY COXPaHSINNCL: B NTABMPUHTHOM
4acTW NPUCYTCTBOBASO YaCTUYHOE yTorLLEeHe TpoobnacTuye-
CKUX KOMOHH, 3KTa3us NPOCBETOB (heTasnbHbIX Kanunispos, non-
HOKPOBME C HanMW4“eM 3pUTPOLIMTOB, OYary CKOMneHus Tpogo-
BracTtuyeckux kneTok (puc. 3). Croil ruraHTCKuX KneTok Tpogo-
Brnacta HepaBHOMEPHbI, TOMLMHON NPEUMYLLECTBEHHO B TpH
kneTkn. TpodobrnacTuyeckuit Crnom BbipaxxeH HepaBHOMEPHO, C
04aroBbIM CKomnmeHneM TpodobnacTUYEeCKNX KNETOK 1 HepaBHO-
MepHbIM pacnpefeneHnem nakyH, rUKOreHoBble KNeTku Bbinu
NpeAcTaBNeHbl NPeNMYLLECTBEHHO B CKYJHOM KOMMYECTBe.

lMnaueHTa SBRSETCA MHOTOYHKLUMOHAMBHBIM MPOBU3OP-
HbIM OpraHom, obecneunBarWMM OOMEHHY0, TPOGUYECKYHO,
ObIXaTeNbHY 1 3aWWTHYIO (YHKLMM MeXay OpraHu3mMom ma-
Tepu W nnoga. HapylweHus B npoueccax ¢opMUpoBaHms, Co-
3peBaHust U OYHKLMOHNPOBAHMS NNALEHTbI, BbI3BaHHLIE 3HIO-
FEHHbIMW UMW 3K30reHHbIMM (PakTopamu (BocnaneHue, Meauka-
MEHTO3Has Tepanus, HenpaBuIbHOE MUTaHWe U BO3AEUCTBUE
OKpYXXaloLel cpeabl), MPUBOAAT K OCMOXHEHUSM TeyeHus be-
PEMEHHOCTM 1 maTonorum passuTis nnoaa [19-22].

OpHoli 13 rmobanbHbix Npobnem coBpeMeHHOro obLecTea
SBMISIETCS UBMEHEHWE XapaKTEPUCTUK MUTAHNS B CBA3W C BINS-
HWEM COLMarnbHO-3KOHOMUYECKNX, KyNbTYpHbIX, ObITOBbIX HOPM
00LeCTBa, @ C HUMW M MULLEBBIX MPUBLIYEK, YTO BEYeT 3a CO-
00N HeYKMOHHbIA 1 MOBCEMECTHbI POCT M3DbITOYHOA Macchl




Tena u OXMPEHNS BO BCEX BO3PACTHBIX rpynmax 1 nonynsuusx.
HapyLueHne nutaHns, n3bbITok Macchl Tena 1 hopMupytoLLmecs
MeTabonuyeckie HapyLIeHNS MPUBOZAT K YBEIMYEHUIO pacnpo-
CTPaHEHHOCTN MHOTMMX XPOHWYECKMX MeTabonmyeckux 3abone-
BaHuit, B ToM uncne HAXBI, BbI3BaHHON BbICOKOXMPOBOM W
BbICOKOKaNoOpUMHOW aueToit [23, 24].

WccneposaHus no mopenuposaHuto HAXKBI metomom
rMNEpPKanopuUinHON OMETbl MoKa3anu He TOMbKO 3HAYUTENbHOE
YBENMYEHNE MaCChl Tena, YPOBHSA [THOKO3bl, XONeCTepuHa W
WHCYNMHA B CbIBOPOTKE KPOBM, HO M yXydlweHne dyHKUun 06-
YUYeHMs 1 namaTh y Monofbix ocobeit Mbilwei [25]. B opyroit pa-
BoTe fokasaHo, YTO B YCMOBUAX ANUTENBHOTO OMbITa Ha MOZEN!
KpbIC C rMMNepKanopuitHbIM NUTAHWEM U TUNOAMHAMUEN KpOMeE
OMOXUMMYECKNX HApYLLIEHUI (UCIUNUGEMUS, TMNEPTIMKEMIS)
Obinn Takke M MOpOMorMyeckue NpOSIBIIEHUS CTPYKTYPHON
natonorun B Buge creatorenatuta [26]. Ha mogenn HAXBI
Y CamMLOB KPbIC BbISIBNEHO HApYLUEHWE MUKPOLMPKYMSATOPHOIO
pycna B NeYeHU C MOMHOKPOBUEM U YBENUYEHUEM KONMYECTBa
KanunnspoB, peonornyecknMy HapyLweHusMu B Buge opmu-
POBaHUS CNafX-CMHAPOMA U TSXENON MMMOKCMK neveHn [27].
ViccnenoBaHus aBTopoB [28] y6eauTensHO aokasanu, YTo pas-
BUTME KMPOBOW AMCTPOMM MEYeHW NpUBOAMT K MaTomnorum
BCeX BUIOB MeTabonnama y noAonbITHbIX XXMBOTHBIX C TSKENbI-
MU HApPYLLEHWAMM MUTMEHTHOrO 1 IMNMAHOTO 06MEHOB, LIMTONK-
TUYECKUM M XONecTaTUYeCKUM CUHApOMamMu. B nccnegoBaHmsx
Ha ApYrMX MOZEnsX XMBOTHbIX MOKa3aHO YCKOPEHHOE CO3peBa-
HWE U CHWKeHWe obbema KanunnspoB BOPCUHOK MAaLEHTbl 1
Hanuyue MHMAPKTOB B NNaLEHTe NPy AMETE C BbICOKUM Coaep-
XaHnem xwnpos [29].

lMonHoueHHOe GhYHKLMOHMPOBaHWE renatobunmapHon cu-
CTeMbl MaTepu npu 6epeMeHHOCTU UMEET BonbLLOe 3HaYeHe
B (hOPMMPOBAHUM ONTUMANbHbIX CTPYKTYPHBIX M (DYHKLMOHASb-
HbIX XapaKTepUCTUK Pa3BMBatOLLErO peTonaLeHTapHoro KoM-
nnekca. OxupeHne Bo BpeMs GEPEMEHHOCTM 11 MaTonorus me-
Tabonm3ma nrpatT KMKYeByH pofb B NaToreHe3e ANCHyHKLMN
romeocTasa B nnaueHTe, 06yCrnoBneHHoro meTabonmnyecknmy,
BOCManWTENbHbIMWA HapYLIEHUSMU U OKUCAIMTENbHBIM CTPec-
COM B MWKPOOKPY)XEHWUM MMaLEHTbl C MaTonorieil cocynos,
KPOBOTOKA M HapylieHWeM CHabXeHWsi Mmnofa KMCopoaoM,
CNoCoBCTBYIOLMMM PA3BUTUIO OCNIOXHEHUI BepeMeHHOCTM [12,
13, 30, 31].

[laHHble 3KCNepUMEHTanbHbIX MCCNEA0BaHUIA C CO3AaHNEM
pasnnyHbIX MOZenen MopaxeHUs MeYeHn (XOrecTaTuyeckoro,
arnkorofibHOro, TOKCUYECKOro, ayTOMMMYHHOTO) YKa3blBawT Ha
natonormio  ()OpMMPOBaHNS  OMTUMArbHbLIX  MOPGOdYHKLMO-
HanbHbIX XapaKTEPUCTUK NNALEHTbI, @ TakKe CUCTEM W OPraHoB
nnoza (MIMMYHOreHO, 3HAOKPUHHOW, NULLEBAPUTENBHOM, MOYe-
NOMOBOW, KPOBETBOPHOM CUCTEM) C MOCTEYIOLMMI HEraTUBHbI-
MU NepuHaTanbHbIMU UCXOAAMN B BUAE CHUKEHWS KU3HECMO-
COBHOCTM 1 3afiePXKKM B pa3BuTun Nnoaos [32-34].

enaTonpoOTEKTOPHOE NeYeHne BO BpeMsi GEpPEMEHHOCTH
BOMKHO ObITh 6e30MacHbIM Kak Ans camon Matepu, Tak v Ans
pacTyLLero nnoga W okasblBaTb MOMOXUTENLHOE BIUSHWE Ha
NnaueHTapHbI OKUCIIUTENbHBIA CTPECC, CHUXATb CUCTEMHOE
BOCMarneHue, TEM CaMbIM BOCCTaHABNNBAst HapYLUEHHbIA 06MeH

BeLLEeCTB B (heTOMMALEHTApHOM CUCTEME Y MaTEpen C oxmpe-
HueM. lonyyeHHble pe3ynbTaThl NPOBEAEHHOTO UCCNELOBaHNS
[l0Ka3anu, YTo 3TW YCoBKS COBMIOAAIOTCS NPU UCMONb30BaHNN
npenapata [enTPOHT B 3KCNEPUMEHTE.

BblBOAbI

1. Mony4yeHHble AaHHble CBWUAETENbCTBYIOT O TOM, YTO
HAXGBIT Ha doHe BbICOKOKANOPUIHOW ANeTbl NPUBOAUT K MOp-
hornormyeckuM nepecTporikaM B nnaweHTe ¢ hopMUPOBaHNEM
nnaleHTapHON HeJoCTaTOYHOCTMU.

2. FeMOAMHaMMNYECKNE HapyLUEHNs B MraleHTe XapakTte-
PU3YIOTCS HapYLIEHUAMU CTPYKTYPHbIX XapakTepuctuk nabu-
PWHTHOI YacTW MNaueHTbl C 3KTa3neil NpocBETOB (heTanbHbIX
KanunnspoB ¥ UX NOTHOKPOBUEM.

3. B nnaueHTax npu HAXBI BbISIBNEHb! HApyLLIEHNs SHA0-
KPUHHON (OYHKLMMW NAaLeHTbl C UCTOHYEHWEM CMOs TUraHTCKMX
KneTok Tpodobrnacrta, yMeHblUEHNEM YAEnbHOro obbema ru-
FAHTCKMX KMETOK.

4. /icnonb3oBaHne npenapata [enTpoHr B Tepanuu
HAXBI cnocobHO BOCCTaHOBUTL CTPYKTYPHble XapakTepu-
CTUK/ NnaueHTbl, 6rmskue K pM3nonornyeckum, YTo NO3BOMUT
CHU3UTb HeOnaronpusTHble NepuHaTanbHble NOCNEeACTBUS, Bbl-
3BaHHblEe OXWUPEHEM MaTepH.
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AHanu3s mytauui reHa PIK3CA y nauueHToB
C KnuHnYeckumu nposisneHmamu cnektpa PROS

10.C. XapHakosa', A.C. MapTbsiHos', E.H. CycnuupbiH"2, A.C. Bacunbesa?, A.C. Aby3oBa?,
[.B. Konppatbes?, A.M. CyneitmaHosa®, I'.B. Carosn®, P.B. l'ap6ysos* 5, C.H. AnekcaxuHa',
E.H. UmanuTos" 2

" HawpoHanbHbIi MeauLMHCKII MCCreaoBaTeNbCKi LeHTp oHkonorv uMeru H.H. Metposa, CawkT-MeTepbypr, Poccust
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3 Hal|voHanbHbI MeaULIMHCKMIA UCCTenoBaTeNbCKMiA LIEHTp OHKomorum uM. H.H. BrioxuHa, Mocksa, Poccus

4 Poccuitckast ieTcekast knuHnyeckast GonbHiLa, Mocksa, Poccus

S Poccuickuii rocyAapCTBEHHbI MeaUUMHCKUI yHuBepeuTeT uM. H.M. Miuporoea, Mocksa, Poccus

PE3IOME

AKTyanbHocTb. CnekTp CMHAPOMOB WM3BbITOMHOTO pocTa, CBA3aHHbIX ¢ MyTaumamu B reHe PIK3CA (PIK3CA-Related Overgrowth
Spectrum, PROS), o6beauHseT peakne BpoxaeHHbIe 3ab0neBaHus, xapakTepu3yrLwmMecs aHoMarbHbIM Pas3BuTEM U U3BbITOYHBIM
paspacTaHueM OTAENbHbIX TKaHEW. AT COCTOSHWA 0BYCIOBMEHbI MOCT3UTOTHBIMIA COMATUYECKAMM MyTaLMSMI, BO3HUKAKOLLMMA B
paHHeM 3mMBproHanbHoM nepuoge. [edektol PIK3CA npuBoasT k aktmeaumm docdonHoantuna-3-kuHasHoro nytu (PI3K/AKT/mTOR),
KOTOPbI SBASIETCS KMKOYEBLIM CUTHAMTbHBIM MEXaHW3MOM, PETYNMPYIOLLMM anonTo3, POCT M NpofiMdepaLyio KneTok. MnepakTeaums
9TOr0 CUrHasbHOMO KackaZa MOXET cnocobCTBOBaTh Pa3BUTUIO OMyXOrEN, COCYANCTbIX Manb(opMaLmii 1 M36bITOYHOrO pocTa TKaHe.
['eHeTMYeCKMEe NOBPEXOEHNS YaCTO HOCST MO3anyHbIii XapakTep, YTO CO3AAET TPYAHOCTY ANs MONMEKYNSAPHON AnarHocTuku. Bbisiene-
HWe naToreHHbIx BapuaHToB PIK3CA npuobpeTtaeT 0cobyto NpaKTYeckyto BaXKHOCTb B CBA3M C MOSIBNIEHEM 3(DGEKTUBHOMN TapreTHOW
Tepanuu nHrnéutopamu PI3K.

Llenb. MpoBecTv aHanus cnekTpa v 4yacToTbl MyTauuil reHa PIK3CA y nauneHToB ¢ KnuHndeckumm nposineHusmmn PROS 1 paspabo-
TaTb 3¢)EKTVBHBIN MOLLArOBbIA ANroOPUTM MOMEKYNSAPHO-TEHETUYECKOM ANArHOCTMKIA STOM rpynbl 3a60neBaHuiA.

Matepuansi n metoabl. Matepuanom ans uccnegosanus nocnyxuna JHK, BbiaeneHHas n3 natomopdonornieckmx obpasLos nopa-
XEHHOI TKaH 116 NaLWeHTOB C KMHMYeckMn nposisneHnsmu cnektpa PROS. TeHeTnyecknin aHann3 BbIMONHANCS C UCMONb30BaHN-
€M KoMMNmekca METOLIOB: anneNb-AUCKPUMUHAHTHO NonnMepasHoit LenHoit peakuu (MLP), undposoil kanenbHoi MNLP 1 TapreTHoro
BbICOKOMPOM3BOAMTENBHOMO CEKBEHNPOBAHUS.

Pesynbtatbl. Mytauun PIK3CA 6binv BhisiBeHb! y 56 naumeHToB (48,3%). Cnegyet oTmMeTuTb, YTo 60nee 80% BbISIBNIEHHbIX BapnaH-
TOB ObINY NPeaCcTaBneHbl pacnpoCcTPaHeHHbIMN MIUCCEHC-3ameHamu (p.ES42K, p.E545K, p.H1047R n p.H1047L).

BbiBoAbl. onyyeHHble AaHHbIE NOATBEPXKAAIOT BbICOKYH0 YacTOTy BoBneveHus reHa PIK3CA B naTtoreHe3 CHAPOMOB M3ObITOYHOTO
pocTa. PaspabotaH nowarosbinn anroputm JHK-AnarHoCTMKM, OCHOBaHHBINA Ha NoCnefoBaTeNbHOM NPUMEHEHU HECKOMbKMX More-
KyNSIPHO-TEeHETNYECKNX MOAX0L0B. Ha nepBom aTtane LenecoobpasHo WUCKMYEHWe YacTbiX MUCCEHC-MyTauumin ¢ nomowsto MLP ¢
TagMan-3oHgamu. Mpumerermne uudposoi kanensHo MNLP (ddPCR) gaeT BO3MOXHOCTb AETEKLMM HU3KOYPOBHEBOTO MO3auLIM3Ma
B OTHOLLEHWW BbILLEYNOMSIHYTBIX YaCTbIX BApUaHTOB, @ BKIKYEHNE TAapreTHOrO BbICOKOMPOU3BOAUTENBHOTO cekBeHnpoBaHus (NGS)
B kauyeCTBe 3aBEpLUAKOLLEro aTana no3sonseT aeHTudmMUmposath peakue BapuanTbl PIK3CA, He onpegensiemble gpyriMu MeToaa-
Mu. TpenoXeHHbI anropuTM MOXeT BbITb PEKOMEHZO0BaH ANs pyTUHHOW anarHocTuku PROS.

KntoueBble cnosa: PROS, PIK3CA, myTauus, cnekTp CUHAPOMOB 13BbITOYHOMO pocTa, COCYANCTbIE ManbhopMaLmy
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ABSTRACT

Background. PIK3CA-Related Overgrowth Spectrum (PROS) comprises rare congenital conditions characterised by abnormal
development and overgrowth of certain tissues. These conditions are caused by postzygotic somatic mutations occurring during early
embryogenesis. Defects in PIK3CA lead to activation of the phosphoinositide-3-kinase pathway (PI3K/AKT/mTOR), which is a key
signaling mechanism regulating apoptosis, cell growth and proliferation. Hyperactivation of this signaling cascade can contribute to the
development of tumors, vascular malformations and tissue overgrowth. Genetic lesions are often mosaic in nature, posing challenges
for molecular diagnosis. Identification of pathogenic variants of PIK3CA is of particular importance due to the advent of effective
targeted therapy with PI3K inhibitors.

Aim — to analyze the spectrum and frequency of mutations of the PIK3CA gene in patients with clinical manifestations of PROS and
develop an effective step-by-step algorithm for the molecular genetic diagnosis of this group of diseases.

Material and methods. The material for the study was DNA isolated from pathomorphological samples of affected tissues from 116
patients. Genetic analysis was performed using a complex of methods: allele-discriminant PCR, digital droplet PCR and targeted next-
generation sequencing (NGS).

Results. PIK3CA mutations were detected in 56 patients (48.3%). It should be noted that more than 80% of the identified variants were
represented by common missense substitutions (p.E542K, p.E545K, p.H1047R and p.H1047L).

Conclusions. The obtained data confirm a high frequency of PIK3CA gene involvement in the pathogenesis of overgrowth syndromes.
Astepwise DNA diagnostic algorithm based on the sequential application of several molecular genetic approaches has been developed.
At the first stage, screening for common missense mutations using PCR with TagMan probes is recommended. The use of digital
droplet PCR (ddPCR) enables the detection of low-level mosaicism for these frequent variants, while the inclusion of targeted next-
generation sequencing (NGS) as a final step allows the identification of rare PIK3CA variants not detectable by other methods. The
proposed algorithm can be recommended for routine PROS diagnostics.

Keywords: PROS, PIK3CA, mutation, segmental overgrowth, vascular malformations
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BBEOEHUE
PIK3CA-Related Overgrowth Spectrum (PROS; cnektp

CMHAPOMOB M36bITOYHOTO poCTa, 0BYCMOBAEHHbBIX MyTaLUSMN B

reHe PIK3CA) — KoMMneKkc peakix reHeTU4eCknX CMHAPOMOB,

XapaKTEPN3YIOLMXCS M3ObITOYHBIM pa3pacTaHeM TKaHew, Co-

CYLMCTLIMW aHOMaNMMAMM U Pa3NINYHBIMU CKEMETHBIMU U KOX-

HbIMW U3MEHEHUAMM.

OTWONOMMS JaHHOW NaTonorMM CBsid3aHa C MOCT3UrOTHOM
myTaumei B reHe PIK3CA, Bo3HWKaloLei B NONynsLmumu comaTu-
YECKWX KINEeTOK Ha paHHMX dTanax 3mMOpUOHamnbHOMo pasBuTUS.
Takim 0bpa3om, B HEKOTOPbIX TKaHSX OTMEYAETCs NpUCYTCTBNE
OBYX unn Bonee reHeTUYeCKn pasnnyHbIX KNETOYHbIX MNHMIA.
Mo3sanyHble MyTaLuu B COMaTUYECKMX KNeTKkax 00bIYHO BO3HU-
KatT CNopagmMyecku U He HacnedyTCs OT POAUTENEN.

HecmoTpsi Ha MHoroobpasue KNMHWYECKMX CHUMMTOMOB,
MOXHO BbIAENUTb XapaKTepHble MPOSIBNEHUS PaCcCTPONCTB
cnektpa PROS [10]. K Hum oTHocsTCS:

*  13ObITOYHBIA POCT XMPOBOW, MbILLEYHOW, HEPBHOW UMM
KOCTHOW TKaHel, NpUBOAALMIA K MaKpOCOMMM, AUCTIPONOpP-
LiMOHamNbHOMY POCTY KOHEYHOCTEN U APYrIM NpU3Hakam na-
ObITOYHOrO pPa3BUTUS TKaHEN;

¢ cocyaucTble ManbgopmMaumu (KanunnsipHole, BEHO3HbIE
U Ip.); 9TW aHOManuu MoryT NPOSIBNSATLCS B BUAE KOXKHbBIX
MOPOKOB, FEMaHIOM, aHroM W ap.;

*  9nuaepMmarnbHble HEBYCbl W TUNEPMUTMEHTUPOBAHHbIE
NATHa, a TaKkKe Apyrie Npu3Haku, He CBS3aHHble C aHoOMa-
nMAMM COCYZ0B (MaKpOAaKTUNUS, YBENUYEHNEe pasMepoB
FONIOBHOTO MO3ra, MOPOKK Pa3BuTUs MOYeK U T.4.).
VI3MeHeHMs HOCST BPOX/AEHHDIA XapakTep Uy BO3HUKaOT

B paHHEM MOCTHaTabHOM Mepuoae.

CurHanbHblin nyTb PI3K/AKT/mTOR nmeeT kntoyeBoe 3Ha-
YeHne A4ns NpoueccoB nponudepaLmum, aHrvoreHe3sa, Bbhkuea-
HWS KNeTok u MeTabonnama [9]. YpeamepHas akTuBaums aToro
Kackaga Bbl3bIBaET CEpPbe3HbIe HapYLUEHUS HOPManbHbIX Kie-
TOYHBIX PYHKLWRA, Y4TO, B CBOK O4epeab, MPUBOAMT K KOHKYPEHT-
HOMY pOCTY, METabONMNYECKOMY NPEUMYLLECTBY W YCUIEHHOMY
aHruoreHesy [9, 16]. MosanyHble MyTaLun B reHax, akTUBMpyto-
wux nyTb PI3BK/AKT/mTOR, B HacTosiLee BpeMsi 0GHapyKeHbI
MpW pasnuyHbIX HapyLIEHUsX TkaHeBOoro pocta [18].

®ochonHosnTna-3-knHasel (PI3K) npeobpasyiot docda-

TuannuHoauton 4,5-6ucpocdar (PIP2) B docdhatmanninHosn-

Ton 3,4,5-Tpudpoccart (PIP3), koTopbiin 3aTEM B3aNMOLENCTBY-

eT ¢ 6enkom AKT Ha KneTouHoit MembpaHe, rae mocneaHuin

nogsepraetcs hocopunmpoBanuto u aktueaummn. FeH PIK3CA
3KCMpeccUpyeTCst BO BCEX KNETKAX, KOANUPYET KaTanuTu4eckyto
cybbepuHnyy p110 anbca PI3K 1 BkntovaeT naTb JOMEHOB:
apantep-cessbisatowmin  (ABD), Ras-casbiBatowmit  (RBD),

C2, cnupanbHbii (helical) v kuHasHbIn. MyTauuu ycunusatot

akTuBHocTb PI3K, uto BegeT Kk yenuyeHnto curHanoB AKT u

mTOR [14], B pe3ynbTaTe Yero NPOUCXOANT aHOMASTbHbIA PoCT

nopaxeHHbIx TkaHen. [edektbl PIK3CA oTHoCATCS Kk Hanbonee
4acTbIM FEHETUYECKUM MOBPEXEHMSAM, BbISBISAEMbIM B 3110Ka-
4eCTBEHHbIX Onyxonsx Yenoseka [8]. Y naumeHToB ¢ PROS, kak

1 B Cryy4ae OHKoMornyeckix 3abonesaxui, Hanbonee yacto 3a-

TParnBarTCs KMHA3HbIN 1 CNUPanbHbIil AOMEHbI [6].

MonekynsipHO-reHeTUYECKOe TECTUPOBaHWE UrpaeT K-
4eBylo ponib B AuarHoctuke naumeHtoB ¢ PROS. Mytauun B
reHe PIK3CA BO3HWKAKOT Ha paHHUX CTagusix ambpuoreHesa;
0YeHb YacTO OHM MPUCYTCTBYHOT NMNLb B HEOOMbBLIOM NPOLEHTE
KNeTOK, YTO 3aTpyAHSET MOMEKYNAPHYH ANarHoCTuKy. dddek-
TUBHOCTb AETEKLMM MyTaLumu 3aBUCUT He TOMbKO OT ee Xapak-
TEpa, HO 1 OT pacnpegenenusi B Tkasix [13]. Takum obpasom,
Ans ToyHon anarHocTukn PROS Tpebyetca npumMeHeHne Bbl-
COKOYYBCTBUTESbHBIX METOOB aHanu3a, cnocobHbIX BbISBNATL
Jaxe HeaHaunTenbHble dpakumm myTaHTHon AHK.

Ha npoTshkeHnn AnUTENbHOrO BPEMEHWU OAHUM M3 OCHOB-
HbIX METOLOB NeyeHust nayneHtoB ¢ PROS 6bino xupypride-
CKOE BMeLIaTenbCTBO, MOMOralLiee yCTpaHUTb CUMMTOMbI,
CBA3aHHble ¢ pasnuyHbiMu opmamu PROS u ynydwatowee
BHELWHWA BUA nauneHTa. Xupypruyeckue MEeTofbl BKIHOYAKT
KOPPEKLMOHHbIE Onepauuu, yaaneHne n3bbITOUYHbIX TKaHEN W
amnyTauun. 3Tu Npoueaypbl MOryT CoveTaTbCsl C UHTEPBEH-
LMOHHBIMI METOAaMU, TakuMK Kak ambonm3auns cocyamncTbix
ManbgopmaLmni, AN LOCTUKEHUS HAUNYYLWKUX pe3ynbTaTos [2].

Pa3sButne MonekynsipHoi 6uonoruu, Groxumumn n apma-
konorun cnocobCTBOBaN0 OTKPbITUKO MHIMOMTOPOB CUTHAMBHO-
ro nyT PI3K/Akt/mTOR. WHrubutopel mTOR, Takue kak pana-
MWULMH 1 €ro aHamnoru (3BeponmmMyc, cuponmmMyc), BrokupytoT
aKkTMBaumio Muwenn panamuumHa (MTOR), 4TO NpUBOAMT K
CHUKEHWIO KMETOYHOrO pocTta v nponudepauun. B HekoTopbix
“CCreaoBaHNsX foka3aHa ahMEKTUBHOCTb MPUMEHEHNS CUPO-
numyca ans nayuentos ¢ PROS [7, 15, 17].

TepaneBTuyeckuis noteHuman uHrmomtopo PI3K npm
PROS 6bin “3Ha4yanbHO MPOAEMOHCTPUPOBAH Ha MbILUMHBIX
moZensx u Hebomblumx rpynnax nauueHtoB [19]. Jleuenue
cenekTUBHbIM UHrMbutopom PI3K, annenucubom, npusoant
K 3HauNTENbHOMY pErpeccy runepTpoupoBaHHbIX Y4acTKOB
Tena n ynyyleHW Ka4yecTBa XM3HM NaLMEHTOB NPU XOPOLLEN
nepeHocumocTy [3, 5, 12]; cornacHo POCCUMIMCKOMY KOHCEHCYCY
annenncub pekoMeHAoBaH B kayecTse npenaparta Bbibopa ans
cnctemHon Tepanum PROS [1].

LENb UCCIIEAOBAHUA

Llenbto HacTosLLEro UccneaoBaHus SBNSETCS aHanus Ya-
cTothl MyTauui PIK3CA y nauueHToB C KNWHUYECKUMW MpO-
asneHnsamn cnektpa PROS, a Takke anpobauus nowarosoro
anroput™a AHK-gnarHocTukm.

MATEPWAIbI U METO[bI

Bcero B nccnegoBaxve BkoveHo 116 naumeHToB, 13 HUX
72 xeHckoro u 44 myxckoro nona. Kputepusimn BKIOYEHUS B
1ccnefoBaHne Clyxunu: Hanuuue nogo3speHus Ha PROS, ko-
TOpOE nofpa3yMeBaeT pa3pacTaHue TKaHel (BPOXAEHHOe Mnu
HayaBLUEECs B paHHEM AETCTBE) M BbINOMHEHME XOTS Obl 0f-
HOrO M3 CreayLmx yenosuin: 1) Hanuune =2 13 creayoLmx
NPU3HAKOB — pa3pacTaHue KMPOBOM, MbILLEYHON, HEPBHOW NN
KOCTHOW TKaHW; cocyaucTble Manbgopmauuy (KanuinsipHble,
apTEepUOBEHO3HbIE, UMM ATUYECKNE); SNMAEPManbHbIA HEBYC;
2) Hanuuve =1 u3 cregytoLLx CUMNTOMOB — MaKPOAAKTUMMS,
paspacTaHue TKaHeil KOHeYHOCTeN, abaoMUHANBHOM XUPOBON




TKaHW, KpynHble numdaTnyeckne Manbpopmamm, remuMeran-
SHUeanus, gucnnactnyeckas meranaHuedanus, gokansHas
KopTuKanbHas AWUCNasus, aNMaepManbHbliA HEBYC.

CpepHuit BospacT 6onbHbIX cocTaBun 8 net (2,5 mecs-
ues — 29 ner). Mo Bo3pacTy Ha MOMEHT 0bcrnefoBaHus Obinm
BbIZENEHbI Criefytolwme rpynnbl nauneHToB: mnagwe 1 roga
(n=18), ot 1 ropa po 10 net (n=57) n ctapwe 10 net (n=41).

Ha oCHOBaHUM XxapaKTepHbIX KIMHUYECKMX MPU3HAKOB,
BKMIOYas reMurunepTpounio 1 pasnuyHble nokanusauuy num-
(aHrmom, K rpynne CUHLPOMOB M3ObITOYHOrO poCTa TKaHeW
Obinn oTHeceHbl 34 nauueHTa. B nccnegoBaHme Takke BKIKYEH
41 nauueHT ¢ COCyAMCTbIMA ManbhopMaLnsamMm, SBRSIOWMMA-
¢ yacTbio PIK3CA-accoummpoBaHHOro cnekTpa 3aboneBaHui.
¥ 10 naumeHToB Habntoganoch coyeTaHue CUHAPOMa U30bIToY-
HOrO pocTa M cocyaucTbiX Manbopmaumin. Y 14 nauyneHtos
KNWHKYeckas MHopmMaLms oTCyTCTBOBana.

B uccnepoBanue Takke Bowmu 17 nauueHToB C CWH-
papomamn Knmnnens-TpeHoHe (n=10), CLOVES (Congenital
Lipomatous  Overgrowth-Vascular  malformation-Epidermal
nevi-Skeletal anomalies) (n=4), rematoreHHoin Tpombodunnen
(n=1), cuctemHbIm BackynutoM (n=1) u BpoxaeHHON hnebak-
Tasuei (n=1).

FucTonornyeckne Matepuanbl NalMeHTOB HanpaBneHb
Bpayamu pasnuyHbiX NevebHO-NPOUNAKTUYECKUX  YUpeXx-
peHuin (JIMY) Poccun: HaumoHanbHbIA MEeAWLMHCKUIA uccne-
posatenbckun yeHTp (HMWUL) onkonorum um. H.H. BroxuHa,
CaHkT-MeTepbyprcknii - rocydapCTBEHHbIA  NeanaTpruyeckuii

Annenb-guckpummnHauus ¢ 3ongamu TagMan /
Allelic discrimination using TagMan
probes: 28 myTauui / 28 mutations

N=116

v

Lndposas kanenbHas MLP / Digital droplet
PCR: 4 yacTbix myTauuu / 4 common mutations
(E542K, E545K, H1047R, H1047L)

N=95

v

NGS-ananus koaupytoLei
nocnegoatenbHocTi PIK3CA / NGS analysis of
the PIK3CA coding sequence
N=65

Puc. 1. Anroput™m mMonekynspHoO-reHeTU4eckon ANarHocTukn MyTa-
unit PIK3CA (pucyHOK co3faH Ha OCHOBaHUM COBCTBEHHbIX AaHHbIX
aBTOPOB CTaThM)

Fig. 1.  Algorithm for molecular genetic diagnostics of PIK3CA
mutations (the figure was created based on the authors’ own data)

MeanunHekuin yrusepceutet (CMGITIMY), HMUL, um. B.A. An-
mas3oBa, Poccuiickas aetckas knuHudeckas bonbhuua (POKB)
um. H.H. Tuporosa. Matepuanom ans MonekynspHo-reHeTu-
4eCcKoro UCCneaoBaHUs CryXunu apxuHble 61oku hopmanuH-
(PMKCMPOBaHHbIX TKAHEN, PE3ELMPOBaHHbIX B XO4e XUpyprive-
ckux onepauui. Boigenenve OHK npoBogunock ¢ nomoLyblo
kommepyeckoro Habopa QlAamp DSP DNA FFPE Tissue Kit

Tabnuua 1. MocnegosartensHoCTH Npalivepos v TagMan-30HA0B ANs annenb-AuCKPUMUHALK

Table 1. Sequences of primers and TagMan probes for allele discrimination

Mccnigrgxljr:dgxi/:r? o TaqMagzgﬂZ/e %zlr\llln;ﬁrprobes MocneposarensHocts / Sequence
Ok3oH 2_1/ Mpsimoit / Forward 5-TCCGTGAGGCTACATTA-3
Bxon2_1 OBparHbiii / Reverse 5_GTTGCCTACTGGTTCAAT-3
R88Q 3oHg «wt» / Probe «wt» [FAM]JCAAGACGACTTTGTGACC[BHQ1]

30Ha «mut» / Probe «mut» [HEXJACAAGACAACTTTGTGACCIBHQ1]
E81K 3oHa «mut» / Probe «mut» [ROX]CAGAAAGGGAAAAATTTTTTGAG[BHQ2]
OK30H 2_2/ Mpsimoit / Forward 5-TCGGCTTTTTCAACCC-3
Bxon2_2 O6paTtHbli / Reverse 5-AGAAAGGGACAACAGTTAAG-3
R108H 3oHa «wt» / Probe «wt» [FAM]ITAGGCAACCGTGAAGAAA[BHQ1]

3oHa «muty» / Probe «mut» [R6G]TAGGCAACCATGAAGAAAAGIBHQ1]
E110del 3oHg «mut» / Probe «mut» [ROX|CAACCGTGAAAAGATCCTCA[BHQ2]
KI1E 3oHg «mut» / Probe «mut» [CY5]ACCGTGAAGAAGAGATCC[BHQZ]
K111del 3oHa «mut» / Probe «mut» [CY5.5]CAACCGTGAAGAAATCCTCA[BHQ3]
OK3oH 3/ Mpsimoit / Forward 5-GCTGTGTATGTAATAGAATGTT-3
Bxon 3 OBpaTHbiii / Reverse 5_TTAACCATATCAAATTCACACAC-3
G118D 30Ha «wb» / Probe «wi» [FAM]TAAAGGTTTTGCTATCGGC[BHQ1]

3oHa «mut» / Probe «mut» [HEX]TAAAGATTTTGCTATCGGCA[BHQ1]
OK30H 5/ Mpsimoit / Forward 5-TATAAATAGTGCACTCAGAATAAA-3'
Exon 9 OBparHbiit | Reverse 5-ATCAGCATTTGACTTTACCT-3

95



56

OkoHyaHue mabn. 1/ Ending of the Table 1

Viccnepyembilit yyacTok/

Mpaimep/Primer

lMocnepnosatensHoOCTb / Sequence

Target region TagMan 3oHa/ TagMan probes
N345K 30Ha «wty / Probe «wiy [FAM]CCTACGTGAATGTAAATATTCG[BHQ1]
3oHa «mut / Probe «mut» [HEXICCTACGTGAAAGTAAATATTCG[BHQ1]
OKaoH7_1/ Mpsmoit / Forward 5-AGACTAGTGAATATTTTTCTTTGT-3'
Bxon7_1 ObpatHbliit / Reverse 5-ACTGGCCAAAGATTCAAAG-3
C420R 3oHg «wty / Probe «wt» [FAMJACACTGTCCATTGGCA[BHQ!1]
3oHa «mut / Probe «mut» [HEXJACACCGTCCATTGGC[BHQ]
OK30H 7_2/ Mpsimoit / Forward 5-ACACTGTCCATTGGCA-3’
Exon 7.2 OBparTHbiit / Reverse 5.CCAGTAACACCAATAGGGT-3
E453K 3oHg «wty / Probe «wt [FAM[TCATGGATTAGAAGATTTGCTG[BHQ1]
3oHg»muty/ Probesmuty [HEX|TCATGGATTAAAAGATTTGCTGA[BHQ1]
E453Q 3oHa «mut» /Probe «mut» [ROX]TCATGGATTACAAGATTTGCTG[BHQZ]
Ko 10/ Mpsimoit / Forward 5-CTAGAGACAATGAATTAAGGGAA-3
Exon 10 OBpatHsiit | Reverse 5-CATTTTAGCACTTACCTGTGAC-3
E542K 30Ha «wh» / Probe «wt» [FAM[TCCTCTCTCTGAAATCACTGAGCIBHQ1]
3oHa «mut» / Probe «mut» [HEX]TCCTCTCTCTAAAATCACTGAGCA[BHQ1]
E545K 30Ha «wh» / Probe «wt» [FAMICTGAAATCACTGAGCAGGAGAAABHQ1]
3oHg «mut / Probe «muty [HEXICTGAAATCACTAAGCAGGAGAAABHQ1]
E545A 3oHa «mut / Probe «muty [ROXJAAATCACTGCGCAGGAGAAAGIBHQZ]
E545G 3oHg «mut / Probe «muty [CY5|TGAAATCACTGGGCAGGAGAAA[BHQZ]
E545D 3oHg «mut / Probe «mut» [CY5.5]TCTGAAATCACTGACCAGGAGA[BHQ3)
Q546K 3oHa «wt / Probe «wi» [FAMJAAATCACTGAGCAGGAGAAAGAT[BHQ1]
3oHg «mut / Probe «mut» [HEX|TGAAATCACTGAGAAGGAGAAABHQ1]
Q546P 3oHp «muty» / Probe «mut» [CY5]AAATCACTGAGCCGGAGAAAGAT[BHQ2]
Q546R 3oHp «muty / Probe «mut» [ROXJAAATCACTGAGCGGGAGAAAGAT[BHQ2]
Q546E 3oHa «muty / Probe «mut» [CY5.5]GAAATCACTGAGGAGGAGAAAGIBHQ3]
AKaoH 13/ Mpsimoit / Forward 5-TCATTAACTTAACTGACATTCTC-3
Bxon 13 O6paTHbiit / Reverse 5 TGAAAAGAGTCTCAAACACAA-3
E726K 3oHg «wty / Probe «wt [FAMJAGAAGAAGGATGAAACACAAAA[BHQ1]
3oa «mut / Probe «muty [HEXJAGAAGAAGGATAAAACACAAAAGIBHQ1]
KaoH 20/ Mpsmoi / Forward 5-TTGCATACATTCGAAAGACCC-3
Bxon 20 OBpaTHbiit / Reverse 5-TGCTGTTTAATTGTGTGGAAGA-3
H1047R 3oma «wt / Probe «wi» [FAMJATGCACATCATGGTGGCT[BHQ1]
3oHa «mut / Probe «mut» [HEXJATGCACGTCATGGTGGCT[BHQ1]
H1047L 3oka «mut» / Probe «muty [ROXJATGCACTTCATGGTGGCT[BHQ1]
M10431 30Ha «wh» / Probe «wt» [FAM]TCATGAAACAAAT GAATGATGCABHQ1]
3oHa «mut» / Probe»muty» [HEX]TCATGAAACAAATTAATGATGCA[BHQ1]
M1043V 3oHa «mut» / Probe «muty [ROXITCATGAAACAAGTGAATGATGCABHQZ]
N1044K 3oa «mut / Probe «muty [CY5|TCATGAAACAAATGAAAGATGCA[BHQZ]
N1044Y 3oHa «mut / Probe «muty [CY5.5]TCATGAAACAAATGTATGATGCABHQ3]
G1049R 30Hg «wty / Probe «wi» [FAM|GCACATCATGGTGGCTGG[BHQ1]

3oHg «mut» / Probe «mut»

[HEXJGCACATCATCGTGGCTGG[BHQ1]

Tabnuya co30aHa Ha 0cHogaHUU cobcmeeHHbIx OaHHbIX asmopos cmambu / The table was created based on the authors’ own data




Tabnuua 2. MocnegosaTenbHOCTV NpaliMepoB ¥ 30HA0B
Table 2. Sequences of primers and probes

l/lccn«_T_,qyeMbM yqaCTOK/ [Mpaiimep / Primer MocneqoBaTeNbHOCTL / Sequence
arget region TagMan 3oHg / TagMan probes
Ok3oH 10/ Mpsimoit / Forward 5-CTAGAGACAATGAATTAAGGG-3’
Bxon 10 OBpaTHblit / Reverse 5_CATTTTAGCACTTACCTGTGAC-3
E542K 3oHa «wt» / Probe «wi» [FAM]TCCTCTCTCTGAAATCACTGAG[BHQ1]
3oHa «mut» / Probe «mut» [HEX]TCCTCTCTCTAAAATCACTGAGC[BHQ1]
E545K 3oHa «wt» / Probe «wt» [FAMJAAATCACTGAGCAGGAGAAAGA[BHQ1]
3oHg «mut» / Probe «mut» [HEX]TGAAATCACTAAGCAGGAGAAAGA[BHQ1]
Ok30H 20/ Mpsmoit / Forward 5-GCATACATTCGAAAGACC-3'
Bxon 20 OBparHblii / Reverse 5_-GCTGTTTAATTGTGTGGAA-3
H1047L 3oHa «wt» / Probe «wt» [FAM]GATGCACATCATGGTGGC[BHQ1]
3oHa «mut» / Probe «mut» [HEX]TGATGCACTTCATGGTGGC[BHQ1]
H1047R 30Ha «wt» / Probe «wt» [FAM]GATGCACATCATGGTGGC[BHQ1]
3oHg «muty» / Probe «muty» [HEX]GATGCACGTCATGGTGGC[BHQ1]

TMpumeyaHue: XNpHbIM LUPUEDTOM BbIAENEH 3aMEHSIOLLMACS HYKNEOTUE,.
Note: the replacement nucleotide is highlighted in bold.

Tabnuya co30aHa Ha 0CHogaHUU cobcmeeHHbIX OaHHbIX asmopos cmambu / The table was created based on the authors’ own data

(Qiagen). Anroputm panbHenLweln MoneKkynapHO-reHETUYECKON
puarHoctukn mytaumn PIK3CAy naynentos ¢ PROS npegcTas-
NeH Ha pucyHke 1.

Ha nepsom aTane B kayecTBe MeTOAa AETEKUMN MyTaLum
Obina npegnoxeHa annenb-GUCKPUMUHALMA HA OCHOBE MOSN-
MepasHoil LenHoit peakuun (MLP) B peanbHoM BpemeHm € uc-
nonb3osaHnem TagMan-npo6, cneunduuHbIX K 28 naToreHHsIM
BapuaHTaMm, pacronoXeHHbIM B 3k30Hax 2, 3, 5, 7, 8, 9 1 20 reHa
PIK3CA (tabn. 1). B cocTtaB peaKuyMoHHON CMECH (KOHEYHbIN
obbem 20 mkn) Bxogumu: 1x MLP 6ydep (Applied Biosystems
GeneAmp, Thermo Fisher Scientific, Austin, TX), 3,5 mmonb
MgCI2, 200 mKmOMnb KaXgoro W3 AE30KCMHYKNeoTuaTpudoC-
catoB (gAT®, gUT®, alTO, aTT®), 0,5 MKkMonb MPAMOro M
obpaTHoro npaimepos, no 0,5 MKMOMb annenb-cneyuuyHbIX
tnyopecLieHTHO-MeueHbIx 30Ha0B, 1ME Taq M-nonumepasbl
Intifica («Ankop Buoy, r. CaHkT-MeTepbypr) 1 1 Mkn nccneayemoit
OHK. NUP-amnnundukaums nposoannack B Te4eHne 35 LMKMos.

C yyetom TOro, yto copepxaHue mytantHon [HK B nc-
crnegyeMon TKaHW MOXET OblTb OYEHb HE3HAUMTEMbHbIM, AMNS
TOYHOM AMAarHoCTUKM TpebyeTcs WMCMonb30BaHME BbICOKOYYB-
CTBUTENbHBLIX MeTOAO0B. [ins aToro 6bina paspabortaHa TecT-
CMCTeMa, OCHOBaHHas Ha MpPUMEHEHUM LdPOBON KanemnbHOM
MUP (ddPCR). Ons uccnegoeaHus Obiny BbibpaHbl YeThIpe
mucceHc-myTauun PIK3CA, 3aTparvBarolime «ropsuve Tou-
kn» myTareHesa: p.E542K n p.E545K B ak3one 10, a Takke
p.H1047R v p.H1047L B 3k30He 20.

[ins BbISBNEHMS Kaxdon M3 3ameH Obinu paspaboTaHbl
npaimepbl 1 annenb-cneyuduyeckne MoopecLeHTHO MeYeH-
Hble TagMan-npo6bi (Tabn. 2): 04uH 30HA KOMMNIEMEHTAPEH ar-
Nento AMKOro TUNa, a BTOPON — MyTaHTHOMY BapuaHTy.

Lindpposas kanensHas MNLP npoogunacs ¢ NOMOLLbIO Cu-
ctembl QX200™ (Bio-Rad). UcxoaHbiin obpasey AHK cmeLum-

Banca ¢ lNLIP-peareHTamn 1 MHTEpKanupyloWwmmM Kpacutenem
UK RIOPECLEHTHO MeYEHHBIMI 30H4aMW, NOCIe Yero CMech
3MynbrupoBanach ¢ MMHeparbHbIM MacnoM 1 nomelyanach B
Tepmouwknep. Mocrne 3asepluenns TMLUP npoussogunock u3-
MepeHe IIOPECLEHLNN KXKOOA NHANBNAYANBHON peaKLyi.
Kannu, B koTOpbIX Npon30LLa aMnanduKkaLmus peakoro annens,
LEMOHCTPUPOBaNK (PrIOOPECLEHTHBIA CUTHAM, COOTBETCTBYHO-
wui pntoopochopy MyTaHTHOrO 30oHAa (HEX), a kannu, copep-
Xallme annenb AUKOro TUna, OLEeHNBAn1Ch B APYroM CrekTpars-
HOM auana3oHe (kaHan FAM). PesynbTaTbl aHan1anpoBanich ¢
CMOMb30BaHNEM BCTPOEHHOTO NPOrpamMMHOr0 obecneyeHns.

B cnyyae HeraTuBHOro pesynbTaTa MpeablgyLLuxX 3Tanos
AMarHoCTWKM NPOBOAMICS aHanmM3 NorHO KoAypyHoLLen nocre-
posatenbHocTh reHa PIK3CA (tpaHckpunt NM_006218.4) me-
TOAOM TapreTHOro BbICOKONPOU3BOLUTENBHOTO CEKBEHMPOBA-
Hus. Moarotoska [HK-6ubnuoTek ocyLlectensnack no npoto-
kony Kapa HyperPlus Kit (Roche). [Ins MynbTunnekcuposaHms
1CNonb30BaM YHUKanbHble 4BOWHbIE MHAEKCHI. OboralleHune
Mo LieneBbiM NOCNEA0BATENbHOCTAM (3K30HaM, SK30H-MHTPOH-
HbIM rpaHnLam u 5'- n 3'-HeTpaHcnupyembim ob6nactsm PIK3CA)
NpOBOAMIM METOAOM [BOWMHOM rnbpuan3aumm ¢ KacTOMHbIMU
BrotuHnnupoBaHHbiMi 3oHgamu (HIMK «Cuntony, Poccus).
FoToBble GUONMOTEKM CekBeHWMpoBamM Ha npubope GenolLab
M (GeneMind, Kutait) ¢ ncnonb3oBaHMEM MPOTOYHON SYENKM
FCM no 150 uuknos B 06e cTopoHbl. CpeaHss rny6uHa nokpbl-
Tns coctaensna 500X, ¢ 99,9% ocHOBaHWiA, NPOYUTAHHbBIX He
veHee 100 pas. BuonHdopmatuyeckas 06paboTka Bkntoyana B
cebs hopmupoBanme arnos FASTQ, oLeHKy kayecTBa W Bbl-
paBHWBaHWE NpoyTEHUit Ha reHom hg19 ¢ ncnonb3oBaHueM arn-
roputma BWA. KapTpoBaHHble NpouTeHNst UCCNeaoBanich Ha
Hanuyne OLHOHYKNEOTUAHBLIX MONMMOPGU3MOB 1 HeBGOMbLIMX
MHCEpLMi/aeneLmi ¢ noMoLLb MHCTpymeHTa HaplotypeCaller
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CnekTp MmyTaumiti, O6HapyxXeHHbIX Ha aTane
¢ TagMan 3oHaamm (pUCyHOK cO3aH Ha OCHOBaHUM COOCTBEHHBIX [aH-
HbIX aBTOPOB CTaTb)

Puc. 2. nup-pPB

Fig.2.  The spectrum of mutations detected at the stage of Real-
time PCR with TagMan probes (the figure was created based on the
authors’ own data)

Lincbposast kanensHas MLUP / Digital droplet PCR (ddPCR)
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3k30H 20 / Exon 20
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Puc.3. Cnektp myTtaumit, obHapyxeHHbix Ha aTane ddPCR (pucy-
HOK CO3JaH Ha OCHOBaHUN COBCTBEHHbIX AAHHBIX aBTOPOB CTaTbK)

Fig. 3.  The spectrum of mutations detected by ddPCR (the figure
was created based on the authors’ own data)

Konuyectso mytauum /

(GATK4). inst aHHOTaLMM BapuaHTOB W OLIEHKM UX MaTOreHHo-
CTW ncnonb3oBanu nHcTpymeHTbl SnpEff, ClinVar, VarSome.

PE3YNbTATDI

lMpuMeHeHne Kkomnnekca MeTogdoB (annenb-aucKpuMuHa-
unsa ¢ TagMan 3oHgamm, undposas kanensHas MNLP, TapretHoe
BbICOKOMPOWN3BOAUTENBHOE CEKBEHUPOBAHWE) MO3BONNNO Bbl-
SBUTb naToreHHble BapnaHTel PIK3CA B 56 cnyvasx (48,3%).
46 wmyTaumin (82,2%) npefcTaBneHbl YeTblpbMsi Haubonee
pacnpocTpaHeHHbIMU  MucceHc-3ameHamn  (E542K, E545K,
H1047R, H1047L).

Wcnonb3osanue metopa MLP-PB ¢ TagMan 3oHgamu no-
3BONUNO BbISBUTL 21 NATOTEHHbIN BapUaHT (puc. 2).

BONbLWKMHCTBO BbISBMEHHBIX MyTaLuii NOKanu3oBaHO B
10-m 3k3oHe. Momnmo TunnyHbIx 3ameH (E542K, E545K) Gbinn
BbISIBNEHbI pedkve BapuaHTbl MyTaumin — Q546R n Q546K.
Kpome Toro, bbinm 0BHapyxeHbl HeYacTo BCTpeYatoLwmecs My-
Tauum Bo 2-, 3- 1 7-M 9K30HaX.

C nomoLlbto MeToAa LndpoBoit kanenbHoi MNLP Bbino go-
nonHuTenbHo BobisiBneHo 30 myTauuii (53,6%), npuyem Gonee

Tabnuua 3. CnekTp naToreHHbIx BapnaHToB reHa PIK3CA, BbISIBNIEHHbIX
pasnnyHbIMK METOLaMM

Table 3. The spectrum of pathogenic variants identified by various
methods

[lonsi oT Bcex BbIsIBNEH-
Ok3oH/ | Mytaumsa/ | Konuuectso / HbIX MyTaLui /
Exon Mutation Number Percentage of all identi-
fied mutations
Annenb-duckpumunayus / Allelic discrimination
2 K111del 1 21/56 (37,5%)
3 G118D 1
7 C420R 1
9 E542K 7
E545K 5
Q546K 1
Q546R 1
20 H1047R 4
Lucpposas kanenvHas P / Digital droplet PCR
9 E542K 4 30/56 (53,6%)
E545K 16
20 H1047L 2
H1047R 8
TapeemHoe cekeeHuposaHue / Targeted sequencing
2 G106V 1 5/56 (8,9%)
N107T 1
E109K 1
6 C378Y 1
7 C420R 1

Tabnuya co3daHa Ha 0CHOBaHUU COBCMBEHHbIX OaHHbIX a8mopos cmambu /
The table was created based on the authors’ own data

MOMOBUHBI U3 HWX MPefCTaBneHbl YacTo BCTPeYatLLeincs Muc-
ceHc-3ameHoit E545K B 10-m ak30He (puc. 3).

CpefHnit NpoueHT copepxanus mytaHTHoi [HK B 06pas-
uax coctasun 4,1% (0,13-40%).

HakoHel, MCMonb3oBaHWe TapreTHOro BbICOKOMPOU3BO-
ANTENbHOr0 CEKBEHMPOBAHWS MO3BOMNIO AOMOMHUTENBHO Bbl-
ABuUTb natb MyTauuin: G106V, N107T n E109K Bo 2-m 3k30HE,
C378Y B 6-m 3k3oHe n C420R B 7-M 3K30HE.

CnekTp naToreHHbIX BapuaHTOB, BbISIBMIEHHbIX Pa3NnNyHbI-
MW MeTofamu, NpeacTasneH B Tabnuue 3.

YacToTa BbISIBNEHUS MyTaLMil B Pa3nuyHbIX BO3PACTHbIX
rpynnax 3HauuMmo He oTnuyanach, coctasnss 55% (10/18)
y naumeHToB B Bo3pacte Ao 1 roga, 45,6% (26/57) B rpynne
nayuentoB 1-10 net u 48,8% (20/41) cpenm BonbHbIX cTapLie
10 ner.

[aHHble 0 yacToTe MyTaLui y NaLNeHTOB C PasHbIMM KIn-
HUyeckumm heHoTUnammn npuBeaeHsl B Tabnuue 4. Mytauuu
PIK3CA BbisiBneHbI y TpeX 13 YeTbipex BOMbHbIX ¢ (hEHOTUMOM
cuigpoma CLOVES. B rpynne u3 41 nauueHTa ¢ cocyamcTbl-
mu manbgopmaumuamu 20 yenosek (48,8%) nmenu myTauumm




Tabnuua 4. MpoLeHT BbISBNEHUS MyTaLuid A1 pa3NNYHbIX CUHLPOMOB
PROS

Table 4. Percentage of mutation detection for various PROS syndromes

[ons naumeHToB
Knunuyeckuin peHotun / C MyTausivie /
Clinical phenotype Percentage of
patients with
mutations
CocyancTble Manbgopmatmm / 20/41 (48,8%)
Vascular malformations
CuHapoM n36bITo4HOro pocta / 17/34 (50%)
Overgrowth syndrome
CvHapom 130bITOYHOTO pocTa + COCYANUCTbIE 6/10 (60%)
Manbcopmarum /
Overgrowth syndrome+Vascular malformations
CuHopom Knunnensi-TpeHoHe / 6/10 (60%)
Klippel-Trenaunay syndrome
Cungpom CLOVES (Congenital Lipomatous 3/4 (75%)
Overgrowth-Vascular malformation-Epidermal
nevi-Skeletal anomalies) / CLOVES syndrome
'emaToreHHas Tpombocmnus / on
Hematogenous thrombophilia
CucTemHbI BackynuT / Systemic vasculitis 0/1
BpoxpaeHHas dnebakrasus / 0/1
Congenital phlebectasia

Tabnuya co3daHa Ha 0CHO8aHUU COBCMBeEHHbIX aHHbIX a8mopos cmambu /
The table was created based on the authors’ own data

B reHe PIK3CA. Beicokas yactoTa mytauuin (50%) BbisiBneHa y
NaLMEHTOB C M30MIMPOBAHHbLIM CUHAPOMOM W3BbLITOYHOrO pocTa.
Cpenu 6onbHbIX, Y KOTOpbIX HAabMoAanocs coveTaHue cocyau-
CTbIX ManbopmMaLun 1 CUHAPOMA U3ObITOYHOTO pocTa, MyTa-
Luu Bbinn obHapyxeHsl B 6 n3 10 cnyyaes (60%).

13 10 naumenToB ¢ cuHapomom Knunnens—TpeHoHe myTa-
Luv Bbinm BoisiBreHbl y 6 yenosek (60%). B To xe Bpems cpeau
MaUMEHTOB C TaKUMU KIMHWYECKUMU AMarHo3amu, Kak remaro-
reHHast TPOMBOUNNSA, CUCTEMHBIA BacKynuT U BPOXAEHHAs
nebakrasus, mytauum B reHe PIK3CA He Obinu BbISBMEHb,
4TO MOXET YKa3blBaTb Ha pYrue naToreHeTUYeckne MexaHus-
Mbl AaHHbIX 3a060neBaHui.

OBCYXAEHWE

B npepctaBneHHoM uccrnefoBaHun MpoBeLeH KOMMAEKC-
HbI aHanus myTauui reHa PIK3CA 'y 116 nauneHToB C KIUHU-
yeckumm nposieneHusMn cnektpa PROS ¢ npumeHeHuem Tpex
B3aMMOZOMONHSAWMX METOAUK — anmenbHON AUCKpUMUHA-
uuu, unudposon kanensHow MNLLP 1 TapreTHOro BbICOKONPOU3BO-
BUTENBHOIO CEKBEHMPOBaHUS. Takoil MHOrOYyPOBHEBbIN MOAXOA
NO3BONNN BbISIBUTb MATOreHHble BapuaHThl B 48,3% cryyaes.
[Mony4eHHble pe3ynbTaThl COrNacylTes ¢ 4aHHbIMW APYriX aB-
TOPOB, COrMacHO KOTOPbIM YacTOTa BbISBMEHUS MATOreHHbIX Ba-
pnaHToB coctaBuna 46-52% npw ncnonb3oBaHUM KOMBUHWPO-
BaHHbIX MeTO0B aHanwu3a [4]. bonee Bbicokas apHEKTUBHOCTb
obHapyxeHus myTauuit (62-67% cnydaes) B pabote P. Kuentz
u coasT. [11], BEPOSATHO, CBSi3aHA C TeM, YTO B YNOMSHYTOM
NCCNeaoBaHNM  BbICOKOMPOU3BOAUTENBHOE  CEKBEHUPOBaHWE

BbINOMHANOCH C 6onbLuen rIyouHON NPOYTEHNA LieneBbiX pe-
rnoHoB (1000X); kpome Toro, pasnuyust 0BbACHAKTCS HEOAHO-
POOHOCTBIO MCCIEdYEMbIX KOropT.

Hanbonee yacTo BCTpeYaloLMMMCS OKa3anncb MUCCEHC-
3ameHbl E542K, E545K, H1047R 1 H1047L, coBokynHO cocTas-
nsaowpe 6onee 80% BCex BbISBMNEHHbIX BAapUaHTOB. [JaHHble
MyTauWn NOKanu3oBaHbl B CIMPArNbHOM W KUHA3HOM JOMEHax
Benka p110a, YTO COOTBETCTBYET M3BECTHBIM «FOPSYAM TOY-
kam» MyTareHe3a, onucaHHbIM kak npu PROS, Tak u npu oHko-
nornyeckux 3abonesanmsx [6, 8, 13]. X dyHKUMOHaNbHAs 3Ha-
UAMOCTb CBfi3aHa C YCUINEHWEM KaTanmMTU4ECKOW aKTMBHOCTW
PI3K u runepaktuBaumen curHanbHoro nyti PI3K/AKT/mTOR,
4TO MPMBOAWT K MOBBIEHMIO KNETOYHOW Mponudepauuu,
aHrnoreHesy 1 aHomarbHomy pocTy TkaHei [9, 16]. Mpeobna-
AaHve [aHHbIX 3aMeH B UCCrefyeMor KoropTe noaTeepxaaet
KMto4eBYto ponib 3TUX AoMeHoB B natoreHede PROS u o6ocHo-
BbIBaeT LienecoobpasHOCTb MepBUYHOTO CKPUHWHIA Hanbonee
4acTbIX MyTaLui.

Mcnonb3oBaHue uudposoii kanensHoi MNLP (ddPCR) no-
3BOJINIIO CYLLECTBEHHO MOBLICUTH YYBCTBUTENBHOCTL aHann3a
1 BbISIBUTb HU3KO(PAKLMOHHBIE BapuaHThbl, COAEpKaHne KoTo-
pbix B 0bpa3yax coctasnsno ot 0,13 go 40%. 310 ocobeHHO
Ba)XHO, y4MTbIBas MO3auyHyto npupogy mytaumi npu PROS.
Mo cpasHeHWo ¢ annenb-cneumduyeckon MLP metog ddPCR
npogemMoHcTpupoBan 6onee Bbicokyto achpekTuBHOCTb (53,6%
BbISBMEHHbIX MyTaLuii), YTO cornacyetcs ¢ HabniogeHusamu
G. Mirzaa v coaBT., noka3aBLUUX MPEUMYLLECTBO BbICOKOYYBCTBM-
TEMNbHbIX TEXHONOMI NPU aHanM3e Mo3anyHbIX BapuaHToB [13].

lprMeHeHNe TapreTHOrO BbICOKOMPON3BOAUTENBHOTO CEK-
BeHupoBaHus (NGS) no3sonuno AOMOMHUTENBHO WMAEHTUDU-
LmpoBaTh NATb peakux 3ameH (G106V, N107T, E109K, C378Y,
C420R), He oBHapyXeHHbIX Ha NpedblayLLMX dTanax aHanuaa.
Takum o6pasom, BkntoveHne NGS B 3aBepLuaroLLmin aTan anro-
puTMa 06ecneynBaeT pacluMpeHme AMarHoCTUYeCKoro oxaeara u
BO3MOXHOCTb AETEKLMN HETUMUYHBIX UMW HOBBIX BAPUAHTOB [4,
11]. OmHako BbiCOKasi CTOMMOCTb U TpyaoemkocTb aenatoT NGS
LienecoobpasHbIM NULLb NOCME UCKMOYEHMS YacTbiX MyTaLni ¢
nomoLLblo Gonee AOCTYMHbLIX METOZOB.

AHanm3 B3aMMOCBA3N MeXZy KNUHUYECKMMW (heHOTUNaMM
1 reHeTUYeCKUMI pesynbTaTaMi nokasar, YTo YacToTa BbisiB-
neHus MyTauuii Bapbipoana ot 48,8% npw cocyancTbix Marb-
thopmauwmsx go 75% npm cuHgpome CLOVES. Bornee Bbicokas
[0S MONoXuTenbHbIX pesynbtatoB npu CLOVES- n Knun-
nenb—TpeHoHe-NoA0BHbIX (heHOTMNAX MOXKET OTpaxaTb BbICO-
Kyl0 BEPOSTHOCTb nopaxeHus PI3K-3aBUCUMOro curHanbHoro
nyT¥ B AaHHbIX hopmax 3abonesanns. OTCyTCTBME MyTaLuiA Y
NaLyWeHTOB C BACKyNNTOM 1 BpOXAeHHON (nebakTasnen ykasbl-
BaeT Ha FEHETNYECKY reTepOreHHOCTb 3TUX COCTOSHUIA 1 NOA-
TBEpXAaeT He0OX0AMMOCTb AnddepeHLmManbHON AUarHoCTHKM
C OPYTUMU HaCcNeACTBEHHBIMU U COMATUYECKUMI CUHOPOMaMK
130bITOYHOrO pocTa.

WHTepecHbiM HabmogeHneM SBNSETCS CXOAHask 4acTo-
Ta MyTauui BO BCex BO3paCTHbIX rpynnax (45-55%), uto
noaTBepXaaeT BPOXAEHHbIA MOCT3UIOTHLIA XapakTep MyTa-
LMIA. JTOT (hakT cornacyetcs ¢ NpeanonokeHeM 0 paHHEM
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3MOpLoHanbHOM
PROS [9, 13].

B coBOKYNHOCTH pesynbTaThl MICCEA0BaHNS [EMOHCTPUPY-
10T, YTO NPEANOKEHHbIN NOLLAroBbIiA anropuT™M MOMEKYNSPHON
AVarHoCTuKk1 0BecneynBaeT BbICOKYH TOYHOCTb NPpU ONTUMarb-
HOM COOTHOLLEHWW 3aTpaT M AMArHOCTUYECKOM MHGOpMaTHB-
HocTW. Ero npumeHeHne no3BonseT NoBbICUTL 3hEKTUBHOCTL
BbisiBNeHns MyTauuit PIK3CA no cpaBHeHW ¢ NCNONb30BaHW-
€M W30MMUPOBaHHbIX METOZOB M MOXeT ObiTb PEKOMEHAOBAHO
ANS BHEAPEHUS B KIMHUYECKYI0 NPaKTUKY.

BbIBO[bI

1.B pesynbTaTe MOMEKYNSAPHO-TEHETUYECKOTO aHanu3a
natomopcornoryecknx obpasLoB 116 NaUMeHTOB C KNUHKUYe-
ckummn nposiBneHnsamm cnektpa PROS myTaunn B reHe PIK3CA
Obinn BbiSBNEHb! Y 56 60nbHbIX (48,3%), YTO NOATBEPXAaeT
BbICOKYIO YaCTOTY BOBMEYEHNS JAHHOIO reHa B MaToreHes CuH-
APOMOB M3BbITOYHOTO pocTa.

2. Hambonee pacnpocTpaHeHHbIMM BapuWaHTami  OKa-
3anncb MucceHc-3ameHbl p.E542K, p.E545K, p.H1047R wu
p.H1047L, coBokynHo coctaenstowme 6onee 80% Bcex BbisiB-
NEHHbIX MyTauui. VX nokanusaums B CnMpanbHOM 1 KMHA3HOM
pomeHax reHa PIK3CA noateepxaaeT KntoyeByto porb AaHHbIX
obractein B runepaktueauuu curHanbHoro nytu PISK/AKT/
mTOR.

3. MNpumeHenmne uncdposoir kanenbHoi MUP (ddPCR) no-
3BOMUIMO JOCTOBEPHO MOBbLICUTH YyBCTBUTENBHOCTL aHanm3a u
BbISIBNATL MyTaLWM NpW HA3KOM COAEPXaHWUM MyTaHTHOrO arn-
nens (po 0,13%), 4To 0COBEHHO BaXHO MpM MO3anyHbIX (hop-
max PROS.

4. BKnto4yeHWe TapreTHOro  BbICOKOMPOW3BOAUTENBHOMO
cekseHupoBaHus (NGS) B 3aBepLuatoLLuil 3Tan anroputMa gua-
THOCTWKW MO3BOMWIO MAEHTU(ULUMPOBATL pedkne BapuaHTbl
PIK3CA (G106V, N107T, E109K, C378Y, C420R), He onpepe-
nsemble Jpyrumu MeTogamu.

npoucxoxaeHun BonblUMHCTBA  Chy4YaeB

NNTEPATYPA

1. CarosH I.B., Kykos H.B., CtpenbHukos B.B., Xarypos P.A.,
CyneitmaHoBa A.M., Mapeesa t0.M. u gp. KoHceHcyc no gua-
rHocTuke M nevenmto PROS (cnektp cuHApPOMOB M3BbITOYHOTO
pocTa, accoummpoBaHHbIXx ¢ MyTauuen PIK3CA). Poccutlickuli
XypHan demckoli eemamonoeuu u oHkomoeuu (PXAOruO).
2023;10(2):117-130.  https://doi.org/10.21682/2311-1267-2023-
10-2-117-123.

2. CarosH I.b., Kneukas W.C., VmsnutoB E.H., Mapeesa t0.M.,
KykoB H.B., Xarypos P.A., CyneimaHosa A.M. Cnektp cuH-
APOMOB M3BLITOMHOTO pocTa, CBA3aHHbIX ¢ MyTaumein PIK3CA.
O63op nutepatypbl. Pocculickuli XypHan demckol 2emamo-
noauu u oHkonoeuu (PXAruO). 2022;9(1):29-44. https://doi.
org/10.21682/2311-1267-2022-9-1-29-44.

3. Canaud G., Lopez Gutierrez J.C., Irvine A.D., Vabres P., Hans-
ford J.R., Ankrah N. et al. Alpelisib for treatment of patients
with PIK3CA-related overgrowth spectrum (PROS). Genet Med.
2023;25(12):100969. https://doi.org/10.1016/j.gim.2023.100969.

5. PaspaboTaHHblit nowarosbli anroputm JHK-guardoctuku,
OCHOBaHHbIV Ha nocnegosaTenbHoM npumereHuu MNLP ¢ TagMan-
30H4amK, LmdpoBoit kanenbHoi MLP 1 TapreTHOro cekBeHMpoBa-
HWS, 06ecneumBaeT BbICOKYH) AMArHOCTUYECKYH 3GhdeKTMBHOCTb
Mpu1 ONTUManbHOM COOTHOLLEHWM 3aTpaT U MHGOPMATUBHOCTM W
MOXET ObITb PEKOMEH0BaH AMnst PYTUHHOTO MOMEKYNSPHO-TeHe-
TUYECKOro TECTUPOBAHWSA NaLMEHTOB ¢ nogo3peHnem Ha PROS.

AONONHUTENbHAA UHOOPMALIUA

Bknag aBTopoB. Bce aBTOpbl BHECNM CYLECTBEHHbIN
BKNag B pa3paboTky KOHLenumu, NPOBEAEHINe UCCIefoBaHNs U
MOAroTOBKY CTaTby, MPOYnM 1 0f06pUnM uHamnbHY0 Bepcuto
nepeq nybnukauyen.

KoHdpnukT uHTepecoB. ABTOpbI AE€KNapUPYIOT OTCYTCTBUE
SBHbIX 1 NOTEHLManbHbIX KOHPMUKTOB MHTEPECOB, CBA3AHHbIX C
nybnukaLumen HacTosLLen cTaTbum.

WcTounmnk cmHaHcupoBaHus. VccnenosaHue BbinonHe-
HO C oMHaHCOBOM nofAepXkoi komnaHun «HosapTuc-dapmay.

MHhopMupoBaHHOe cornacue Ha nyGnukaumi. ABTopb!
MONYYWNN MMCbMEHHOE COTNacue MaLneHTOB MM UX 3aKOHHBIX
npeacTaBuTENeit Ha Ny6NMKaLmMio MEQULMHCKIX SaHHBIX.

ADDITIONAL INFORMATION

Author contribution. All authors made a substantial
contribution to the conception of the study, acquisition, analysis,
interpretation of data for the work, drafting and revising the
article, final approval of the version to be published and agree
to be accountable for all aspects of the study.

Competing interests. The authors declare that they have
no competing interests.

Funding. The study was carried out with financial support
from “Novartis Pharma”.

Consent for publication. The authors obtained written
consent from patients or their legal representatives for the
publication of medical data.

4.  Coubes C., Delobel B., Edery P., Chehadeh S.E., Francannet C.,
Geneviéve D. et al. Molecular diagnosis of PIK3CA-related over-
growth spectrum (PROS) in 162 patients and recommendations
for genetic testing. Genet Med. 2017;19(9):989-997. https://doi.
org/10.1038/gim.2016.220.

5. Fontelles G.G., Pastor J.P., Moreillo C.G. Alpelisib to treat
CLOVES syndrome, a member of the PIK3CA-related overgrowth
syndrome spectrum. Br J Clin Pharmacol. 2022;88(8):3891-3895.
https://doi.org/10.1111/bcp.15270.

6. Gripp K.W., Baker L., Kandula V., Conard K., Scavina M.,
Napoli J.A. et al. Nephroblastomatosis or Wilms tumor in a
fourth patient with a somatic PIK3CA mutation. Am J Med
Genet A. 2016;170:2559-2569. https://doi.org/10.1002/
ajmg.a.37758.

7. Hillmann P., Fabbro D. PI3K/mTOR pathway inhibition: oppor-
tunities in oncology and rare genetic diseases. Int J Mol Sci.
2019;20(22):5792. https://doi.org/10.3390/ijms20225792.




Kandoth C., McLellan M.D., Vandin F., Ye K., Niu B., Lu C. et al. Muta-
tional landscape and significance across 12 major cancer types. Na-
ture. 2013;502(7471):333-339. https://doi.org/10.1038/nature12634.
Keppler-Noreuil K.M., Parker V.E., Darling T.N., Martinez-Agos-
to J.A. Somatic overgrowth disorders of the PI3K/AKT/mTOR
pathway & therapeutic strategies. Am J Med Genet C Semin Med
Genet. 2016;172(4):402-421. https://doi.org/10.1002/ajmg.c.31531.
Keppler-Noreuil K.M., Rios J.J., Parker V.E.R., Semple R.K., Lind-
hurst M.J., Sapp J.C. et al. PIK3CA-related overgrowth spectrum
(PROS): diagnostic and testing eligibility criteria, differential di-
agnosis, and evaluation. Am J Med Genet A. 2015;167A(2):287-
295. https://doi.org/10.1002/ajmg.a.36836.

Kuentz P., St-Onge J., Duffourd Y., Courcet J.B., Carmignac V.,
Jouan T. et al. Genotypes and phenotypes heterogeneity in
PIK3CA-related overgrowth spectrum and overlapping conditions:
150 novel patients and systematic review of 1007 patients with
PIK3CA pathogenetic variants. J Med Genet. 2023 ;60(2):163-
173. https://doi.org/10.1136/jmedgenet-2021-108093.

Madsen R.R., Semple R.K. PIK3CA-related overgrowth: silver bul-
lets from the cancer arsenal? Trends Mol Med. 2022;28(4):255-
257. https://doi.org/10.1016/j.molmed.2022.02.009.

Mirzaa G., Timms A.E., Conti V., Boyle E.A., Girisha K.M., Mar-
tin B. et al. PIK3CA-associated developmental disorders ex-
hibit distinct classes of mutations with variable expression and
tissue distribution. JCI Insight. 2016;1(9):e87623. https://doi.
org/10.1172/jci.insight.87623.

REFERENCES

1.

Sagoyan G.B., Zhukov N.V., Strelnikov V.V., Khagurov R.A,
Suleymanova A.M., Mareeva Yu.M. et al. Consensus on the
diagnosis and treatment of PROS (PIK3CA-related overgrowth
spectrum). Russian version. Russian Journal of Pediatric Hema-
tology and Oncology. 2023;10(2):117-130. (In Russ.). https://doi.
org/10.21682/2311-1267-2023-10-2-117-123.

Sagoyan G.B., Kletskaya I.S., Imyanitov E.N., Mareeva Yu.M.,
Zhukov N.V., Khagurov R.A., Suleymanova A.M. A spectrum
of overgrowth syndromes associated with the PIK3CA muta-
tion. Literature review. Russian Journal of Pediatric Hemato-
logy and Oncology. 2022;9(1):29-44. (In Russ.). https://doi.
0rg/10.21682/2311-1267-2022-9-1-29-44.

Canaud G., Lopez Gutierrez J.C., Irvine A.D., Vabres P., Hans-
ford J.R., Ankrah N. et al. Alpelisib for treatment of patients
with PIK3CA-related overgrowth spectrum (PROS). Genet Med.
2023;25(12):100969. https://doi.org/10.1016/j.gim.2023.100969.
Coubes C., Delobel B., Edery P., Chehadeh S.E., Francannet C.,
Geneviéve D. et al. Molecular diagnosis of PIK3CA-related over-
growth spectrum (PROS) in 162 patients and recommendations
for genetic testing. Genet Med. 2017;19(9):989-997. https://doi.
org/10.1038/gim.2016.220.

Fontelles G.G., Pastor J.P., Moreillo C.G. Alpelisib to treat
CLOVES syndrome, a member of the PIK3CA-related overgrowth
syndrome spectrum. Br J Clin Pharmacol. 2022;88(8):3891-3895.
https://doi.org/10.1111/bcp.15270.

14.

15.

16.

17.

18.

19.

10.

1.

Mirzaa G.M., Conway R.L., Gripp K.W., Lerman-Sagie T., Sie-
gel D.H., de Vries L.S. et al. Megalencephaly-capillary malforma-
tion (MCAP) and megalencephaly-polydactyly-polymicrogyria-
hydrocephalus (MPPH) syndromes: two closely related disorders
of brain overgrowth and abnormal brain and body morphoge-
nesis. Am J Med Genet A. 2012;158A(2):269-291. https://doi.
org/10.1002/ajmg.a.34402.

Parker V.E.R., Keppler-Noreuil K.M., Faivre L., Luu M,
Oden N.L., De Silva L., et al. Safety and efficacy of low-dose
sirolimus in the PIK3CA-related overgrowth spectrum. Genet
Med. 2019;21(5):1189-1198. https://doi.org/10.1038/s41436-018-
0297-9.

Porta C., Paglino C., Mosca A. Targeting PI3K/Akt/mTOR signa-
ling in cancer. Front Oncol. 2014;4:64. https://doi.org/10.3389/
fonc.2014.00064.

Sandbank S., Molho-Pessach V., Farkas A., Barzilai A., Green-
berger S. Oral and topical sirolimus for vascular anomalies: a mul-
ticentre study and review. Acta Derm Venereol. 2019;99(11):990-
996. https://doi.org/10.2340/00015555-3262.

Vanhaesebroeck B., Stephens L., Hawkins P. PI3K signalling:
the path to discovery and understanding. Nat Rev Mol Cell Biol.
2012;13(3):195-203. https://doi.org/10.1038/nrm3290.

Venot Q., Blanc T., Rabia S.H., Berteloot L., Ladraa S., Duong J.P.
et al. Targeted therapy in patients with PIK3CA-related over-
growth syndrome. Nature. 2018;558(7711):540-546. https://doi.
0rg/10.1038/s41586-018-0217-9.

Gripp K.W., Baker L., Kandula V., Conard K., Scavina M., Na-
poli J.A. et al. Nephroblastomatosis or Wilms tumor in a fourth
patient with a somatic PIK3CA mutation. Am J Med Genet A.
2016;170:2559-2569. https://doi.org/10.1002/ajmg.a.37758.
Hillmann P., Fabbro D. PI3K/mTOR pathway inhibition: oppor-
tunities in oncology and rare genetic diseases. Int J Mol Sci.
2019;20(22):5792. https://doi.org/10.3390/ijms20225792.
Kandoth C., McLellan M.D., Vandin F., Ye K., Niu B., Lu C. et al.
Mutational landscape and significance across 12 major cancer
types. Nature. 2013;502(7471):333-339. https://doi.org/10.1038/
nature12634.

Keppler-Noreuil K.M., Parker V.E., Darling T.N., Martinez-Agos-
to J.A. Somatic overgrowth disorders of the PI3K/AKT/mTOR
pathway & therapeutic strategies. Am J Med Genet C Semin
Med Genet. 2016;172(4):402-421. https://doi.org/10.1002/
ajmg.c.31531.

Keppler-Noreuil K.M., Rios J.J., Parker V.E.R., Semple R.K., Lind-
hurst M.J., Sapp J.C. et al. PIK3CA-related overgrowth spectrum
(PROS): diagnostic and testing eligibility criteria, differential dia-
gnosis, and evaluation. Am J Med Genet A. 2015;167A(2):287-
295. https://doi.org/10.1002/ajmg.a.36836.

Kuentz P., St-Onge J., Duffourd Y., Courcet J.B., Carmignac V.,
Jouan T. et al. Genotypes and phenotypes heterogeneity in
PIK3CA-related overgrowth spectrum and overlapping conditions:
150 novel patients and systematic review of 1007 patients with

61



62

PIK3CA pathogenetic variants. J Med Genet. 2023 ;60(2):163-
173. https://doi.org/10.1136/jmedgenet-2021-108093.

12. Madsen R.R., Semple R.K. PIK3CA-related overgrowth: silver bul-
lets from the cancer arsenal? Trends Mol Med. 2022;28(4):255-
257. https://doi.org/10.1016/j.molmed.2022.02.009.

13. Mirzaa G., Timms A.E., Conti V., Boyle E.A., Girisha K.M., Mar-
tin B. et al. PIK3CA-associated developmental disorders ex-
hibit distinct classes of mutations with variable expression and
tissue distribution. JCI Insight. 2016;1(9):e87623. https://doi.
org/10.1172/jci.insight.87623.

14. Mirzaa G.M., Conway R.L., Gripp K.W., Lerman-Sagie T., Sie-
gel D.H., de Vries L.S. et al. Megalencephaly-capillary malforma-
tion (MCAP) and megalencephaly-polydactyly-polymicrogyria-
hydrocephalus (MPPH) syndromes: two closely related disorders
of brain overgrowth and abnormal brain and body morphoge-
nesis. Am J Med Genet A. 2012;158A(2):269-291. https://doi.
org/10.1002/ajmg.a.34402.

OB ABTOPAX

* lOnua CepreeBHa XapHakoBa, nabopaHT-uccnegosatens,
Hay4Has nabopaTtopusi MOMeKyNSPHOIA OHKONOMKW, HaumoHans-
HbIi MEAVLMHCKIA 1CCefoBaTEeNbCKUA LLEEHTP OHKOMOTAN 1Me-
Hn H.H. MeTposa; agpec: Poccus, 197758, Caxkr-Metepbypr,
noc. MecouHbli, yn. lleHnHrpagckas, a. 68;

ORCID: 0009-0002-9304-2148; eLibrary SPIN: 4106-1426;
e-mail: JuliaZharnakova@yandex.ru

Anekcangp CepreeBny MapTbAHOB, acnupaHT, Hay4YHas
nabopatopust MoneKyspHON oHKonoruu, HaumoHanbHbIi
MeANLMHCKMIA NCCNEA0BATENbCKUIA LIEHTP OHKOMOMN UMEHM
H.H. Metposa, CankT-MeTepbypr, Poccus;

ORCID: 0000-0002-7690-8328; eLibrary SPIN: 8627-6407;
e-mail: aleksandr.martianov@mail.ru

EBrennin HukonaeBuy CycnuublIH, A-p Med. HayK, JOLEHT,
kadbegpa meauumHckon reHeTnkn, CaHkT-MeTepbyprekuii ro-
Cy[apCTBEHHbI NeanaTpuieckuii MeaULMHCKUIA YHUBEPCUTET,
CaHkr-MeTepbypr, Poccusi; cTapLunii Hay4HbI COTPYAHWK Ha-
Y4HOI nabopaTtopum MOMeKynspHON OHKONOMM, HaLMoHanbHbIN
MeAMLMHCKWIA NCCnefoBaTenbCkiin LEHTP OHKONOMN MEHN
H.H. MeTposa, CaHkT-MeTepbypr, Poccus;

ORCID: 0000-0001-9764-2090; eLibrary SPIN: 2362-6304;
e-mail: suspitsin@hotmail.com

AnHa CepreeBHa BacunbeBa, opauHatop, kaeapa MeauLmH-
ckoit reHeTukn, CaHkT-NeTepOyprekuii rocyaapcTBeHHbI neavat-
prdeckuii MeauumHekuin yHuepeuteT, CankT-Tetepbypr, Poceus;
ORCID: 0009-0008-1784-4943; e-mail: avasileva@ngc.clinic

AHactacus CepreeBHa ABGy3oBa, opanHaTop, kadeapa me-
AMLMHCKOI reHeTukn, CaHKT-eTepOyprekuin rocyaapCTBEHHbINR
neavaTpuYeckuii MeanumHekuin yHepcuteT, CankT-MNeTepbypr,
Poccusi; ORCID: 0009-0006-0170-6963; eLibrary SPIN: 4363-6666;
e-mail: abuzova.a.s@mail.ru

15. Parker V.E.R., Keppler-Noreuil K.M., Faivre L., Luu M,
Oden N.L., De Silva L., et al. Safety and efficacy of low-dose
sirolimus in the PIK3CA-related overgrowth spectrum. Genet Med.
2019;21(5):1189-1198. https://doi.org/10.1038/s41436-018-0297-9.

16. Porta C., Paglino C., Mosca A. Targeting PI3K/Ak/mTOR signaling in
cancer. Front Oncol. 2014;4:64. https://doi.org/10.3389/fonc.2014.00064.

17. Sandbank S., Molho-Pessach V., Farkas A., Barzilai A., Green-
berger S. Oral and topical sirolimus for vascular anomalies: a mul-
ticentre study and review. Acta Derm Venereol. 2019;99(11):990-
996. https://doi.org/10.2340/00015555-3262.

18. Vanhaesebroeck B., Stephens L., Hawkins P. PI3K signalling:
the path to discovery and understanding. Nat Rev Mol Cell Biol.
2012;13(3):195-203. https://doi.org/10.1038/nrm3290.

19. VenotQ., Blanc T., Rabia S.H., Berteloot L., Ladraa S., Duong J.P.
et al. Targeted therapy in patients with PIK3CA-related over-
growth syndrome. Nature. 2018;558(7711):540-546. https://doi.
org/10.1038/s41586-018-0217-9.

AUTHORS’ INFO

* Yuliya S. Zharnakova, Research Laboratory Assistant, Sci-
entific Laboratory of Molecular Oncology, N.N. Petrov National
Medical Research Center of Oncology; address: 68, Leningrads-
kaya str., Saint Petersburg, Pesochny, 197758, Russia;

ORCID: 0009-0002-9304-2148; eLibrary SPIN: 4106-1426;
e-mail: JuliaZharnakova@yandex.ru

Aleksandr S. Martianov, Postgraduate Student, Scientific
Laboratory of Molecular Oncology, N.N. Petrov National Medical
Research Center of Oncology, Saint Petersburg, Russia;
ORCID: 0000-0002-7690-8328; eLibrary SPIN: 8627-6407;
e-mail: aleksandr.martianov@mail.ru

Evgeny N. Suspitsin, MD, PhD, Dr Med Sci, Associate Profes-
sor, Department of Medical Genetics, Saint Petersburg State
Pediatric Medical University Ministry, Saint Petersburg, Russia;
Senior Researcher at the Research Laboratory of Molecular
Oncology, N.N. Petrov National Medical Research Center of
Oncology, Saint Petersburg, Russia;

ORCID: 0000-0001-9764-2090; eLibrary SPIN: 2362-6304;
e-mail: suspitsin@hotmail.com

Anna S. Vasilyeva, Resident doctor, Department of Medical

Genetics, Saint Petersburg State Pediatric Medical University
Ministry, Saint Petersburg, Russia;

ORCID: 0009-0008-1784-4943; e-mail: avasileva@ngc.clinic

Anastasia S. Abuzova, Resident doctor, Department of Medical
Genetics, Saint Petersburg State Pediatric Medical University
Ministry, Saint Petersburg, Russia;

ORCID: 0009-0006-0170-6963; eLibrary SPIN: 4363-6666;
e-mail: abuzova.a.s@mail.ru




Ob ABTOPAX

'ne6 BaneHtnHOBKY KoHApaTbeB, acCUCTEHT, Kadeapa OHKOMO-
MW, BETCKOIM OHKOMOTAW W Ny4eBom Tepanuu, CaHkT-MeTepbyprekuin
rOCYAapCTBEHHbIN NeanaTpU4eCkuin MEAULMHCKAN YHUBEPCUTET,
Canxr-Tetepbypr, Poccysi; ORCID: 0000-0002-1462-6907;
eLibrary SPIN: 9092-3185; e-mail: spbgvk@mail.ru

AmunHa MaromepoBHa CyneiiMaHoBa, CT. Hay4H. COTPYAHNK,
HayyHo-nccnenoBaTenbCKkuii UHCTUTYT ETCKOM OHKOMOrnm 1
rematonornm, HaunoHanbHbIn MeguuUUHCKUI cenegoBaternb-
CKWI LEeHTP OHKonorum umenn H.H. brioxuHa, Mocksa, Poccus;
ORCID: 0000-0002-5489-1879; eLibrary SPIN: 8535-1683;
e-mail: aminasuleymanova313@yandex.ru

lapuk BapucoBuy CarosiH, CT. HayyH. COTPYAHNK, HayyHo-1cC-
CneaoBaTenbCKU MHCTUTYT AETCKOM OHKOMOTMM U TeMaTonorum,
HavnoHanbHbI MeaULMHCKAIA UCCReaoBaTeNbCKUA LIEHTP
oHkonoruu umenn H.H. bnoxuHa, Mocksa, Poccus;

ORCID: 0000-0002-7846-3473; eLibrary SPIN: 6304-0159;
e-mail: sagoyan-garik@mail.ru

PomaH BsivecnaBoBuy apby30B, [-p Mes. HayK, HayuHbIi
COTPYAHMK, Hay4YHO-UCCreaoBaTeNbCKUA UHCTUTYT XMPYPrum
AETCKOro Bo3pacTta, Poccuitckuin rocyaapCcTBEHHbIN Meau-
UMHckni yHuBepeuTeT um. H.W. Muporosa, Mocksa, Poccus;
3aBeayIOLNA OTAENEHNEM, BPay MO PEHTTEHIHAOBACKYNSPHBIM
AVArHOCTUKE U NEYEHINH0, 3aBELYIOLLMIA MEXANCLNNIHAPHBIM
LiEHTPOM PEKOHCTPYKTUBHO-MTACTUYECKOM M COCYANCTON XU~
pyprum, Poccuiickas AeTckas knuHnieckas 6onbHuua, Mocksa,
Poccus; ORCID: 0000-0002-5287-7889;

eLibrary SPIN: 7590-2400; e-mail: 9369025@mail.ru

CeetnaHa HukonaeBHa AnekcaxuHa, kaHa. 6von. Hayk,

CT. Hay4H. COTPYOHMK, Hay4YHas nabopaTopust MONeKysipHON
OHKONorumn, HaunoHanbHbI MeAWLMHCKMIA UCCREeR0BaTENBCKUI
LLeHTp oHKonorun umenn H.H. MeTpoBa, CaHkT-TeTepbypr, Poc-
cust; ORCID: 0000-0002-2149-7728; eLibrary SPIN: 6898-4687;
e-mail: aleksahina@niioncologii.ru

Esrenuit HaymoBuy UManuToB, a-p Med. Hayk, npodeccop,
3aBeayHoLLMi, HayYHbIA OTAEN BronorumM onyxoneBoro pocra,
HaumoHanbHbIN MEAULMHCKWIA UCCIEA0BATENBCKUA LEHTP
oHkonorum nmenmn H.H. Metposa, CaHkT-MeTtepbypr, Poccus;
3aBeayHoLLMin kadeapon obLLen 1 MoNeKynsiPHON MeANLIMHCKOM
reHeTukn, CaHkT-MeTepbyprcknin rocynapCTBEHHBIN NeanaTpu-
Yeckuii MeanumHekui yHneepcuteT, CaHkT-MNeTepbypr, Poccus;
ORCID: 0000-0003-4529-7891; eLibrary SPIN: 1909-7323;
e-mail: evgeny@imyanitov.spb.ru

* ABTOp, OTBETCTBEHHBIN 3a nepenucky. / Corresponding author.

AUTHORS’ INFO

Gleb V. Kondratiev, Assistant Professor, Department of Onco-
logy, Saint Petersburg State Pediatric Medical University Minis-
try, Saint Petersburg, Russia; ORCID: 0000-0002-1462-6907;
eLibrary SPIN: 9092-3185; e-mail: spbgvk@mail.ru

Amina M. Suleymanova, Senior Researcher, Oncology Re-
search Institute of Pediatric Oncology and Hematology,

N.N. Blokhin National Medical Research Centre of Oncology,
Moscow, Russia; ORCID: 0000-0002-5489-1879;

eLibrary SPIN: 8535-1683;

e-mail: aminasuleymanova313@yandex.ru

Garik B. Sagoyan, Senior Researcher, Oncology Research
Institute of Pediatric Oncology and Hematology, N.N. Blokhin
National Medical Research Centre of Oncology, Moscow,
Russia; ORCID: 0000-0002-7846-3473; eLibrary SPIN: 6304-0159;
e-mail: sagoyan-garik@mail.ru

Roman V. Garbuzov, MD, PhD, Dr Med Sci, Researcher,
Research Institute of Pediatric Surgery, Pirogov Russian
National Research Medical University, Moscow, Russia; Head
of the Department, physician specializing in X-ray endovascular
diagnostics and treatment, head of the interdisciplinary center
for reconstructive plastic and vascular surgery, Moscow, Russia;
ORCID: 0000-0002-5287-7889;

eLibrary SPIN: 7590-2400;

e-mail: 9369025@mail.ru

Svetlana N. Aleksakhina, PhD, Senior researcher, Scientific
Laboratory of Molecular Oncology, N.N. Petrov National Medical
Research Center of Oncology, Saint Petersburg, Russia;
ORCID: 0000-0002-2149-7728; eLibrary SPIN: 6898-4687;
e-mail: aleksahina@niioncologii.ru

Evgeny N. Imyanitov, MD, PhD, Dr Med Sci, Professor, Head,
Scientific Department of Tumor Growth Biology, N.N. Petrov Na-
tional Medical Research Center of Oncology, Saint Petersburg,
Russia; Head of the Department of General and Molecular Medi-
cal Genetics, Saint Petersburg State Pediatric Medical Univer-
sity, Saint Petersburg, Russia; ORCID: 0000-0003-4529-7891;
eLibrary SPIN: 1909-7323; e-mail: evgeny@imyanitov.spb.ru

63



64

https://doi.org/10.56871/PED.2026.69.52.007 Y[IK [616.33-002+616.155.35]-07-053.2+616.155.194+616 -056.3+613.2

J03MHO(UNbLHBLIN FaCTPUT y AeTen: COBPeMEHHOe
COCTOAHUE npo6neMb|. 0630p NnUTepPaTypHbIX AaHHbIX
E.J1. Moucenkosa, E.A. KopHuerko, C.H. po3aosa, E.A. Hukonaesa

CaHkT-TeTepbyprekuii rocynapcTBeHHbI NeAUaTpUIECKMii MeauumMHekin yHuBepeuteT, CaHkT-MeTtepbypr, Poccus

PE3IOME

O03MHOUIBHBINA TAaCTPUT — PEAKOE XPOHMYECKOe, MIMMYHOONOCPEA0BaHHOE 3ab0neBaHne 13 rpynmbl 303MHOPMIBHBIX FACTPOUHTE-
CTUHanNbHbIX 3a60MeBaHNi, POCT KOTOPbIX 0TMEYAETCS B NOCNEAHEee AECATUNETIE, B TOM YMCEe W Y AeTen. JO3MHOMUIBbHBIN racTpuT
XapakTepuayeTcs HecneLnUYECKUMM CUMITOMAMM NOPaXEHNS BEPXHNX OTAENOB XeNyA04HO-KULLEYHOMO TPaKTa U 303NHOUITEHON
WHEUMbTPaLMen CTEHKV Xeryaka Ha pa3nuyHyio rybuHy. PacnpocTpaHeHHOCTb 303MHOMMBHONO racTpuTa y AeTen OLEHNBAETCA Ha
ypoBHe 7,1-17,6 Ha 100 000, ¢ makcumansHOM YacToTon B Bo3pacTe 5 neT. B natoreHese krnioyeByto porb urpaeT Th2-onocpeoBaHHoe
BOCNaneHue, MHAyLMpyeMoe M LLEBLIMI annepreHamu, 4To NoATBEPKAAETCS BbICOKOM KOMOPOMAHOCTBIO C atonnen 1 3 dekTBHO-
CTbH0 AMMMMHALMOHHBIX AneT. KnnHuyeckas kapTiHa BapbupyeT OT AUCTIENCUYECKUX CUMMTOMOB NPK MOpaXeHun crm3ncTon 0bomnou-
KW 0O NPU3HAKOB NUIOPOCTEHO3a NPU MHUNBbTPALMM MbILLEYHOTO CMOSt. [iuarHoCTUKka OCHOBaHa Ha MMCTONOrMYeCKOM MCCea0BaHUM
MHOXECTBEHHbIX B1onTaToB (He MeHee 4 13 Tena u aHTpanbHoro otaena). CornacHo koHceHcycy 2024 r., ANarHOCTUYECKM NOPOroM
ANs Kenyaka ssnseTcs Hanuune =30 9031MHOMUIOB B None 3peHns Npy BoMbLIOM yBENMYeHUN. SHOOCKONMYECKkas KapTHa 4acTo
HecreuudmnyHa, a HopMarbHas Ha BUA crivancTas 06omoYka He UCKMKYaeT anarHo3 un TpebyeT Guoncun gaxe u3 HeM3MEeHEHHbIX
y4acTkoB. B Tepanuu nepBo NMHUM y feTel paHHero Bo3pacta paccMaTpuBatoTCs dNeMEHTHbIE UMW AMMUPUYECKUE SNUMUHALIMOH-
Hble AueTbl. [1N HAYKUMW W NOLLEepKaHNS PEMUCCN NPUMEHSIKOTCS Tonndyeckue (ByOecoHMa) UK CUCTEMHbIE KOPTUKOCTEPOMADI.
MepcnekTMBHBIM HanpaBneHnem SBSETCA UCNONb30BaHNe BUMONorMYeckon Tepanuu, B YaCTHOCTW gynunymaba (MOHOKIOHarbHbIe
aHTuTena k peuentopy IL-4a), 3chheKTMBHOCTL KOTOPOrO NPK COYETAHHbIX (HOPMaX S03MHO(MIBHBIX FAaCTPONHTECTUHAMNBHBIX 3abone-
BaHWW nokasaHa B psiae UCCnefoBaHuii, OBHAKO ero porb Mpu M30NMPOBAHHOM 303MHOMUIBEHOM racTpuTe TpebyeT YTOYHEHWS B paH-
AOMU3NPOBAaHHbIX KOHTPOMMPYEMbIX UCTbITaHMSX.[TOCKONbKY 303MHOMUIBHBIN racTPUT ABNSETCH peaknM 3abornesaHnem, He umeeT
NaTOTHOMOHWNYHbIX KIMHUYECKNX CYMMTOMOB 11 SHAOCKOMMYECKIX U3MEHEHWI, Ha CErOAHALLHNA AeHb OTCYTCTBYHOT eA4nHble CTaHgapThl
BUAarHoCTUKK, AnddepeHLnanbHO AMarHoCcTHKKL, NEYEHNs 1 AMHaMuyeckoro HabniogeHus 3a 6onbHbIMU. B HacToswee Bpems nog-
XOA K BEEHMI0 TakuX NaLMeHTOB MHAMBMAYANbHBIN, C YH4ETOM TSKECTH COCTOSIHWSA, KOTOpas ONPeAensieTcs No COBOKYMHOCTU AaHHDIX.
Ha ocHoBe aHanu3a CoBpEMEHHbIX MTEPaTYPHbIX UCTOYHUKOB B CTaTbe NMPEACTaBIEHb! AaHHbIE O PACTIPOCTPAHEHHOCTH, NaToreHese,
OCHOBHbIX KIMHUYECKIX NPOSIBIIEHUSIX, NabopaTOPHbIX, SHAOCKOMMYECKIX W TUCTOMOTMYECKUX 3MEHEHUSIX, MOAX0AaX K Tepanuu.

KntoueBble cnoBa: 303I/IHO¢)I/IJ'IbeIl7I racTpur, 303I/1H0¢)I/Iﬂ|/|$'-|, aHemu4, FMﬂoaﬂb6yMMHeMMﬂ, 303VIHOCbVII'IbHaF| MH(*)I/IﬂpraLlI/IS'-I, ANnUMn-
HalUWOHHaA aneTa, TonMyeckne cteponabl, CUCTEMHbIE CTEPOUAbI
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Eosinophilic gastritis in children: current state
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ABSTRACT

Eosinophilic gastritis is a rare chronic, immune-mediated disorder belonging to the group of eosinophilic gastrointestinal diseases,
whose incidence has increased over the past decade, including in children. Eosinophilic gastritis is characterized by nonspecific
symptoms of upper gastrointestinal tract involvement and eosinophilic infiltration of the gastric wall at varying depths. The prevalence of
eosinophilic gastritis in children is estimated at 7.1-17.6 per 100,000, with a peak incidence at age 5 years. Th2-mediated inflammation
induced by food allergens plays a key role in its pathogenesis, as evidenced by its high comorbidity with atopy and the effectiveness
of elimination diets. The clinical presentation varies from dyspeptic symptoms with mucosal involvement to signs of pyloric stenosis
with muscularis infiltration. Diagnosis is based on histological examination of multiple biopsies (at least four from the corpus and
antrum). According to the 2024 consensus, the diagnostic threshold for gastric ulceration is the presence of 230 eosinophils per high-
power field. Endoscopic findings are often nonspecific, and normal-appearing mucosa does not exclude the diagnosis and requires
biopsy even from intact areas. Elemental or empirical elimination diets are considered first-line treatment for young children. Topical
(budesonide) or systemic corticosteroids are used to induce and maintain remission. A promising approach is the use of biological
therapy, particularly dupilumab (a monoclonal antibody to the IL-4a receptor). Its efficacy in combined forms of eosinophilic gastritis has
been demonstrated in several studies. However, its role in isolated eosinophilic gastritis requires clarification in randomized controlled
trials. Since eosinophilic gastritis is a rare disease with no pathognomonic clinical symptoms or endoscopic changes, there are currently
no uniform standards for diagnosis, differential diagnosis, treatment, or follow-up. Currently, the approach to managing such patients
is individualized, taking into account the severity of the condition, which is determined based on a combination of data. Based on
an analysis of current literature, this article presents data on the prevalence, pathogenesis, main clinical manifestations, laboratory,
endoscopic, and histological changes, and treatment approaches.

Keywords: eosinophilic gastritis, eosinophilia, anemia, hypoalbuminemia, eosinophilic infiltration, elimination diet, topical steroids,
systemic steroids
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BBEOEHUE

B nocrnegHee pecsatuneTve OTMEYaeTcs POCT 303UHO-
(DMNbHBIX raCcTPONHTECTUHANbHBIX 3abonesanuin (AMN3) xeny-
BOYHO-KkMLweyHoro TpakTa (KKT), B Tom yucne u y geteit. 310
rpynna XpOHWYECKUX WMMYHOOMOCPEAOBaHHbIX 3aboneBaHui
KKT, koTopble xapakTepusytoTcs HecneLmguyeckuMn ractpo-
WHTECTUHAMBHBIMA CUMNTOMAMKU W 303UHOPUIBHON UHDUMLT-
paunent pasnuuHbix otgenoB XKT Ha pasnuunyio rnybuHy,
4TO MPMBOAMT B MpOLECCEe NPOrPECCUPOBAHNA K Pa3BUTHUIO
CTPYKTYPHbIX M3MEHEHUI, U3BECTHbIX Kak (DEHOMEH peMogenu-
poBaHus. B ocHoBe AaHHOro theHOMeHa NEXUT runepTpodus
rMagKkvx Mbllwy, cyb3nuTenuanbHoe OTNOXEHWE KonnareHa ¢
passuTeEM (prbpo3a, YTO B UTOre MPUBOAMUT K CYKEHWK Mpo-
CBETA MOMOro opraHa, hOpMUPOBAHMIO CTPUKTYP W CTEHO30B.
O3 moryT maHudecTpoBath B Ntobom Bo3pacTe, BKtoyas
PaHHWA QETCKWIA, @ Takke UMETb OHOBPEMEHHO COYETAHHYH
nokanusauuto, 3atparvneas aga otgena XXKT v Gonee. Mo mepe
TeyeHus 3aboneBaHNs BO3MOXHO BOBSIEYEHNE HOBbIX OTHENOB
XKKT. Heobxoanmbim ycrioBuem ans yCTaHOBNEHNS AnarHosa
O3, NOMMMO HamMums KNMHUYECKON CUMNTOMATUKM W naTo-
NOTMYECKON 303MHOUIBHON MHAUMBLTPALMM CTEHKU OpraHa
MpM MMCTONOrMYeCKOM UCCreaoBaHNM BronTaToB, ABISETCS UC-
KNto4eHMe ApYriX BO3MOXHBIX NMPUYMH TKAHEBOW 303MHOUINN.

TEPMUHOJNOIUA

CornacHo onybnukoBaHHbIM B theBpane 2022 r. MexayHa-
POOHBIM COrNacUTENbHBIM PEKOMEHAALMAM MO HOMEHKNAType
Ol'M3, oHu BkntovatoT B cebs nopaxeHus nmuwiesoaa (3031Ho-
unbHbIin 330arnT, 303) 1 N3 6e3 303MHOGPUNBEHOTO 330-
tharnTa, K KOTOPbIM OTHOCUTCS 303UHOUIBHBIN racTpuT (Jol),
903MHOMUITbHBINA 3HTEPUT (D0H) ¢ YyTOYHEHWEM OTAena TOHKOM
KWK C NOATBEPKAEHHBIM 303NHOPUIBHBIM BOCTANeHnem —
9031HOUNbHBIA  AyoaeHuT (30[), 903MHOMUILHBIA  EIOHUT
(QoE), 303nHoGmbHbIN Mnent (3oM) 1 303MHODUBHBIA KONUT
(QoK) [9]. Mpu coyeTaHHOM 303MHOGUITBHOM MOPAXEHUM Ke-
nyaka u pasnnyHbiX OTAEMOB KWLLKM PEKOMEHLYETCS MCnosb-
30BaTb TPAKTOBKY COFNACHO TOMMYECKOMY MPUHLMNY, HAaNpUMep
903UHOUIbHBIN FaCTPUT U GHTEPUT, 303MHOMUNbLHBIA racTpuT
W KONWUT, 303MHOMUMBHBIA JYOAEHUT U KONMT. OfHAKo KOHCEH-
CyC He JOCTUrHyT B OTHOLeHun I3 6e3 a3odparuta B coveTa-
HWW C 303NHOPMNBHBIM 330charuToM. Hanbonee ontumarnsHbIM
NPeACTaBMsEeTCH B KayecTBe OCHOBHOTO OMarHo3a ykasbiBaTb
nokanu3auyo BOBMEYEHHOTO OpraHa unm opraHoB ¢ npeobna-
AatoLlen 303MHOMUNBHOM MHAMNbTPaUmMen u 0bycnoBnmBato-
LLero KMMHUYECKYI0 CUMMTOMATHKY 3aboneBaHus.

ANMMOAEMUONOrnA

B rpynne OI'M13 Hanbonee YacTbiM nopaxeHnem sSBnseTcs
303. N3BECTHBI M XOPOLLO M3yYeHbl NAaTOreHe3 1 KIMHUYEeCKkne
nposiBNeHns, paspaboTaHbl KpUTEpUN AMArHOCTUKU W TaKTu-
ka BeJeHWs MauueHTOB, YTO OTPAKEHO B COOTBETCTBYHOLMX
POCCUICKMX U MexayHapoaHbiX npoTtokonax [3, 6]. OgHako
[0 HaCTOSILLETO BPEMEHM OTCYTCTBYIOT PEKOMeHAATenbHble
LOKYMEHTbI N0 AWarHoCTUKe W TakTUKe BeeHWs NaLMeHTOB C
Ol'M3 6e3 303. Huskas pacnpoCTpaHEHHOCTb M OTCYTCTBUE

rnobanbHbIX MeTaaHanu3oB 3aTPYAHSIOT MOHWMaHWe BOMpo-
COB 3MMAEMUONIONN, @ OTPaHNYEHHOE KONMYECTBO CUCTEMATy-
yeckux 0630poB 1 nnayeb0-KOHTPONMPYEMBIX KIIMHUYECKNX UC-
CrnefoBaHuii He NO3BONISiET CHOPMMPOBATL eanHbIE CTaHAap-
Tbl AWArHOCTUKM, AN depeHLManbHOR GUarHOCTUKK, NeYeHns
1 AMHaMUYeckoro HabnoaeHns bonbHbix AMN3 6e3 303. Bee
BblLLENEPEYNCIEHHOE MOXET NMPUBOAUTL K AMArHOCTUYECKUM
owmbkaM W 3afepxke CPOKOB YCTAHOBMEHWUS MPaBMIBHOTO
AnarHo3a o AByx net u bonee [31]. Begexwe atoii rpynnbl na-
LIMEHTOB MPENMYLLECTBEHHO OCHOBLIBAETCSA Ha 3MMUPUYECKOM
nogxofe C Y4eTOM OCHOBHbIX MAaTOrEHETUYECKMX MEXaHN3MOB
pa3BuTus 3aboneBaHusl, IMYHOM OMbITe, @ TaKkKe aHanu3e nu-
TepaTypHbIX JaHHbIX C OMUCAHUEM KIMHUYECKMX CMyYaeB gaH-
HOI1 naTonoruu.

J03MHOMUNBHBIN racTpuT (Jol) Kak camocTosTenbHas
Hosonornyeckas opma 33 B nocneaHue rogbl Takke Yalle
AnarHoctupyetcs y peten. PacnpoctpaHeHHocTs 3ol co-
craenset 6,3:100 000 yenoBek, a Jol' B coveTaHun ¢ JoH —
4:100 000. lMpu 3TOM 0TMEYeHOo Npecbnaaanue ol cpeay xeH-
WIH 1 YBENUYEHME pacnpOCTPaHEHHOCTW C BO3pacToM. Tak,
camasl BblCOKasi pacrpOoCTPaHEHHOCTb BbISIBMIEHA B BO3PACTHON
koropte 60-64 roga [12]. Peaynbtatsl 10-neTHero Habnwogexus
373 nauuexTos ¢ M3 6e3 03, cpeaw koTopbIx Obio 317 ae-
Ten, nokasanu, 4to ol yalle Obin gnarHoCTUpPOBaH y AETEN C
yactoton 7,1:100 000 yenosek. Mpu 3TOM Hambonbluas pac-
MpOCTPaHEHHOCTb OTMeYanach y aeTen Ao 5 net (16,7:100 000
y nesoyek n 17,6:100 000 y manbumkoB) [23]. MHorooyarosoe
9031HOUIBHOE BOCMaNeHne, 3aTparveatoLLee Ba opraHa unm
Bonee, yalle BCTpeyaeTcs B 4ETCKOM BO3pacTe, YeM Y B3pOC-
nbix (68% y petert n 37% y B3pocnbix) [23].

MATOTEHE3

B naToreHese nepauyHoro Jol, kak u apyrux dopm 3rN3,
BeAyLLYK pONb UrpatoT reHeTuYeckne Gaktopbl 1 ceHenbunm-
3aumMs K nuweBbIM annepreHam. Jol paccmaTpuBaeTcs kak
hopma NWLLEeBOIt anneprv Co CMELLaHHbIM MEXaHU3MOM pas-
BUTWSI annepruyeckoro BocnaneHuns. Tak, komMopOugHocTb ¢
OPYTMK annepriyeckummn 3aboneBaHusMi UK Hanuyue ni-
LEBON CEHCUOMNM3aLMM B aHaMHe3e, BbISBIIEHWE CEHCUOMK-
3auum K ABYM Unu 6onee nuLLEBbIM NGO COMETaHNIO NULLEBbIX
1 pecnupaTopHbIX annepreHoB, a Takke aPEeKTMBHOCTb anu-
MWHALMOHHBIX OMeT, CBONCTBEHHbI BOMbLUMHCTBY NaLMEHTOB C
Orn3, B Tom yucne u ¢ Jol. ConyTCTBYOLME aNNEPrMieckme
3abonesanus 3apeructpupoBaHbl y 30,5% nauneHTos ¢ Jol ¢
npeobnapaHvem B Bo3pacte 40 19 neT, y KOTOPbIX OHK MPUCYT-
ctBoBanu B 58,9% [12]. Mo apyrum faHHbIM, Hanuyue atonuye-
ckux 3aboneBaHuii BbisiBneHo y 50% naumenTtos ¢ Jol 1 So[l
[29]. KnuHnyeckas pemuccus Ha hoHe 3rMMMHALMM OCHOBHBIX
MULLEBbIX annepreHoB (MOMOKO, ANLO, MEeHWUa, Cosi, Opexw,
pbiba n MopenpoaykTbl) oTMeyanacs y 82% geten ¢ Jol, a ru-
cronornyeckas —y 78% [14].

Mownck reHeTnyeckmx mapkepoB Jol mokasan CyLecTBeH-
Hbl€ TEHETUYECKME OTNMYNS Y MaLMeHTOoB ¢ QoI OT NaLNeHTOB C
Apyrmin 3aboneBaHusMI Xenyaka (pak xenyaka, Helicobacter
pylori-accouumpoBaHHblit ractput) [19]. BeisiBneHa akcnpeccus




psga reHoB y nauneHToB ¢ Dol aHTpanbHOro oTaena xenyaka
kak noTeHUManbHbIx GuomapkepoB 3abonesaHus [32].

MiweBble  annepreHbl  pacno3HalTCH  aHTUreH-mpe-
3EHTUPYIOLLMMM  KNeTkamu C MOCredylowen npeseHTaunen
T-numcoumnTtam 1 akTuBaumen T-xennepos 2-ro tuna (Th2),
BbICBOOOXAEHMEM LUMTOKMHOB IL-4, IL-5, IL-13 1 runepakcnpec-
CUeil 30TaKCMHa-3 KNeTKaMu SNUTenust Crm3ucToin 060mnoYkm ¢
nocnegyowien CTUMynsauuen nponudepaum 303MHOMUNOB B
KOCTHOM MO3re, BbIXOAOM WX B Mepudeprnyecknii KpoBOTOK M
YBENMYEHUEM MPOAOIKUTENBHOCTU UX XKWU3HW. [Mnepnpoayk-
LMs 30TaKCKHa-3 BbI3bIBAET XEMOATTPaKLMK 303MHOGUIIOB B
Cnm3ncTylo 060M0YKy Kenyaka ¢ nocrnegyrLen gerpaHynsaum-
eil n BbIcBOOOXAEHNEM BOrbLIOrO KonmyecTBa G1onornyeckm
aKTMBHbIX CyOCTaHLWIA, Taknx kak hepMeHTbl (303nHODMbHas
nepokcuaasa, 303nHodubHas KonnareHasa), TokCUyHble Gen-
ki (OCHOBHOM BernoK, 303MHOMUMbHBIA KaTUOHHBIN Benok, 30-
3MHOMUNBHBIN HEMPOTOKCHH), UMTOKWHBI (IL-3, IL-5, GM-CSF),
xeMokuHbl (CXCL8), neitkotpuenbl (C4, D4, E4), nunnaHble me-
Anatopbl (TpombouuTapHbIA akTMBMpYKOLWMIA hakTop) [4]. Bbi-
cBODOOXJEHME LIMTOTOKCUYECKMX BELLECTB MPUBOANUT K MOBPEX-
LEHNI0 TKAHEN W HapyLLeHno 6apbepHOi YHKLMM anuTenus, a
B JanbHeillleM — K BOBMEYeHMIo B npoLecc pnbpobnactos u
SHAOTENWOLMTOB C pa3BuTMeM runepnnasnn 6asanbHoro cnos
SNUTENNS 1 rMagKOMbIWEYHbIX KMNETOK, akTueauuu dubpore-
Hesa M aHruoreHesa B NOACAM3UCTOM CiOe, UTOTOM KOTOPbIX
SBMSETCA NOTEps 3MaCTUYHOCTW MbILWEYHON TKaHu 1 GopmMu-
poBaHue CTpuKTyp [2].

KNUHUYECKAA KAPTUHA U TABOPATOPHO-
WHCTPYMEHTAJbHbIE NOKA3ATEJIU

Knunudeckue nposeneHus ol HecneumguyHbl 1 3aBUCAT
0T rnybuHbl nopaxeHus. B BonblMHCTBE CryyaeB 303WHO-
(unbHOe BOCManeHne orpaHNyMBaeTCs Crm3ncTon 06omnoyKon
XEnygka, n BegyWwyMW CUMNTOMami SBASIOTCS dnuracTparb-
Has w/wnu 3arpyouHHas 6onb, TSKeCTb, YyBCTBO PaHHEro Ha-
ChiLLEHMs, TOLHOTA, PELMaNBUPYIOLME SNU304bl PBOT, pexe
CUMNTOMbI XenyJo4YHOro KpoBOTEYEHUs (Mpu hopMMpOBaHNM
A3BeHHbIX AedekToB). [lpn BOBNEYEHUM MbILIEYHOTO CroS
BCNEACTBME WHTEHCWUBHOM 303MHOGUMBHON  WH(UNLTPaLMK
MPOUCXOAMT YTOMLLUEHNE CTEHKM OpraHa W HapyLLeHue ero aBu-
raTenbHoON (PYHKUMM, YTO KIMHWYECKW NPOSIBMSAETCS PE3KUMM
cxBaTkoobpasHbIMM 6ONSMN B ANUracTpum, PBOTON 3aCTOMHBIM
XENYAOYHBIM COLEPXMMbIM, (POPMMPOBAHNEM MTIOPOCTEHO3A
[14, 21]. MopaxeHne cepo3Hoit 0BONOYKM peaKko HabnoaaeTes
npu 3ol 1, kak npasuo, ObIBAET NWLLbL NpY COYETAHHOM Mopa-
KEHWN XKeNyaKa W KUweyHuka. MposiBNSeTCS CepO3HbIi MOATUN
903UHOPMUMBHBIM aCLIMTOM C BO3MOXHbIM Pa3BUTUEM NEPUTOHM-
Ta, a TaKKe CUMNTOMAaMW MOPAXEHUS CIU3UCTON U MbILLEYHON
obonoykn [16].

JlabopamopHbie uUsMeHeHUsT XapakTepuayrTcs nepudepu-
YeCKO 303MHOUNNEN, TMMONPOTENHEMMEN, TMNoanbbyMnHe-
MUEN W XKenesogeduuUTHON aHemuen. AHEMMS pa3BMBaETCS
BCNEACTBME HapyLUEHUs BCACbIBaHUS Xenesa UM CKpbITOro
KENYA0YHO-KMLLEYHOTO KPOBOTEYEHUSI M, Kak npaBuno, ped-
pakTepHa K Tepanuu npenapatamu xenesa. J03uHouUnus B

KpOBW BbISBASETCS Y BONMbLWIWHCTBA NALMEHTOB C aTOMMYECKUM
aHamHe30M 1 Tonbko Y 30% NaLMeHToB, HE UMEIOLLMX aTonu-
yeckux 3abonesannit [8]. Mo Hawmm HabntoaeHusM, y 6onb-
LUMHCTBA NaLMeHTOB 303uHOGMnns coctaenset oT 15 go 30%.
BbisiBneHa Takke npsmas KOppensuus BbIpaXeHHOCTW nepu-
thepunyeckomn 303MHOUINN C TSKECTBIO TeyeHNs 3aboneBaHns
1 NNOTHOCTbIO 303NHO(PUNBHON MHUABTPALMU B CIU3UCTON
obonouke xenyaka (COX) [18]. OgHako B HacTosLee Bpems
He NonyyYeHo ybeauTenbHbIX AaHHbIX B NOMb3Y YyBCTBUTENBHO-
CTW 1 CNeumndUYHOCTY JaHHOrO NokasaTens kak Mapkepa 3abo-
NeBaHNS UMK NoKa3aTens akTMBHOCTM TKaHEBOTO BOCManeHus
[19]. Mpu HanM4YMM 3pO3NBHO-A3BEHHBIX M3MEHEHUIA MOXET Bbl-
SBNATLCS MONOXNUTENbHAS PEaKLMs Ha CKPLITYHO KPOBb B Kase.

OHOockonudyeckasi kapmuHa ol HecneuuduyHa, OfHa-
kO, M0 UMEILLMMCS NIUTEPATYPHBIM 1 COBCTBEHHBLIM [aHHbIM,
W3MEHEHUs XapaKTepu3ylTCcs OTEKOM W 3PUTEMON CrIM3NCTON
060noYKK, HamMumMem remopparui uunm apo3un, vaie MHoXe-
CTBEHHbIX, SI3BEHHBIX e(DEeKTOB, NOKaNN3YIOLWNXCS NpenmyLLe-
CTBEHHO B MUIIOPOAHTPaNbHOM OTAENE, a TakkKe HOAyNspHO-
CTbl0, 36PHUCTOCTBIO CIIN3NCTON 060MO0YKM, YTONLIEHNEM CKNa-
[OK TENa XKeyaKa, HanMunem eAUHUYHBIX I MHOXECTBEHHbIX
BOCMamnMTENbHbIX MOMUMOB, PACMONOXKEHHLIX B BUAE LEMOYKN,
HanomuHatLeln «6ambykoBoe coenuHeHuey» (“bamboo joint-
like appearance”). BoaMoxHO (hopMupoBaHMe NUIOPOCTEHO3A.

B psime paboT Takke MOXHO BCTPETUTL AaHHbIE O HANWMYUK
Hen3MeHeHHoN cnuancton obonoykn npu Jol . Tak, n3 142 na-
umeHToB € Jol" Hem3aMeHeHHas crnancTas obonoyka xenyaka
oTMeyeHa B 62% cnyyaes, Toraa kak aputema — B 24%, 3poanm
1 5138l — B 8%, HOBYNSPHOCTb — B 8%, PbIXNOCTb CAIM3NCTON
obonoykn — B 6% [24]. OTMeYeHO Takke, YTO HOPMasbHbIN
BWA CNM3NCTON 000NoYKM xenyaka npu Jol valle oTMevaeT-
ca y peten (60%), Toraa kak y B3pocnbix Tonbko B 22% [17].
CnepoBaTenbHo, € Lenbto Bonee TOYHON AArHOCTUKK Y nauu-
€HTOB C aHaMHEe30M W CUMMTOMaMU, ykasbiBalLMMK Ha BEPO-
ATHOe Hanuyue Jol, gaxe B Cry4ae HEM3MEHEHHOI CTU3NCTON
obonouyku xenyaka, Heobxoanma MHOXeCTBEHHas Buoncus n3
TENa W aHTpanbHOro OTAENa Xenyaka, B3sTas U3 3MEHEHHbIX
1 HEM3MEHEHHBIX y4acTkoB (MMHUMYM 4 BuonTaTa w3 Tena u
aHTparnbHOro otaena xenyaka). Ans UcknioyeHns BOBeYeHNs
APYrux nokanu3awuin pekoMeHaoBaHa Takke bmoncus na nuiye-
BOAa W ABEHaALaTMNEpCTHON KuLwkw [19].

['ucmornoeus. MockonbKy OCHOBHBIM KpUTEPUEM AWarHo-
cTvkn AT N3 aBngeTcs rucTonornyeckoe 0bHapyxeHne 3031HO-
(burnbHOro BOCNaneHuns B CrimancToin 060noYKke unm apyrix cro-
Ax XKKT, Bonpoc 0 NOporoBoM KOnmM4ecTae 3031HOMMUIOB, Bbille
koToporo auarHo3 33 MoxeT cynTaTbes NOATBEPXKAEHHBIM,
SBMNAETCA NPUHLMNMANBHO BaXHbIM. B Hopme B cninancToil 06o-
noyke hyHOanbHOro OTAena eanHnyHble (1-2 B none 3peHus)
303UHOGUITBbI PAcNoNOXeHbl B COBCTBEHHON NMACTUHKE MEXAY
Kenesamu, B aHTparbHOM OTene — Mexay xenezamn 1 B ba-
3anbHbIX CMOSAX, BbIMOMHAA (u3nonornyeckne yHKLUM, npe-
MMYLLECTBEHHO pereHepaLy. MexanuTtenuansHo 303MHONIbI
B Hopme He onpegenstoTea [15]. [o HeAaBHEro BpEMEHMN Komnu-
4eCTBEHHbIV MOPOr 303WHOMUIOB ANS YCTAHOBNEHUS AMarHo-
3a 313 ocrasanca npegmeTom auckyceuin [1]. B HacTosiwee
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Tabnuua 1. MnkoBbIE NOPOroBbIE KOMMYECTBEHHBIE 3HAYEHMS J03NHO(DMIOB ANS AMArHOCTVKM 303MHOMUNBHOTO racTpuTa y getei [20]
Table 1. Peak threshold quantitative values of eosinophils for the diagnosis of eosinophilic gastritis in children [20]

Otgen xenygo4Ho-K1LWEeYHOro TpakTa /
Section of the gastrointestinal tract

MnKoBbIe NOPOroBble 3HAYEHNs 303MHODNMIO0B
B rone 3peHuns npu 60MbLUIOM yBennyeHun /
Peak eosinophil counts in high-resolution

[MKoBbIEe NOPOroBbIE 3HAYEHMS J03NHOGDMIOB
npu udpoBom aHanuse / Peak eosinophil
counts in digital analysis (eos/mm?)

imaging fields
Xenypok / Stomach =30 =110
[lBeHaguatvnepcTHas kuiwka / Duodenum =50 2185
TepMuHanbHbIN 0TAEN NOAB3AOLHON KNLLKKM | =60 2220
Terminal ileum
Cnenas n Bocxoasilas obogoyHas kuLka / =110 2370
Cecum and ascending colon
lMonepeyHas u H1CxoAsLLas 060A04HAS KNLL- =80 2300
ka / Transverse and descending colon
Mpsivasi u curmoBmMaHast kuiuka / =60 =220

Rectum and sigmoid colon

Bpems ructonornyeckue kputepum N3, B Tom uncne m o,
onpeneneHbl n onybnukoBaHbl B coBMECTHOM 0630pe ESBHAN/
NASPGHAN no petckomy Bospacty (tabn. 1) [20]. duarHo3
ol ycTaHaBnMBaeTCs Npu Hanuyun =30 303UHOUIOB B None
3peHuns npu 6onbLIoM yBenuyeHu. Mpu ncnonb3oBaHni Lud-
POBOTO aHanm3a NpPeAMETHbIX CTEKON PEKOMEHAOBAHO CYNTaTh
AuarHocTndeckum 2110 303MHOMUIOB Ha MM?,

[ToMnMO nMpeBbIWAOLWEro Nopor Konuyectsa 303MHOGMU-
NOB K npu3Hakam QoI Takke 0THOCATCS 303MHOPUIBHbBIE CKOM-
NEHNs1 B MOBEPXHOCTHBIX CMOSIX PACLUMPEHHON COOCTBEHHOW
NNacTuHKK, obefHEeHWe 3nuUTenuanbHbIX KNEeToK MyLMHOM 1
hoBeonspHas rMnepnnasus, yBENUYEHWE KONMWYECTBA MeX-
anuTENManbHbIX 303MHOMIIIOB, LerpaHynsauns 303MHOMUOB,
903MHOUIbHBIE KPUNTUTBI MWK abcuecchbl, oBHapyxeHue
9031HOMUIOB B MOACAM3UCTON M MbllEYHON obonouke, a
TaKke NMPU3HAKN XPOHWYECKOTO Mmpouecca, Takue kak ¢ubpos
COBCTBEHHOW MNACTWHKM, TUNepnnasusa rnagkux mbiwy [23].
AHanus duontatoB COX 40 geteir B BospacTe 8-16 net ¢ ol
nokasarn HapylueHue penbeda crnmancTor 060n04KM, 04aroBy
[ECKBamMaLMio SNUTENUS, MEepUBACKYMAPHLIA OTEK, 3pO3uu,
KPOBOW3NMUAHMS, MUKPOTPOMOO3bI, 04ari LeCTpYKLMM Xenes B
co6CTBEHHON nnacTuHke, pubpo3 u nponudepaumo Gubpo-
BnacrtoB B 6a3anbHbIX M MOBEPXHOCTHBIX OTAENax CO6CTBEHHOM
nnactuHky [30]. [JononHNTENbHBIMU KPUTEPUSIMU MPK HANAYMK
303MHOMUIBHON MHUABTPALMY ABASKOTCSA NPU3HAKK XPOHUYeE-
CKOTO BOCMaseHusl, Takue kak atpodmst, pubpos u runepnnasns
rMafKkUX MbllwL, COBCTBEHHOM NMNACTUHKMA CIN3NCTOR 0BONOYKM
Xenygaka.

AUOOEPEHLUWAJIBHAA OUATHOCTUKA

OnddeperynanscHas guardoctuka ol yalle Bcero mpo-
Boautcs ¢ Helicobacter pylori-accoLMMpoBaHHbIM racTpUTOM,
BonesHbto KpoHa ¢ mopaxeHnem xenyaka, runepao3uHodusb-
HbIM CWHOPOMOM M CUCTEMHbIMM 3a00NEBaHNAMU COEANHU-
TeNbHOW TKaHu [21]. B HekoTOpbIX cryyasx criedyeT UCKnoyaTb
BUPYCHbIE U NapasuTapHble WHBAa3WW, ayTOUMYHHbIA racTpuT,
MHBA3WBHYO afieHokapLuHomy [19].

NEYEHUE

EavHbin anroputm Tepanim ol Ha CeroaHsILLIHNIA OeHb OT-
CyTCTBYET. TEM HE MEHee OCHOBHbIMW LieNsiMM Tepanum sBns-
t0TCS LOCTUXKEHUE KITMHUYECKON M TMCTONOTMYECKON PEMUCCUM,
noaaepxaHne HopMmarnbHbIX MokasaTenei pocta u passuTus,
npogunakTka OCNOXHEHNNA.

B kauyectBe OCHOBHbIX CTpaTernii paccMaTpuBaeTcsl aMu-
MWHALMOHHas ayeTa, NCMomnb30BaHne MHrMBUTOPOB NPOTOHHOM
nomnbl (MMM), TONWYECKMX U CUCTEMHBIX KOPTUKOCTEPOMAOB.
Mpn BbiOOpe WHAMBMOYanbHOW nevebHOM TakTUKM Heobxopu-
MO Y4MTbIBaTb TSHKECTb 3a00MEBaHMS (KMMHUYECKYID KAapTUHY,
BbIPQXEHHOCTb @HEeMWUW W TUNONPOTEMHEMUM), HaNU4YME COove-
TaHHOTO 303WUHOMUIBHOTO MOPAXEHMS, OCTIOKHEHNIA (KenyaoY-
HOe KpOBOTEYeHME, NMUMOPOCTEHO3), a Takke COMyTCTBYIOLLME
3aboneBaHnst 1 HYTPUTMBHbIA CTaTyC nauneHTa. PelweHue o
HasHayeHU! KOHKPETHOro mpenapara, AIUTenbHOCTM U A03aXx
VHOYKLMOHHOTO Kypca, a Takke 0 J03aX U ANMTENbHOCTW Moa-
JEpKuBaloLLlen Tepamun, CpoKax TUCTONOTMYECKOTO KOHTPO-
na ahEKTUBHOCTU Tepanun MPUHUMAETC MHAWBUOYambHO.
B cnyyae npekpalleHnsi MeankameHTO3HOTO feveHmnst Heobxo-
JUM 00513aTenbHbIi AUHAMUYECKWIA SHAOCKOMUYECKMIA U TUCTO-
normyecknin KOHTPOnb. Bonpoc o koppekuun Tepanum B criyyae
peLmaMBa CMMNTOMOB Takxke BO3MOXEH TOMbKO NOCIe NpoBeae-
HWS MOPHONOrNYECKOro NOATBEPKAEHNS 0BOCTPEHUS 303WHO-
tunbHoro BocnaneHus [19].

AnumuHayuoHHas duema SIBNISETCS Tepanuein nNepeoii in-
HAW W BKIKOYaeT HasHayeHue BbICOKOMMAPONMU30BAHHbIX MM
AMUHOKUCNOTHBIX CMECe 1 AMIUPUYECKYHO 3NUMUHALIMIO 4 UK
6 Hambonee pacnpoCTpaHeHHbIX MULLEBBIX annepreHoB, Takux
kak MOIoKO, fLa, cosi, NileHuua, opexu, pbiba, Mopenpoayk-
Tbl. OcoBeHHO aphekTMBHA AMeTOTEPanNS y AETEN PaHHEro
BO3pacTa, 0BbIYHO OHa MO3BOMAET BOCTUMHYTb KIMHUKO-TUCTO-
nornyeckoil pemmccum gaxe 6e3 nekapCTBeHHOM Tepanin [26)].
MokasaHa BbICOKas 3PEEKTUBHOCTb SMUMUHALMOHHBIX AMET
y 17 getei ¢ Jol’, KOTOPbIE NONYYanM 3MEMEHTHYK UK SMMNK-
puyeckyto auety. KnuHnyeckoe ynyylwerue otMeyeHo y 82%,
a ructonornyeckoe — y 78% pgeteit [14]. OgHako HeBbICOKas




NPUBEPXEHHOCTb K ANUTENbHOMY COBMIOAEHUI0 AWeTbl, 0CO-
BeHHO y mogpocTkoB, TpebyeT HOMOMHUTENBHOMO Ha3HaYeHNs
MeanKaMEHTO3HON Tepanuu.

CucmemHble umu monu4yeckue KopmuKocmepouob! SBAs-
t0TCS NpenapaTamu Bbibopa AN MHAYKLMN PEMUCCUM Y naLu-
eHToB ¢ Jol. B nutepatype onucaHbl crnyyan 3 hekTUBHOrO
NCNoNb30BaHUS NPeAHU30NoHa y AeTelt paHHero Bospacta ¢
ol ¢ npusHakamn MUNOPOCTEHO3a U COMYTCTBYHOLLEN 3HTE-
ponatueit ¢ notepeit 6enka [13, 28]. CuctemHble cTepomapbl
€nocobCTBYIOT ObICTPOMY HACTYMAEHUIO KIMHUYECKON U Tu-
CTOMOrN4YecKon pemmccun y GonblumHCTBa GOMBHBIX, OfHa-
KO CyLlecTBYT npobniembl npu ux ucnonb3oBaHun. C 0fHOM
CTOPOHbI, 3TO Pa3BUTME TOPMOHOPE3WUCTEHTHOCTU, C LPYrom
CTOPOHbI — BbICTPOE pa3BuUTUE peunavea 3aboneBaHus no-
Crne OTMEHbI Npenapara, YTo MoXeT noTpeboBaTh ANUTENbHON
nogaepxueatollen Tepanun. CpegHss [03a NpeaHU30MoHa
coctasnset 0,5-1 mr/kr B cyTku (He Gonee 40 mr) B TeyeHue
ABYX Hedenb C MOCneayoLLMM CHUKEHNEM U OTMEHON Unu ne-
PEXO0OM Ha NOAAEPKMBAIOLLYIO0 003y 2,5-5 Mr. [InnTenbHOCTb
Kypca NOAAEPKMBAKLLEN Tepanun onpefensercs UHOUBNaY-
anbHo. Cpeay TOMMYECKUX KOPTUKOCTEPOUZOB ANS UHAYKLMM
Tepanuu 1 NoaaepxaHns peMMccumn nenonbayetcst 6yaecoHna
B BUZe KuLeyHopacTBopuUMoi hopMbl (ByaeHodanbk). Bbico-
kas MecTHasi CTepouaHas akTUBHOCTb M HW3Kas 6uogocTyn-
HOCTb Npenaparta no3BonseT MUHUMU3NPOBATL CUCTEMHBIE MO-
BouHble addrekTbl. [Ans neyeHus ol TabneTky unn rpaHysbl
ByneHodanbka u3amMenbyalT, nepemellnBatoT Heobxognmoe
KONMNYECTBO C BOZOW UM (OPYKTOBLIM MIOPE 1 MPUHUMAIOT, WC-
KNtoyas B TEYEHME Yaca MpUEM MWLM WK XMBKOCTW. Benay
OTCYTCTBUSI PEKOMEHZAUMA O [03aX, PEXUME U LIUTENbHO-
CTW npuema npenapata npu ol Ucnonb3yeTcs cTaHgapTHas
CXema, kak B Cryyae Tepanuu BocnanuTenbHbix 3abonesaHui
knweyHnka. CpeaHas cyToyHas gosa coctasnseT 9 mr (3 mr
3 pasa B [1eHb) C NOCNEeYLMM CHUXEHMEM [0 6 Mr 1 fanee
[0 3 Mr C BO3MOXHOCTbIO MCMONb30BaHUs npenapata B AaH-
HOW [03€ B TEYEHWe ANUTENLHOMO BPEMEHW. B knuHM4eckom
uccnegosaHum, nposegeHHomM B 2019 r., Ans nevyeHns geTen ¢
903WHOMUIBHLIM FaCTPUTOM W 3HTEPUTOM Mnaglle 1 roga uc-
nonb3oBanu o3bl OyaeHodanbka 1 Mr 2 pasa B A€Hb, 4eTaM
1-7 net — 1 mr 3 pa3a B feHb, getam 7-12 net — 2 mr 3 pasa
B 4€Hb B BUAe BA3KOW (hOPMbI C packpbiTueM kancyn. Mpn atom
3hEKTMBHOCTb KOMOMHALUMKM aneTsl 1 Bygeconuaa bbina co-
noctasuma ¢ 3hPeKTMBHOCTbIO NpegHu3onoHa [11].

MMpy HanNWM4MM 3PO3UMBHO-A3BEHHBIX MOPAXEHWUA Xenyaka
y naumeHToB ¢ QoI nokasaHo HasHaueHwe VMM B cTaHgapTHBIX
[03ax 13 pacyeTa no omenpo3ony 1 Mr/kr B CyTKM B TeYeHWe
yeTblpex Hegenb [20].

Cpenn buonornyeckux npenapatoB Aynunymab ssnset-
CSl €QMHCTBEHHBIM NTEKAPCTBEHHBIM CPEACTBOM, OULMaNbHO
PeKoMeHZ0BaHHbIM Ans neyenus 303 ¢ Bo3pacTa 1 roga, B
Tom umucne B Poccuiickon ®epepaumm [3]. Dynunymab npeg-
cTaBnsieT cobor YENOBEYECKNE MOHOKIOHAMbHbIE aHTUTENa K
cybbeauHnye anba peuentopa IL-4Ra, cenektueHo Broku-
pylolme curHanbHele nytu IL-4 n IL-13, B CBA3K C YeM MOXET
ObITb 3DPEKTUBHBIM Y NALMEHTOB C peppaKkTEPHLIM TEYEHNEM

9031HOUIBHOMO racTpUTa ¥ MHOXECTBEHHBIMM aTOMNYECKUMN
3abonesanuamu [5].

MokasaHa addekTnBHOCTL aynunymaba B [OOCTUXe-
HW pemuccun y 12 B3pocnbiX MauWeHTOB (CpegHWiA Bo3pacT
37,1 roaf) ¢ Jol, o[} nnun ux covetaHnem. Tak, MMKOBOE 3Ha-
YeHue 303MHONNOoB Y nauueHToB ¢ Jol cHusunock ¢ 80,5 ao
7,5, a npn 3ol — ¢ 39 go 16 [29]. B naHHOM coobLyeHum v
BCEX NauWeHToB Habntoganca 303 B CTaauM r1CTONOrNYECKON
pemuccum Ha oHe mpuema gynunymaba. ABTOpbl genatoT
3aKI0YeHne 0 BO3MOXHON d(EKTUBHOCTM npenapara y na-
LIMEHTOB C coyeTaHHbIM BapuaHToM O3, OgHako ocTaeTcs
HesicHbIM Bompoc 06 3chpeKTMBHOCTM MpenapaTta npu u30-
nnpoBaHHOM Jol, MOCKOMbKY He WCKIYaeTCs BO3MOXHOCTb
CMOHTaHHON pemuccun, 4To TpebyeT npoBedeHus nnauebo-
KOHTpoOnuMpyembIx uccrnefoBaHuit. OnncaHa adheKTUBHOCTb
pynunymaba y nauueHToB ¢ Jol 1 GpoHxXManbHON acTmoi
[27]. Ucnonb3oBanne gynunymaba y 4 B3poChbiX NauueHToB
C MHOXECTBEHHOW Jokanu3aumen 303MHO(UMBHOrO BOCMa-
nexns (aBonHom — 303+3ol, TpolHom — 303+3ol +30H,
yeTBepHoit — J03+30H+30K) cnocobcTBOBaN0O AOCTUKEHMIO
1 NoAAepXaHuMo pemuccumn B TedeHne 12-18 mecsues nocne
Havana uHaykuum npenapatom [25]. OnucaHbl KNUHUYeckue
Cny4yamn yCneLHOro ucnonb3oBaHus gynunymaba y 3 geten ¢
pedpakTepHbIM K Tepanuu codeTanHbiM 33 (y ogHoro pe-
BeHka 303, Jol n Jo[], y BTOporo pebeHka — 303, 30T, o[l
1 QoE, y TpeTbero pebeHka — 303 n J0E) u conyTCTBYHOWM-
MU TSDKENbIMW aTonMyeckumy 3abonesaHnsamn. Y Bcex AeTen
TUCTONOrMYecKast PEMUCCHS [OCTUTHYTA BO BCEX MOPaXeHHbIX
yyacTkax XKKT, kpoMe TOLLei KWLLIKW y BTOPOro nauueHTa [22].
B HacTosllee Bpemsi NpoBoanTCs BTOpast dasa KIMHUYECKNX
nccnepoBanuin aynunymaba npu ol u coyetanun Jol n Sofl
y petei crapwe 12 nert [7, 10]. Takum obpasom, gynunymab
MOXET paccMaTpmBaThCA Kak MOTEHUMANbHO NEPCneKTUBHBIN
npenapart ans neyexus ol y gereit.

3AKITIOYEHUE

O03MHOMUNBHbIN raCTPUT Ha CETOAHSLIHNIA JEHb OCTaeTCs
CMOXHOW U HeJOCTaTOYHO W3yYeHHOW (HOPMOMN S03UHOPUIIL-
HbIX 3aboneBaHWin XenyLovHO-KMULWeYHoro Tpakta. B Hacto-
Aulee Bpems pa3paboTaHa HOMEHKNaTypa 303WHOPUIbHBIX
3abonesanuin XXKT, onpeaeneHbl 1 NPUHATBI TUCTONOrMYeckne
ANarHoCTUYECKE KPUTEPUM  KOMMYECTBEHHOTO COLEepXaHus
903MHOUINOB B TKaHAX Xernygka. TPYAHOCTW OMarHOCTWKM
O3 obycnoBneHbl, Npexae BCEro, HeCneUnMUYHOCTBI0 1
BapnalbenbHOCTLIO KMMHUYECKOW KapTUHbI, @ Takke BbICOKOM
4acTOTOM COYETAHHOrO NnopaxeHns pasHbix otaenos XKT. Bo-
npochl le4ebHO TakTUKN Ha CerofHSILLHWUIA A€Hb OCTATCS He-
peLUEHHbIMM, OTCYTCTBYET eAWHbIN anropuT™ Beibopa Tepanuu,
HELOCTaTOYHO AaHHbIX O BO3MOXHOCTW MCMONb30BaHuUs Guo-
NOTNYECKMX MpenapaToB, AMUTENbHOCTH MNOAAEPKMBAIOLLEN
Tepanum, cpokax 3HZOCKOMUYECKOTO W TMCTONMOMMYECKOTO KOH-
Tponsi. OcHoBOW NeyebHoi cTpaTery SBASETCS SMIMPUYECKNN
W VHOMBWAYaNbHbIA MOAXOL, OMpedensieMblii TSKeCTbo mno-
PaXeHWsi, COMETaHHOW NATONOrMeRd U HaNMYMEM OCTOXHEHMWN.
MHorouncneHHsle BOMPOCHI TPEDYT AaNbHEALWero nayveHus
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370N Mpobnembl € Lenbio HOPMUPOBaHNS €AMHOTO NOAX0AA K
AVArHOCTUKE, NEYEHNIO, IMHAMIYECKOMY KOHTPOSIO, YTO ByaeT
CnocobCTBOBATL COBEPLUEHCTBOBAHWIO MEAULMHCKOA MOMOLLM
3TOM KaTeropum 6ONbHbIX.

OOMNONHUTENIbHAA UHOOPMALIUA

Bknapg aBTopoB. Bce aBTOpbl BHECNM CyLiECTBEHHbIN
BKMaj B KOHLENUMO uccnenoBaxus, cbop, aHanus, nHtepnpe-
TaUMI0 AaHHbIX Ans paboTbl, COCTABNEHE 1 NEPECMOTP CTaTbM,
OKOHYaTenbHOe yTBEPX4eHue Bepcum ans nybnukauum u corna-
LUAKTCS HECTW OTBETCTBEHHOCTb 3a BCE aCNEKTbI UCCMEA0BaHMS

KoHdnukT nHTepecoB. ABTOpbI JeKnapupytoT OTCYTCTBIE
SIBHBIX 1 MOTEHLMANbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX C
nybnukaunen HacTosLLen cTaTby.
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ABSTRACT

The incretin system plays a central role in the regulation of glucose homeostasis and is recognized as an important therapeutic target
in modern endocrinology. This review outlines the evolution of scientific concepts related to incretins, from early observations of gut-
derived factors enhancing insulin secretion to the identification of key incretin hormones, including glucose-dependent insulinotropic
polypeptide (GIP) and glucagon-like peptide-1 (GLP-1). Particular attention is given to the incretin effect and its role in the regulation
of postprandial glycemia. The molecular mechanisms underlying incretin action are discussed, including tissue-specific processing of
proglucagon, secretion by intestinal L-cells, and receptor-mediated intracellular signaling pathways. The glucose-dependent nature of
GLP-1-induced insulin secretion is emphasized as a critical factor ensuring a favorable safety profile with a low risk of hypoglycemia.
Additional effects of incretins are also highlighted, including regulation of glucagon secretion, gastric motility, and feeding behavior.
The review further addresses the translational progression from fundamental research to clinical application. The development of
GLP-1 receptor agonists, including long-acting formulations resistant to degradation by dipeptidyl peptidase-4 (DPP-4), is considered,
along with their clinical efficacy in glycemic control and body weight reduction. Current advances in incretin-based pharmacotherapy
are discussed, including dual GLP-1/GIP receptor agonists and emerging multi-receptor agonists. Overall, the evolution of the incretin
concept represents a successful integration of basic science and clinical medicine, leading to the development of effective therapeutic
strategies for the treatment of type 2 diabetes mellitus and obesity.
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PE3IOME

VIHKpeTHOBas cucTeMa UrpaeT KIHYEBYH POMb B PETYMSLMW FOMEOCTa3a IMHKO3bl M pACCMaTPUBAETCA KaK BaxHas TepaneBTuyeckas
MWLLEHb COBPEMEHHO SHLOKpUHOMOruK. B HacTosLem 0630pe NpeACcTaBneHa 9BOSMOLMS HAayYHbIX MPEACTaBMEHNA 06 MHKpPETUHAX —
OT paHHUX HabMiogeH KNLWEYHbIX (PaKTOPOB, YCUMMBAOLLMX CEKPELMIO MHCYNMHA, OO UOEHTU(MKALMM OCHOBHBIX MHKPETMHOBBIX
FOPMOHOB, OKO303aBUCHMOr0 MHCYNMHOTPONHOro nonmnentuaa (GIP) u rntokaroHonogobHoro nentuaa-1 (GLP-1).

Ocoboe BHUMaHKE yaeneHo (heHOMEHY MHKPETUHOBOTO ahdheKTa v ero ponv B perynsiLum nocTnpaHanansHoi rvkemmun. Paccmatpu-
BalOTCS MOMEKYNSPHBIE MEXaHW3MbI JENCTBYSI MHKPETVHOB, B TOM YMCHE TKaHECTELMMYECKMIA MPOLIECCUHT MPOTTIHOKAaroHa, CeKpeLms
KWLLEYHbIMM L-KneTkamu 1 peLienTop-0nocpeaoBaHHbIE CUTHaMbHbIE MyTH. [10g4ePKMBAETCS IMIOKO303aBUCUMbIN XapaKTep WHCYMNHO-
TponHoro aevicters GLP-1, onpeaensiowmin BbICOKMA Npodub 6e30nacHOCTM Tepaniy U HUSKIYA PUCK MANOTnMKeMn. [JononHuTenb-
HO ocBeLLatoTCs 3 eKTbl MIHKPETUHOB, CBA3AHHbIE C PETYMSLIMEN CEKPELN MTTIOKaroHa, MOTOPVKM XeIyaKa 1 MALLEBOrO MOBEAEHNS.
Oco60e BHMMaHe yaeneHo TpaHensaummu pyHaaMeHTanbHbIX MCCEA0BaHNI B KITMHUYECKYHO NpakTuky. PaccmaTpuBaeTcs paspaboTka
aroHncToB peuentopa GLP-1, Bkntovast NpornoHmMpoBaHHbIe (hopMbl, YCTOMYMBLIE K Aerpagauum aunentuaunnentuaason-4 (DPP-4),
a TaKKe WX KnuHu4eckas 3heKTUBHOCTb B KOHTPOIE FIMKEMIW U CHIDKEHN Macchl Tena. OBCykaalTcs COBpEMEHHbIE HanpaBneHust
VHKPETUH-OPUEHTMPOBAHHON Tepanuu, Takue Kak ABOVHbIE aroHUCTbI pelentopoB GLP-1/GIP u MynbTupeLenTopHbIe aroHUCTbI. Ta-
kM 06pa3om, pa3BUTUE VHKPETUHOBOW KOHLIENLMM AEMOHCTPUPYET YCNELHYH MHTErpaLyio (yHAAMEHTaNbHON HaYKU 1 KITMHUYECKO
MeaMLMHbI, MPUBEALLYIO K CO3AaHNI0 3P dEKTUBHBIX MOAXOAO0B K NEYEHNH0 CaxapHOro AnabeTa 2-ro Tna u OX1peHus.

KntoueBbie cnoBa: nHkpeTuHbl, GLP-1, GIP, DPP-4, aroHuctbl peuentopa GLP-1, caxapHbiii auabeT 2-ro Tvna, OXupeHmue
Kak uutmpoBatb
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INTRODUCTION

Glucagon-like peptide-1 (GLP-1) receptor agonists are cur-
rently regarded as one of the most significant breakthroughs
in clinical and experimental endocrinology, having substan-
tially transformed the management of type 2 diabetes mellitus
(T2DM) and obesity [1, 2]. However, the development of this
therapeutic approach has been made possible only through the
long-term evolution of scientific understanding of the humoral
regulation of glucose metabolism and the discovery of the in-
cretin phenomenon [3]. The history of incretins represents a
paradigmatic example of the progressive advancement of fun-
damental physiology, peptide hormone biochemistry, and mo-
lecular pharmacology, ultimately leading to the emergence of a
novel class of therapeutic agents.

As early as the beginning of the 20 century, experimental
evidence suggested the existence of gut-derived factors capable
of stimulating insulin secretion [4]. Subsequent studies demon-
strated that oral glucose administration induces a significantly
greater insulin response compared with intravenous administra-
tion of an equivalent glucose load [5]. This phenomenon, termed
the “incretin effect,” served as the foundation for the identification
of gastrointestinal hormones that enhance glucose-dependent
insulin secretion [6]. It was not until the second half of the 20%
century, with the advent of radioimmunoassay techniques and mo-
lecular biology, that two principal incretin hormones were identified:
glucose-dependent insulinotropic polypeptide (GIP) and glucagon-
like peptide-1 (GLP-1) [7, 8]. A major contribution to the develop-
ment of this concept was the discovery of the proglucagon gene
and the elucidation of tissue-specific processing of its products in
pancreatic a-cells and intestinal L-cells, explaining the generation
of multiple biologically active peptides from a single precursor [9].

Further investigation of GLP-1 structure, its receptor, and
intracellular signaling pathways demonstrated that its effects are
mediated via a specific G protein-coupled receptor, leading to
activation of the adenylate cyclase system and potentiation of
insulin secretion strictly under hyperglycemic conditions [10].
This glucose-dependent mechanism is of fundamental clinical
importance, as it minimizes the risk of hypoglycemia, a major
limitation of conventional glucose-lowering therapies. Additional
studies have revealed the pleiotropic actions of GLP-1, including
suppression of glucagon secretion, delayed gastric emptying,
modulation of satiety centers in the hypothalamus, as well as car-
dioprotective and potential neuroprotective effects. Collectively,
these findings have established the incretin system as a critical
component of the integrated regulation of metabolic homeostasis.

The translation of fundamental discoveries into clinical
practice required overcoming several pharmacological chal-
lenges, primarily related to the extremely short half-life of native
GLP-1 due to its rapid degradation by the enzyme dipeptidyl
peptidase-4 (DPP-4). The development of degradation-resistant
analogues and GLP-1 receptor agonists represented a pivotal
step in translating the incretin concept into therapeutic appli-
cations. Structural modifications enabling prolonged activity al-
lowed for clinically meaningful duration of action and improved
patient adherence. Consequently, GLP-1 receptor agonists

have demonstrated not only effective glycemic control but also
sustained weight reduction, improvement in blood pressure and
lipid profiles, and a reduction in major adverse cardiovascular
events, supporting their classification as agents with proven car-
diometabolic benefits [11].

The current stage of incretin-based therapy is characte-
rized by the continued evolution of pharmacological strategies.
The development of oral semaglutide represents a significant
advance in peptide drug delivery, demonstrating the feasibility
of gastrointestinal absorption of biologically active peptides. In
parallel, the concept of multi-receptor agonism has emerged,
including the development of dual GLP-1/GIP receptor agonists
such as tirzepatide, reflecting a shift toward more comprehen-
sive modulation of metabolic regulatory pathways. In addition,
triple agonists targeting GLP-1, GIP, and glucagon receptors are
under investigation, offering the potential for more pronounced
effects on body weight and energy metabolism.

Thus, the history of incretin discovery and the development
of GLP-1 receptor agonists represents a compelling example of
the successful integration of fundamental physiology, molecular
biochemistry, and clinical medicine [1]. From the initial obser-
vations of the incretin effect to the development of innovative
multi-target therapeutics, this field has undergone a long trajec-
tory of scientific advances and technological innovation [2]. The
rapid expansion of research activity in this area is illustrated by
the increasing number of publications over time (Fig. 1). This
review provides a systematic overview of the evolution of the in-
cretin concept [3], examines the key stages in the development
of GLP-1 receptor agonists [4, 5], critically evaluates evidence
from major clinical trials [6,7], and highlights future directions in
the field, including precision medicine approaches [8], multi-re-
ceptor agonism [9], and advances in drug delivery systems [10].
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Fig. 1. Temporal dynamics of the number of publications on “GLP-
1" in PubMed since 1950. (the drawing prepared by the authors). Note.
From the 1950s to the 1970s, publication activity remained low and
relatively stable. A steady increase in the number of publications began
in the late 1980s. After 2000, the growth became exponential, reflecting
the rapid expansion of incretin research and the clinical implementation
of GLP-1 receptor agonists. The peak of publication activity has been
observed in recent years (up to 2025)

Puc.1.  JluHenHbin rpadmk auHamukn ynicna nybnukauui no 3a-
npocy «GLP-1» B PubMed, HauuHas ¢ 1950 r. (pucyHok coctaBneH
asTopamu). Mpumeyanue. B 1950-1970-x rr. HabniogaeTcs HU3KWIA
11 OTHOCUTENBHO CTAabWMbHbI YypOBEHb My6NMKALMOHHONM aKTUBHOCTM.
C koHua 1980-x rT. HauMHaeTCs YCTOYMBLIA pocT Yucna pabot. Mocne
2000 r. pocT CTAHOBMTCS 3KCMOHEHLWaNbHbIM, 4TO OTPaXaeT akTUBHOE
pasBuUTHE NCCnefoBaHNI MHKPETUHOBOW CUCTEMBI U KITMHNYECKOE BHE-
ApeHue aroHucToB peyentopa GLP-1. Muk nybnukaumoHHoON akTMBHO-
CTVU NpUX0ANTCS Ha nocnegHve rogsl (8o 2025r.)




EARLY YEARS (1902-1975)

The maintenance of glucose homeostasis is a fundamen-
tal prerequisite for health, whereas chronic episodes of hypo-
and/or hyperglycemia are associated with severe microvascu-
lar complications, metabolic disturbances, coma, and death.
Prior to the discovery and clinical implementation of insulin in
the 1920s, type 1 diabetes mellitus, characterized by absolute
insulin deficiency, was essentially a fatal disease, with patient
survival limited to only a few years after diagnosis.

The identification of insulin and the confirmation of its hy-
poglycemic effects fundamentally changed the prognosis of the
disease, transforming type 1 diabetes from a lethal condition
into a manageable chronic disorder. However, at the early sta-
ges of introduction of insulin therapy, when preparations were
derived from pancreatic extracts [1] or were insufficiently puri-
fied [2], a paradoxical effect was observed: a transient increase
in blood glucose levels, peaking approximately 20 minutes after
injection, followed by a subsequent decrease. This transient
hyperglycemia was hypothesized to result from a toxic fraction
associated with inadequate purification methods [2]. The same
impurity likely contributed to local skin reactions and abscess
formation observed in some patients [2]. These clinical observa-
tions prompted improvements in insulin extraction and purifica-
tion techniques from pancreatic tissue homogenates, ultimately
enhancing the safety and predictability of its therapeutic use.

In an effort to develop a rapid and cost-effective method for
industrial insulin purification, Charles Kimball and John Murlin in
1923 isolated a pancreatic fraction which, after evaporation and
reconstitution in water, produced a pronounced hyperglycemic
effect when administered to rabbits and dogs [3]. As this fraction
did not lower blood glucose levels, the researchers proposed
that its effect was mediated by a factor antagonizing the hypo-
glycemic action of insulin. This factor was subsequently named
“glucagon” (initially referred to as a “glucose agonist”) [3].

In the following decades, considerable efforts were directed
toward elucidating the molecular mechanisms regulating carbo-
hydrate metabolism by two functionally opposing pancreatic
hormones [4]. One of the key findings was that the hyperglyce-
mic action of glucagon is primarily mediated in the liver through
the stimulation of glycogenolysis and gluconeogenesis [5, 6].
At the same time, a paradoxical effect of glucagon was identi-
fied — its ability to stimulate insulin secretion in humans, as
described by Ellis Samols in 1965 [7].

In the early 1950s, Earl Sutherland and Christian de Duve
demonstrated that glucagon production in the pancreas is abo-
lished when islet a-cell function is impaired by cobalt or synthalin
A, but remains preserved following alloxan-induced damage to
exocrine acinar cells and pancreatic -cells [8, 9]. These findings
confirmed that glucagon is synthesized in pancreatic a-cells.

Subsequent histological studies by Claes Hellerstrém and
Bo Hellman enabled the differentiation of pancreatic a-cells into
al and a2 subtypes. However, it was not until the early 1960s
that convincing evidence was obtained demonstrating that a2-
cells are the primary source of glucagon [10]. This conclusion
was based on a reduction in the number of a2-cells in rats and

guinea pigs following administration of exogenous glucagon
[11], as well as on the intense staining of these cells for tryp-
tophan, an amino acid present in the glucagon molecule. Later,
Bo Hellman and Ake Lernmark showed that a1-cells produce
a factor that inhibits insulin secretion [12], which was subse-
quently identified as somatostatin.

In 1959, Roger Unger developed and characterized the
first antibodies against glucagon, enabling the establishment of
a radioimmunoassay (RIA) for the measurement of glucagon in
blood and tissues [13]. In 1966, Ellis Samols and Vincent Marks
demonstrated that glucagon-like immunoreactivity is present not
only in the pancreas but also in extrapancreatic tissues, particu-
larly in the intestine [14-16]. Moreover, circulating glucagon-like
material was detected in pancreatectomized patients and dogs,
thereby excluding the pancreas as its sole source. In 1968, Un-
ger further demonstrated that intraduodenal, but not intravenous,
administration of glucose increased circulating glucagon-like im-
munoreactivity [17], indicating an intestinal origin of this factor.

The intestinal glucagon-like material was found to be hetero-
geneous, comprising multiple fractions with different molecular
weights and biological properties distinct from pancreatic gluca-
gon [17, 18]. Unlike pancreatic glucagon, intestinal forms did not
induce hyperglycemia in dogs and lacked glycogenolytic activity in
the isolated perfused rat liver [17]. However, similarly to glucagon,
they were capable of stimulating insulin secretion, suggesting the
existence of multiple molecular forms or related peptides [18].

Immunocytochemical studies demonstrated that intestinal
cells exhibiting glucagon-like immunoreactivity differ morpho-
logically and ultrastructurally from pancreatic a-cells [19]. These
cells were classified as L-cells [20]. Subsequently, higher mole-
cular weight glucagon-like material was also identified in the pan-
creas of dogs [21], as well as in the islets of birds [22] and guinea
pigs [23]. Collectively, these findings led to the conclusion that
glucagon is synthesized as part of a larger precursor molecule
that undergoes post-translational proteolytic processing to ge-
nerate peptides of varying length and biological activity.

Immunoprecipitation analysis of rat pancreatic islets identi-
fied this precursor as a protein with a molecular weight of ap-
proximately 18 kDa, named proglucagon [24]. In the pancreas,
proglucagon is cleaved to produce mature glucagon and an ad-
ditional fragment of approximately 10 kDa that does not contain
the glucagon sequence, referred to as the major proglucagon
fragment (MPGF) [24, 25].

DISCOVERY AND CHARACTERIZATION
OF GLP-1 (1983-1990)

In the early 1980s, it was demonstrated that the major form
of glucagon-like immunoreactive material in the intestine — gli-
centin — contains the complete amino acid sequence of gluca-
gon [26, 27]. Since glicentin was also detected in the pancreas
[28], it was hypothesized that it represents a fragment of pro-
glucagon. Initially, glicentin was believed to consist of approxi-
mately 100 amino acids; however, its subsequent purification
from porcine intestine revealed that it is a 69-amino-acid pep-
tide. These findings demonstrated that intestinal proglucagon
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Fig. 2.  Structure of the islets of Langerhans: a modern view (the
drawing prepared by the authors)
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Fig. 3.  Tissue-Specific Processing of Proglucagon (PC1/3 and
PC2) (the drawing prepared by the authors)
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undergoes proteolytic processing to generate peptide products
distinct from those derived in the pancreas (Fig. 2).

In 1982, a shorter intestinal form was identified — a 37-amino-
acid peptide containing the complete 29-amino-acid sequence of glu-
cagon and an additional C-terminal octapeptide similar to that found
in glicentin. Due to its ability to act on the oxyntic glands of the sto-
mach, this peptide was named oxyntomodulin [29]. These findings
established that proglucagon undergoes tissue-specific differential
post-translational processing: in the intestine, glicentin and oxynto-
modulin are produced, whereas in the pancreas, glucagon and the
N-terminal fragment of glicentin (MPGF) are generated (Fig. 3) [30].

Using molecular cloning techniques and cDNA analysis of
preproglucagon, Joel Habener in the early 1980s demonstrated
that its sequence encodes additional glucagon-related peptides
[31, 32]. Subsequently, two such peptides were identified in the
proglucagon structure of rats [33], hamsters [34], cattle [35],
and humans [36], and were named glucagon-like peptide-1 and
glucagon-like peptide-2 (GLP-1 and GLP-2).

Further radioimmunoassay studies in tissues from rats,
pigs, and humans confirmed differences in the profile of pep-
tides derived from proglucagon in the pancreas and intestine.
In the pancreas, glucagon and the major proglucagon fragment
(MPGF) are predominantly produced, whereas in the intestine,
shorter immunoreactive peptides, including GLP-1, are released.

In subsequent years, the search for intestinal factors
with insulinotropic activity was hindered by the lack of reliable

methods for quantitative insulin measurement in tissues and
blood. With the introduction of radioimmunoassay (RIA) for in-
sulin in the 1960s [37], it was demonstrated that intestinal mu-
cosal extracts stimulate insulin secretion in healthy individuals,
whereas this effect is absent in patients with type 1 diabetes
mellitus [38]. At approximately the same time, it was shown
that oral glucose administration induces a significantly grea-
ter insulin response than parenteral administration [39]. This
enhanced insulin secretion following oral glucose intake was
observed both in individuals with normal body weight and in
those with obesity and was termed the “incretin effect” [40, 41].

Between 1969 and 1971, studies by John Brown and Ray-
mond Pederson, in collaboration with peptide chemists Erik Jor-
pes and Viktor Mutt [42], led to the identification of a 42-amino-
acid peptide, gastric inhibitory polypeptide (GIP), named for its
ability to inhibit gastric motility and hydrochloric acid secretion
[43]. In 1973, John Dupré demonstrated that intravenous admi-
nistration of GIP at near-physiological concentrations, in combina-
tion with glucose, enhances immunoreactive insulin secretion and
improves glucose tolerance in healthy volunteers, thereby confir-
ming the contribution of GIP to the incretin effect [44]. It was later
established that the insulinotropic action of GIP is mediated through
a direct effect on pancreatic -cells, enhancing glucose-stimulated
insulin secretion, as demonstrated in isolated rat islets [45], as well
as in the perfused pancreas of dogs [46] and humans [47].

However, studies from the laboratory of Werner Creutzfeldt
(1983) demonstrated that immunoprecipitation of GIP from intes-
tinal extracts reduced the incretin effect by less than 50% [48], in-
dicating the presence of additional insulinotropic factors. Clinical
observations in patients following resection of various segments
of the small intestine revealed no direct correlation between cir-
culating GIP levels and the magnitude of the incretin effect; ra-
ther, the latter depended largely on the integrity of the ileum [49].

Given the ability of glucagon to stimulate insulin secretion,
attention was subsequently directed toward recently identified
glucagon-like peptides sharing approximately 50% sequence ho-
mology with glucagon. Analysis of proglucagon cDNA in fish and
mammals revealed sequences homologous to both glucagon and
GIP, suggesting their potential insulinotropic activity. However,
the predicted forms GLP-1 (1-36 amide) and GLP-2 did not ex-
hibit insulinotropic effects. It was later demonstrated that a trun-
cated form of GLP-1, isolated from the intestine of humans and
pigs, markedly enhances insulin secretion in various experimen-
tal models [50], and subsequently in clinical studies [51]. Thus,
GLP-1 was identified as a key hormone of the incretin system.

Between 1985 and 1987, the definitive identification of
GLP-1 as a physiologically relevant and potent incretin hormone
resulted from parallel and complementary studies conducted by
academic and industrial research groups (Fig. 4, 5).

A pivotal contribution was made by the work of Svetlana
Mojsov and Joel Habener (Massachusetts General Hospital,
Harvard Medical School), who, based on cDNA analysis of pre-
proglucagon, proposed the existence of biologically active forms
of GLP-1 distinct from the full-length 37-amino-acid peptide [52].
Their studies demonstrated that tissue-specific post-translational




Fig. 4.

Svetlana B. Mojsov — one of the pioneers in the discovery
of the insulinotropic form of GLP-1

Puc.4. CsetnaHa b. MoiicoB — oaHa 13 NepBOOTKpbIBATENEN NH-
CynuHoTponHon dopmbl GLP-1

processing of proglucagon in the intestine generates a truncated
form of GLP-1 — GLP-1 (7-36) amide. This form, rather than the
full-length GLP-1 (1-37), exhibited potent insulinotropic activity in
vitro in pancreatic islet preparations. Furthermore, GLP-1 (7-36)
amide was shown to enhance glucose-dependent insulin secre-
tion, fulfilling the defining criterion of an incretin hormone [53].

In parallel, the group led by Lotte Knudsen at Novo Nordisk
conducted studies aimed at the chemical synthesis and func-
tional characterization of various forms of GLP-1. Their work
confirmed the biological activity of the truncated peptide and
established its pharmacological properties. Of particular impor-
tance was the demonstration that the insulinotropic effect of
GLP-1 is strictly glucose-dependent, distinguishing it from sulfo-
nylureas and minimizing the risk of hypoglycemia-an essential
consideration for its therapeutic application [54].

Collectively, these studies demonstrated that the biologi-
cally active form of the hormone is GLP-1 (7-36) amide (and
the closely related GLP-1 (7-37)); that GLP-1 enhances insulin
secretion only under conditions of elevated glucose levels; that
the peptide is produced in intestinal L-cells via tissue-specific
processing of proglucagon; and that GLP-1 fulfills the functional
criteria of an incretin hormone.

Thus, by the late 1980s, GLP-1 had been recognized,
alongside GIP, as a physiological incretin. However, unlike GIP,
it retained its insulinotropic activity under conditions of metabo-
lic dysfunction, which subsequently established its predominant
role in the development of therapies for type 2 diabetes mellitus.

EVOLUTION OF LONG-ACTING
THERAPEUTICS (2007-2019)

In 2007, a research group at Novo Nordisk introduced the
concept of developing long-acting analogues of human GLP-1
based on principles of rational protein engineering [55]. The
resulting compound, liraglutide, incorporated an amino acid
substitution of arginine with lysine at position 34 and the at-
tachment of a palmitic acid (C16) moiety, enabling reversible
binding to plasma albumin and thereby extending the half-life to
approximately 13 hours [56] (Fig. 6). This modification allowed

Fig. 5.  Joel F. Habener — a co-discoverer of the active form of
GLP-1 and its insulinotropic function

Puc.5. [hxoan ®. XabeHep — cOaBTOP OTKPbITUS aKTUBHO hOpMbl
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for once-daily administration. The LEAD clinical program, which
included more than 8,000 patients across six randomized trials,
demonstrated high efficacy of liraglutide. In particular, in the
LEAD-2 study, liraglutide showed superiority over glimepiride
in reducing HbA1c (-1.1% vs —0.7%) [57]. Across the LEAD
program, sustained reductions in HbA1c of 1.0-1.5% were
observed, accompanied by weight loss of 2-4 kg. In January
2010, the FDA approved liraglutide, establishing it as the first
GLP-1 receptor agonist with a once-daily dosing regimen.

Between 2012 and 2014, Eli Lilly implemented an alterna-
tive pharmacological engineering strategy, leading to the deve-
lopment of dulaglutide — a hybrid molecule composed of two
modified GLP-1 fragments covalently linked to the Fc fragment
of human immunoglobulin G4. The increased molecular size and
Fc-mediated recycling via the neonatal Fc receptor resulted in
a half-life of approximately 90 hours, enabling once-weekly ad-
ministration. Within the AWARD clinical program, which enrolled
more than 9,000 patients, dulaglutide demonstrated consistent
superiority in glycemic control compared with several standard
therapeutic approaches [58]. Its FDA approval in September
2014 effectively established once-weekly GLP-1 receptor ago-
nist therapy as a new clinical standard.

Further advancement of the long-acting concept was
achieved by Novo Nordisk in 2015 with the development of
semaglutide. In this molecule, the C16 fatty acid used in liraglu-
tide was replaced with a longer C18 chain, enhancing albumin
binding and further slowing drug clearance [55]. These structural
modifications resulted in a half-life of approximately 7 days. The
SUSTAIN clinical development program included over 9,000 pa-
tients. In the SUSTAIN-7 trial, semaglutide administered once
weekly at doses of 0.5 and 1.0 mg produced greater reductions
in HbA1c (-1.5% and -1.8%, respectively) compared with dula-
glutide 1.5 mg (-1.1%), as well as more pronounced weight loss
(6.5 kg vs 3.0 kg) [59]. In December 2017, the FDA approved
semaglutide, marking a new stage in enhancing the therapeutic
efficacy of this drug class.

In 2019, Novo Nordisk achieved a technological break-
through in peptide drug delivery by developing an oral formula-
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tion of semaglutide in combination with the absorption enhancer
sodium N-(8-[2-hydroxybenzoyl]lamino)caprylate (SNAC) [21].
The mechanism of SNAC involves local pH elevation and en-
hanced transcellular absorption in the stomach. Despite rela-
tively low systemic bioavailability (approximately 1%), the oral
formulation demonstrated clinical efficacy comparable to injec-
table GLP-1 receptor agonists, as confirmed in the PIONEER
clinical program (Table 1) [60]. In September 2019, the FDA
approved oral semaglutide, providing patients with the first ef-
fective alternative to injectable administration of this drug class.

THE ERA OF MULTI-AGONISTS (2020-2025)

In 2020, tirzepatide developed by Eli Lilly represented a para-
digm shift as a dual agonist of GLP-1 and GIP receptors [61]. The
rationale for this approach was based on evidence that activation
of GIP receptors preserves beneficial effects on adipose tissue

GLP-1 Exenatide (A10BJO1)
DPP-4
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EREOOOTRDEOREGEY

Semaglutide (A10BJ06)

Liraglutide (A10BJ02)

00600906009000@6
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0 C-16 fatty
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Fig. 6. Structural features of endogenous GLP-1 and molecular modi-
fications of GLP-1 receptor agonists (the drawing prepared by the authors)
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metabolism and energy expenditure [62]. The SURPASS clini-
cal program demonstrated that tirzepatide is among the most
effective glucose-lowering agents developed to date [63]. In the
SURPASS-2 trial, a head-to-head comparison with once-weekly
semaglutide 1 mg showed reductions in HbA1c of 2.0, 2.4, and
2.3% with tirzepatide at doses of 5, 10, and 15 mg once weekly,
respectively, compared with a 1.9% reduction with semaglutide.
The weight-loss effects were equally remarkable: tirzepatide
produced dose-dependent reductions of 7.1, 10.3, and 12.9 kg,
compared with 5.7 kg for semaglutide [30]. FDA approval of tir-
zepatide (Mounjaro) for the treatment of type 2 diabetes in May
2022 further validated the dual-agonist approach.

In 2023, the SURMOUNT-1 trial evaluating tirzepatide for
obesity treatment reported the most pronounced pharmacologi-
cal weight reduction observed to date. The study included 2,539
adults with obesity and demonstrated that tirzepatide adminis-
tered once weekly at doses of 5, 10, or 15 mg resulted in mean
body weight reductions of 16.0, 21.4, and 22.5%, respectively,
compared with 2.4% with placebo over 72 weeks. At the hig-
hest dose, 91% of participants achieved at least 5% weight loss,
while 57% achieved substantial reductions of 20% or more [63].

FDA approval of tirzepatide (Zepbound) for obesity treat-
ment in November 2023 coincided with the development of
retatrutide, the first triple agonist targeting GLP-1, GIP, and
glucagon receptors [64]. Early phase Il clinical trial results for
retatrutide demonstrated even greater metabolic effects, with
some participants achieving weight reductions exceeding 25%.

CONCLUSION

Thus, the scientific quest to understand the incretin sys-
tem, which began with early observations of gut-derived factors

Table 1. Pharmacokinetic and physicochemical properties of GLP-1 receptor agonists
Tabnuua 1. dapmakokuHeT4ECKIe 1 PUNKO-XMMUYECKIE XapaKTEPUCTUKN aroHNCToB peLentopos GLP-1

Homology Molecular Absorption and
Drug (ATC) to human Half-life ah distributi Metabolism Elimination Regulatory status
GLP-1 weight istribution
Exenatide ~53% ~24h ~4200 Da Rapid absorption, | Proteolysis (DPP-4, | Renal Approved (T2DM)
(A10BJ01) moderate Vd endopeptidases)
Lixisenatide ~50% =3h ~4900 Da | Rapid attainment | Non-specific Renal Approved (T2DM)
(A10BJ03) of Cmax proteolysis
Liraglutide ~97% =13h =3750 Da | Delayed Proteolytic Renal/intestinal | Approved (T2DM,
(A10BJ02) absorption, degradation obesity)
albumin binding
Semaglutide ~94% ~168 h ~4100 Da | Subcutaneous/ Proteolysis Renallintestinal | Approved (T2DM,
(A10BJ06) oral, high albumin | and B-oxidation obesity)
binding
Dulaglutide ~90% ~4days | =59700Da | Slow absorption Protein catabolism | Amino acid pool | Approved (T2DM)
(A10BJ05)
Albiglutide ~97% 4-Tdays | =73000Da | Limited Protein catabolism | No data Previously
(A10BJ04) distribution available approved
Tirzepatide - =5 days ~4800 Da | Subcutaneous, Proteolysis and fatty | Renallintestinal | Approved (T2DM,
(A10BX16) albumin binding acid metabolism obesity)

The table was compiled by the authors / Tabnuya cocmasneHa asmopamu




influencing glucose metabolism in the early 20th century and
reached an apparent milestone with the identification of GLP-1 as
a key incretin hormone in the late 1980s, is still far from its final
stage. Rather than representing a completed chapter, the deve-
lopment of incretin biology exemplifies a continuously evolving
field at the intersection of fundamental physiology, molecular en-
docrinology, and translational medicine. Over the past decades,
advances in peptide biochemistry, receptor pharmacology, and
drug design have enabled the transformation of basic physio-
logical insights into highly effective therapeutic strategies. The
emergence of GLP-1 receptor agonists has not only redefined
the management of type 2 diabetes mellitus but also expanded
therapeutic possibilities in obesity and cardiometabolic disor-
ders. Importantly, these agents have demonstrated that targe-
ting endogenous regulatory systems can yield both efficacy and
safety superior to traditional pharmacological approaches.

However, the incretin system itself is far more complex than
initially anticipated. Ongoing research continues to uncover addi-
tional layers of regulation, including interactions between incretin
hormones, central and peripheral signaling pathways, and their in-
tegration within broader neuroendocrine and metabolic networks.
The recent development of dual and triple receptor agonists un-
derscores a paradigm shift from single-target interventions toward
multi-dimensional modulation of metabolic homeostasis. Future
directions in this field are likely to be shaped by advances in pre-
cision medicine, enabling more individualized therapeutic strate-
gies based on genetic, metabolic, and phenotypic characteristics
of patients. In parallel, innovations in drug delivery systems, in-
cluding oral peptide formulations and long-acting compounds, will
further improve treatment adherence and clinical outcomes.

In this context, the evolution of the incretin concept should
be viewed not as a completed success story, but as an ongoing
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PE3IOME

CoupanbHast U3onsupUs paccMaTpuBaeTCs B COBPEMEHHON MEeMLMHE W HelipoHaykax Kak 3HauWMMblid NCUXOCcoLManbHbIii ¢haktop,
CNOCOBHBIN OKa3biBaTb BbIPAXEHHOE BMWSHWE Ha MCUXMYECKOE 300POBbLE, KOTHUTUBHbIE (DYHKLWM 1 HEMPOBMONOrNYECKNE MEXaHM3-
Mbl perynsumn nosegfeHus. B nocnegHue rofbl HaKOMMEHO 3HAYMTENBHOE KOMMYECTBO 3KCMIEPUMEHTANBHbIX U KIMMHUYECKNX AaHHbIX,
CBUOETENbCTBYIOLMX O TOM, YTO OrpaHUYeHne CoLmarbHbIX B3aMOAEHCTBUI MOXET NPUBOAUTL K PA3BUTUIO Pa3nnyHbIX MCUXOHEB-
POMOTMYECKIX HapYLLEHWI, BKNIOYas AEMPECCUBHBIE U TPEBOXHbIE PACCTPONCTBA, KOTHUTUBHOE CHUKEHME, @ TakKe MOBbILIEHHYIO
YS13BUMOCTb K (DOPMUPOBAHMIO aganKTUBHBIX (DOPM NoBeaeHus. B 063ope aHanuanpyoTcs COBPEMEHHbIE MPEACTaBMNEHNs O NPUPOAe
COLMAnbHON U3ONSALMN U ee KITMHUYECKUX MOCTIEACTBUSX, @ Takke O HEMPOBMONOrnieckux U MOMEKYNSPHBIX MexaH3MaXx, nexalimnx
B OCHOBE (POPMUPOBAHUS CTPECC-MHAYLMPOBaHHbIX NOBeAeHYeCkuX HapylleHnin. Ocoboe BHUMaHWE YAenseTcs pasnnymsam Mexay
COLMansHOMN M30NALMeN kak 0B bEKTUBHBIM OrpaHUYEHNSM COLMAnbHbIX KOHTAKTOB M OAMHOYECTBOM Kak CyObEKTMBHBLIM NCUXOMOruye-
CKIAM COCTOSIHUSIM, CBA3AHHBIM C NEPeXMBaHNEM HeOCTaTKa MEXMYHOCTHbIX OTHOLLEHWNA. [oka3aHo, YTO coYeTaHMe 3TUX COCTOSHMI
MOXET OKa3blBaTb Hanboree BblpaxeHHOE HeraTyBHOe BANSHWE Ha ncuxdeckoe briarononyyne yenoseka. B 0b3ope paccmatpusa-
I0TCS KIMHMYECKME acnekTbl Npobnembl CoLnanbHOM U30NSLMN, BKIOYAS €€ POSib B PA3BUTUM AENPECCUM, KOTHUTUBHBIX HAPYLUEHWIA 1
HenpopaereHepaTuBHbIX 3abonesanuii, 0cobeHHO B NoxunoM Bospacte. O606LLeHbI AaHHbIe SKCNEPUMEHTANbHbBIX MCCNEA0BaHMI Ha
XMBOTHbIX MOZENsX COLManbHON U30MALMM, AEMOHCTPUPYIOLLNE Pa3BUTUE KOMMEKCA NOBEAEHYECKMX U HEMPOXMMUYECKMX N3MEHE-
HWI, U3BECTHOTO KaK «CMHAPOM coumanbHoi uonauumny. Ocoboe BHUMaHWE yoensieTcs U3MEHeHUAM (yHKLMOHNPOBaHUS Me30nnM-
Buyeckon fOhaMUHEPTNYECKON CUCTEMBI, aKTUBALMN TMNOTanamo-runogn3apHo-Hagnoue4HKOBOM OCW 1 POnM HEMPONenTUAEPHbIX
CUCTEM MO3ra, BKIIOYas OPEKCUHOBYIO, MPENUHOBYI0 N MENaHOKOPTUHOBYIO cucTeMbl. COBPEMEHHbIE AaHHble CBUAETENbCTBYIOT O
CMOXXHOM 1 MHOrOhaKTOPHOM XapaKTepe naToreHe3a counanbHomn n3onsuumn. [JansHenwee n3yveHne Hempobmonorniecknx MexaHmus-
MOB 3TWX MPOLIECCOB MOXET CNOCOOCTBOBATH BbISIBIIEHMIO HOBbIX MOSIEKYNAPHbLIX MapkepoB 1 pa3paboTke NepcrnekTUBHbIX NOAXOA0B
K NpochunakTuke 1 Tepanim CTpeCcc-MHAYLMPOBaHHBIX NOBEAEHYECKNX HAPYLLEHNA.

KntoueBble cnoBa: couunanbHaa nsondauna, aenpeccus, nosegeH4yeckne paCCTpOI7ICTBa, He17|po6monormqe0|<|/|e MapKepbl coumaanoM
msonaumm
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ABSTRACT

Social isolation is increasingly regarded in modern medicine and neuroscience as a significant psychosocial factor capable of
exerting profound effects on mental health, cognitive functioning, and neurobiological mechanisms underlying behavioral regulation.
In recent years, a substantial body of experimental and clinical evidence has demonstrated that restricted social interactions may
contribute to the development of various neuropsychiatric disturbances, including depressive and anxiety disorders, cognitive decline,
and increased vulnerability to addictive behaviors. This review analyzes current concepts concerning the nature of social isolation,
its clinical consequences, and the neurobiological and molecular mechanisms underlying stress-induced behavioral disturbances.
Particular attention is given to the distinction between social isolation as an objective limitation of social contacts and loneliness as a
subjective psychological state associated with the perceived lack of meaningful interpersonal relationships. Evidence suggests that the
coexistence of objective social isolation and subjective loneliness may exert the most pronounced negative impact on psychological well-
being. The review summarizes clinical findings linking social isolation with depression, cognitive impairment, and neurodegenerative
diseases, particularly in the elderly population. In addition, experimental studies using animal models of social isolation are discussed,
demonstrating the development of a complex set of behavioral and neurochemical alterations known as the “social isolation syndrome”.
These alterations include dysregulation of the mesolimbic dopaminergic system, activation of the hypothalamic-pituitary-adrenal
axis, and involvement of several neuropeptide systems, including the orexinergic, ghrelinergic, and melanocortin pathways. Overall,
current evidence highlights the complex and multifactorial pathogenesis of social isolation. Further investigation of its neurobiological
mechanisms may facilitate the identification of novel molecular markers and the development of innovative strategies for the prevention
and treatment of stress-induced behavioral disorders.
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BBEOEHUE

Yenosek kak bronoruyeckuin Bug (Homo sapiens) xapakre-
PU3YeTCs BbIpaXeHHO! CoLmanbHON NPUPOAOH 1 3BOMKOLIMOHHO
OPWEHTMPOBaH Ha (HOPMMUPOBAHWE YCTOMYMBLIX COLMANbHBIX
rpynn. OBOMIOLMOHHOE pa3BUTME MO3ra YeNoBeka NPONCXOaM-
0 B YCNOBMSIX CIOXHOW COLMAnbHOM OpraHn3alum npuMaTos,
4T0 06YyCnoBMno opmM1poBaHME Helpobronornyecknx mexa-
HW3MOB, 0BecrneynBatoLLMX KoonepaLuio, CoLnanbHylo KOMMY-
HWKaLWIo 1 NoAAep)aHue rpynnoBoro nosegeHus [1].

NMPUPOOA U NOCINEACTBUA
COUMANBHOU N30NnALMUU YENOBEKA

CoumanbHas u30nauuMs ONpeaensieTcs Kak COCTOSHUE,
npu KOTOPOM Y WHAWBMAA OTCYTCTBYET YYBCTBO COLMAnbHOM
NPUHAANEXHOCTU UMW CYLLECTBEHHO OrPaHUYEHO KOMUYECTBO
M Ka4yecTBO COLMArbHbIX KOHTAKTOB. Takas CUTyauusi MOXET
BO3HWKHYTb BCNEACTBME (PU3NYECKOA HEXBATKM COLMAmbHbIX
B3aNMOZENCTBUIA, OTPaHMYEHHOCTU CoLManbHON ceTn nnbo
HEeJoCTaTOYHOWN 3MOLMOHANBHOW HACHILEHHOCTU CYLLECTBYHO-
LUMX MEXMNYHOCTHbIX OTHOLWeHMI [1]. CoumanbHas msonaums
MOXET UMETb Kak [OOPOBOIbHbIA, Tak W BbIHYXAEHHbIA Xapak-
Tep M CONPOBOXAATLCA Pa3NUYHbIMU NCUXONOMUYECKUMU U MO-
BeAeHYeckuMn nposieneHusMn. K ynucny Hanbonee TUNUYHBIX
NOCNeACTBNA OTHOCATCS CTPECC-MHAYLMPOBAHHbIE NOBEAEHYE-
CKMe peakuuu, HapyLLIeHWs 3MOLMOHANBHON PErynsayun 1 CHM-
XEHME KOTHUTUBHBIX PYHKLWIA [2].

B cBs3u ¢ BO3pacTarollen pacnpoCTPaHEHHOCTbI COLM-
anbHOM N30MALMKM B NOCAEAHWE rofbl B CHCTEME 34paBOOXpaHe-
HWS peanuayloTcs crneynanbHble MPorpaMMbl, HanpaBneHHbIe
Ha CTUMYNMUPOBaHUE coLmanbHbIX B3anMmogeincTsuin. OgHum 13
NepcrnekTUBHbIX HanpaBneHUn SBNSKTCS LUPOBbIE 1 OHMANH-
counanbHble nnaThopMbl, OPUEHTUPOBAHHBIE NPEXAE BCETO Ha
MOXWIbIX NIOAENA, KOTOPbIE NO3BONSIOT PACLLMPUTL BO3MOXHO-
CTW KOMMYHUKaLMN 1 NOAZEPXaHNS CoLManbHbIX KOHTAKTOB [3].
lMokasaHo, 4TO MCMonb3oBaHne NoJOBHbIX TEXHOMOTUIA MOXET
cnocobCTBOBaTH aKTMBM3aLMM CoLMarnbHbIX POPM NOBEAEHUS,
BKMIOYas YBENMYEHNE YACTOTbI KOHTAKTOB C POACTBEHHUKAMM 1
Brmskumn. OgHako addekTMBHOCTL NOAOOHLIX BMELIATENBCTB
BO MHOTOM 3aBUCWT OT YPOBHS LIMPPOBOI rPpaMOTHOCTM MOXKM-
NbIX NIOLEN M X MOTUBALMM K COLManbHOMY B3aUMOAENCTBUIO.
B ycnoBusx orpaHuYeHHbIX HaBbIKOB WCMOMNb30BaAHWS COBpE-
MEHHBIX TEXHOMOMMA coLanbHas NogaepxKa CO CTOPOHbI CO-
CeAen, poaCTBEHHUKOB W coLManbHbIX paboTHUKOB OCTaeTcs
BaXHbIM (hakTOPOM NPOUNaKTUKK coLmanbHomn usonauum [3].

B oTnnume oT coumanbHOM M3onauuM O4MHOYECTBO Mpea-
cTaBnsieT coboi NpemmyLLecTBEHHO CyObEKTUBHOE NCMXONOry-
Yeckoe COCTOSHWe, CBSI3aHHOE C MepexmBaHWeM HepocTaTka
3MOLMOHANBHON BMN30CTM U YAOBNETBOPSOLLNX MEXIUYHOCT-
HbIX OTHOWeHMA. OQMHOYECTBO MOXHO OMPEAEnUTb Kak OLLy-
LEeHWe OTCYTCTBMS 3MOLMOHANbHON MPUBSA3AHHOCTU B Cylle-
CTBYIOLMX coumanbHbIx cBa3sx [4]. C Ncuxonornyeckon ToUKm
3pEHNS BbIGENAT HECKOMbKO (hOpM OAWMHOYECTBa, pasnuya-
IOLLMXCS MO MeXaHu3MaM BO3HWUKHOBEHUS. Tak, CUTyaLMOHHOe
OMHOYEeCTBO BO3HUKAET BCMELCTBME BPEMEHHOrO AeduuuTa
coumarnbHbIX KOHTAKTOB B OKpyxatole cpene. lMporpeccupy-

folLlee OMHOYECTBO CBS3aHO C HapylleHnem 6anaHca mexay
noTpe6HOCTBI0 YenoBeka B COLMarbHbIX OTHOLEHUSX U CTPEM-
NEHVEM K YEOMHEHMIO, YTO MOXET MPUBOAUTbL K (hopMMpOBa-
HUIO YCTONYMBBLIX adhPEKTUBHBIX MEPEXMBAHUI U30NALMKM W
BHYTPEHHEl NycToThl. BHyTpeHHee oanHO4eCTBO 00YCOBNEHO
0COOEHHOCTSIMI BOCTIPUSTIS 1 CAMOOLIEHKM MHAMBNAA N MOXET
BO3HMKaTb HE3ABWCIMO OT OOBEKTUBHOTO YPOBHSI COLMAbHOM
WHTerpaumu [4].

B KnuHM4eckol npakTuke OfMHOYECTBO HEPEAKO paccMa-
TPMBAETCS KaK BaxHbIA MCUXOMOTMYECKUA CUMMTOM, accoum-
MPOBAHHBIA C PA3NNYHbIMK MCUXMYECKAMM W MOBELEHYECKUMU
HapyweHusmmn [5, 6]. B nocnegHue rogbl OAMHOYMECTBO BCE
yaie obcyknaeTcs kak caMoCTOSATENbHbIA (hakTop pucka pas-
BUTWSI COMATUYECKUX U NCUXMYECKUX 3abonieBaHuil, 0cobeHHO
B MOXWIbIX BO3PACTHbIX rpynnax. B 9ToM KOHTEKCTe 0auHOYe-
CTBO MOXHO paccMaTpuBaTh kak NaTofornyeckoe SMoLMoHab-
HOe COCTOsIHWe, BO3HMKaloLee B CUTyauuu HECOOTBETCTBUS
Mexgay counanbHbIMM NOTPEBHOCTAMM YenoBeka U pearnbHbIM
YPOBHEM €ro CoLnanbHbIX KOHTaKTOB [6].

HecmoTpst Ha TECHYI B3aUMOCBS3b, COLManbHas n3ons-
LS 1 OQMHOYECTBO He SBNSOTCA NOEHTUYHBIMU PEHOMEHAMM.
YenoBek MOXET HaXo4WUTLCA B YCMOBUSIX COLMANbHOM M3ons-
UMK, He UCMbITbIBasi CyOBEKTUBHOMO YyBCTBA OfMHOYECTBA, U
HaobopoT — ollyLiaTh OANHOYECTBO NPU OTHOCUTENBHO BbICO-
KOVl coLManbHON aKTMBHOCTU. B €BA3W ¢ 3TUM npeacTaBnseTcs
LienecoobpasHbiM paccmaTpyBaTh COLMAnbHY U30NALMK0 1
OVHOYECTBO KaK B3aMMOCBSA3aHHbIE, HO KOHLENTYanbHO pas-
nnyatoLmecs coctosiHuA. Mpu aToM coveTaHne 06bEKTUBHOI
coumanbHON U30MALMK 1 CyOBEKTUBHOMO NEPEXMBAHNS OLMHO-
4ecTBa MOXKET OKasblBaTb Hanbomnee BbIpaXeHHOEe HeraTMBHOE
BNUSIHUE Ha COCTOSIHWE 3[40POBbS M Mcuxuyeckoe Gnaronony-
une yenoseka [6].

B pamkax HacTosiero ob3opa OCHOBHOM akLeHT caenaH
Ha 0OBLEKTVBHOW COLMANMbHON M30MALMM KaK KCNEepUMEHTanb-
HOW MOZENM XPOHWYECKOTO NCUXOCOLManbHOMo CTpecca, No3eo-
nslLen nccneaoBaTh ee Hepobronornyeckne MexaHuambl 1
noBeieHYECKNE NOCNEeCTBNS.

KNUHUYECKUE NOCNEACTBUA
COUWANIbHOU U3onALUnn

CoBpeMeHHbIE ANMAEMMONONMYECKNE U KMUHUYECKNE WC-
CnefoBaHNs CBUOETENbCTBYKOT O TOM, YTO CounanbHas W3o-
NAUUS SBNSETCA 3HAYMMbIM (DAKTOPOM puCKa pasBUTUS pas-
NINYHBIX COMATUYECKNX U MCUXOHEBPOIIOMMYECKUX 3aboneBaHuii
[6]. B nocnepHue rogbl HakonneHbl ybeauTenbHble faHHbIE O
HebnaronpusTHOM BIWSIHUM COLMANbHOM WM30MALMM Ha KOr-
HUTUBHOE (DYHKLIMOHMPOBAHWE, 3MOLMOHANbHOE COCTOSHME
n oblyee cocTosHWe 300pOoBbS Yenoseka [6]. MokasaHo, yTo
OrPaHUYEHHOCTb COLMAnbHbIX KOHTAKTOB MOXET OKa3blBaTb
BbIPaXEHHOE HEeraTMBHOE BMMsSHWE HA MPOLECCHI CTapeHus
MO3ra 1 CnocobCcTBOBaTL PA3BUTUIO HEMPOAETreHEPaTHBHbIX 3a-
GonesaHwit [7]. CornacHo CyWecTBYOLMM AaHHbIM, MHAMBUADI,
MMetoLLME OrpaHNYEHHOE KOMNMYECTBO COLManbHbIX KOHTAKTOB,
HO NpY 3TOM He MCMbITLIBALLME CYOBEKTUBHOTO YyBCTBA OAM-
HOYeCTBA, MOTYT HaXo4WTbCS B rPynne MOBbILUEHHOTO pUcCKa
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passuTus 6onesHn AnbureiiMepa Mo CPaBHEHMIO C NIOObMM,
obnaparowmmm 6onee BbICOKOM CTENEHbIO COLMANbHON MHTE-
rpaumn [7]. LaHHbIA hakT MOXeT NpefcTaBnaTbCs Napagok-
CanbHbIM C KIIMHUYECKON TOYKM 3pPEHNS, MOCKOMbKY B NpaKTHKe
Bpaya YaLle OLeHMBatoTCA CyObeKTUBHbIE xanobbl NaLueHToB
Ha CTPeCccopbl, TPEBOXHOCTb UMK YyBCTBO 0ANHOYecTBa. OfHa-
KO MCCNeAOoBaHNs NOKasblBaAOT, YTO OOBEKTHUBHbIE NOKA3aTenu
coLmarnbHOM U3onsaLuM MoryT uMeTb Bonee BbICOKYH NpOrHoC-
TUYECKYI0 LIEHHOCTb MpU OLiEHKE prcka HempoLereHepaTuBHbIX
3aboneBaHuit. B CBA3M C 3TUM Npu KIIMHUYECKOI OLIEHKE COCTO-
SHWA nauueHTa LenecoobpasHo yunTbiBaTb HE TOMbKO CyOb-
€KTWBHble 3MOLMOHANbHbIE NEPEXNBaHUS, HO U OOBEKTVBHbIE
napameTpbl coLuanbHo BoBrneveHHocTy [8].

Ocoboe 3Ha4eHWe npobrema coupansHoi N3onaLumn npu-
obpeTaeT B NOXMIOM BO3pacTe, KOrga CHUXKEHWE COLManbHOM
aKTMBHOCTM 4acTO COYETAETCH C KOTHUTUBHBIMMU HApPYLLEHWSMM
n passutem gemeHuun. CoumanbHas U3onsauMs U OAMHOMe-
CTBO MOTYT yCUnuBaTh HeratuBHble ad)(eKTUBHbIE, KOTHUTKB-
HblE 1 Helpobmonornyeckne NOCNEACTBUS AEMEHLNN, YXYALLas
ajanTauuio NauneHToB W CHKAs KavyecTBO MX xu3Hu [9]. [o-
MOMHUTENbHbIE AaHHbIE ObINM NOMyYeHbl B NEPUOS NaHAEMUM
COVID-19, korga BbIHYXAEHHOE OrpaHWYeHne CoLuanbHbIX
KOHTaKTOB COMPOBOXAANoCh POCTOM PacnpoCTpaHEHHOCTH fe-
MPECCUBHbIX PACCTPOMCTB, HapYLEHWA NaMsATh U PasfnyHbIX
HenponcuxmaTpu4ecknx CuMnTomoB [8].

[pn 3TOM Hanmuune yCTOMYMBBLIX COLMAnbHbIX CBA3EN U
aKTMBHOE y4yacTue B COLMANbHOM KU3HM acCoLWMpYTCs C
Bonee BnaronpuUsATHbBIM TEYEHWEM KOTHUTUBHBIX MPOLECCOB.
[Tokas3aHo, YTO BbICOKMIA YPOBEHb COLMAmbHOWM MHTErpaLumn
MOXET KOPPenupoBaTh C MeHbLLE! BbIPaXXEHHOCTbIO CTPYKTYP-
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HbIX MOBPEXAEHUI MO3rOBON TKaHW 1 60nee HN3KON CTENEHbIO
HerpogereHepaTuBHbIX U3MeHeHui. [peanonaraeTcs, 4To 04-
HUM W3 KMKOYEBbIX MEXaHN3MOB AaHHbIX MPOLECCOB ABNSETCS
XPOHMYECKas aKTMBALMs runoTanamo-runodusapHo-Hagmo-
yeyHukoBoi ocu (ITH-ocu), conpoBoXaarowascs AnNTeNb-
HbIM MOBbLILIEHUEM YPOBHS [IIOKOKOPTUKOMAOB, CHUKEHUEM
HeliporeHesa B runnokamne W HapylweHUeM CUHaNTUYEeCKOM
nnactuyHocTm [8, 9].

[ns Bonee geTanbHOMO W3yveHus Natoguanonorun couu-
arnbHOM M30MALMM LUIMPOKO MCMOMb3YHTCS SKCNEPUMEHTaNbHbIE
MOZENN Ha XMBOTHbIX. [okadaHo, YTO 30MALNS B PaHHEM OH-
TOreHe3e UM BO B3POCIIOM BO3pacTe NPUBOAUT K BbIPAXEHHbIM
M3MEHEHUIM NOBEAEHNS, BKITIOYAS MOBbILIEHWNE TPEBOXHOCTH,
arpecCcUBHOCTM, CHKEHWE KOTHUTMBHBIX (OYHKLMA 1 yBenude-
HWe YSI3BUMOCTY K AeNCTBUI0 NCUXO0aKTMBHBIX BellecTs [10-12].
B akcnepumeHTanbHoOi Helpobruonorum onucaH Tak HasblBae-
MbIA CMHAPOM COLManbHOM M30MALMK Y TPbI3YHOB, BKIKYat0-
LLMIA KOMMIIEKC NOBEAEHYECKNX U HENPOXMMUYECKUX U3MEHEHNA
[10]. K OCHOBHbIM ero nposiBfeHNsIM OTHOCSTCS: MOBbILLEHNE
B030YAMMOCTI HEAPOHAITbHBIX CUCTEM BO3HArpaXaeHNs Mo3ra;
CHWXEHWE YPOBHSI BHUMaHUS B COMETaHUM C MOBbILLEHHON J10-
KOMOTOPHO aKTUBHOCTbIO; NOSIBIIEHWE NAaTONOMMYeCKoi arpec-
CMBHOCTU, MPW KOTOPOIA N03a NOLYMHEHNS Y ApYroi 0cobm He
nofaBnsieT arpeCcCMBHOE NOBEEHNE; NOBbILIEHWNE BbIPAXXEHHO-
CTW LenpeccnBHONOAO0OHBIX peakLmii B YCNOBUSX CTPECCOBOTO
Bosgeiicteus [10].

Pa3BuTHe ykasaHHbIX MOBELEHYECKUX W3MEHEHWI COMpo-
BOXXAAEeTCs MOBLILIEHNEM YSI3BMMOCTY K JEACTBUKO 3TaHona u
OPYTMX MCUXOAKTUBHBIX BELECTB, a Takke (DOpMUpOBaHMEM
naToNOrM4eCKO 3aBUCUMOCTU OT afANKTUBHBIX CTUMYNOB [13,
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14]. CounanbHas n3onaums Takke accoLuMmpoBaHa CO CHUXKe-
HWEM HelporeHesa, YMEHbLUEHMEM AEHOPUTHON BETBUCTOCTU
HEMpOHOB U YCWUIEHWEM 3KCMPECCUN MPOBOCMANUTENbHBIX
LUMTOKMHOB B runnokamne 1 npegpoHTanbHON KOpe rofoBHO-
ro mosra [15]. B psige uccnegoBaHuii nokasaHo MOBbILLEHNE
YPOBHSI NPOBOCMANMUTENbHbLIX MEAUATOPOB B CTPYKTYpax Mo3ra
XMBOTHbIX, HAXOASALLMXCS B YCNOBUSAX ANNTENbHON COLMAnNbHON
nsonsuum [16].

KnioyeBbIM  3NEeMEHTOM  HEpobUONOrnyecknx Un3meHe-
HWN NpW COLManbHON M30MALMM SBSIETCS akTUBaLMUs CTpecc-
peanuayLLmx HeMPOSHAOKPHUHHBIX cucTeM. CoumanbHble BUabI
XMBOTHbIX, BKMKOYas MpUMaToOB W IPbI3yHOB, UCMbITHIBAKT Bbl-
PaXEHHbIA CTPECC MPW ANUTENBHOM OTCYTCTBUM COLMANbHBIX
B3aWMOLENCTBUIA, YTO MPUBOAMT K XPOHUYECKOWM aKTWUBaLum
[TH-ocu [17]. Y YenoBeka NOBbILLEHWE YPOBHS KOPTM30Ma Npu
coLMarnbHOM WM30NALMKM, Kak NpaBuio, HOCWUT YMEPEHHBbIN, HO
ANUTENbHbIN XapakTep. Mpu 3TOM OTCYTCTBME BbIPAXEHHON
OCTPOM CTPECCOBOW peakLMM MOXET MacKMpoBaTb MOCTEMEH-
HOe (hOPMMPOBAHME XPOHMYECKOTO CTPECCOBOMO COCTOSHMSA,
KOTOpOE B AanbHeileM CrnocobCTBYET pasBUTMIO Pa3nnYHbIX
MCUXUYECKUX 1 COMATUYECKUX HapyLleHui [2]. BaxHyto ponb B
(hOpPMMPOBaHUM NOBEAEHYECKMX 1 AMOLIMOHAMBHBIX HApYLLEHMI
npu coLlmnanbHoON n3onsumun urpaet genpeccus. MokasaHo, YTo
N30NALMS YacTo COMyTCTBYET AenpecCuBHbIM PaccTPONCTBaM,
O[IHaKO CBA3b MEeXAY STUMM COCTOSIHUSMU HOCUT [BYCTOPOHHNNA
XapakTep: Jenpeccust MOXeT cnocobcTBoBaTb (POPMUPOBAHIIO
N30MALMKM, a MepexnBaHue COLUMAnbHOM W30MALMM MOBbILA-
€T pUCK pasBuTUS AenpeccusHbix cocTosHui [18]. denpeccus
Takke paccMaTpuBAETCs Kak OAMH M3 KIo4eBblX (DaKTOpOB,
YCUNMBAIOLMX HeraTWBHble NOCHEACTBUS COLMANbHONM 130ns-
L\W 1 NOBbILLAKLIMX BEPOSTHOCTb BO3HUKHOBEHMS HapYLLEHWI
noeefexns [19]. Ha Heipobuonornyeckom ypoBHe genpeccus-
Hble PacCTPONCTBA CBA3aHbl C HapYLIEHWEM HENPOUMMYHHOM
perynsauum, U3MEHEHNEM aKTUBHOCTW LIMTOKMHOB U MPOrpeccu-
pyloLLei yTpaToi aganTuBHbIX (YHKUMIA pa3nnyHbIX CTPYKTYP
FONIOBHOTO MO3ra. OTW NPOLECChl MOTYT JOMOMHUTENBHO YCUiu-
BaTb HEraTMBHOE BMWSIHUE COLMANbHOM U30NALMN Ha NCUXKYe-
CKOE 3[10pPOBbE YemnoBeka 1 cnocobCTBOBaTb Pa3BUTMIO YCTOM-
UMBbIX NOBefeHYECKUX HapyLweHuit (puc. 1) [19].

HEMPOBUONOIrnA N HEMPOXUMUA
COLIMATIbHOU U3onauunu

CoupanbHas u30MsLUMA paccMaTpuBaeTcsl Kak MOLLHbIN
nCUXocoLmMarnbHbIi  CTPECCOP, CMOCOBHbIN BbI3biBaTh y6o-
kue Helpobuonornyeckne W HeNpOXMMUYECKME U3MEHEHMS
B LIEHTPanbHON HEpBHON cUCTeMe. JKCMepUMEHTanbHble WC-
CNefoBaHNS Ha XMBOTHbIX MOAENSX Nokasanu, YTo LnuTenb-
HOe OrpaHuyeHue CounanbHbIX B3aMMOAENCTBUI NPUBOAMUT K
KOMMMEKCHOW NepecTpoiike (PYHKLMOHMPOBAHUS HepoMeama-
TOPHBIX CMCTEM MO3ra, BKNKYas A0(aMUHEPTYECKY0, Cepo-
TOHWHEPTNYECKYIO, FMyTaMaTePrinyeckyio 1 NenTMAEprnyeckyio
CUCTEMBI. OTU W3MEHEHUS NexaT B OCHOBE (HOPMUPYIOLLMXCA
MOBeJEHYECKNX HapYLUEHWNA, TaknX Kak NoBbILLIEHHAs TPEBOX-
HOCTb, AENPECCUBHOMOLOBHbIE COCTOSHNS, MMMYMbCUBHOCTD U
CKMOHHOCTb K (DOPMUPOBAHWI0 aAAUKTUBHBIX (POPM NOBEAEHUS.

OnHUM 13 BaxHbIX MOBEAEHYECKUX NPOSIBNEHUI COLManb-
HOW M30MALMKM SBASIETCS Pa3BUTHE HapYLIEHWA MWLLEBOrO Mo-
BefeHus. [1oka3aHo, YTO BbIpalLMBaHNE KUBOTHBIX B YCIOBUSAX
M30IALMM MOXET CONPOBOXAATLCS YBENUYEHNEM MACChl Tena,
YCUIEHWNEM MWLLEBOI MOTUBALMN U PA3BUTUEM KOMMYbCUBHO-
ro nepeepanns [20-22]. MNpegnonaraercs, YTo AaHHbIE U3Me-
HEHWS CBSA3aHbI C HapYLUEHUEM (DYHKLIMOHMPOBaHWS Heiponen-
TUAEPHBIX CUCTEM, YUYACTBYIOLMX B KOHTPONE 3HEPTETUYECKOTO
BanaHca 1 MOTMBALIMOHHOTO NOBEAEHUS. B 4acTHOCTH, BaXHYHO
POfib UrpaloT OPEKCUHOBAS U PENMHOBAs CUCTEMBI, perynmpy-
foLLMe NPOLLECChI MMLLEBOV MOTUBALMM M 3MOLMOHANBHOIO NOA-
KpenneHus.

OpHuM 13 Hanbonee YCTONYMBLIX HEMPOBMONOTYECKIX S¢-
(heKTOB COLManbHON U30NALMUN ABNSETCS HApyLUEHUE (yHKLMO-
HWPOBaHUS Me30NMMBNYECKON [O(aMUHEPTUYECKO CUCTEMI,
UrpatoLLen KIioyeByo porb B perynsumn MoTueaLmm, SMoLmo-
HaNbHOTO NOBEAEHMs M MPOLeccoB nogkpenneHus. MokasaHo,
4TO ANnTenbHas CoumanbHas W3onsuuMst COMpPOBOXAAETCS Mo-
BbILUEHVEM BbICBOOOXKAEHMS JOhaMuHa B Mpunexallem sape
(nucleus accumbens) n n3MeHeHeM YyBCTBUTENBHOCTN Joda-
MuHoBbIX D1 1 D2 peLienTopos, 4TO NPUBOAUT K HAPYLLEHUSAM CO
CTOPOHbI CUCTEMbI BO3HArpaXzaeHus 1 NOBbILEHUIO BOCTIPUMM-
UMBOCTU K JENCTBUIO afaMKTUBHBIX CTUMYNOB [23, 24]. Mogo6-
Hble M3MEHEHNS PAaCCMATPVBAKOTCS Kak OAWH W3 KMOYeBbIX Me-
XaHU3MOB (hOPMUPOBAHNS aaANKTUBHOMO (hEHOTMMNA NOBEAEHMS.

CoumanbHas M30nAUMS TaKkKe OKa3blBaeT BblPaKEHHOEe
BNWSHME Ha Pa3BUTHE W (PYHKLMOHAMBHYIO OpraH13auuio num-
Buyeckmx cTpykTyp Moara. OrpaHuYeHne coLynansHoro onbiTa B
OHTOreHe3e NMPUBOLAUT K HAPYLIEHMID (POPMUPOBAHUS HEMPOH-
HbIX CBS3€l B rUnnokammne, MUHLANMHe, NosiCHON Kope U runo-
Tanamyce B CTPYKTypax, Y4acCTBYIOLMX B perynayum amoLui,
namsTh 1 CTPECCOBbIX peakuuii [25]. B 4acTHOCTK, Y XMBOTHBbIX,
BbIPaLLEHHbIX B YCIMOBUSX COLMAnbHOM M30MSLMM, BbISBNEHbI
“3MeHeHust 0BMeHa OCHOBHBIX MOHOAMWHOB M HEMPONenTUAOB,
a TakKe NOBbILIEHWE YPOBHS MIOKOKOPTUKOMIOB, BKITOYAs KOp-
TUKOCTEPOH [25, 26]. 31 npoLecchl CONPOBOXAATCS HapyLUe-
HWeM HelpoNNacTUYHOCTM U MOTYT NPUBOANTD K AONTOBPEMEH-
HbIM U3MEHEHUSM MOBEAEHUS.

CyLLecTBEHHOE 3HaYeHWe B naToreHe3e NOBeLEHYECKUX
HapyLUEeHWI Npu CoLnanbHoN U3onsauMM UMeeT akTusauns MH-
ocu. [nutenbHoe OTCYTCTBME COLManbHbIX B3aMMOAENCTBUN
MPUBOONT K XPOHMYECKOW aKTUBaLWW CTPEeCcC-peanunayrowmx
HENPO3HAOKPUHHBIX CUCTEM, BKIOYas CUMMATOafpeHanoByto
cnctemy u IMH-ocb. B pesynbTaTe HabntopaeTcs ycTonumBoe
MOBbLILIEHNE YPOBHSI TTHOKOKOPTUKOWZOB, KOTOPOE COMPOBOX-
[aeTcs HapyLleHreM perynsuum HemponnacTUYHOCTM, CHIKE-
HWeM HeiporeHesa B runnokamne WM M3MeHeHWeM (pyHKLMO-
HanbHOW aKTMBHOCTY NPEPOHTANbHONM Kopbl. ITW MPOLECCHI
CNoCcoBCTBYIOT (hOPMUPOBAHMI YCTOMUMBBIX SMOLIMOHAMBHBIX W
KOTHUTMBHBIX HapyLeHni [26)].

Ocoboe BHWMaHWEe B MOCMefHWE rofbl YAENseTcs ponu
OPeKCUreHHbIX NENTUAOB B PETYMALMM NMOBEAEHUS MpU COLy-
anbHom n3onsuuu. OpekcuH, rpeniH, HeliponenTug Y, MenaHo-
UMT-CTUMYTMPYIOLLUIA TOPMOH M TMHOKaroHonoAo0OHbIN nenTtua
Y4aCTBYIOT B WHTErpaLuu CUrHarmnoB, CBA3aHHbIX CO CTPECCOM,
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9HepreTMyecknm 0BMEHOM W cUCTEMOW nopakpennexus [27].
[lokasaHo, 4YTO B3aUMOAENCTBUE 3TUX HeWponenTUAoB C AO0-
(hamMMHEeprnyeckuMn 1 CEPOTOHMHEPTUYECKUMU  CUCTEMAMK
MO3ra UrpaeT BaxHyt pofb B (hOPMMUPOBAHUM MOTUBALMOHHBIX
W agankTUBHBIX hopm noeeaenns [28, 29]. B psge akcnepu-
MeHTanbHbIX paboT MpPOAEMOHCTPUPOBAHO, YTO COLMarbHast
U3oNAUMS YCUNUBAET afaWKTUBHOE MOBEAEHWE U MOBbILAET
BbICBODOXAEHME AoamuHa B npunexallem sape B OTBET Ha
CTUMYMALMIO 30H NONOXuTENbHOro noakpenneHus [30]. Papma-
Konornyeckas MOAYNALMS HEMPONenTUAHbIX CUCTEM NO3BOMS-
€T YaCTU4YHO KOPPEKTMPOBaTb AaHHble HapyleHns. Tak, npu-
MEHEHWE aHTaroHMCTOB PeLenTOpPOB OPEKCUTEHHbIX NENTULOB,
BKMIOYas aHTArOHUCTbl MENaHOLMT-CTUMYIIMPYIOLLEro ropMOoHa,
MPUBOANT K CHIKEHWIO SMOLMOHASBHOI PEAKTUBHOCTY, BHYTpU-
BWZOBOM arpeccuy 1 UCCneLoBaTeNbCKOro NOBELEHNS Y XMBOT-
HbIX, BbIPALLEHHbIX B YCMOBUSAX coLmanbHon naonsuum [31].

Ocoboe 3HaueHe MMEKT MOAENM PaHHEro COLManbHOro
cTpecca, BKMKYash BPEMEHHYIO U3ONALMI0 KPbICAT OT MaTepy.
[TokasaHo, Y4TO paHHWA NMOCTHATanbHbIA CTPECC U30NALUMM OT
MaTepu NpuBOANT K (DOPMUPOBAHUI0 TPEBOXHO-AEMNPECCHUBHDBIX
CMMNTOMOB BO B3POCIIOM BO3pacTe W MOBLILIAET PUCK pPa3Bu-
TMS aaavkTueHoro noeedeHus [32]. Mpu atom HabniogatoTcs
M3MEHEHNS 3KCMPECCUM TEHOB, KOAWPYIOLWMX peLienTopbl rpe-
NWHA 1 OpEeKCMHa B NMMBUYECKON CUCTEME MO3ra, YTO CBUae-
TENbCTBYET O BOBMEYEHHOCTW HEMPONENTUAHbBIX MEXAHN3MOB B
(hopMMpOBaHME CTPECC-MHAYLMPOBAHHBIX MOBEAEHYECKUX Ha-
PYLUEHUIA. 3HAaUNTENbHbI MHTEPEC NPEACTABNAET yyacTue Hell-
poTpoMyeckuX hakTOpPOB B MaTOreHe3e HapyLueHwid noBeae-
HWS NpU coumanbHoii usonsayuu. MokasaHo, YTO MCUXOTEHHbIE
CTPeccopbl B paHHEM OHTOreHe3e MOryT U3MEHSTb aKTUBHOCTb
curHanbHbIx nyten, cesasaHHblx ¢ BDNF, NTRK2 u PI3K, yva-
CTBYIOLMX B PETYAALMN HENPONAACTUYHOCTN 1 (POPMUPOBAHMM
KOMMYNbCUBHbIX (OPM NuLLeBOro noseaeHns [33]. laHHble Mo-
NEeKynsipHble M3MEHEHNS MOTYT pacCMaTpMBaTLCS Kak NOTEHLM-
anbHble GroMapkepbl YS3BUMOCTM K Pa3BUTWK afaWKTUBHBIX
paccTponCTB.

B nocnegHve rogpl akTMBHO M3y4aeTcsl BOIMOXHOCTb hap-
MaKOmMOrM4EeCKO KOPPEKLMN MOBESEHYECKAX HAPYLUEHWH, Bbl-
3BaHHbIX COLManbHOM n3onsuueit. MpumeHeHe HOBbIX aHTaro-
HWCTOB PELIeNTOPOB OPEKCWHA U TPeniHa No3BoNsSeT CHUXaTb
MPOSIBMEHNS UMNYNBCUBHOCTM, KOMMYSIbCMBHOMO NEpeeaaHust u
Apyrvx (OpM afAnKTUBHOTO NOBEAEHUS B 3KCNEPUMEHTarbHbIX
mogensx [33, 34]. lMonyyeHHble pe3ynbTaTbl MOATBEPXKAAOT
Ba)HYIO PONb OPEKCUHOBOW W TPENMHOBOV CUCTEM B PETYNSLMUM
MOTWBALMOHHBIX KOMMOHEHTOB MOBELEHNS 1 (POPMMPOBaHUM
CTPECC-MHAYLMPOBAHHbIX 3aBUCHMOCTEN.

[ononHutenbHble faHHble CBUAETEMLCTBYIOT O TOM, YTO
paHHUIA coLuanbHbIA CTPECC CNOCoBeH NoBbIWATh IKCIPECCHIO
peuentopa rpenuHa GHSR1a B cTpykTypax numbudeckon cu-
CTEMbI MO3ra, YTO MOXET CrocobCTBOBaTL YCUNEHNIO Jodhamu-
HEPruyeckoi nepegayn 1 GopMMpPOBaHMI0 afaNKTUBHBIX HOPM
noeefeHns. Takum obpasom, rpenvHoBas cuctema BbicTyna-
€T BaXHOM MHTerpanbHOM CUCTEMOM, CBS3bIBaOLLEN CTpecc-
peanuaytLLme MexaHn3Mbl, SHepreTudeckuit 0OMeH 1 cuctemy
noakpennexus moasra [35, 36].

OTgenbHoe HanmpaBneHne MccrefoBaHuin NOCBSLLEHO M3-
YYEHWNIO BIUSHWS COLMamNbHON M30MALMM Ha MOMOBOE W KOM-
MyHUKaTUBHOE MoBefeHue. MMokasaHo, YTO Y KMBOTHbIX, MOA-
BEprLUMXCS ANMTENBHON COLManbHoi 13onsLum, HabnogakTes
M3MEHEHUs1 YPOBHS NENTULHBIX TOPMOHOB, Perynmpytowmx no-
nosyt Motueaumio [37]. Kpome TOro, yCTaHOBMEHO yyacTue
KMCCNEeNTUHOBOW CUCTEMbI B PEFYNIALMN COLMANBHOIO 1 KOMMY-
HWKaTUBHOrO NOBEAEHUS. JKCNepUMeEHTaNbHbIE UCCeLoBaHNS
Ha mogenu Danio rerio nokasanu, 4to counanbHas u3onsaums
1 BBEJEHME aHaroroB KCCMenThHa CrnocoOHbI M3MEHATL 3KC-
MPECCUI0 TeHOB kiss1, kisS2 U X peLenTopoB, BNKSS Ha CO-
LManbHy0 KOMMYHMKaLMo M NoBeAeHYeCKue peakuyun [37, 38].

3AKNIOYEHUE

Takum 06pa3om, COBOKYMHOCTb 3KCMEPUMEHTAMbHBLIX W
KIUHUYECKMX AaHHbIX CBWAETENbCTBYET O TOM, YTO COLMarnb-
Has n3onauMs npeacTaBnsieT cOOO0M MOLLHBIA XPOHUYECKMIA
MCUXOCOLMarnbHblii - CTPECCOp, BbI3bIBAIOWNA  KOMMAEKCHYHO
NePeCcTPONKy HENPOIHAOKPUHHBIX, HEMPOXUMUYECKUX W MOBe-
JEHYecknx MexaHuamoB. OrpaHnyeHune couuanbHbIX B3anMo-
LENCTBUIA NPUBOAMT K HAPYLLEHWUIO CO CTOPOHbI KIHOYEBBIX HEll-
pOMeSMaTOPHbIX CUCTEM MO3ra, a TaKKe K akTUBaLluW cTpecc-
peanuayLLmMx HeMPOIHAOKPUHHBIX MEXAHWU3MOB, Npexae BCEro
runoTanamo-runouapHo-Haano4eyHMKoBon ocu. Ha moneky-
NAPHOM YPOBHE 3TW NPOLIECCHI COMPOBOXAAITCSH U3MEHEHNAMM
HEMponNacTUYHOCTH, CHKEHUEM HENPOreHe3a.

Ocobyto ponb B hOPMMPOBaHUM CTPECC-MHAYLNPOBAHHBIX
MOBEEHYECKNX HAPYLIEHWA WrpalT OPEKCMHOBAS, rPennHO-
Bas W MENaHOKOPTMHOBAs CUCTEMbl. OTW HEMponenTUaHbIe
CUCTEMbI YYaCTBYIOT B WMHTErpaLun CUrHanoB, CBSA3AHHbLIX CO
CTPECCOM, SHEPreTM4eckuM 0BMEHOM U (yHKLMOHUPOBaHUEM
CUCTEMbI BO3HarpaxgeHns mosra. Mx B3aumopgencreme ¢ me-
30nMmMbnyeckon [odaMUHeprnieckon cuctemon copmupyet
HenpoBUONOrMYECKyl0 OCHOBY MOTUBALMOHHBIX MPOLECCOB U
afaVKTMBHOTO moBefeHns. ofyyeHHble AaHHble MO3BONAOT
paccmaTpuBaTh peLenTopbl OPEeKCUreHHbIX MEnTUAOB W CBS-
3aHHbIE C HUMM CUTHAMbHbIE MYTW KaK MepCrnekTUBHbLIE MOMEKY-
NApHbIE MULIEHW ANt pa3paboTku HOBbIX (apMaKoorMYecknx
NOAXOA0B K KOPPeKUWUW MOBEAEHYECKUX U afaaMKTUBHBIX pac-
CTPOWNCTB.

HecmoTps Ha 3HaYMTENbHbIN NPOTPECC B U3YYEHUN HENpPO-
Bronornyecknx MexaHu3mMoB CoLmanbHON U30NALnK, psa dyH-
AaMeHTanbHbIX BOMPOCOB OCTAETCS OTKPbIThIM. B yacTHOCTH,
[0 KOHLIa HE SCHBbI MEXaHW3Mbl, TOCPEACTBOM KOTOPbIX pa3nuy-
Hble (POpMbI COLMAnbHOM N30MALMN — PaHHUIA NOCTHATASbHbIN
CTpecc, OrpaHWyeHue CcoumanbHbIX KOHTaKTOB BO B3pPOCHOM
BO3pacTe WK XpOHWYecKas coumanbHas aenpusauus — npu-
BOAAT K (DOPMMPOBAHWKD CXOAHbIX HEMpoBMOMNOrnyeckux u
noBegeHYeckux heHoTunoB. Heobxoammo Takke YTOYHUTb, B
Kakom CTeneHn UHOMBMAYanbHas reHeTnyeckas npegpacnono-
XEHHOCTb 1 0COBEHHOCTM PaHHEr0 Pa3BUTIS OMPedensIoT ys3-
BWMOCTb MO3ra K BO3[E/CTBII0 COLManbHbIX CTPECCOPOB.

CoumanbHyto n3onauuio cregyeT paccmaTpreaTh He TOIb-
KO Kak COLManbHO-NCUXONOrMYECKOe SBMEHNE, HO U KaK BaXHbIN
OvomMeanUMHCKMIA haKTOp, OKa3bIBAIOWNA CYLLECTBEHHOE BMM-




fHWE Ha (PYHKUMOHMPOBAHME LieHTPaNbHON HEPBHOWM CUCTEMbI.
[anbHenwee n3yyeHne HenpobMoNornMyecknx MexaHn3MoB Co-
LManbHON 13onsaumMmn, a Takke B3aMMOLEUCTBUS Helpomeama-
TOPHBIX 1 HEPONENTUAHBIX CUCTEM MO3ra, MOXET CocobCTBO-
BaTb (hOPMUPOBAHMID HOBOW KOHLIEMLMM HENPOBMONOrNYECKON
perynauun cTpecc-MHAYLMPOBaHHbLIX NOBEAEHYECKNX HapyLue-
HWN W OTKpbIBAET NEPCneKTUBLI paspaboTki MHHOBALMOHHBIX
NOAXOA0B K NPOGUNaKTIKe 1 NeYeHNIo aaanKTUBHBIX U addek-
TUBHbIX PACCTPONCTB.

OOMNONHUTENIbHAA UHOOPMALIUA

Bknap aBTtopoB. C.C. [iopBeeB — HanucaHue u pegak-
TMpOBaHWE TeKCTa, KoHLenuus uccneposanus; B.A. Nlebenes,
AT. Bacunbes, H.C. leganuwsunu, A.O. Opos, T.E. Jlebepne-
Ba — HanucaHue v pefakTupoBaHue Tekcta; A.A. Jlebenes —
HanucaHve n pefakTpoBaHWe TEKCTA, PYKOBOACTBO.

Bce aBTOpbl BHECNM CyLLECTBEHHbIN BKNagd B paspaboTky
KOHLIENLMM 1 MOATOTOBKY CTaTb, NPOYnyW 1 ogobpunmn duHanb-
Hyl0 Bepcuto nepep nybnvkavmeit.

KoHdnukT nHTEpecoB. ABTOpbLI JeknapupytoT OTCYTCTBIE
SIBHBIX 1 MOTEHLMANbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX C
nybnukaumen HacTosLLen cTaTby.

WUcTouHuku chmHaHcupoBaHus. MccnegoBaHue Bbinos-
HEHO B pamkax rocyaapcTeeHHoro 3aganns ®rbHY «Muctutyt
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CMHApOMaanOE OXHupeHuey .EIeTEVI: UCnoJib3oBaHue
Be6-npv|no>|<eHm| ans BVIpTyaHbHOI7I ANArHOCTUKK

Ha npumMepe KnnHn4eckoro cry4as

A.H. MNyTuHues, B.FO. BonHosa, M.I1. CacboHosa, [.A. Hukonbckun, E.A. Pybuosa, K.A. 'yces

Poccuickuin HaumoHarbHbI MccrefoBaTensCKMn MeguumMHCKUA yHuBepeuteT umenn H.A. Muporosa, Mocksa, Poccus

PE3IOME

B neamaTtpuyeckoit npakTuke BCTPEYaloTCcs HacNeACTBEHHbIE 3a60NeBaHus, CONPOBOXAAMLLMECS CUHAPOMAITbHBIM OXUPEHNEM, Bbl-
3BaHHbIM TeHHbIMM TGO XPOMOCOMHBIMI MyTaLMSIMK, @ TaKKe MUreHeTUYECKUMU HapyLleHUsaMW. CUHAPOMarbHbIE hOpMbl OXMpe-
HUS OTNINYAKTCS LUIMPOKUM KITMHUYECKIM MONMMOPGN3MOM, YTO HEPEAKO MPUBOANT K AMArHOCTYECKUM OLIMOKAM 1, Kak CriedcTBue,
K HenpaBUNbHOMY 1 HECBOEBPEMEHHOMY NeYeHMio. VX paHHSis AMArHocTMKa WCKMIOYMTENIbHO BaxHa kak Ans AUarHoCTVKM, Tak U
ANS CBOEBPEMEHHOTO JIeYeHMs, B TOM YMCre MPemynpexneHns pasBUTUS BbIPaXKEHHOTO OXMPEHUS U ero OCNoXHEeHWiA. MpueaeHo
onucaHme KOHKPETHOTO KIMHYECKOTO Criyyas y Manbumka 10 neT ¢ xanobamm Ha u3bbITouHyto Maccy Tena. 1o MecTy XuTenbCTBa pe-
GeHok Habntogancs ¢ AnarHo30M «3K30reHHO-KOHCTUTYLIMOHAMbHOE OXMPEHHe, cTeaTorenaTosy. bbina nposeaeHa anddepeHumars-
Has AMarHoCTUKa s UCKIIOYEHNs! CUHAPOMATbHBIX (hOpM OXMPEHUs, Taknx kKak cuiapombl Mpagepa—Bunnm u AnbcTpema, a Takke
APYTMX HacneacTBEHHbIX 3aGoneBaHuit. TapreTHoe reHeTUYeckoe TECTUPOBaHIIE NO3BOMANIO AMArHOCTMPOBATD Y NMaleHTa CUHAPOM
Bapne-buans — ayTocoMHO-peLieccuBHoe 3abonesaHue U3 rpynnbl unronatid. OaHaKo, YunThIBas HU3KYH YacToTy 3a00oneBaHms
B NOMyNALMM, HEAOCTATOYHOE 3HAHWe AaHHON NATONOrM Bpayamm, BbICOKYH CTOMMOCTb U OrpaHUYEHHYt0 AOCTYMHOCTb NOMHOreHOM-
HbIX METO/I0B MCCIIE[0BaHMs, NO3BONAIOLLMX MPOBECTM NabopaTopHyto AudidbepeHLManbHy0 AMArHoCTuKy, LienecoobpasHa paspa-
BoTka y4eGHbIX KOMMbIOTEPHbIX MOCOBUIA, NO3BONAIOLMX MOAENMPOBATL MPOLIECC KIMHUYECKO ANarHOCTUKN. ABTOPaMM paspaGoTaHo
Takoe BeG-NpUNoXeHe — MHTEpaKTUBHas obyyatolias NporpamMma, No3BoNsioLlast MPOBECTY BUPTYarbHYI0 AUarHoCTUKY B AaHHOM
KIMHMYECKOM Cyyae: NpoaHanManpoBaTh NPefoCTaBeHHYH NHGhopMaLIMio O NaLyeHTe, ONpeaenuTL NinaH o6crefoBaHIs, paccMoT-
PETb BO3MOXHblE [AMarHoCTYECKMe MUNOTE3bl, «HANPaBUTLY MaleHTa Ha KOHCYMbTaLmMK K crelmanmcTam, copmmposaThb andde-
PEeHLManbHO-AMarHOCTUYECKUA PSA U, HAKOHEL, YCTAHOBUTL KOPPEKTHBIN AnarHos. Be6-npunoxeHne MOXET ObiTb UCMONb30BaHO B
npolecce 06y4eHns CTyEHTOB MENLMHCKNX BY30B, KIMHUYECKIX OPAMHATOPOB B KAYECTBE AOMONHUTENBHOTO y4eGHOro nocobus, a
TaKkke NS NOBbILIEHUS KBANMUKALMW NeanaTpoB, 3HAOKPUHOOTOB W Bpayeil ApYrux creumanbHOCTel, KoTopble B CBOEN NpakTuke
MOTYT BCTPETUTLCSA C IaHHOIA naTonorme.

KnioueBble cnoBa: peakve 6onesHn, cuHapom bapae-buans, HacneacTseHHble 3aboneBaHus, BUpTyanbHas AMArHOCTUKa, Keiic-
MeTof, AUCTaHLMOHHOE 0By4eHre
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Syndromic obesity in children: using a Web-based virtual
diagnostic application as a case study

Alexander N. Putintsev, Viktoria Yu. Voinova, Manushak P. Safonova,
Dmitry A. Nikolsky, Elena A. Rubtsova, Kirill Ya. Gusev

N.I. Pirogov Russian National Research Medical University, Moscow, Russia

ABSTRACT

In pediatric practice, hereditary diseases associated with syndromic obesity caused by chromosomal and other genetic abnormalities
are common. Syndromic forms of obesity are characterized by broad clinical polymorphism and share symptoms with more well-known
and common diseases, which often leads to diagnostic errors and, consequently, inappropriate and untimely treatment. Early diagnosis
of syndromic forms is important both for diagnosis and timely treatment, as well as for preventing the development of severe obesity
and its complications. A specific clinical case is described: a 10-year-old boy with complaints of excessive weight gain and headaches.
He had been repeatedly examined at his local hospital and diagnosed with exogenous-constitutional obesity, steatohepatosis. Based
on the phenotype and laboratory and imaging findings, a differential diagnosis was performed to exclude syndromic forms of obesity
in this patient with childhood-onset obesity. Prader-Willi and Alstrdm syndromes, as well as other hereditary disorders, were primarily
excluded. Molecular genetic testing allowed the diagnosis of Bardet-Biedl syndrome, an autosomal recessive disorder belonging to
the ciliopathy group. However, given the low incidence of the disease in the population, insufficient knowledge of this pathology among
doctors, the high cost and limited availability of genome-wide research methods that allow for laboratory differential diagnostics, it is
advisable to develop educational computer aids that allow for modeling the clinical diagnostic process. The authors have developed
a web application — an interactive training program — that enables virtual diagnosis of this clinical case: analyzing the patient's
information, determining a plan for further examination, considering possible diagnostic hypotheses, referring the patient to specialists,
formulating a differential diagnosis, and establishing a diagnosis. The web application can be used in the training of medical students and
clinical residents as a supplementary teaching aid, as well as for advanced training for pediatricians, endocrinologists, and physicians
of other specialties who may encounter this pathology in their practice.
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BBEOEHUE

/136bITOYHAs macca Tena u oXupeHne — Haubonee pac-
NPOCTPaHEHHbIE 3HOOKPUHHBIE HapyleHus y AeTeit v nog-
POCTKOB, YacToTa KOTOPbIX B Halle BpeMS 4OCTUIMa Maclutaba
rnobancHon anuaemuu. Cpeay AeTelt LUKONMBbHOTO Bo3pacTa
pacnpoCcTpaHEHHOCTb OxXupeHns pocturaet 25-30% aetckoro
Hacenenus Poccun'. CpedHerogoBoii Temn npupocTa oxupe-
HWa y geTer 3a nocnegnue 10 net coctasun 9% B rog, y noa-
pocTkoB — 7,6% B rog?. Oxupenue, aeboTuposasluee B geT-
CKOM BO3pacTe, 4acTo COXPaHSeTCs BO B3POCMIOM COCTOSHWM
W CBSA3AHO C Pa3nuyHbIMK MeTaboMMYECKUMU HapyLUEHUSIMK.
CKkpuHWHr 1 nocregyowas Tepanus Tpebyet Gonblumx du-
HaHCOBbIX 3aTpaT CUCTEMbI 3LPaBOOXPAHEHNS B CBA3W C TeM,
4TO OXMPeHWe y AeTelt ABnseTcs (hakTopoM pucka pasBuUTHs
caxapHoro guabeta 2-ro Tuna, apTepuanbHOM runepTeH3uu,
CUCTEMHOM KpaCHOW BOMYaHKM, aTepockneposa, bonesHein cep-
AEYHO-COCYANCTON M OMOPHO-ABUraTeNnbsbHON, PENPOAYKTUBHOM
W Apyrux cuctem opraHuama [4]. JuarHocTuka oxupeHus npo-
BOAMTCS B HECKOMbBKO 3TaroB: Ha NEPBOM 3Tane Bpay OLeHNBa-
€T aHaMHeCTUYECKME aHHble 1 aHTPONOMETPUYECKME Napame-
Tpbl, HA BTOPOM — BbISIBIISIET OCMOXHEHMS], aCCOLUMPOBaHHbIe
C OXMpPEHMEM, Ha TPETbEM — NPOBOAMT AnddepeHLmanbHyio
AMarHoCTUKY C Lienblo WCKMIOYEHUS BTOPUYHOMO OXUPEHMS,
CBSI3aHHOTO C 3HZOKPUHHOW UMW CUHAPOMAbHON NaToNoruen.
CnekTp 6onesHel, nexaluux B OCHOBE OXMNPEHUS, JOCTAaTOYHO
LUMPOK W BKMHOYaeT 3aboneBaHns pasfnyHoi STUONOTMM.

HacnepactBeHHble 60Me3HM, COMPOBOXAAKLIMECS OXKMpe-
HWEM, YacCTo MMEIOT CUMNTOMaTUKy Gonee M3BECTHBIX U pac-
NPOCTPaHEHHbIX 3aboneBaHuii, YTO HEePeAKO NPUBOAMT K Aua-
THOCTMYECKUM OLMOKaM K, Kak CNeAcTBUE, K HenpaBuibHOMY
1 HeCBOEBPEMEHHOMY NneyeHnto. [ns npuobpeTeHns HaBbIKOB
AMarHoCTUKMA B HACTOSILLee BPeMst akTUBHO NMPUMEHSIETCS KeWC-
MeTog, NMOCKOMbKY MEAULIMHCKME KeWChbl SBASIOTCH addekTnB-
HbIM CPEACTBOM aHann3a KOHKPETHOM KIMHUYECKON CUTyaLm,
npoBeaeHus andepeHUmManbHoi AnarHoCTMKM W Bblbopa
TaKTUKW NIeYeHUs naLmueHTa B AUCTaHLUMoHHoM dopmare® 4 [9].
Vicnonb3oBaHue MynbTUMERMIAHBIX TEXHOMOMIA NoMoraeT oby-
YarLWMMCs BU3yanuaupoBaTh KMUHUYECKNe NPOSBREHUS pea-
koro 3aboneBaHusi, LOCTWYb MYYLIEro NOHUMAHWS CHOXHOr0
naToreHe3a, 4to BaxHO npu AuddepeHLnanbHon AnarHocTu-
ke. VIHTepakTWBHbIE KIMHUYECKWE Clyyan MO3BONAKT OLEHNTD
pencTens obyvarollerocs Bpava, nowiaroBo otobpaxas Bep-
Hble 1 HEBEPHbIE OTBETbI C MOSICHEHNAMY, B YeM owmnbka [6, 7].

Ha ocHoBe npuMeHeHusi Kelic-MeToda aBTOpaMu paspa-
foTaHO WMHCTpyMeHTanbHOE CpefcTBO OOyyeHWs Bpadvel Ha
npumepe cnyyas cuHgpoma bapae-buans. B y4ebHbIx Lensx

! Mpoekt «OxmpeHue kak 3abonesanme» AccoupaLm 300poBbs AETEN.
URL: https://zdravdeti.org/project/ (nata obpaluenus 15.12.2025).

2 MaHykusH E.J1. B Poccum pacTeT Yucrio AeTeit ¢ M3BbIToUHOM Maccoi
Tena. Poccniickas raseta. 30 ceHtabps 2021 r.

% Interactive cases. University of Minnesota Medical School. URL: https://
med.umn.edu/dom/education/global-medicine/courses-certificates/
online/interactive-cases (accessed: November 15, 2025).

* Interactive Medical Case: The New England Journal of Medicine. URL:
http://www.nejm.org/multimedia/interactive-medical-case (accessed:
November 15, 2025).

Obin pa3paboTaH CLeHapuii BUpTYanbHOW AMArHOCTWKMW, CO-
JepXaLuii nocnefoBaTenbHOCTb 3TanoB, Ha KaXaoM 13 KOTo-
pbix obyyatoiemycs Bpady Heobxogumo npoaHannavupoBaTh
MONYYeHHYK WH(OPMAaLMIO O NaLUMeHTe U MPUHSATL PELLEHNE:
onpejenuTb NnaH AanbHenwwero 00cneaoBaHus, «HanpaBUTby
nauueHTa Ha KOHCyNbTauuu K creumanuctam, chopMmpoBaB
npu 3TOM AMarHocTUyeckue rmnoTessl. B npouecce paspabotku
WHTEPAKTMBHOTO KNWHUYECKOTO cryyast Oblnu MCNOonb30BaHbl
thoTorpachum KNMHUYECKNX NpOSIBNEHUIA, pesynbTaThl obcne-
[0BaHus pebeHka, B3ATble U3 UCTOPWN GONE3HM, 3aKTYEHNS
CreumnanucToB.

FEHETUMECKUE ®OPMbI OXKUPEHUA

B negwatpuueckoil npakTUKe Hepemko BCTpevalTcs Ha-
CneAcTBeHHble O0NesHu, COMPOBOXAAMOLNECS OXWUPEHWEM,
KOTOpble MOXHO KnaccuuuMpoBaTb Kak CUHAPOMAnbHbIE U
HecuHOpoManbHble POPMbI.

K HecuHapomanbHbIM (hopMam OXMPEHNS OTHOCST reHeTu-
yeckne 3aboneBaHusi, Mpu KOTOPbIX OXNPEHNE — N30NMNPOBaH-
HbIV UM BOMUHMPYIOLLMA cumnToM. Kak npasuno, ath 3abone-
BaHUS BbI3BaHbl MyTaLWsIMU B reHax, KOHTPONMPYHLLMX anmne-
TUT U SHEPreTUYECKNA rOMeocTas Yepea runotanamyc (cuctema
NenTUH-MeNnaHOKOPTUH). OTO Takue COCTOSHWSA, Kak AeduunTt
nenTuHa BCMeAcTBMe MyTauwu reHa LEP, nposBnsiowmics
TSKENbIM OXWUPEHNEM C MEPBbIX MECALEB XM3HU C TMNOrOHa-
[OTPOMHbIM TMMOTOHAAM3MOM, W AedekT pelenTopa nenTuHa
13-3a MyTaumumn reHa LEPR, KNMMHWYeCKU HanoMUHaKoLWmMn oedu-
UMT NENnTWHA, HO C BbICOKAM COAEPXaHWEM NIeNTUHA B KPOBW.
K gaHHoit rpynne OTHOCAT U AeduuynT NpOONMOMENaHOKOPTU-
Ha (MyTauus reHa POMC), BKnovaroLwmii TSHKENoe oXupeHue,
PbIKYKO OKpacKy BOMOC W3-3a HEAOCTaTKa MEnaHoLnuTCTUMY-
NNPYIOLLErO FOPMOHA M HaAMOYEYHUKOBYIO HEAOCTaTOYHOCTb.
Camoin xe 4aCToi HeCMHAPOManbHOM MOHOTEHHOM MPUYNHON
OXMpeHNs aBnseTcsa gedekT pelentopa MenaHoOKopTUHA 4-ro
TMna (cBsidaH ¢ reHoM MC4R), KOTOpbIA NPOsIBNSIETCS Kak Iv-
nepdarus, TsKenoe OXUPEHUE, BbICOKUIA POCT M YCKOPEHHbIN
TEMM OKOCTEHEHMS.

CuHIOpoManbHble reHeTudeckne (HOpMbl OXMPEHWs, rae
nocnegHee — OAMH M3 MHOXECTBa CUMMTOMOB, MOTYT ObiTb
MOHOrEHHOW, XpPOMOCOMHON 3TUOMOTMKM, NMMBO UMETb 3nureHe-
TUYeckne npuunHbl. Cpean XpOMOCOMHbIX CUHLPOMOB, COMPO-
BOXOAIOLMXCA OXKMPEHUEM, CriedyeT OTMETUTb CUHOPOMbI Ae-
neuwnn 2937, OayHa (Tpucomus 21), KnaitHdbenbTepa (kapuotun
47,XXY). 3n 3abonesaHus, kak NpaBumno, NPOSIBNSOTCS KOM-
MIeKCoOM aHOManuii pa3BWUTWS, BKIOYAs YMCTBEHHYK OTCTa-
nocTb. OXMpeHme B COCTaBE MOHOTEHHbIX CHAPOMOB C NONNop-
raHHbIMI HapYLEHWSIMI B Ka4eCTBe NPUYMHBI UMEET MyTaLMIo B
OfHOM reHe. 370 Takue 3aboneBaHus, kak CUHAPOM AnbcTpema
BCreacTeue mytauun reHa ALMS1, Hacnegyemblin ayTOCOMHO-
peLeccuBHO, NPOSBASIOLMICS HEMPOCEHCOPHOW TYroyXoCTbHO,
MArMEHTHBIM PETUHUTOM, CaxapHbIM AnabeTom 2-ro Tuna, kap-
avomuonatuen. C cuigpomom bappe-Buans (BBS) casasaHo
OKOMIO Tpex [AECSTKOB FeHOB, KOAMPYKLWMX Oenku pecHuyek
(umnuapHble 6enku), KNMMHUYECKNe NPOsBNEHUs 3aboneBaHus
ONMMCaHbI HUXE B CBA3W C NPELCTaBMEHHbIM B CTATbe ClyYaeM.




CnepyeT ynomsHyTb Takke ayTOCOMHO-PELECCUBHbIA CUHOPOM
KosHa (myTaums reHa VPS13B), npu koTopom HabntopatoT-
CA XapaKTepHble BbICTyNaLme pesubl, OXMPEHWe, MUOMUS,
HEeNTPOMeHMsl, TMMNOTOHNS, 3a4epXKKa MCUXMYECKOro pasBuUTHS.
Ocobo cnepyeTt 0TMETUTL CUHAPOMAIbHY0 POPMY OXMPEHUS C
ANUreHeTUYECKUM MeXaHM3MoM — cuHApoM [Mpagepa—Bunnu,
B OCHOBE KOTOPOrO NEXUT HapyLeHNe UMMNPUHTUHIA: Aenewus
oTLoBCkon konun 15q11.2-q13 unu ee MaTepuHckas yHUNapeH-
TanbHas AMCOMMS, BKMoYas MMnpuHTupyembii reH SNRPN.
KrtoueBble Mpu3Hakn CMHOPOMa — HeoHaTanbHash rMnoToHNS,
runepdarus, OXvpeHne, rMNoOroHagn3m, 3afepxka Ncuxn4ecko-
ro passuTys.

KoppekTHasi [guarHoCTWKa BbIlIEYNOMSIHYTbIX —Hacnea-
CTBEHHbIX 3a00neBaHuii C OXXMPEHWEM B NOCNEAHME rofbl Npu-
obpena ocoboe 3HaueHe B CBA3M C MOSIBNEHNEM NaTOreHeT-
YeCKOro neveHus, B YaCTHOCTU NpenapaToM CeTMenaHoTua,
KOTOpbIA ABSIETCH aroHUCTOM PELenTopoB MenaHOKOPTUHO-
BOrO MyTU U YCNELIHO KOHTPOMUPYET anneTuT npy YNoMsHYTbIX
BbiIlUE HECMHOPOMANbHbIX POPMax OXWUPEHUS C BOBMEYEHNEM
[aHHOTO CUrHamnbHOro myTu, npu cuHapome bapge-buans, a
TaKkke TeCTupyetcs npu cuHgpome lNpagepa—-Bunnm.

CuHgpom bappe-buans — aytocomHo-peLieccuBHoe 3a-
BonesaHue 13 rpynnbl Lunuonatuit. 3abonesaHne BCTpeyaeT-
CA [OCTaTOMHO Peako, NonynsAuMoHHas Yactota Cpean HOBO-
poxgaeHHbix 1:120 000-1:160 000 [3]. Hambonee TMNMYHBIMK
KIMHUYeCKUMK posiBneHnamu cuHgpoma bappe-buans se-
NSAOTCS: NMUIMEHTHAs [ereHepauusi ceTyaTku, OXMpeHue, no-
NMAAKTANNAS, TUMNOTOHAAU3M, CTPYKTYpHble aHOManuu Moyex,
3a[lepXKa NCUXOpPeveBoro pasBuUTHS, YMCTBEHHAs OTCTANOCTb.
CumnToMokoMmnneke Bnepsble onucaH B 1866 r. [xoHom Jlo-
peHcom n Pobeptom MyHOM, KOTOpble BbISIBUNIM COYETaHWE
NUrMEHTHOWM AUCTPOMUM CETYATKU C MMMOTreHUTann3MoM, OXu-
PEHMEM U YMCTBEHHOW oTcTanoctblo. B 1920 r. Xopx Bapg v
Pobept Buanb fobasunu kK JaHHOMY CUMITOMOKOMMNEKCY Mo-
nugaktunuo [1, 2]. Mpu cuHapome bapge-buans Hapylwaetcs
(DYHKLMOHMPOBAHNE MEPBUYHBIX PECHWYEK, YTO BbI3bIBAETCA
MyTaLMsSIMW B OFHOM W3 MHOTOYMUCIIEHHbIX FEHOB, KOAUPYHOLLMX
Benku, obecneunBatollme HopmarbHOE (PYHKLMOHMPOBAHWE
pecHnyek. HapyleHne yHKUMM LMNWIA 3aTparMBaeT Krove-
Bble curHanbHble nyt (Hedgehog, Wnt, PDGFRa), 4to 0bbsic-
HSIET NNENoTPOMHLIN 3PMEKT rEeHOB U, CnesoBaTeNbHO, Mynb-
TUCUCTEMHBIE KMUHWUYECKNE NposiBnenus [5, 8].

KNUHWYECKUWN CITYYAHU

B neamatpuyeckoe otaenerue noctynun manbyuk 10 net
C Xanobamu Ha u3bbITOYHYK0 Maccy Tena, ronosHsle 6omnu. Mo
MeCTY XWUTeMNbCTBa OH Habnogancs ¢ AMarHo3oM «3K30reHHo-
KOHCTUTYLIMOHAmNbHOE OXMpeHue, cTeatorenatosdy». Manude-
cTauus npusHakoB 3aboneBaHMs MPOMCXOAMNA MOCTENEHHO:
MpW POXOEHUN OMarHOCTUPOBAHbI MHOXECTBEHHbIE aHOMannm
pa3BuTUS — BpaxuaaKTUNNS, YacTUYHAS CUHOAKTUNMUS, KIMHO-
[aKTUNKS, Bbicokoe HEOO, rMNepTenopu3M COCKOB, KOpOTKas
Les, MOHrONOMAHbIA pa3pe3 rnas, runocnagusi. C paHHero
BO3pacTa 0TMeyanuch 3anopbl, 3afiepxka NcUXopeyeBoro pas-
BUTUS, M3OLITOYHAs Macca Tena, JOCTUriLas CTaguy OXUpEeHUs

Nerkoi CTeneHun K BO3pacTy 4 NeT N HEYKMOHHO MPOrpeccupyo-
was BnocneacTeun. B 3 roga manbunky npoBeAeHo onepatya-
HOe NleYeHne runocnagum, B Bo3pacte 4 neT AMarHoCTMpOBaH
rUNoTUPE03, ¢ 6 NeT HabnogaeTCs CHKEHWE OCTPOTbI 3PEHNS,
aHoManum passuTus 3y6os.

Mpy 0ObEKTMBHOM OCMOTpe obpallany Ha cebst BHUMaHue
0cobeHHoCTH (heHoTMna: BpaxmaakTUins, YacTUYHas CUHLAK-
TUAKUS, KNUMHOAAKTUNWS, BbICOKOE HEGO, rnnepTenopusM Co-
CKOB, KOPOTKas LUesl, rMnocnagms, aHomanuu passutus 3y6os;
TUNOreHNTann3M; UHTennekTyanbHol geduunt. dusnyeckoe
pa3sBuTUE BbINO AUCTaPMOHNYHBIM 3a CHET M30bITKa MacChl: BEC
coctasun 46,2 kr (>97-ro nepyextuns), poct — 135,5 cm (10-
25-it nepuUeHTUNb), UHOeKc maccel Tena — 25,16. Mo gaHHbIM
nabopaTopHON AMArHOCTUKI HapYLUEHWI YrneBoaHOro obmeHa
He BbISBMIEHO, OJHAKO OTMeYanacb CMellaHHas Aucivnuae-
MUS (MOBBILLEHWE YPOBHSA Tpurnuuepuaos Ao 2,16 mMons/n,
NMNONPOTENAOB HW3KoW nnoTHocTM Ao 3,83 mMonb/n), He-
3HauMTENbHOE MOBbILIEHWE YPOBHS TUPEOTPOMHOTO FOPMOHA
(TTT 5,65, npu Hopme Ao 5,57 MkME/mn). Mpu ynbTpasByKkoBOM
nccnegosaum (Y3W) BbISIBNeHbI Mpu3Haky CTeaTorenatosa,
AN dy3HbIE N3MEHEHNS NOSXKENYLOYHOI XENE3bI, EANHNYHBIE
kanbLuHaThl B napeHxume obenx novek. Y3W wuTtoBmaHo xe-
nesbl BbISBIIO €€ YMEPEHHO BbIPaXKEHHbIE AUPEY3HbIE N3Me-
HeHus. CornacHo pesyrnbTaTaMm CyTOYHOTO MOHUTOPWUPOBAHMS
apTepuanbHOro AaBfieHUs MPU3HAKOB apTepuanbHoi runep-
TEH3WUN He BbisiBneHo. Mpu 0pTanbMoNornyeckom uccneaosa-
HAN OBHapyXeHO BbIPAaXEHHOE HapyLIeHWe MUrMeHTauuu no
BCeil ceTyaTke, BKMKYas Makyny. YYnTbiBas BbILUEN3NOXEH-
HOe, MaLWEHTY C OXMPEHNEM, MaHU(ECTUPOBABLLMM B JETCKOM
BO3pacTe M UMeKLLMM (DEHOTUNMYECKE OCOBEHHOCTM, Mpo-
BedeHa AuddepeHynanbHas guarHocTUka AN UCKIYeHUs
CUHAPOMAnbHbIX (POpM OXupeHus. B nepsyt ovepedb Obinu
WCKITIOYEHbI HACMEACTBEHHbIE 3a60neBaHNs, CONMPOBOXAALLM-
€Csl OKMpPEHWeM, naTonoruen rnas, 3agepKkon HepBHO-MCUXK-
yeckoro passutus. Cunapom Mpagepa—Bunnu — camblii Yacto
BCTPEYAEMbIA BapWaHT CUHOPOMANbHOMO OXMPEHUs — Obin
VCKITIOYEH, TaK Kak y nauueHTa He Oblno obHapyXeHo n3meHe-
HWit kpuTudeckoro permoHa q11.2-q13 xpomocomel 15. B audp-
thepeHLManbHO-ANarHOCTUYECKUIA psaf OblK Takxke BKMHOYEHbI
cuHapombl AnbcTpema u bapae-buans, ons kotopbix Hapsgy
C OXWPEHWEM XapaKTEpPHbl MUrMEeHTHas AUCTPOdUS CeTyaTkm
1 nopaxeHue noyek. Y Hallero mauyueHTa OTCyTCTBOBamM WH-
CYINIMHOPE3NCTEHTHBIN CaxapHbld AuabeT U HelnpoCceHCOopHas
TYrOyX0CTb, 4TO MO3BOMNMUIIO UCKMOYNTL CMHAPOM AnbCTpeMa.

C uenbto uckmnoyeHns cuiapoma lNpagepa-Bunnm Gbino
NMPOBELEHO MOJEKYNSPHO-TEHETUYECKOE WCCNEA0BaHNe Mpo-
MoTopHo obnactn reHa SNRPN (xpomocoma 15q11.2), B pe-
3ynbTaTe KOTOPOro aHOMarnbHOe MeTUNMPOBAHWE B U3y4aeMon
30He He obHapyxeHo. lMocne nocnesoBaTenbHOro0 AUarHoCTy-
4ecKoro novcka A4ns noaTBepxaeHuns cuiapoma bapae-buans
MPOBEAEHO reHeTnYeckoe nccneaoBanue obpasua [JHK B reHe
BBS1 (ak30H 12) 1 reHe BBS10 (3K30H 2), rae, N0 AaHHbIM nu-
TEpaTypbl, NoKanuaylTcs Hanbosnee YacTble MyTaLmm, accoum-
MPOBaHHbIE C 3ab0neBaHneM. bbinu o6GHapyeHbl ABa NaToreH-
HbIX BapuaHTa B 9k30He 2 reHa BBS10 c.271dupT un ¢.583G>A
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MaumneHT ¢ npu3Hakamu oxupenus / A patient with signs of obesity

B negmatpuyeckoe otaeneqne HAKN noctynun manbyuk 10 net
C Xanobamu Ha U36bITOYHYIO Maccy Tena, rofloBHble 601, OTCTaBa-
HIe B YMCTBEHHOM Pa3BUTIU, CHIKEHNE OCTPOTbI 3PEHNS 11 3aM0pbl.

Ha3Ha4veHNs apeKTUBHOI Tepanuu.

decreased visual acuity, and constipation.

steatohepatosis.

Mo MeCTY XNTeNbCTBa HEOHOKPATHO 06CNe0BaH C AMArHO30M:
JK30reHHO-KOHCTUTYLIMOHANLHOE 0XKMpeHne. CTeaTorenaros.
Pe6eHOK rocnuTanuaupoBaH: A1s KOMNIEKCHOro 06CeA0BaHNs,
npoBezieHns AuddepeHLanbHO-ANarHoCTUYECKOro NoKcKa,

A 10-year-old boy was admitted to the pediatric department with
complaints of excess weight, headaches, mental retardation,

He had been examined repeatedly at his place of residence
and diagnosed, with exogenous-constitutional obesity and

The child was hospitalized for a comprehensive examination,
differential diagnosis, and the prescription of effective therapy.

LR ] |

ki |

Puc. 1.
Fig 1.

(p.G180E) B kOMNayHA-T€TEPO3UTOTHOM COCTOSIHWM, YTO MO3BO-
nUNo AMarHoCTUpOBaTh Y nauueHTa cuHapom bapae-buans.

[ns nporpamMMHON peanu3auun KIWHUYECKOTo Cryyast
Bbino paspaboTaHo BeBG-npunoxeHue, KOTOpoe NpeAcTaBnseT
coboil MHTePaKTVBHYI0 06yy4atoLLyto NporpamMmy, No3BOMSIOLLYIO
NPOBECTU BUPTYanbHY0 OUArHOCTUKY B PEXUME AWUCTAHLWOH-
Horo foctyna. VIHTepakTMBHbIA KNWHUYECKUI cryyai ony6nu-
koBaH', JocTyneH Ans cBOGOAHOrO MPOCMOTPA W COAEPXUT
BMAEO, TEKCTOBYIO M rpadhnyeckyto MHGopMaLmio, aHuMaLuio,
TECTOBbIE 3afaHus, a TakkKe OLEHKY AeicTBUiA obyvaroLlerocs
B npoLiecce BUPTYanbHOM ANarHoCTHKM.

Ha nepBom aTane neyvaluuin Bpay B hopmaTte BUAE0CO00-
LieHUs NpeAcTaBNseT CBeAeHMs 0 nauneHTe, obpalyas BHAMa-
HWe Ha xanobbl 1 AaHHble aHamHesa (puc. 1).

B uHTepakTMBHOM pexume 0OyyaloLWMIACH 3HAKOMUTCS C
AaHHbIMKM 0CMOTpa naumeHTa. Heobxoaumo npoaHanuanposaTth
MOMYYEHHYIO K HACTOSLLEMY MOMEHTY MH(OPMALIMIO O NaLueHTe
V1 OMpefenuTb NnaH ganbHenwwero obcneaosaxus. Mocne o3Ha-
KOMIEHUs C pesynbTatamu KIMHUKO-nabopaTopHbIX uccneno-
BaHWA, B TOM YuCne C MoKasaTensMu TMPEOWAHOro npoduns,
obyuvatolemycs npegnaraetcs cOpPMynMpoBaTb AMArHOCTM-
Yeckyto runotesy. B cnyyae HenpasuIbHbLIX OTBETOB BbIAAKOTCA
nosicHeHus1. [1nsi NpoBEPKM AMarHoCTUYeckux runoTe3 obyyato-
LeMycst npeafiaraeTcs HasHauMTb AOMOMHUTENbHbIE UCCNERo-
BaHus 1 MO WX pe3ynbTatam (puc. 2) onpeaeniTb, K Kakum cne-
LanucTam HanpasWTb NaLMeHTa Ans KOHCYNbTauuy.

lMocrne WCKMoYeHUs OpraHNYeckon NaTonorum rofioBHOMO
MO3ra W CepAeYHO-COCyanCTbIX 3aboneBanmin obyyatoLlemycs

! HTepaKTMBHbI KnuHUYeckMi crydait. OGpasoBaTenbHbId nopTan
WHctuTyTa Benbtuwesa. URL: hitps://edu.pedklin.ru (nata obpalieHus:
15.12.2025).

CBefieHus 0 naLueHTe ¢ M3BbITOYHbIM BECOM (PUCYHOK CO3AaH Ha OCHOBaHWM COOCTBEHHBIX AAHHbIX aBTOPOB CTaTby)
Overweight patient information (the figure was created based on the authors’ own data)

npegnaraetcs copMmupoBatb AnuddepeHLmanbHo-amarHoc-
TUYECKWA psAf, KOTOPbIA BKMKOYAET rpynny HacneLCTBEHHbIX
3ab0neBaHuii, CONPOBOXOAIOWMXCS OXKMPEHNEM, YMCTBEHHON
OTCTanoCTbl0 M MaTOMOrMEN OpraHoB 3peHusi, Mpexae BCero
cuHapom lNpagepa-Bunnu u cungpom bapae-buans. Mpose-
LEHUE MONEKyNSPHO-TeHETUYECKOro 1CCMeA0BaHNS NO3BOSNNO
YCTaHOBWTb Y nauueHTa cuHapom bapae-buans.

[ns Toro ytobbl nony4yuTs Bonee rnybokoe npeacTasne-
Hne o cuHgpome bapae-buans, B MHTEpaKTMBHOW nporpam-
M€ NpeaycMOTpeH 0byyalowmuin Mogynb, B KOTOPOM B MOMHON
Mepe MNCnonb30BaHbl MyNbTUMEANINHBIE KOMMOHEHTI, B YacT-
HOCTM aHWMauus AN 0ObACHEHUS MexaHW3Ma LunvonaTtuu
(puc. 3).

B HacTosiee Bpems nageHTdmumposaHo 6onee 30 reHos,
CBSI3aHHbIX C (heHOTMNOM cuHApoma Bappe-buans. Ux yno6-
HO KnaccuduumpoBaTb MO  (PYHKLMOHAMbHBIM KOMMEKCaM:
BBSome, wanepoHoBbI KOMANEKS 1 Ap. Aapo naToreHesa 3a-
tonesaHns — BBSome (komnnekc u3 8 6enkos BBS1, BBS2,
BBS4, BBS5, BBS7, BBS8, BBS9, BBS18/BBIP1) — asontouu-
OHHO KOHCEepPBATMBHbIN BENKOBbIA KOMMIEKC, AEACTBYHOLLWA Kak
ajantep Ans BHYTPUPECHUYHOTO TPaHCMopTa, PErynvpyHoLni
COPTMPOBKY MeMOpaHHbIx 6enkoB. LanepoHOBLIN KOMMMEKC
(BBS chaperonin complex — BBS6/MKKS, BBS10, BBS12)
opmmpyeT «kancyny» ans cbopku u ctabunusaumun BBSome.
B naToreHese cuHapoma 3afencTBoBaHbl Genkn 6asanbHo-
ro Tena v perynaunn BHYTPUPECHUYHOrO TpaHcnopTa (ARL6/
BBS3, BBS14/CEP290, BBS17/LZTFL1, BBS20/IFT172).
HeobXxoaMMo OTMETUTHL PaCLUMpEHHBIN CnekTp reHoB MKST,
MKS3/TMEM67, CEP164, NPHP1, NPHP4, xoTopble CBSi3aHbl
C Apyrimu  uunvonatusmMu  (cuHgpomsl  Mekkens, Ky6e-
pa, HepOHOPTK3), N ONUCaHbI Y MALMEHTOB C aTUMUYHBLIM




[MauuenT ¢ npusHakamu oxupenus / A patient with signs of obesity

3W opranos 6proLLHOi nonocTh /
Ultrasound of the abdominal organs

Sy

31 wuTOBMAHOI Xenesbl /
Thyroid ultrasound

31 noyek /
Ultrasound of the kidneys
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Puc. 2. PesynbTaTthl ynbTpa3sByKkoBbIX MCCNEJOBaHMI NALMEHTa (PUCYHOK CO3MaH Ha OCHOBaHMM COBCTBEHHBIX AaHHbIX aBTOPOB CTaTbi)
Fig.2.  Ultrasound research results of the patient (the figure was created based on the authors’ own data)
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Puc. 3.  CKpUMHLLOT aHNMALMOHHOIO PonvKa N0 MexaHu3My LunonaTum (PUCyHOK CO3AaH Ha OCHOBaHWUM COBCTBEHHbIX [JaHHbIX aBTOPOB CTaTbH)
Fig. 3.  Ananimated video screenshot on the mechanism of ciliopathy (the figure was created based on the authors’ own data)

WAN NepeKpbIBaLLMMCS heHOTUNOM cuHapoma bapae-buans.
He cyliecTByeT KecTKOW rpaHnLbl Mexgy cuHapomom bapae-
Buans v gpyrummn uunvonatuamun. Tensl CEP290, TMEMG7,
MKKS sBnsitotcst sipkuMy mpuMepamu, rae CrekTp MyTauui
onpegensieT GeHoOTMN OT Tshkenoro cuHapoma Mekkens/XKy6e-
pa [0 «Knaccuyeckoro» cuHapoma bapae-buans.

Hannume aHMMaLMOHHBIX POMUKOB MOMOraeT HarnsgHo
nokasatb 00yyaloLWwmUMcs CroXHble AN BOCTIPUATMS SBNEHUS,

npu 3ToM pocturaetcs BOnblias dPPEKTUBHOCTb YCBOEHMUS
MaTepuana. AHUMAaLMOHHbIA PONUK MANKOCTPUPYET TPaHCMOPT
KNETOYHbIX KOMNOHEHTOB Mexay 6a3anbHbIM TEIOM U aKCOHe-
MOW LiunuK, a Takke N03BONSAET BU3yanuanpoBaTb MeXaHU3Mmbl
LWnmonaTuu, KoTopble MPUBOASAT K PasninyHbIM MPOSBAEHNAM
cuuapoma bapae-buans.

Mpn 3aBepLieHn paboTbl C UHTEPAKTUBHLIM KIMHWYeE-
CKUM CIly4yaeM Ha 9KpaH BbIBOAWUTCS MHTerpanbHas oLeHka —
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CyMMapHOe KOMMYECTBO paLyoHanbHbIX 4encTBui obyyatoLle-
rocsi B NpOLiecce BUPTYanbHON AMArHOCTUKMA M NpaBuUIbHBIX OT-
BETOB Ha BOMPOCHI. Ha Hal B3rnsg, LenecoobpasHo NOBTOPHO
NPOBOAUTb BMPTYanbHYyH AMArHOCTMKY 3ab0neBaHns B UHTep-
aKTMBHOM KITMHMYECKOM Crlyyae C Lenblo YNyylleHWs WHTe-
rpasibHOV OLIEHKMW, YTO BAXHO NS 3aKpenneHus 3HaHni.

3AKINIOYEHUE

[aHHbI MHTEPaKTUBHbIA KITMHUYECKWI Cryqail MOXET ObiTb
NCMONb30BaH ANS MOBLILLEHNS KBanMUKaLum Bpadei-negmna-
TPOB, @ TaKke B mpouecce 00y4eHUs CTYOEHTOB MEeAMLIMHCKUX
BY30B, KITMHWYECKVX OPAVHATOPOB B Ka4eCTBE JOMOMHUTENBHOIO
y4ebHoro nocobus. MprmeHeHue kelic-meToga B y4ebGHOM npoLiec-
ce Mo3BorseT npoBecTy 0byyatoLLerocs Bpaya no aranam npoLec-
Ca BMPTyanbHOI OWMarHOCTUKW, OLEHUTb MPaBUNbHOCTb Bbibopa
BapwaHTa ero AeNCTBUIA, 0BBACHUTB, B YeM OLLMOKa Npu HEBEPHOM
PEeLLEHU, a TaKkke MOMy4uTb BO3MOXHOCTb MOMOMHNTL 3HaHWS Mo
MHOMMM acnekTam peakoil OpMbl CUHAPOMAINBHOMO OXMPEHMS.
MHTEpaKTUBHbIN KeC MO3BOMAET MPaKTUKYIOLEMY Bpady nyTem
MO3TaNHOMO M3y4YEHIS KOHKPETHOTO KIMHMYECKOTO CRy4ast OCBOUTb
anropuTM AMarHOCTMKW HaCneaCTBEHHbIX (HOPM OKMPEHNS.

AONONHUTENbHAA UHOOPMALIUA

BnarogapHocTu. ABTopbl Gnarofapsat BeAyLIEro MHxe-
Hepa-nporpaMmmcTa otgena MHOPMALMOHHBIX TEXHONOMIA 1
MOHUTOPYMHra PasxuBaiiknia Anekces HOpbeBiya 3a nomMoLLb B
peanu3aLuu CepBepHoON YacTy Be6-NpunoxeHus.

Bknap aBTOpOB. Bce aBTOpbI BHECTM CYLLECTBEHHbIN
BKNaf B pa3paboTKy KOHLenLuu, NPOBEAEHNE NCCIe[0BaHNS 1
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ATnnunyHoe ocnoxHeHHoe TeyeHue IPEX-cuiapoma
y pebeHKa rpyaHOro Bospacrta (KnMHUYeCcKum cnyyan)

E.A. Pabosa’, M.B. BensHckas', P.M. Abucos', B.M. Merxynos?, M.A. CuaHeHko',
H.B. FOguHa', 3.T'. A6bacosa?

" BopoHexckas oBnacTHast feTckas knuHudeckast GonbHuua Ne 1, BopoHex, Poccus
2 BOpOHEXCKM roCyAapCTBEHHbIN MeauLMHCKMiA yHBepcuTeT uMeHu H.H. BypaeHko, Bopoxex, Poccust

PE3IOME

[PEX-CHOPOM (MMMYHHas Aucperynsuus, nonuMaHAOKpUHONaTHS, 3HTeponaTis, X-peLeccuBHbIN CLENeHHbIN) — KpailHe peakoe
ayTonMMyHHOe 3aboresaHue, obycrioBneHHoe MyTauuen reHa FOXP3, xapakTtepusyloljeecs UMMyHOLEULMTOM W BbipaxeH-
HOM (PeHOTUNMYECKON BapnabernbHOCTbIO, YTO OCIOXHSIET CBOEBPEMEHHYKO AMArHOCTUKY W NeyeHue nauueHTos. lMpeacTaBneHb
0CcoBEHHOCTH ocnoxHeHHoro TeyeHus IPEX-cuHppoma y peberka rpygHoro Bospacta. C poxaeHWs y nauueHTa oTMevanuch pe-
LMAMBMPYIOLLE TEMONUTUYECKME KPU3bl ayTOMMMYHHOTO reHesa. B Bo3pacTe [eBATM MecCsUEeB pasBunach Tsxenas LuToMerano-
BMPYCHast MHEBMOHUSI, OCMOXHWUBLLASC OCTPbIM PECMMPATOPHLIM AUCTPECC-CUHOPOMOM TSKENOM CTEMEHW M cencucom, notpebo-
BaBLUMMU ANUTENbHON PECMpaTOPHON MOALEepXKKW. [aumeHT nonyyan MMMYHOCYNPECCUBHYKO U aHTUOaKTepuanbHylo Tepanuio ¢
NOMOXWTENbHBIM 3(EKTOM, JOCTUTHYTa CTabWUNM3aLMs COCTOSHWS, MMAHWUPYETCs annoreHHas TpaHCnnaHTauus reMonoaTuye-
CKX CTBOMOBbIX KINETOK. Ha OCHOBaHWM MONeEKYNspHO-reHeTMYECKOTO UCCrnefoBaHns BbiSBNeH BapuaHT B reHe FOXP3 c.227dcl,
p. (L76Qfs*53) B reM13nNroTHOM COCTOSIHUM. AHANOTMYHBIN BapUaHT B reTepO3NrOTHOM COCTOSIHUM OBHapyKeH y MaMbl naumeHTa. Mpu
cekBeHupoBaHumu no CaHrepy reHa FOXP3 cTapluero Bpata nauueHTa BapuaHToB He 0BHapyxeHo. Y MnagLero 6paTa BbisIBNEH Ba-
puaHT B reHe FOXP3 ¢.227dcl, p. (L76Qfs*53) B remn3nrotHoM coctosiHii. OTNMYNTENBHO 0COBEHHOCTBLIO NPELCTAaBNEHHOrO CryYas
CcTarno oTCyTCTBWE NONMWUIHAOKPUHONATUM W JOMUHUPOBaHE ayTOUMMYHHON LToneHum (B-kneTouHas numdonenns, NK-kneToyHas
LWUTONEHUs) Hag cuMnToMamu aHTeponaTui. [aHHbIi cnyyail nogyepkmBaeT HeobxoauMocTb BkItodeHus IPEX-cuigpoma B gudbde-
PeHLManbHO-ANArHOCTUYECKUI PSAA NPW HaNUYMK Y NaLWMEHTOB ayTOUMMYHHOW LMTOMNEHUN, SHTEPONATUM 1 TSHKENbIX ONNOPTYHUCTUYE-
CKIX MHCDEKLMIA, [axe NpW OTCYTCTBUM KNAcCUYEeCKO NONN3HAOKPUHONATUN.

KnioueBble cnosa: IPEX-cuHapom, cuHapom uiliepa—IBaHca, ayTOMMMYyHHasl TeMONUTIYEckasi aHeMUs!, LIMTOMeranoBupycHas
MHEBMOHMS, OCTpbIii PECTINPATOPHbIA AUCTPECC-CUHAPOM, AETH
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Atypical complicated course of IPEX syndrome
in infant (clinical case)

Evgeniya A. Ryabova', Marina V. Belyanskaya', Ruslan M. Abisov':2, Vladimir M. Menzhulov?,
Mikhail A. Sidnenko', Natalia B. Yudina'-2, Eliza G. Abbasova?

'Voronezh Regional Children’s Clinical Hospital No. 1, Voronezh, Russia
2\/oronezh State Medical University named after N.N. Burdenko, Voronezh, Russia

ABSTRACT

IPEX syndrome (immune dysregulation, polyendocrinopathy, enteropathy, X-linked) is an extremely rare autoimmune disease caused
by a mutation of the FOXP3 gene, characterized by immunodeficiency and pronounced phenotypic variability, which complicates the
timely diagnosis and treatment of patients. The features of the complicated course of IPEX syndrome in infants. Since birth, the patient
has had recurrent hemolytic crises of autoimmune origin. At the age of nine months, severe cytomegalovirus pneumonia developed,
complicated by severe acute respiratory distress syndrome and sepsis, which required prolonged respiratory support. The patient
received immunosuppressive and antibacterial therapy with a positive effect, stabilization of the condition was achieved, and allogeneic
hematopoietic stem cell transplantation is planned. Based on a molecular genetic study, a variant in the FOXP3 gene ¢ .227dcl, p.
(L76Qfs*53) in a hemizygous state was identified. A similar variant in the heterozygous state was found in the patient's mother. No
variants were found during Sanger sequencing of the FOXP3 gene of the patient’s older brother. The younger brother has a variant
in the FOXP3 gene ¢.227dcl, p. (L76Qfs*53) in a hemizygous state. A distinctive feature of the presented case was the absence
of polyendocrinopathy and the dominance of autoimmune cytopenia (B-cell lymphopenia, NK-cell cytopenia) over the symptoms of
enteropathy. This case highlights the need to include IPEX syndrome in the differential diagnostic series in patients with autoimmune
cytopenia, enteropathy, and severe opportunistic infections, even in the absence of classical polyendocrinopathy. The earliest possible
genome-wide sequencing and timely radical treatment (alloimmune hematopoietic stem cell transplantation) are critically important for
improving the outcome of this disease.

Keywords: IPEX syndrome, Fisher-Evans syndrome, autoimmune hemolytic anemia, cytomegalovirus pneumonia, acute respiratory
distress syndrome, pediatric

To cite this article

Ryabova E.A., Belyanskaya M.V., Abisov R.M., Menzhulov V.M., Sidnenko M.A., Yudina N.B., Abbasova E.G. Atypical complicated course of IPEX
syndrome in infant (clinical case). Pediatrician (St. Petersburg). 2026;17(1):105-112. (In Russ.). https://doi.org/10.56871/PED.2026.20.11.011.

Submitted: 02.12.2025 Accepted: 08.02.2026 Published online: 20.05.2026




IPEX-cungpom (Immune dysregulation, polyendocrinopa-
thy, enteropathy, X-linked syndrome; ummyHHas aucperynauus,
MONM3HOOKPMHONATMS, SHTEponaTtus, X-peLeccuBHbIA cuen-
NEHHbIN CMHAPOM) — KpaiHe pefKkoe TSKENOe MOHOTEHHoe
3abonesaHue, obycnoBneHHoe BapuaHTamn B reHe FOXP3,
NOKan13oBaHHOM B LEEHTPOMEPHOI obnactn X-xpomocomsl [1].
Okcnpeccupyemblii 6enok reHa FOXP3 — KkntoyeBoi TpaHc-
KPUMLMOHHBIA  hakTop AN pasBuTUs 1 (PYHKLMOHAMBHOM
aktneHoctn CD4+CD25+ T-perynsaTopHbiX KNeToK, KOTOpble
UrpatT KMIOYEBYID PONb B MOAAEPKAHWN WMMYHOMOMMYECKON
TONIEPAHTHOCTU MyTEM CYMPECcCUM WMMYHHbIX peakunin [2].
B GonblimnHcTBe cnyyvaeB IPEX-cMHApOM MaHWGECTUPYET Ha
MepBOM TOAY KM3HW, HO MOXET 0TMe4aTbCs U y AeTen bonee
CTapLLero Bo3pacra.

OCHOBHbI€e KNUHNYECKNE NPOSIBMEHUS — BbIPaXXEHHOE YBe-
nnYeHne NUMMOUAHbBIX OPraHoB, caxapHbli Anabet 1-ro Tnna,
AYTOUMMYHHbIA TUPEOMANT, SK3EMA, SHTEPONATUS N UHDEKLMM
[3-5]. OHpokpuHonaTum BeTpevaroTes y 70-80% naumeHTos,
XOTSl B PACCMOTPEHHOM Cry4Yae CYMMTOMbl MOPAXEHUS SH-
AOKPUHHOM cucTembl oTcyTcTBOBanM [4, 5]. BropuyHas aHTe-
ponaTusi MPUBOAMT K MOCTOSIHHOW Auapee, 3agepxke pocta U
CHukeHuo Beca. Knaccuyeckast ans IPEX-cungpoma tsxenast
9HTeponatus, nNposiBnsiolascs npogy3HON BOLSHUCTON UMK
remopparMyeckon auapeeit, 4acTo HOCUT KU3HEYrpOXatoLLMi
xapakTep [3].

CKpUHUHIOBbIA MeTof AuarHocTuku IPEX-cuHgpoma —
VMMYHO(EHOTUNMPOBaHUE  NIUMCDOLIMTOB  NepUepu4ecKon
KPOBM, KOTOPOE LUMPOKO AOCTYMHO. XapakTepHbIMW, HO He-
cneunduyHbIMKU Haxogkamu npn IPEX-cuHgpome, MoryT 6biTh
903UHOUNNS, LMTONEHUN 1 NOBbILWEHKe YpoBHS IgE u IgA [6].
/Horaa y nauMeHToB BbISBAAKT B-kneTouHylo numdoneHuto
(CD19+ 0 cells/mkn), x0T OHa He ABNSETCA NAaTOrHOMOHMY-
HoW Haxopgkow nmpw IPEX-cungpome [6, 7]. AHTUTena K aHTu-
reHam B-knetok obHapyxwBatotcs y 60% naumeHToB ¢ IPEX-
CWHOPOMOM, BO3MOXHO CHuKeHue ypoBHs NK-kneTok [8].

MeTopom Bbi6opa guarHocTvkn IPEX-cuHopoma ocTaet-
CSl MOMNEKYNAPHO-TEHETUMECKOE UCCNEe0BaHNE C BbISIBNIEHNEM
NaTOreHHOro OAHOHYKNEOTUAHOro BapuaHTa B reHe FOXP3 [9].

OnddeperuymnansHas anarHoctuka IPEX-cunopoma npo-
BOANTCA C MHOXECTBEHHOM 3HAOKPUHHOW HEAOCTaTOYHOCTHH
M ayTOMMMYHHbIM NMMQONPONNGepaTUBHBIM  CUHAPOMOM,
KOTOpbIA TaKkke XapaKTepuayeTcs ayTOMMMYyHHbIMU LuTOMe-
HWSIMU, OHAKO 3HTeponaTis ANst HETO HETUMMYHA, a B OCHOBE
€ro naToreHesa nexat Mytauumn B reHe FAS, a He FOXP3 [10].
Kpome aToro, Heobxoanmo MckmounTb 06LLyto BapuabenbHyto
MMMYHHYI0 HEAOCTATOMHOCTb, KOTOpast CONPOBOXAAETCS ayTo-
VMMYHHBIMU OCNIOKHEHUSIM, HO ee KINacCUYeckUM Npu3HaKom
sBnseTcs runorammarnobynuHemms [11].

OcCHOBHOW METOA paguKanbHOM NaTOreHeTUYECKON Tepa-
nuv IPEX-cnHapomMa — annoreHHas TpaHcnnaHTauums remarto-
noaTuyeckux cTonosbix knetok (TFCK), npn ncnonbaoBaHum
HLA-ngeHTMYHOro [oHOpa MATWUNETHSAS BbhKMBAEMOCTb CO-
crasnsiet 6onee 75% [3]. Mpu oTCYTCTBUM yKa3aHHON Tepanum
BbIKMBaeMocTb nauueHToB ¢ IPEX-cuHgpomom k 10-neTHemy
Bo3pacTy cocTaBnsieT MeHee 30%, NpeuMyLLECTBEHHO BCrea-

CTBME KU3HEYTPOXAKLLMX MHPEKLUMOHHBIX 1 ayTOMMMYHHbIX
OCIIOXHEHMN [7].

OpfHWM 13 NepCnekTUBHbIX HANPaBMeHU NeYeHns SBIseT-
€l npumeHeHne nHMbntTopa mTOR — cuponumyca, KoTopbIi
NPOAEMOHCTpUPOBan 3PdPEKTUBHOCTb B KyNMPOBAHWM YNIOPHOM
Anapen 1 CHXEHWUU YacToTbl FeMOMUTUYECKUX KPU3OB Y nawu-
eHTOoB ¢ IPEX-cMHAPOMOM, pedpakTepHbIM K CTaHAAPTHOMN Te-
panuu [7, 12, 13].

[JocTaTouHo pegkoe ocnoxHenne IPEX-cuHgpoma —
cuHapom ®uwepa-OBaHca, KOTOPOe pasBuIoch B MpeacTaB-
MIEHHOM  KIIMHWYECKOM HabmoaeHny, SBRSACh OTPaKEHWEM
MMMYHHOTO aucbanaHca, XoTs B 60MbLWNHCTBE CMy4YaeB OH ac-
COLMMPOBaH C ayTOMMMYHHBIM NMONponMgepaTuBHLIM CUH-
ApoMoM, obLeit BapnabenbHON MMMYHHOR HELOCTATOYHOCTbIO
1NN CUCTEMHOI KpacHOM Bon4vaHkon [14-16].

CoueTaHue ABYX KpaliHe peaknx CUHAPOMOB, PELKO BCTpe-
YaLLMXCA B KMMHWUYECKOM MpaKTuKe, ONPEAEnBLLNX TSKECTb
cocTosiHUS pebeHka, SBUNOCh OCHOBaHWEM Af1S aHann3a Teve-
HWS 3aD0ONEeBaHNS Y KOHKPETHOTO MaLMeHTa.

KNMUHUYECKUKU CITYHAN

Manbuuk, oT BTOpo GepemeHHoCTM (nepBasi Depemen-
HOCTb — 300POBLIN pebeHOK), NpoTekaBLUel Ha (hoHe nnaLeH-
TapHOW HEAOCTATOYHOCTU U reCTaLMOHHOMO CaxapHoro anabe-
Ta. Poabl cpoyHble, cpok rectaummn 38 Hegenb, Macca Tena npu
poxaeHum 3030 r, oueHka no wkane Anrap Ha Nepeom 1 NATomn
MUHyTax 7-8 6annoB COOTBETCTBEHHO. HeoHaTanbHbI nepu-
Of OCIIOXHWUICA HEeOHaTaNbHOWM XENTYXOW, Nocne NeyYeHns B
CcTaumoHape pebeHOK BbIMUCAH JOMOW B YA0BNETBOPUTENBHOM
COCTOSIHUM.

B Bo3pacTe AByX MeCsLEB roCNMTaNN3npoBaH B 0TAENEHNE
peaHumaLv 1 uHTeHcuBHoM Tepanuu (OPUT) ¢ xanobamn Ha
©ecnokoncTBo, 6reaHOCTb, MKTEPUYHOCTD KOXW 1 OTKa3 OT eAbl.
[unarHocTupoBaHa reMonMTUYeckas aHeMust TSHKEMON CTeneHu
(remornobuH — 64 r/n, obwmin GunupybuH — 53 mkmonb/n),
Mo JaHHbIM MUesiorpaMMbl MerakapuoLmuTbl He 0BHapyXeHbl,
HENTPO(UIbHBIA POCTOK CYXEH, 9PUTPOUAHbIN — pacluu-
peH. [poBedeHbl Tpu TpaHCy3nn 3pUTPOLIMTApHON Maccl,
C Lenblo KynupoBaHUs ayTOMMMYHHOTO mpoLecca ABYKPaTHO
BBEAEH BHYTPUBEHHBIN MMMYHOrMOBYNMH, HayaTa Tepanus
NPEAHU30NOHOM (2 Mr/Kr B CyTKM). Ha OCHOBaHWM pesynbTa-
TOB 00CnefoBaHMs AMarHOCTMpOBaHa LMTOMEranoBupycHas
VH(EKUMS ¢ MUHUMAnbHBIMW KITMHUYECKUMI TPOSIBIIEHNAMU
(cybdebpunbHas Temnepatypa, CHUXEHWe anneTuTa), B CBS-
31 C 4YeM MPUHSATO PELLEHWEe O NPOBEAEHUM Creunduyeckon
TEPanuM aHTULWUTOMEranoBMUPYCHBLIM UMMYHOTMOOYIMHOM Ye-
noseka (B go3e 1 mn/kr, B Te4eHue 7 gHeN C NONOXMTENbHbIM
3hEKTOM B BMAE PErpeccupoBaHmust KMMHUYECKON KapTUHbI W
oTpuuatensHoro pesynbtata [LP-nccneposanus. [MonHore-
HOMHOE CEKBEHMPOBaHWe Ha AaHHOM 3Tane He MPOBOAMMIOCh.
Mocne 3aBepLUeHUs Kypca TeYeHNs NaLMEHT BbIncaH AOMON B
YOOBMETBOPUTENBHOM COCTOSIHMM, amOynaTopHO MpOAOITKEHa
TEpanust NpeaHN30NI0HOM (7 M yTpOM, 6 Mr Be4EpPOM).

B yeTbipe mecsiLa pebeHka NOBTOPHO roCNMTanM3npoBanm
B OPUT B CBA3W C UKTEPUYHOCTBIO KOXM, BbISBMEHbI FEMONUTY-
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yeckas aHemusi (remornobuH — 64 r/n, obwuin GunMpybuH —
90 wmkmonb/n). TpoBeaeHa MMMYHOCYNPECCUBHas Tepanus
MNPEeaHU30MOHOM 2 MI/KT, HasHauyeH putykcumab (375 mr/m?),
BbIMOMHEHbI ABE FEMOTPaHCHY3nUK 3pUTPOLIMTOB (YPOBEHD re-
mornobuHa goctur 86 r/n). OCHOBaHWEM ANst HA3HAYeHUs pu-
Tykcumaba kak npenapata BTOPOI NIMHUK CTano peLmanBupyio-
Liee TeyeHue 3aboneBaHmMs, HECMOTPS Ha Tepanuio CUCTEMHbI-
MW KOPTUKOCTepouaamu Ha ambynaTopHOM aTane.

Yepes naTb AHEN NaUMEHT NEpeBEAEH B OHKOreMaTonoru-
yeckoe oTZeNeHune, rae NPoJoMmKeHa Tepanns NPesHU30N0HOM
(2 mr/kr B cyTku) n putykcumaBom (375 Mr/m2), JoCTUrHyTa Mo-
NOXWUTENbHas ANHaMMKa — Ha MOMEHT BbIMMCKW W3 CTaLoHapa
ypoBeHb remornobuHa coctasun 119 r/n, KONNYECTBO NERKOLM-
T0B 3,6%10°%/n, a TpoMBoLMTOB — 336%10%/n. Yepes Tpu Hegenu
C MOMEHTa rocnuTan13aLum naLmeHT BoINUcaH 13 CTaumoHapa.

Ha ambynaTtopHoMm 3Tane npofosskeHa Tepanus npeg-
HW30MOHOM, koTopas B 6 MecsLeB Ha (hOHEe MOBbILIEHNS KOH-
LeHTpauum remornobuHa go 159 r/nm nocTeneHHO OTMEHEHa.
Ha crnepytolwmin AeHb nocne 0TMEHbI 3aperucTpMpoBaHoO NoBbI-
weHue Temnepatypsl go 37,3 °C, Ha BTOpOV LeHb NosiBunach
nuxopagka ao 39,1 °C, katapanbHble CUMNTOMBI.

lMauueHT rocnuTanuanpoBaH B WHQEKLMOHHbIA CTauuo-
Hap. lMpu ocMOTpe OTMEeYanochb TaxunHod (4acTtoTa AbIXxaHus
45 B MuHyTY), SpO, NpU fbIXaHN aTMOCHEPHLIM BO3LYXOM CO-
ctaBuna 77%. lNpu npoBefeHUN KOMMBIOTEPHON TOMOrpadum
OpraHoB TPYAHON KIETKW BbISIBNIEHbI MPU3HAKM [BYCTOPOHHEN
MONMCErMeHTapHoO MHEBMOHMK (puc. 1), OBHAKO KOHLEHTpa-
uns C-peaktneHoro 6enka v npokanbLMTOHWHA Bbina B HOpMe.
B cBA31 C AEKOMMEHCUPOBAHHOM [bIXxaTenbHON HeLOCTaTOYHO-
CTbl0 HayaTa WHBA3WBHAS UCKYCCTBEHHAS BEHTUNALMSA NETKMX
(MB1), Ha choHe HecTabunbHON remoagnHammuky noTpeboBanach
NOCTOSIHHAs HY3Ms [obyTamuHa.

HasnayeHa amnupuyeckas aHTubakTepuanbHas, npoT1Bo-
rpubkoBas W aHTULMTOMEranoBupycHas Tepamusi (raHuumkmo-
Bup). [ins panbHenwero o6CrnefoBaHNs N NEYEHUS MauneHT
nepeBefeH B MHOrONPOMUIbHbIN CTaluoHap.

Mpu noctynnexun B8 OPUT MHoronpogunbHOro craumuoHa-
pa CO3HaHWe YrHETEHO A0 YPOBHS KOMbl Ha (POHE MOCTOSHHOM
WHGy3mM HaTpust okcmbyTupaTa u mupasonama. Mpu ayckynb-
Tauuu cepfua TOHbI MpUrAYLWeHbl, PUTMUYHbIE, WYMOB HET.
YacToTa cepaeyHbix cokpalyeHun 146 B MuHYTY, apTepuans-
Hoe paBneHne — 106/60 mm pT.cT. [lbixaHne ¢ pecnupaTop-
Hom nopaepxkon, MBI (SIMV-PC) ¢ FiO, — 0,9, Pinsp — 20
cm H,0, PEEP — 10 cm H,0, yacTota AbixaHuii 55 B MUHYTY,
SpO, — 93%, SpO,/FiO, — 103,3. Mpu ayckynbTauum nerkux
0TMEYatoTCs KPenuTupytoLLme Xpunel ¢ AByX CTOpOH. Mo aaH-
HbIM aHanu3a ra3oBoro CocTasa U KUCIIOTHO-OCHOBHOMO COCTO-
SHUS apTepUanu3oBaHHONM KanunIsApHOM KPOBW KOMMEHCUPO-
BaH pH 7,43, pCO, — 35,5 mm pr.cT., pO, — 74,5 MM pT.CT.,
HCO, — 26,9 mmonb/n. Movacosoin Temn auypesa CocTaBun
1,5 mn/kr B yac. BbISIBNEHbl PEHTTEHONOTMYECKME NPU3HAKM
OCTpOr0 PEeCnMpaTopHOro AucTpecc-cuHgpoma (cMm. puc. 1).
OueHka no wkane pSOFA cocTaBuna YeTbipe 6anna.

B KnuHuyeckom aHanuse KpoBW BbISBNIEHA YMEPEHHO Bbl-
paxeHHas aHemusi (remornobuH — 108 r/n). MpuHumas Bo

Puc. 1. PeHTreHorpamma opraHoB rpyaHOi KeTku Npu nOCTynneHun
B OTAENEHNe peaHnMaLyn 1 UHTEHCMBHON Tepan (hoTo aBTOPOB)

Fig.1.  Chest X-ray upon admission to the intensive care unit
(photos by the authors)

BHAMaHWe HanuyMe B aHaMHE3e ayTOUMMYHHOW remonuTu-
Yecko aHemuu, NpoBefeHa npsmas npoba Kymbea, koTopas
Jana nonoXuTenbHbIA Pe3ynbTaT, BbISBNEHbI aHTUAPUTPOL-
TapHble aHTUTENa.

Mo AaHHbIM BUOXMMWYECKOTO aHamnMa3a KpOBM OTMEYEHBbI
YMEPEHHO BbIPaXEHHbIE TMnoanbbymMuHemms (anbbymmH —
28,3 r1/n), noBbileHne PepMEeHTaTUBHON akTUBHOCTU anaHWH-
(86,6 EL/I) n acnaptatamuHoTpaHcdepasbl (58,7 EL/N).

B tpaxeobpoHxuanbHOM acnupaTte M KpOBW BbiAeneH Lu-
TOMEranoBumpyc.

[narHocTMpoBaHbl reHepanu3oBaHHas LMTOMEranoBmpyc-
Hasi WHEKLMS, OCTPbIA PECTIMPATOPHbIA ANUCTPECC-CUHAPOM
(OPLIC) tsxenoit cTenenu, cencuc. KomopOuaHble coCTOSHNS:
reMonuTUyecKas aHeMnst ayTOUMMYyHHast B CTauu PEMUCCUN.

Ha ocHoBaHWn cencuca, accouMmMpoBaHHOro C LuToMera-
NOBUPYCHOW MH(EKLIEN, aKTUBHOrO ayTOMMMYHHOTO npoLiecca
(ayTOMMMyHHasi remonuTuyeckas aHemMusi) U OTCYTCTBUS afek-
BaTHOTO CUCTEMHOrO BOCMamnMTENbHOrO OTBETA (HOPManbHbIN
ypoBeHb C-peakTuBHOrO Genka 1 npokanbLWUTOHWHA) 3anoao-
3pEH NePBUYHbIA UMMYHOLEDULNT.

Mpy MMMYHOMOTMYECKOM MCCNER0BAHUM BbISIBNIEHA Ts-
xenas numcponenns (1300 «kn/mkn), otcytcteue CD19+
B-knetok, cHmkeHne NK-knetok (60 kneTok/mkn), runoram-
marnobynuHemus IgA (0,03 r/n), norpaHuyHbIn ypoBeHb 19G
(6,65 r/n). MpnHATO pelueHne 0 NPOBEAEHNN MOMHOIK3OMHOTO
CEeKBEHMPOBAHMS.

Mo JKM3HEHHbIM TMOKa3aHUSM Ha3HAYEH TaHLMKIOBMP
(28 cyTOK), NPUHATO peLLeHe 0 NPOBEAEHUN Tepanuu BHyTpU-
BEHHbIM MMYHOrNOBYNNMHOM B 03e 2 I/Kkr.

YunTbiBas HanuuMe TSKENOr0 WMMyHoAeduuMTa U Bbl-
COKMI PUCK MaHUhecTaLmm ONMOPTYHUCTUYECKUX UHMDEKLINIA,
BKMIOYas MHEBMOHMIO, BbI3BaHHYK Pneumocystis jirovecii n
VHBA3WBHbIE MUKO3bl, MPUHATO PeLleHne O MPOBEAEHUM Mpo-
tbunakTMyeckon aHTUMMKPOBHON Tepanuu (CynbhameToKkcason
+ TPUMETONPUMOM, (PryKOHa301).

B cBs131 ¢ MaHWhecTaLmMen BEHTUNATOP-acCoLMMPOBaHHOM
NHEeBMOHMM, BbI3BaHHON Pseudomonas aeruginosa, HasHayeHa
aHTMbakTepuansHas Tepanusi MOMMUKCMHOM W NeBodnokca-
LMHOM.




Yepes wmecsy nocne rocnutanusauum B OPUT nauueHt
nepeBefeH B OHKOreMaTonornyeckoe OTAEeNEeHNe B COCTOSIHUM
CPEAHEl CTeNEHN TIKECTU, C KOMMEHCUPOBAHHBIMI BUTASTbHbI-
MK PYHKUMAMI, TAE NPOAOIIKEHA NaToreHeTMYeCkas Tepanms
(cynbthameTOKCa30N/TPUMETONPUM, UMMYHOTNOBYNMH ANs BHY-
TPUBEHHOTO BBEAEHMS). AnnTensHOCTL NpoTekTusHoi UBJT co-
ctasuna 35 cyTok, nocne akcTybaLmm notpeboBanacs gotauus
Kucropoga B TeYEeHMe Tpex CyTOK, YTO COOTBETCTBOBANO COBpe-
MeHHbIM npuHumnam Tepanum OPLC y peten [17].

Ha MoMeHT nepeBoga B NpounbHOE OTAENEHNE SBIEHMUS
AbIXaTenbHOI HEAOCTAaTOYHOCTYW MOSTHOCTBI PErpeccupoBani,
NaToNOTMYECKME M3MEHEHWS! Ha PEHTreHorpamme OpraHoB
rPYLHOW KNeTkn oTcyTCTBOBanM (puc. 2). Ha 67-e cyTku neve-
HWs B cTaunoHape pebeHoK BbinncaH 4OMON Noa HabnogeHue
neguaTtpa ¢ A1arHo3oM: NEPBUYHbIA UMMYHOBEPULNT HEYTOY-
HeHHbI, ayTOUMMYHHas TeMONUTNYECKAs aHEMUS, peMUCCHS.
CocTosiHMe nocne AnMTENbHOM MMMYHOCYNPECCHUBHO Tepa-
nun. PekomeHO0BaHO NPoOJoIIKeHne Tepanun Ha ambynaTop-
HOM 3Tane: NPEeAHW30MOH MO 2 MF B CYTKW (CHUXeHWe L03bl Ha
0,5 mr 1 pa3 B Hegenw), drykoHason no 50 mr 1 pa3 B feHb
(10 aHen), ko-Tpumokcason no 30 Mmr 2 pasa B AeHb 3 pasa
(1 mecsu), naHkpeatH no 3000 ME 2 pasa B feHb ¢ efjoi
B TeyeHune 10 aHei.

Uepes mecaL nocrne BbINMUCKA COCTOSHME pebeHKka pesko
YXYALUMIOCh: OTMEYEHO HapacTaHue cnaboCcTi 1 UKTEPUYHOCTb
koxu. [pu nocTynneHnn B CTaLMOHap BbISBNEHbI aHEMUS Ts-
Kenoin creneHn (sputpoumutsl — 1,7x10'%/n, remornobuy —
59 r/n), TpomBouuToneHMs (TpomGouuTbl 47x10%n), peTuky-
nouuto3 (petukynountsl — 190%0), Npsimas peakuns Kymbea
NONoXUTENbHAs, BbISIBNIEHbI aHTUIPUTPOLIMTAPHLIE aHTWUTeNa.
B 61oxuMMyeckom aHamnuae OTMeUYEHa YMEPEHHO BblpaxXeHHast
runep6unupybuHemus (o6wmin bunnpybun — 55,6 Mkmonb/n,
HenpsiMoil — 48 Mkmonb/n), yBenuyeHne pepmeHTaTUBHON ak-
TMBHOCTW NnakTaTaerngporeHassbl (835,3 EL/n).

MpoBeaeHbl reMoTpaHcdy3um (dpuTpoLuUTapHasi B3BECH
nenkopesyLMpOBaHHasl), KypC BHYTPUBEHHOTO WMMYHOrNo0y-

#

Puc.2. PeHtreHorpamma opraHoB rpyaHoN KneTku npu nepesoge
B OTAESeHNe oHkorematonorum (hoTo aBTopos)

Fig.2.  Chest X-ray when transferred to the Oncohematology
Department (photos by the authors)

NWHa YenoBeka B Jo3e 2 r/kr, IMMyHOCYNPEeCCUBHas Tepanus
METUNNPeAHN301oHoM (11 Mr/kr B ABa BBEAEHMS B TeYeHue
7 OHeit), NpoJOMKeHa NpodunakTnieckas aHTUMMKPoOHas Te-
panus.

B 1 rog 8 mecsiLeB nonyyeHbl pe3ynbTaTbl NONHOrEHOM-
HOrO CeKBEHMPOBaAHWS «TpuO» — BbISIBNEH BapWaHT B reHe
FOXP3 ¢.227dcl, p. (L76Qfs*53) B reMU3UroTHOM COCTOSIHWW.
AHanor1yHbI BapuaHT B reTePO3NrOTHOM COCTOSHUW 0BHapy-
XEH Yy Mambl naumeHTa. Mpn cekBeHmpoBaHun no CaHrepy rexa
FOXP3 ctapuwero bpaTta nayueHTa (ctapiwe Ha 3 roga) Bapu-
aHTOB He 0OHapyxeHo. Y Mnaguwero bpata nauueHTta (Mnag-
e Ha 2 roga), BbisBNeH BapuaHT B reHe FOXP3 c.227dcl,
p. (L76Qfs*53) B reMU3nNroTHOM COCTOSHUM.

Ha ocHoBaHu 0cobeHHOCTEN TeueHNs 3aboneBaHus 1 Mo-
NeKyNAPHO-reHETUYECKOro UCCef0BaHNS YCTaHOBINEH A1arHos:

OcHogHoli: IPEX-cuHgpom (myTaums B reHe FOXP3
€.227del, p.Leu76GInfsTer53 B reMU3nroTHOM COCTOSIHUN).

OcnoxHeHus: [BYCTOPOHHSS MONMMCErMEHTapHas LuMTO-
MeranoBupycHas nHeBMoHus, VIBJT-accouyumnpoBaHHas aBycTo-
POHHSAS nHeBMOHMs, OPLIC Tspkenoii cTenexu, cencuc.

Komop6udHbie 3abonegaHus: GenkoBo-aHepreTnyeckas
HEeOCTaTOYHOCTb YMEPEHHOW CTENEHN.

Ha MOMEHT BbINuCKW M3 CTauMoHapa CocTosiHue pebeHka
CpefHel CTENEHN TSXECTH, NONOXNUTENbHAsA AMHaMKKa B Buae
KynupoBaHus remonusa (remornobud — 135 r/n) u nuxopagkm.
ButanbHble yHKLUM CTabubHbI: AblXaHWEe CMOHTaHHOe, afek-
BaTHoe, Sp0O, — 97%, reMOAMHAMMYECKNX HAPYLUEHMUI HET.

Yepes 1 roa 4 mecsua OT MOMEHTa NepBUYHON rocnuTanm-
3auum B OPUT cocTosiHWe naumeHTa cTabunbHoe, b6e3 npuaHa-
KOB TEYEHWS aKTUBHOW MHEKLMM, HabnogaeTcs runoTpodmst
nerkoi cteneHu. [ins KOHTPONS Hag ayTOMMMYHHbBIMU OCTOXKHE-
HWSIMM (pacnpPOCTPaHEHHbIN racTpuT, 9po3nn Tena xenyaka —
lla Tun no Toljamo, AnddysHbIN KONT, NMMEOPETUKYNSPHAS
runepnnasus Bcex OTAENOB TONCTON KWLLIKW) NPOBOAMTCS KOM-
OMHMPOBaHHas MMMYHOCYNpeccUBHas Tepanus: abatauent (no
20 mr/kr kaxgble 2 Hegenw), aganumymab (no 20 Mr kaxable
2 Hepenv) 1 mecanasut (no 250 mr 2 pasa B cyTku). B cBsisn
C HapylleHnem aHTUTenoobpasoBaHus M Ha (oHe Tepanuu,
npuBOAsLLen K Aenneuyun B-kneTok, nonyyaeT 3amecTuTenb-
Hylo Tepanuio ummyHornobynuHamu (no 0,5-0,6 r/kr B mecsL)
C uyenesbIM ypoBHeM IgG Bonee 7 r/n. [ns npodunakTukn nH-
(PEKLMOHHBIX OCNOXHEHUI NPOBOANTCS ANUTENbHAs NpOTUBO-
MUKPOOHas 1 NpOTMBOBMPYCHAs Tepanusi NEeBOGOKCALNHOM
no 125 mr nepoparnbHoO 2 pasa B CyTKW, BanraHLMKNOBMPOM Mo
112,5 Mr nepopanbHo 2 pasa B cyTku. lNaLueHTy 3annaHupoBa-
Ha annoTpaHcnnaHTaums reMonoaTUYeCKUX CTBOMOBBIX KNETOK
OT HEPOLCTBEHHOIO A0HOPA.

OTnnYMTENBHOM 0COBEHHOCTBID JAHHOMO Cryyas sBunach
reTeporeHHOCTb KMUHUYECKUX NPOSIBREHNIA. Y nauueHTa oTcyT-
CTBOBaNa knaccuyeckast NoONMAHLOKPUHOMATUS M aHTeponaTus
Ha MOMEHT MOCTYNEHUs B CTaLMOHap, YTO CYLYECTBEHHO 3a-
TPYAHUIO AnarHocTuky IPEX-cHapoma, 0coBeHHO ecrv y4ecTb,
4TO OJHOBPEMEHHO y pebeHka MMenu MecTo KnuHnko-nabopa-
TOPHbIe NPU3HAKKN LIUTOMEranoBMpyCHOM MHGEKLMM 1 TEMONTNTY-
YeCKOW aHeMUM, OCMOXHUBLUMXCS pa3BuTMemM cencuca u OPC,
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yTo noTpeboBano NpoBeLeHUs ASIUTENBHOM WCKYCCTBEHHOM
BEHTUMALMM TETKUX 1 KOMMMEKCHON MPOTUBOMUKPOBHON Tepa-
nun. Ha doHe nmetowerocs NepBMYHOro MMMyHogeduumTta y
nauueHTa pasBUINCh TEMOMIMTUYECKAs aHeMWst B COYETaHuM
C TPOMOOLMTONEHWEN, YTO MOCMYXMIO OCHOBAHUEM 4SSt MPo-
LOMKEHNS UMMYHOCYnpeccuBHoit Tepanuu [18, 19].

[aHHbIA cnyyait noaTBepxaaeT HeobXoaMMOCTb BKMHYe-
Hua IPEX-cuHapoma B cnekTp auddepeHumansHon anarHoc-
TUKA Y MNaAeHLeB Jaxe npu OTCYTCTBUM caxapHoro auabera
WK 3HTEponaTv, NOLYEpKMBAET HECOMHEHHYIO POfb CBOEB-
PEMEHHOI TeHETUYECKON AMarHOCTUKN ANS NPUHATAS PeLLeHMs
0 [anbHElLeM NEYeHUN MaumeHTa ¢ MCMomb30BaHNEM COBpe-
MEHHBbIX TEXHOMOrMI OHKOreMaTomnorum.

AOMONHUTENIbHAA UHO®OPMALIUA

BnarogapHocTu. ABTOpbI BbIpaxaroT UCKpPeHHIo bnaro-
BapHocTb KoHcynbTaHTam ®IBY «HMUL ArOW um. Omutpus
Porayesa» MuHsgpasa Poccuu.

Bknap aBTopoB. Bce aBTOpbl BHECHM CYLECTBEHHbIN
BKNaf B pa3paboTKy KOHLenLuu, NPOBEAEHNE NCCTIe[0BaHNs 1
MOArOTOBKY CTaTb, NPOYnM 1 0fobpumm puHamnbHY BEpCUO
nepeg nybnukavuen.

KoHdnukT nHTepecoB. ABTOpbLI feknapupyroT OTCYTCTBIE
SIBHBIX 11 NOTEHLMANbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX C
nybnmKkaLmen HacTosILLEN cTaTby.
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