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AHHOTALNA

AxTtyanbHocTb. HeobxoauMocTb B NpoBeieHUM peaHUMaLMOHHBIX MEPONPUSATUNA NPU POXAEHWUM 3aBUCUT OT recTaLMOHHOIo
CpOKa — YeM MeHblLLe CPOK recTauu, TeM yalle Tpebyetcs peaHuMaLoHHoe nocobue.

Lieno — onpepenenne (GakTopoB pucKa 1 BO3MOXKHbIX METOA0B NPO(UNAKTUKM NPeXAeBPeEMEHHbIX POLOB.

Marepuans! u MeToppl. [TpoBefeH peTpOCTEKTUBHBINA aHaK3 JaHHbIX MEAVLIMHCKONM JOKyMeHTaumn 12 342 XeHLWuH, pofo-
pa3peLLeHVe KOTopbIX NpoBoaunock B lepuHatanbHoM LeHTpe llegmatpuyeckoro yHuBepcuTeTa. B ocHoBHylo rpynny BoLum
680 mauueHTOK, bepeMeHHOCTb KOTOPbIX 3aKOHYM/Ach POOpa3speLLEHNEM B CpoKe 22 Hepd. — 36 Hefd. 6 OHeW, B KOHTPOSib-
Hyto — 11 662 naumeHTKW, bepeMeHHOCTb KOTOPbIX 3aKOHYMNACh CPOYHLIMU POAAMK.

Pesynbtathl. lpy aHanu3e aHaMHecTUYecKWX (aKTOPOB YCTAHOBJIEHO, YTO BO3PACT MaLMEHTOK HAa MOMEHT MOCTAHOBKM
Ha y4eT no bepeMeHHOCTU B OCHOBHOI rpymnmne CTaTUCTUYECKW 3HAYMMO BbILLE, POCT — CTATUCTUHECKW 3HAYMMO HUMKE, MO-
PAOKOBLI HOMep HepeMeHHOCTW M POLOB CTaTUCTUYECKM 3HauMMo bosblue (VI v Bonee no cyety bepeMeHHocTs, |V 1 bonee
M0 CYeTy POAbI), OXVPEHMe, apTepuabHas runepTeH3ns U OTATOLLEHHBIN aKyLLIEPCKUIA aHaMHe3 (HeBblHalLMBaHWe bepeMeH-
HOCTU, NpeXAeBPeMeHHbIE POAbI) BCTPEYAKITCA CTaTUCTMYECKW 3HAUMMO Yalle, YeM B KOHTPONbHOW. B ocHoBHoW rpynne
CTaTUCTUYECKM 3HAYMMO YalLie DOblav 0TMeYeHbl: BEpEMEHHOCTH, HACTYNUBLLME B pe3yfibTaTe NMPUMEHEHUS BCOMOraTesbHbIX
PEnpOLYKTUBHbIX TEXHONOMWIN, YMEPEHHAsA U TAKeNas NPe3KIaMncus, UCTMUKO-LiepBUKanbHas HeA0CTaTOUHOCTb, HapYyLLEHUe
napaMeTpoB KpOBOTOKA B apTepuu NMynoBWHbI, Ta30B0e MpefJiexaHne nnoga. MekoHuanbHas OKpacka OKONOMIOAHbIX BOJ,
BCTpeyanach B 2 pasa yalle npu LOHOLIEHHOW bepeMeHHOCTH.

BeiBogpl. Bocxogsiuee HGMUMpPOBaHUe Nocnefia, MUKOMIA3MEHHbIN, FePreTUHECKUA U XNaMUUAHBIA XOpUOLELMaYMT, cyb-
W [LeKOMMEHCUPOBaHHas XPOHMYECKas MNaLeHTapHas HeloCTaTOYHOCTb BCTPEYanuCh NpU MPeXLeBPEMEHHBIX POAax CTaTh-
CTMYECKM 3Ha4MMO YalLe. Ha 0CHOBaHUM AMCKPUMMHAHTHOTO aHanu3a nocTpoeHa MoAeNb NPOrHO3MPOBaHNSA PUCKA NPeXAeB-
PEMEHHbIX POJ0B.

KnioueBble cnoBa: GEPEMEHHOCTb; npexnespeMeHHble poabl; CPOK rectaluu; XNnaMuaunHas MHdJEKLIMH; Npe3KnaMrcus;
njaLeHTa.
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ABSTRACT

BACKGROUND: The need for resuscitation at birth depends on the gestational age — the shorter the gestational age, the
more often resuscitation is required.

AIM: to determine risk factors and possible methods for preventing preterm birth.

MATERIALS AND METHODS: A retrospective analysis of medical documentation data was carried out on 12,342 women
whose delivery was carried out at the Perinatal Center of the Pediatric University. The main group included 680 patients
whose pregnancy ended with delivery at 22 weeks — 36 weeks 6 days, the control group included 11,662 patients
whose pregnancy ended with term birth.

RESULTS: When analyzing anamnestic factors, it was found that the age of the patients at the time of registration for
pregnancy in the main group was statistically significantly higher, height was statistically significantly lower, the serial
number of both pregnancy and childbirth was statistically significantly higher, VI or more pregnancies, IV or more births,
obesity, arterial hypertension, and a burdened obstetric history (miscarriage, premature birth) are statistically signifi-
cantly more common than in the control group. In the main group of symptoms, the following are most often noted: preg-
nancy resulting from the use of assisted reproductive technologies, moderate and severe preeclampsia, isthmic-cervical
insufficiency, abnormal indicators of the umbilical cord artery, breech presentation of the fetus. Meconium staining of
amniotic fluid was 2 times more common in full-term pregnancies.

CONCLUSIONS: Ascending infection of the placenta, mycoplasma, herpetic and chlamydial choriodeciditis, sub- and
decompensated chronic placental insufficiency were statistically significantly more common in premature births. Based
on discriminant analysis, a model for predicting the risk of preterm birth was built.

Keywords: pregnancy; premature birth; gestational age; chlamydia trachomatis; pre-eclampsia; placenta.
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[EPELIOBAA CTATBA

AKTYAJIbHOCTb

OpHa 13 3ajay COBPEMEHHOW MeMLMHbI — CHUMEHME
YPOBHS NepuHaTanbHon cMepTHocTH [2, 6, 7, 11]. OcHoBHOM
MPUYMHON PaHHEel HeoHaTaslbHOM cMepTy (B nepsble 168
BHEYTPOOHOM W3HM) ABNSETC achUKCUA HOBOPOXEHHOIO
(MKB-10: P21) [3, 10, 15, 16].

06 ynoBNeTBOPUTENIBHOM COCTOSHUM pebeHKa Npu poxae-
HWM CBULETENbCTBYET OLeHKa o wiane Anrap 8-10 6annos.
OueHKa no wkane Anrap B KoHue 1-1 MuHYTHI 4—7 6annos
YKa3blBaeT Ha achUKCMI0 CPefiHel CTeneHu, KoTopas XapaK-
TepU3yeTCa LeHTpanu3aumei KpoBoobpalLeHns Toi UK UHOI
CTENeHW, YTO COMPOBOXAAETCS HapyLIEHNAMN QYHKLMM BCEX
OpraHoB M CUCTEM, B NEPBYH) 0Yepefb LIEHTPasbHOWM HEpBHOV
cucTeMbl. Tspkenas achurcus (oLeHKa no wKane Anrap B KOH-
ue 1-n MuHyTbl 0-3 Danna) xapaKTepusyeTcs TSKENbIM Ha-
pyLLeHUeM (YHKLMM BCEX CUCTEM M OpraHoB U1 Beeraa Tpebyet
NPOBE/IeHNA KOMMJIEKCa PeaHNMaLMOHHBIX MepONpPUATHI .

Y He[JOHOLLIEHHBIX eTel HU3Kas OLEeHKa No WwKane Anrap
06bI4HO He CBAi3aHa C acUKCMen, Npu 3TOM HeobxoaMMOCTb
B NPOBEAEHUM PEaHUMALMOHHBIX MEPOTPUSTIAN NPY POXKAEHUN
3aBUCUT OT reCTaLMOHHOr0 CPOKa — YEM MEHbLLIE CPOK recTa-
LMK, TeM yaLLie TpebyeTca peaHMaLMoHHoe nocobue’ [8, 12].

Llens — onpepeneHne GaKTOpOB pUCKA M BO3MOMHbIX
MeTOo[,0B NPOGUNAKTUKY NpeXAeBPeMeHHbIX POAOB.

MATEPWUAJIbI U METObI

lpoBedeH PeTPOCMEKTUBHBIA aHanM3 AaHHbIX Meau-
LUMHCKOW [OKyMeHTaumm 12342 »KeHWMH, popopaspe-
LIEHWe KOTOpbIX Npoxoauno B [lepuHaTanbHOM LEHTpe
CaHkT-lleTepbyprckoro rocynapcTBeHHOro neguartpuye-
CKOro MeAMLMHCKOro yHUBepcuTeTa (poAoBCrnoMoraTesb-
HoM yupexaeHun |IIb ypoBHs). B ocHoBHyt0 rpynny Bowu
680 naumeHTOK, 6epeMeHHOCTb KOTOPbIX 3aKOHYMMach po-
[opa3peLueHneM B cpoke 22 Hef. — 36 Hed. 6 AHEN, B KOH-
TponbHylo — 11662 naumeHTKW, BepeMeHHOCTb KOTOPbIX
3aKOHYMNIacb CPOYHBIMU pofiaMu. PeTpocneKTUBHBIN aHan3
NPOBOAMICA Ha OCHOBaHWM WHAMBMAYaNbHOW KapTbl bepe-
MeHHOW W poounbHUubl (hopma N2 111/y), uctopum popos
(hopma Ne 096/y), uctopun pasBuTUS HOBOPOMKIEHHOIO
(bopma N2 097/y), npoToKona uccnesoBaHua nocneaa.

Mpy aHanu3e MHAMBMAYabHO KapTbl bepeMeHHoi U po-
AnnbHuubl (bopMa N 111/y) oueHuBanMchb AaHHbIe:

1. MacnopTHas yacTb KapTbl: BO3PacT Ha MOMEHT MoCTa-
HOBKM Ha y4eT no bepeMeHHOCTH, YpoBeHb 0bpa3oBaHms (Ha-
YanbHoe, CPefiHee, BbICLLEE), PErncTpaums paka B opraHax
3AI'C, Hannume NOCTOSHHOTO MecTa paboTbi/y4ebbl.

2. CoMaTnyecKuii aHaMHe3: NepeHeceHHble 3ab0neBaHms
W onmepaumm, HanuuMe coMaTWYecKoW NaToiorumn, reMOKOH-
TaKTHbIX MHDEKUMIA, BPEAHbIX MPUBbIYEK.

! PeaHnMaumst 1 CTabuinsauma COCTOAHNA HOBOPOMEHHBIX AeTen
B poaunbHOM 3ane. Metoaumueckoe nucbMo MuHWCTEpCTBA 3[paBoOXpa-
HeHus Poccuiickoii ®epepaumm ot 04.03.2020.
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3. TMHeKONOrMYeCKUi aHaMHe3: BO3pacT MeHapxe, BO3-
pacT nosioBoro Aebrota, Hanuume rMHeKonormyeckux 3abone-
BaHMIA, TMHEKONIOMMYECKMX OMepaLyii, FeHUTanbHbIX MHAEKLMA.

4. PenpoayKTMBHBIA aHaMHe3: NOPSAKOBbLIN HOMep [aH-
HOM BepeMeHHOCTU U POAOB, HalMYMe OTATOLLEHHOrO aKy-
LLepCKOro aHamHe3a (abopToB nepep, nepBbIMM posamMu, ABYX
1 bonee abopToB nepes, NOBTOPHLIMU POLaMM, BHEMATOYHOV
W HepasBuBaloLLelicA BepeMeHHOCTH, CaMoMpPOU3BOJIbHBIX
BbIKWAbILLENA, NPEeXAEBPEMEHHBIX POAO0B, OCIOMHEHHOrO
TeyeHus npedbloyLumx bepeMeHHOCTEN U POAOB, POXAEHNSA
OeTen C aHOManuaMK PasBUTWSA, MepUHaTanbHbIX MNOTEpb),
0nepaTUBHOTO POAOPA3PELLEHNS.

5. [laHHble MepBMYHOr0 0CMOTPa: aHTPONoMeTpum (pocT,
Macca, MHLEKC Macchl Tena), NesibBUOMETPUN.

6. Pe3ynbTathl NpoBeAeHHOI0 06CEeA0BaHNS: KIMHUYECKO-
ro 1 BMOXMMIMYECKOro aHaM3a KpoBM, Koarynorpammsl, 0bLuero
aHanm3a MoyM, MasKoB Ha B1oLLeHo3 1 oHKouuTOoNorMIo, 0bcne-
[0BaHMA Ha FTeMOKOHTaKTHbIe MH(eKUMK, BakTepruonormyeckmnx
W1CCne0BaHMiA OTAENAEMOr0 M3 3eBa M HOCA, LIepPBUKAbHOrO
KaHana, Mouu, onpeaeneHre rpynmbl KPoBU U pesyc-haKTopa,
y bepeMeHHbIX C OTPULATENBHBIM pesyc-(hakTopoM — OLeHKa
TUTPa aHTUPE3YCHbIX aHTUTEN, 00CNefoBaHUA Ha UHDEKLMH,
nepesiaBaeMble MPEeUMYLLECTBEHHO MOJIOBLIM NYTEM U UH(EK-
ummn TORCH-koMnnekca (Toxaplasma gondii, Cytomegalovirus,
Rubella virus, Human herpesvirus 1, 2), ocMoTpa TepanesTa,
cTromarosora, okynucta v JIOP-Bpaya, TpeXKpaTHOr0 CKPUHUH-
rOBOr0 YNbTPa3BYKOBO0 UCCNef0BaHMs, OUOXUMUYECKMX Map-
KEpOB XPOMOCOMHbIX aHoManmii (PAPP-A u B-cybbeanHmua
XIY; anbda-deTonpotenH u XIY), a TakKe LONONHUTENBHBIX
W1CCnes0BaHuiA, NPOBEAEHHBIX N0 MOKa3aHUAM.

7. BoisiBneHHble 0COBEHHOCTM M NaTOIOMMYECKUE COCTO-
AHUSA B TeYeHWe DepeMEHHOCTU: HaMYMe PaHHEro TOKCUKO-
3a, NaTosIorMyecKoii NpubaekM Beca, 0TEKOB BepeMeHHbIX,
runepTeH3vn, NPOTEUHYPUW, NPEIKIAMMCUK, NepeHeceHHbIX
BOCManuTeNbHbIX 3aboseBaHUii NOMOBOr0 TpaKTa, Yrpo3bl
npepbiBaHus 6epeMeHHOCTM, XPOHUYECKOW MnaLeHTapHoM
He[0CTaTOYHOCTH, 3a[ePIKKU POCTa NN0Aa, UCTMUKO-LiepBU-
KaslbHOW He0CTaTO4HOCTH, NMPUMEHEHME PasfIUYHbIX MeTo-
IVIK ee KOpPPeKLMM, NePEHECEHHbIX BO BPeMS BepeMeHHOCTH
ocTpbix 3aboneBaHni, 060CTPeHUS XpOHUYeCKUX 3aboneBa-
HWI, TPAaBM M TOKCUYECKMX NOPAXEHWI.

Mpu aHanuze uctopum popos (popma N2 096/y) oueHun-
Ba/M: CPOK DepeMeHHOCTM Ha MOMEHT poAopaspeLleHus,
UCMoNb30BaHWe OMnepaTuBHbIX M0CobMiA, AaHHble MaKpo-
CKOMUYECKOr0 W TUCTONOMMYECKOr0 UCCNIe0BaHMsA nocne-
[a (HopManbHoe CTPOeHWe, BoCXofsiiMe WHGUUMPOBaHME
[, I v Il ctaguw, reMaToreHHoe MHQULMPOBaHME, XPOHMYeE-
CKas nyaLeHTapHas HeLOCTaTOYHOCTb KOMMEHCUPOBaHHas,
cyb- 1 AeKoMneHcHpoBaHHas).

PE3YJIbTATbI

[ins onpenenenHns hakTopoB pUcKa pasBUTUA NPeXAeB-
peMeHHbIX pofi0B Obli NPOBEAEH aHanM3 faHHbIX aHaMHe3a
MaLMeHTOK UccneayeMblx rpynn (tabn. 1).
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Ta6nuua 1. CoumanbHbIi CTaTyC, COMaTUYECKMIA U aKyLLEPCKO-TUHEKONOTMYECKUIA aHaMHEe3 NaLMEeHTOK OCHOBHOI U KOHTPOJILHOM rpynn

Table 1. Social status, somatic and obstetric-gynecological anamnesis of patients in the main and control groups

OcHoBHas rpynna (npe- KoHTponbHas rpynna Cratnctuyeckas
. XOeBpeMeHHble poabl) / | (cpoyHble poabl) / Control 3HAYMMOCTb /
Noiasatene / Indicator Main group (preterm birth) |  group (term delivery) Statistical
(n = 680) (n=11662) significance
BospacT naumesToK, fiet / Patient age 32'?136?’_§85)'59 31,237 + 6,28 (12-54) p=0,008
06pa3zoBaHue / Education
* HauanbHoe / initial 55 (8,1 %) 490 (4,2 %) )
* cpefdHee / average 267 (39,2 %) 4408 (37,8 %) ,)g :0466968;
« Bbicwee / higher 358 (52,7 %) 6764(58,0 %)
OQuuuansHo TpyRoyCTpoeK! / 535 (78,7 %) 9330(80,0 %) X =0,17;p=0,677

Officially employed
OTpuuaTenbHeIi pesyc-taktop /
Negative Rh factor

PocT nauueHToK, cM / Patient height, cm

Macca nauueHToK 1o bepeMeHHoCTH, Kr/
Weight of patients before pregnancy, kg

WHaeke Maccol Tena / Body mass index
XpoHuueckuii nnenoHedput /
Chronic pyelonephritis

Oxwvpenue / Obesity

ApTepuanbHas runepTeHsus U runepToHUYecKas
bonesHb / Arterial hypertension Hypertonic disease

OTAroLLEHHbIN aKyLLIEPCKWI aHaMHes /
Complicated obstetric history

MopsaKoBblit HoMep bepeMeHHOCTH /
Ordinal number of pregnancy

Mopsinkosblit Homep pogos / Ordinal number of births

LUecras 1 6onee no cuety bepeMeHHOCTb /
Sixth or more pregnancy

YetBepTble 1 6onee no cyety poasl /
Fourth or more births

133 (19,6 %)

163,78 + 6,39
(135-182)

71,50 £ 14,223
(43,7-130,4)

26,61 + 4,968
(16,22-51,58)

54 (7,9 %)
25 (3,7 %)
26 (4,0 %)

147 (21,6 %)

2,57 £ 1,67
(1-11)

1,69+ 0,82 (1-7)

41 (6,0 %)

18 (2,6 %)

1879 (16,1 %)

165,63 £ 6,12
(141-184)

71,87 + 15,123
(41,7-160,0)

26,163 £ 5,094
(15,43-52,25)

1003 (8,6 %)
248 (2,1 %)
245 (2,1 %)

1399 (12,0 %)

2,11+1,32
(1-12)

1,57 £ 0,73 (1-8)
277 (2,4 %)

175 (1,5 %)

X2 =5,64; p=10,046
p < 0,000
p=20,706
p=0,175

)(2 =0,41; p=10,523
X2 =4,19; p=0,035
x2=181;p=0,178

)(2 = 54,09;
p <0,000

p <0,000

p < 0,000

Y = 3379;
p < 0,000

Y = 5,46; p = 0,02

Mpu aHanu3e aHaMHecTUdeckux akTopoB 6bino ycTa-
HOBJIEHO, YTO BO3pPACT MAUMEHTOK Ha MOMEHT MOCTaHOBKY
Ha y4eT no bepeMeHHOCTU B OCHOBHOW rpynne cTaTucTuye-
CKV 3HaYMMO BbILLE, POCT — CTaTUCTUYECKU 3HAUMMO HUKE,
MOpsLKOBLIN HOMep HepeMeHHOCTH, U POJOB CTaTUCTUYe-
CKM 3HaumMo bonblue (VI 1 bonee no cyeTy bepeMeHHOCTb,
IV 1 bonee no cyeTy pofbl), OXUpEHUE, apTepuUanbHas rm-
MepPTEH3NA U TUNepTOHUYecKasn 60Me3Hb U OTATOLLEHHBbIN
aKyLUEPCKUN aHaMHe3 (HeBbIHALLMBaHWe OepeMEeHHOCTH, npe-
Y AeBpeMeHHble pojibl) BCTPEYAIOTCS CTATUCTUYECKU 3HAYNMO
yale.

OcobeHHOCTM TeueHNs BepeMeHHOCTH, POAOB M COCTOS-
HWS HOBOPOXKAEHHbIX MPeACTaBNeHb B Tabn. 2.

lecTaLMOHHbIN caxapHbiM auabeT U rectauMoHHas aHe-
MWsl, U3MEHEHME KOJMYECTBA OKONIOMNIOAHBIX BOL, (ManoBoaue

DOl https://doiorg/1017816/PED626397

1 MHOTOBOJME), 3a[epXKa pocTa niofa (no AaHHbIM deTo-
METpUM) BCTPEYannCh B UCCIIEAYEMBIX Fpynnax ¢ 04MHaKOBOM
yacToToM (pasnnMuns CTaTUCTUYECKM He 3HauMMbl). B ocHoB-
HOVA rpynmne CTaTUCTUYECKM 3HAYMMO YalLe Bbiv 0TMeYeHbI:
DepeMeHHOCTH, HacTynuBLUME B pe3y/ibTaTe NPUMEHeHUs
METOAMK 3KCTpakopnopanbHoro onnogoteopenus (3K0)
W MHTPaUMTONNA3MaTUYeCKO MHbEKLMM CrepMaTo30M0B
(MKCW), runepTeH3nBHbIE paccTpoiicTBa Npy bepeMeHHOCTH,
ocobeHHO yMepeHHas (B 2 pa3a yalle) 1 Tsxkenas (B 7 pas
yalLe) NpesKIaMncus, UCTMUKO-LiepBIUKabHas HeoCTaTou-
HOCTb, He[lOCTaTO4HOCTL KpoBoobpaluenus (HK; Ha ocHoBa-
Hun Y3M1), TasoBoe npeanexkaHue nnoga (B 2,5 pasa vale),
npexaeBpeMeHHas OTCNIOMKA HOPMasibHO PacrosioeHHOM
NnaLeHTbl, NPeXaeBpeMeHHOe U3NUTUe BOJ, OnepaTUBHOE
abiloMMHanbHoe poopaspeLueHue. MeKoHManbHas OKpacKa
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Tabnuua 2. 0cobeHHOCTH TeueHs GepeMEHHOCTM, POLIOB U COCTOSIHMA HOBOPOXKAEHHBIX Y NALMEHTOK OCHOBHOI 1 KOHTPOSIbHOM rpynn
Table 2. Features of the course of pregnancy, childbirth and the condition of newborns in patients of the main and control groups

OcHoBHas rpynna (npe- KoHTponbHas rpynna Cratuctuyeckas
. aeBpeMeHHble poabl) /| (cpoyHble poabl) / Control 3HAYMMOCTb /
Moiasaten. / Indicator Main group (preterm birth) |  group (term delivery) Statistical
(n = 680) (n=11662) significance
JKCTpaKopnopasnbHoe onnoaoTBopeHue / 0 0 ¥ = 4,56;
Extra corporal fertilization 52(7.1%) 595 (5,1%) p=0,033
NKCK / ICSI 29 (4,2 %) 280 (2,4 %) x> =5,01; p = 0,024
lecTaumMoHHas apTepuanbHas runepTeHsus /
Gestational arterial hypertension
« HeT / absent 605 (89,0 %) 9831 (84,3 %)
« apTepuanbHas runepTeHsus / arterial hypertension 38 (5,5 %) 1668 (14,3 %) 2= 66,77;
* yMepeHHas npesknamncusa / moderate preeclampsia 15 (2,2 %) 105 (0,9 %) p < 0,000
* TKenas npesknamncus / severe preeclampsia 22 (3,3 %) 58 (0,5 %)
lecTaUMOHHBIN caxapHbld auabet / 0 0 2 _ o
Gestational diabetes mellitus 3765 %) 756 (8,2 %) X" =3,42; p=0,064
ecTaumoHHas aHeMus / Gestational anemia 54 (7,9 %) 1295 (11,1 %) X2 =3,56; p=10,059
NcTMUKO-LiepBUKanbHas He0CTaTo4HOCTb / 0 0 X2 =21,10;
Isthmic cervical insufficiency 12(1.7%) 350.3% p < 0,000
MuoroBoaue / Polyhydramnios 15 (2,2 %) 268 (2,3 %) X% =0,00; p = 0,969
Manosogue / Oligohydramnios 7 (1,0 %) 257 (2,2 %) X2 =271, p=0,099
HapyLueHne KpoBOTOKa B apTepum MynoBuHbI / 0 0 X2 = 49,50;
Impaired blood flow in the umbilical cord artery 18(27%) 50 (0,4 %) p < 0,000
3apepka pocta nnoga / 0 0 X2 =3,23;
Fetal growth restriction 1725 %) 152 (1.3 %) p=0,072
MpexaeBpeMeHHOe W3NIUTUE OKOMOM/I0AHbIX Bof, / 0 0 X% = 214,57,
Premature rupture of amniotic fluid 586 (86,1 %) 7005 (60,1 %) p < 0,000
MpexxaeBpeMeHHas 0TcoliKa HopMasbHO 2_975.
pacnonoKeHHoM NnnaLeHTbl / 15 (2,2 %) 89 (0,8 %) X -_[] 002
Premature abruption of a normally located placenta p=5
MonepeyHoe/kocoe nonoXeHue nioaa / 0 0 X2 =2,29;
Transverse/oblique fetus position 40,6 %) 23 (0,2 %) p=0,130
. 0 0 X2 =12,34;
TasoBoe npeanexanue / Breech presentation 16 (2,4 %) 116 (1,0 %)
p<0,000
2 _
et 0 0 X’ = 244,95;
KecapeBo ceyenue / C-section 500 (73,6 %) 4980 (42,7 %) p < 0,000
MepuHeotomus / Perineotomy 38 (5,6 %) 1563 (13,4 %) X’ = 41,07
' ’ p <0,000
AMHuoTOMMs / Amniotomy 5 (0,76 %) 198 (1,7 %) X% =3,48; p = 0,062
PyuHoe obcnefoBaHme nonoctv Matku / 0 0 x2=0,01;
Manual uterine cavity examination 1301,9%) 222(1,9 %) p=0,944
MeKoHuanbHas OKpacka OKONMONoAHbIX BOL, / 0 0 X2 =979
Meconium amniotic fluid staining 273,9 %) 840 (7.2 %) p =0,002
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Tabnuua 3. OcobeHHOCTM CTPOeHMS Nocneaa B UCCeLyeMbIX rpynnax
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Table 3. Features of the structure of the placenta in the studied groups

OcHoBHas rpynna (npe- KoHTponbHas rpynna Cratuctnyeckas
. JOeBpeMeHHble poabl) / | (cpoyHble poabl) / Control 3HAYMMOCTb /
Mokasarens / Indicator Main group (preterm birth) |  group (term delivery) Statistical
(n = 680) (n=11662) significance
Bocxoasuiee nHuumposanme nocneaa / 0 0 X2 = 22,42;
Ascending placenta infection 323 (47,0%) 4432 (38,0 %) p < 0,000
XnamuauiiHbIi xoprogeunayur /
Chlamyﬂdial chorio?iecﬂiuLiltigy 48 (7,1%) 660 (5,7 %) X’ =469 p=0020
MuKonna3MeHHBbIN Xopuogeumnoywt / 0 0 X2 =11,35;
Mycoplasma choriodeciduitis 209 (30,7 %) 3587 (29.0%) p=0,001
ﬁ?g:;gimi”c“hbgﬂigggggﬂﬁ;”ﬂm / 71.(10,4 %) 1255 (10,8 %) Xt = 0,05 p = 0,828
PHK-BupyCHbii xopuopeunayu / 166 (24,4 %) 2902 (24,9 %) X =0,32; p = 0,858

RNA viral choriodeciduitis

lepneTuyeckuin xoproaeumayvr /
Herpetic choriodeciduitis

XpoHUYecKas nnaLeHTapHas HeAoCTaTouHOCTb /
Chronic placental insufficiency

* KOMMeHcUpoBaHHas / compensated
+ cy6- 1 [LeKoMneHcupoBaHHast /
sub- and decompensated

HopmarbHoe cTpoetue nocnepa /
Normal structure of the placenta

350 (51,4 %)

6 (0,9 %)

5311 (45,5 %) X2 =9,33; p=10,002

45 (6,6 %) 1761 (15,1 %) X2 =43,75;
p < 0,000

232 (34,1 %) 1376 (11,8 %) X = 226,06;
p <0,000

211 (1,8 %) X2=252;,p=0,112

OKOJIOMNJIOAHBIX BOL BCTpeyanach B 2 pasa valle npu jo-
HOLLIEHHOI BepeMeHHOCTU (Pa3NnumMs CTAaTUCTUHECKU 3HAYU-
Mble).

OcobeHHoCTH CTPOEHMSA Nocesia B 0CHOBHOM M KOHTPOSIb-
HOW rpynnax npegctasneHbl B Tabn. 3.

CTaTUCTMUeCKM 3HAUUMBIX Pa3fnymiA B YacToTe BCTpeyae-
MocTu ypeanna3smeHHoro u PHK-BupycHoro xopuogeumayuta
BbISIBNIEHO He bbino. Bocxopasulee nHduumpoBaHmWe nocnesa,
MUKOMIa3MEHHbINW, repneTMYecKMn N XNaMUanAHBIA XOpuo-
LeuuoyvT BCTpeYauch Npy NpexneBpeMeHHbIX poaax cTa-
TUCTUYECKM 3Ha4MMO valle. [pexaeBpeMeHHbIMU pojamm
yalle BCero 3aKaHuuBanacb HepeMeHHOCTb, 0CNOXHEHHas
pa3BUTUEM CY6- U LEKOMNEHCUPOBAHHOW XPOHMYECKOI Nna-
LLeHTapHON HeJ0CTaTOYHOCTH.

Ha ocHoBaHuM BbINONHEHHOro aHanu3a 6bin npoBefeH
oTbop KpuUTep1eB NPOrHO3MPOBaHMUS POXKAEHNSA HeJOHOLLEH-
Horo pebeHKa, KoTopble AaloT BO3MOXHOCTb CBOEBPEMEHHO-
r0 Ha3Ha4eHuUs NPOPUNAKTUHECKUX MEPONPUATMIA U Bbibopa
MecTa rocnuTanM3aumum ¢ y4eToM MNOBbILIEHHOMO pUCKa Lo-
CPOYHOr0 POLLOPa3pPeLLEHMS.

3 npuBefieHHbIX BbiLLe AaHHbIX bbin 0TobpaHb! 6 KpuTe-
pueB (TAxenas Npeaknammncus, HapyLLeHUs KpOBOTOKA B ap-
TepUM MynoBuMHbI N0 AaHHbIM gonnnepoMetpun, VI n bonee
MopsIAKOBbIA HOMep BepeMeHHOCTH, UCTMUKO-LiepPBUKabHas
He[0CTaTOYHOCTb, OTPULATENbHBIN pe3syc-daKTop, ManoBo-
AVe N0 AaHHbIM Y/IbTPa3BYKOBOr0 MUCCEL0BaHMs), UMEBLLME
CTATUCTUYECKN 3HAUYMMYI0 KOPPENIALMIO C NPOM30LLIEeLLLINMH

DOl https://doiorg/1017816/PED626397

npexzaeBpeMeHHbIMM pofamu (Tabn. 4). [nsa BbigeneHus
rpynnbl BbICOKOrO PUCKA MPEeXLEBPEMEHHBIX POLOB C NOMO-
LLbK0 MeTO/a IMCKPUMMHAHTHOIO aHanu3a paspabotaHa npo-
FHOCTUYECKas CUCTEMA C UCMOMb30BAHUEM BbILLEYKa3aHHbIX
6 KpuTepueB, M MOCTPOEHA KNaccMdUKaLMOHHas MaTpuua
(npeacrtaBneHa B Tabn. 5). B rpynne JKeHWWH €O CPOYHbI-
MW poAamu (KOHTpoNbHas rpynna) npepnaraeMas Mogenb
obecreunBaeT COBMajeHWe NpOrHO3MpYeMoro UCXofa C pe-
anbHbIM pesynbTatoM B 99,4 % (cneumduyHocTb NporHo3a);
B IPYMMe XeHLLWH C NpexaeBpeMeHHbIMU pofiaMm (0CHOBHas
rpynna) — coBnafeHue NporHo3upyeMoro ucxoaa c peasb-
HbIMM pe3y/bTaTaMu cocTaBuo 73,6 % (4yBCTBUTENBHOCTb
NporHo3a).

MocTpoeHHas Mofenb MMEeT BbICOKYH MPOTrHOCTUYECKYIO
3HauMMOCTb U C BbICOKOW YyBCTBUTENBHOCTBIO U CNIELMGUYHO-
CTbi0 NpeACcKa3sbiBaeT A0CPOYHOE NMpepbiBaHne bepeMeHHOCTH
(3 dexTnBHOCTL Moienm 93,8 %). MpuyeM cnefyeT 0TMETUTD,
4TO B HACTOSILLIEe BPEMs perflaMeHTUpYyHoLLmMe AOKYMeHTbI [8, 9]
yOenswT 0coboe BHMMaHWE MPOrHO3MPOBaHMIO U CBOEBpE-
MEHHON AMarHOCTUKE TaKWX COCTOSHUM, KaK TsXenas npe-
3KNAMNCUA M UCTMUKO-LIePBUKaNbHAsA HeL0CTaTO4HOCT,
¥ B LlaHHOM MCC/efj0BaHMM eLLe pa3 NoATBEPIKAEHA WX 3Ha-
unTenbHas ponib B HeBbIHALWMBaHUKM bepemeHHoCTW. OpHaKo
Bbinm BbISBNEHDI €LLe HECKOMbKO (PaKTopoB, Npeapacrnonara-
IOLLMX K [LOCPOYHOMY MpepbiBaHWI0 BepeMeHHOCTH: pe3yc-0T-
puuaTtenbHas npuHagnexHocTb Kposu, VI u bonee no cyety
bepeMeHHOCTb, HanMuKe HeLOCTaTOYHOCTU KPOBOODpaLLEHMS
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Tabnuua 4. CtaticTMYecKas 3HaYMMOCTb NapamMeTpoB, MOBLILLAIOLLMX PUCK NPEXKAEBPEMEHHBIX POAOB
Table 4. Statistical significance of parameters that increase the risk of preterm birth
OcHoBHas rpynna (npe- KoHTponbHas rpynna Cratnctuyeckas
. aeBpeMeHHble poabl) / | (cpoyHble poabl) / Control 3HAYMMOCTb /
Maicasaten / Indicator Main group (preterm birth) |  group (term delivery) Statistical
(n = 680) (n=11662) significance
Tsxenas npesknamncus / Severe preeclampsia 22 (3,3 %) 58 (0,5 %) 0,000000
HapyLueHue napaMeTpoB KpoBOTOKa B apTepuy
nynosuHbl / Violation of blood flow parameters in the 18 (2,7 %) 50 (0,4 %) 0,000000
umbilical cord artery
VI n bonee nopAAKoBbIit HoMep bepemeHHoCTH / 31 (6,6 %) 277 2.6 %) 0,000000
VI or more serial number of pregnancy
WcTMuko-LiepeyKankHas HeLoCTaTo4HOCTb / 12 (1.7 %) 35 (0.3 %) 0,000255
Isthmic-cervical insufficiency
OtpuuatenbHbin pesyc-gaktop / Negative Rh factor 133 (19,6 %) 1879 (16,1 %) 0,005812
Manosoawe / Oligohydramnios 7 (1,0 %) 257 (2,2 %) 0,021670

Tabnuua 5. KnaccudukaumoHHas MatpuLia MeTOMKY NPOrHO3MPOBaHUS POXAEHUS HeLOHOLLEHHOro pebeHKa
Table 5. Classification matrix for predicting the birth of a premature baby

Mcxop, / Outcome %

HepoHoLleHHbIN
(MporHo3upyemblit) /
Premature (predicted)

JloHOLLIEHHbIV
(MporHo3upyeMbli) /
Term (predicted)

[loHoLLeHHbI pebeHOK (peanbHblii pesynbTar) /

Full-term baby (real result) 99.39
HenoHolueHHbI# pebeHoK (peanbHbIii pe3ynbtar) / 73.61
Premature baby (real result) '

Bcero / Total 93,80

5347 133
321 12
5668 145

¥ ManoBoaue Mo [aHHbIM YbTPa3BYKOBOTO WUCCNEA0BaHMS.
eHwWwuHbI, MMetolwmMe faHHble (aKTOpbl, TaKKe AOMKHbI
BbITb OTHECEHbI K BbICOKOMY PUCKY MPEXAEBPEMEHHBIX PO-
AO0B M MpUPaBHEHbl K MaLMeHTKaM, UMEeoLUM NOoA06HBIN
PUCK N0 pe3synibTaTaM BUOXMMUYECKOrO CKPUHUHTA B NEPBOM
TpuUMecTpe BepeMeHHOCTU C MPOBEAEHWMEM KOMMJIEKCa Mpo-
QUNAKTUYECKUX IUArHOCTUYECKUX MEPONPUSATUIA.

Hanuuue pe3yc-oTpuuartenbHoi NpUHAANEXHOCTU KPOBM
CTaTUCTUYECKM 3HAYMMO Yallle BCTpevanoch y bepeMeHHbIX
OCHOBHO/A Fpynnbl, MPUYEM He TONBKO NpU BbISBIEHUM TU-
Tpa aHTuTeN, Ho W 6e3 TUTpa aHTUTen. HekoTopble aBTOpLI
YKasbIBalOT, YTO Y MEHLUMH C OTpULATeNbHON pe3yc-npu-
HaANEKHOCTBIO KPOBM CTAaTUCTUYECKM 3HAUMMO YaLLle UMEHT
MeCTO MepuHaTanbHble NOTEpU Kak Npu NpexaeBpeMeHHbIX,
TaK 1 npu cpouHbIx popax [1, 4, 13, 17]. [laHHas 3aKkoHoMep-
HOCTb, BO3MOXHO, 00BACHAETCA FEHETUYECKUMU 0CODEHHO-
ctamu [5, 14].

B pabote onpeaeneHbl dakTopbl, NOBbILIAWLIME PUCK
MpeXAeBPEMEHHBIX POJOB (TSKenan NpesKnaMncus, Mano-
BOAME W HapyLUeHWe NapaMeTpoB KPOBOTOKA B apTepuy ny-
nosuHbl, VI 1 bonee no cyety 6epeMeHHOCTb, UCTMUKO-LEp-
BMKabHas Hel0CTaTO4HOCTb, OTpULLATENBHBIN pesyc-(haKTop
y Matepu). [laHHble NoKasaTeNin UCMosb30BaHbl A4S Bbiae-
NEHWs TPynnbl BbICOKOrO PUCKa MPEeXAEeBPEMEHHbIX POJOB.
Mpy npexaeBPeMEHHbIX PofaXx CTAaTUCTUYECKM 3HAYUMMO
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yalle BCTpeyanmcb BocxoAsilee MHOUUMPOBaHME nocneaa,
MUKOMJIa3MEHHbINA, reprneTMYecKUi U XNaMUOUAHBIA XOpUo-
JEeLMayuT, COHETaHHOe NopaXKeHue nocfefa HecKoNbKUMK
B03byauTenamu. MonyyeHHble AaHHble NMOATBEPXKAANT He-
06X0MMOCTb NPOBEAEHUS AONONHUTENBHOIO 06CNe0BaHNA
DepeMeHHbIX MEHLUMH C BbICOKMM PUCKOM MpeXKAeBpeMeH-
HbIX POAOB U Ha3Ha4eHWs, Npy He0OXOAMMOCTH, ITUOTPONHOM
Tepanuu.

BbiBOAbI

1. PucK pocpoyHoro npepbiBaHus GepeMeHHOCTW mo-
BbILIAIOT TAXeNas NPe3KIaMncus, UCTMUKO-LiepBUKasbHas
HEeL,0CTaTOYHOCTb, Pe3yc-oTpuULaTeNbHas MPUHAANEKHOCTb
Kpou u VI 1 bonee no cuety GepeMeHHOCTb, HapyLLeHMst
napaMeTpoB KPOBOTOKA B apTepuu MynoBMHbI U MajloBOAME
Mo AaHHbIM YNbTPa3BYKOBOrO MCC/eAoBaHMsA. HeHLMHbI,
UMetoLLMe AaHHble PAKTOPbI, TAKKE LOMKHbI ObITb OTHECEHbI
K BbICOKOMY PUCKY NPEXAEBPEMEHHbIX POJOB U NPUPaBHEHbI
K MaLMeHTKaM, UMeloLWMM NOLOBHBIN PUCK MO AaHHBIM B1o-
XMMUYECKOr0 CKPUHMHIA B NEPBOM TPUMeCTpe bepeMeHHOCTM.

2. BceM KeHLUMHaM, MMEIOLMM BbICOKUM PUCK LOCPOu-
HOro MpepbiBaHWs bepeMeHHOCTH (B TOM YMCie MaLMeHTKaM
C BbICOKMM PUCKOM MO AaHHbIM OMOXMMUYECKOr0 CKPUHUHTA
B NepBOM TPUMECTpe bepeMeHHOCTH), He0OX0AMMO NPOBOAUTL
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AononHuTeNbHoe 0bcneaoBaHne Ans BbISBNEHUA UHOEKLN-
OHHbIX areHToB: Chlamydia trachomatis, Human herpesvirus,
Mycoplasma genitalium / Mycoplasma hominis, a Takxe
MnoceB U3 LepBUKANbHOTO KaHana Ha (niopy U YyBCTBUTENb-
HOCTb K aHTMDaKTepWanbHbLIM NpenapataM 1S onpeseneHns
MaToOreHHOM U YCIOBHO-NATOreHHON MUKPOIIOpbI.

AOMO/IHUTE/IbHAA UHPOPMALIUA

Bknaa aBTopoB. Bce aBTOpbI BHEC/M CYLLECTBEHHbIN BKAf,
B pa3paboTKy KOHUenuuu, mpoBefeHue WMCCiefoBaHus W MOA-
FOTOBKY CTaTbM, MPOYSM U OA00OpUNM GUHaNbHYI0 Bepcuio nepen,
nybnuKaumei.

WUcTouHuK dmHaHcMpoBaHUsA. ABTOpbI 3asIBNAIOT 06 OTCYTCTBUM
BHELLHEero GuHaHCMpOBaHKUA NPy NPoBeeHUN UCCNe10BaHMS.
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KuweyHaa Mmukpodnopa y aereit co BTOpU4YHOM
runepokcanypuei U annepruyecKuMm 3aboneBaHusAMM
AbIXaTesIbHbIX NyTeH

A.H. 0byxosa, 0.B. Xaneuxas, H.A. LLlenukoBa, A.H. Cenusepctos, W.10. Lnpokosa,
0.M. YekaHuHa, E.B. EpmonunHa

[pUBOMKCKUIA UCCNes0BaTENbCKIUIA MeAUUMHCKUIA yHuBepeuTeT, Huxuuin Hosropog, Poccus

AHHOTALMA

AxTtyanbHocTb. MyKpodiopa KWLLEYHMKA UrPaeT BaHYH pofib B OpraHU3Me YeNloBeKa NyTeM BO3LENCTBUSA Ha MeTabonu-
yeckve npouecchbl. JloKa3aHo, YTO M3MEHEHUS KULLEYHOT0 MUKpOBMOLIEHO3a MoryT 0BycoBMBaTh pa3suTUe 3aboseBaHuii.
Ha ceropHsALWHMIA AeHb 0CTaeTcs HEeAO0CTAaTOYHO W3YYEHHBIM COCTOSHWE KULIEYHOW MUKPOQIOpbl Yy AeTell C HapyLUEHHbIM
OKcanaTHbIM 0OMEHOM B COYETaHMU C anfnepriyeckoin naTonoruen.

Lienb — n3yyeHne MrKpohnopbl TONCTON KULWIKK Y BeTen CO BTOPUYHOM MMMNepoKcanypuen 1 ConyTCTBYIOLLMMM anmepruye-
CKVMM 3ab051eBaHNAMM AbIXaTeNbHbIX NYTEN.

Matepuanbi uMetoabl. 06cnenoBaHo 50 geTeliBBo3pacTe 0T 3 40 7 N€T C AUArHO30M BTOPUYHOM FMNEPOKCanypum, HaXxoAsaLLmMXCs
Ha rocnuTanmsaumuu B [leTckoii ropofickoi KinHudeckon bonbHuue N2 1 (H. Hosropop). [leTvt Obinv pasaeneHbl Ha fiBe rpynnbl:
| rpynna — AeTM co BTOPUYHOM TUNEpOKCanypuel, UMeloLLme anneprudeckue 3aboneBaHus AbixaTenbHbIX nyTen (n = 21);
[l rpynna — [etM co BTOPWUYHOM rUMepoKcanypueil 0e3 annepruyeckux 3aboneBaHWi fbixaTenbHblx nyTen (n = 29).
Y BCex NauMeHTOB U3yyan COCTOSIHUE KULLIEYHOW MUKPOGIOpbI C MOMOLLBIO aHaK3a Kaja MeToA0M MojIMMepasHoi LienHom
peaKLun B pexvMe peasibHoro BpeMeHu ¢ (JiyopecLieHTHOI AeTeKuuein. MeTof,oM BbICOKOIQEKTUBHON KMAKOCTHOW XpoMa-
Torpadum onpefensnu ypoBeHb KOPOTKOLLENOYEYHbIX XUPHBIX KUCIOT B Kasie Y NaLMeHTOB CO BTOPUYHOW MUMepoKcanypuen
W CONYTCTBYIOLLMMM annepruyeckumm 3aboNeBaHUAMU [bIXaTeNbHbIX MyTeM.

Pe3ynbtatbl. YpoBeHb okcanypuu 6bin Bbile y naumentoB | rpynnbl (p = 0,018). M3MeHeHMs B KuweyHOM MUKpodiiope
Bbinm BoisBNeHs y Beex naumentoB (100 %, n=50). OgHako B | rpynne Habnioaanock bofee HWU3KOe COAEpXaHWe B Ku-
weyHuke Faecalibacterium prausnitzii (p = 0,004) n Ruminococcus spp. (p = 0,017), a TakKe NpUCYTCTBOBANM HapyLLEHUS
MeTaboNIMyeCKoi aKTUBHOCTW BaKTepuii, MPOSBASIOLLMECS CHUXEHWNEM KOHLLEHTPaLMM MOHOKapPOOHOBBIX KUCIIOT — YKCYCHOM
(0,18 + 0,09), Macnsaxom (0,006 + 0,003) n BanepuaHoson (0,003 + 0,001).

BbiBogbl. BropuyHas runepokcanypus y feten B Bo3pacTe ¢ 3 40 7 NeT COYETAEeTCA C HapyLUEHNEM KULLIEYHOW MUKPODIIOpbI,
Bonee BbIpaXKEHHBIM MY COMYTCTBYIOLLMX annepruiecknx 3aboneBaHmsAX AbIXaTeNlbHbIX NYTel.

KnioueBble cnoBa: BTOPUYHas rMNepoKcanypus; annepruyeckme 3abonieBaHus AbIxaTeslbHbIX NyTel; KMULWeYHas MUKPO-
dnopa; petu.
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Intestinal microflora in children with secondary
hyperoxaluria and allergic respiratory diseases

Anna N. Obukhova, Olga V. Khaletskaya, Natalia A. Shchelchkova, Andrey N. Seliverstov,
Irina Yu. Shirokova, Oksana M. Chekanina, Elena V. Ermolina

Privolzhsky Research Medical University, Nizhny Novgorod, Russian

ABSTRACT

BACKGROUND: The intestinal microflora has an important role in the human body by influencing metabolic processes.
It is proved that changes in intestinal microbiocenosis can cause the development of diseases. To date, the state of the
intestinal microflora in children with impaired oxalate metabolism in combination with allergic pathology remains insuf-
ficiently studied.

AIM: The aim of the research was to study the intestinal microflora in children with secondary hyperoxaluria and allergic
respiratory diseases.

MATERIALS AND METHODS: We examined 50 children aged 3 to 7 years with a diagnosis of secondary hyperoxaluria.
The children were divided into two groups: group | — children with secondary hyperoxaluria and allergic respiratory
diseases (n = 21); group Il — children with secondary hyperoxaluria without allergic respiratory diseases (n = 29).
All patients underwent a study of the state of intestinal microflora using fecal analysis by real-time PCR with fluores-
cence detection. The high-performance liquid chromatography method was used to determine the level of short-chain
fatty acids in the feces of patients with secondary hyperoxaluria and allergic respiratory diseases.

RESULTS: The level of oxaluria is higher in patients with a combination of secondary hyperoxaluria and allergic re-
spiratory diseases than with isolated secondary hyperoxaluria (p = 0.018). Changes in the intestinal microflora were
detected in all patients with secondary hyperoxaluria (100%, n = 50). Children with secondary hyperoxaluria and allergic
respiratory diseases had a lower intestinal content of Faecalibacterium prausnitzii (p = 0.004) and Ruminococcus spp.
(p = 0.017), there were also violations of the metabolic activity of bacteria, manifested by a decrease in the concentration
of monocarboxylic acids: acetic (0.18 + 0.09), butyric (0.006 + 0.003), valerian (0.003 + 0.001).

CONCLUSIONS: Secondary hyperoxaluria in children aged 3 to 7 years is combined with a violation of the intestinal mi-
croflora, more pronounced in allergic respiratory diseases.

Keywords: secondary hyperoxaluria; allergic respiratory diseases; intestinal microflora; children.
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OPYTVHATIBHBIE CTATBN

AKTYAJIbHOCTb

MukpobHas dhnopa KuLWeyHWKa NoLiepXKMBaeT roMeocTas
OpraHu3Ma nytemM CUMOMOTUYECKMX OTHOLLEHWH [6, 9]. Cumbuo3
peanm3yeTcs C y4acTUEM CUTHaMbHBIX MOMEKYN (ayTOMHAYKTO-
POB) — aMWHOKUCTIOT, MENTUAOB, KOPOTKOLEMOYEUHBIX JKUp-
Hbix kucnoT (KLPKK) n opyrvx coemmHeHuiA, npomyumpyeMbix
bakTepuanbHbIMK KieTkamu [2, 6]. CoBpeMeHHble uccneaoBa-
HWs LEMOHCTPUPYIOT CBA3b KULLIEYHON MUKPOGIOpbI C pa3BUTH-
€M annepruyeckux 3abonesaHui [4]. VI3BeCTHO, UTO HapyLLEHNSs
MWKPOBMOLIEHO3a KULLEYHMKA YTSHIKENSOT TeYeHWe atonum [4, 5].
[aTOreHeTMYECKYID OCHOBY MHOIMMX anyiepruyeckux peakuui
COCTaBNSieT CEHCMBUIN3aLMSA OpraH13Ma CoeauHEHNAMM, Mpo-
HUKAIOLLMMM Yepe3 KeNyLO4HO-KULLIEYHbIW TPaKT, uTo yCyry-
bnsetca npu K1weyHoM aucbuose [4, 5, 7]. Mpn HapyLweHHOM
OKCanaTHOM 0BMeHe COCTOSHME KMLUEYHON MUKPOGIOpbl 13-
Y4YEHO HeOoCTaTo4HO. B 3apybeHbIX 3KCnepuMeHTaNbHbIX
nccnepoBaHusx 6bia MpOLEMOHCTPUPOBaHa BO3MOXHOCTb
BHYTPUKWLLEYHOW Aerpafaumv oKcanata bakTtepusmm ToncToil
KWWK [14]. [naBHbI MUKPOOPraH13M, MpUHAMAIOLLMIA y4acTvie
B MeTabosm3Me oKcanata, — Oxalobacter formigenes, wc-
MoNb3yHoLLMIA OKCanaT B KauecTBe 3HEpreTUYecKoro cyberpara
Ons KusHepeaTensHoctn [12-14]. 0. formigenes nposenset
CMMBMO3 C MpefCcTaBUTENAMM KLLEeYHOW HopModopsbl [10].
TeM cambIM CripaBef/IMBLIM ABNSETCA NMPELNONOXKEHUE, YTO
COCTOSIHME KMLLEYHOW MUKpOhOpbl OMpefensieT aKTUBHOCTb
BHYTPUKHMLLEYHOrO MeTabonmama oKcanata. B cessu ¢ yeM Ha-
PYLLEHMS MUKPOBHOM (IOpbI KULLIEYHUKA MOTYT BbiTh CBA3Y-
IOLLMM 3BEHOM MaToreHe3a BTOPMYHOW rvnepokcanypum (Bl)
W anneprudeckux 3aboneBaHui, 00yCNOBMMBAIOLLMM BbICOKYH
KOMOpOMIHOCTb AaHHbIX NaTOMOMMN B LETCKOM BO3pacTe.

Llenb uccnedosaHus — wU3yunTb MUKpOGIOpYy TOACTOM
KULLIKK y geTen ¢ Bl u conyTcTByloWwmMMM annepruyeckumu
3aboneBaHuaMM apixaTenbHbix myTen (A3MN).

MATEPWUAJIbI U METOAbI

MpoBefeHo NpOCMeKTMBHOE 0JHOMOMEHTHOE MCCefoBa-
Hue ¢ BroyeHneM 50 peteit ¢ BI, HaxoaALmxcs Ha rocnuTa-
nm3aumm B [leTCKOW ropoACKOMA KIMHMYECKOW 6onbHuue NO 1
(H. HoBropog). MeavnaHa Bo3spacta — 4,2 [3,11; 6,7] ropa,
cpefHuiA ypoBeHb okcanypum — 25,1 [21,9; 32,4] mr/cyr.
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Kputepum BrntoueHus: aetu ¢ Bl B Bospacte ¢ 3 go 7 net
BKJTHOUMTENBHO.

Kputepuu HeBKIHOUeHMS: OCTpble WHAEKLMOHHbIE 3a-
BoneBaHus; aHTMbaKTepuanbHas Tepanus B Nepuoj 6 Mec.
[0 MPeAnosiaraeMoro BKIKYEHUs B UCCNef0BaHue; caxap-
Hblii AWabeT; ayToMMMyHHble 3ab0N1eBaHNS; OHKONOrUYECKME
3aboneBaHus; reHeTMYeCKVe 3a00/1EBaHMSA C YCTaHOBNEHHBIM
[MarHo3oM; NaTonorua enyaouHo-KULLEYHOro TPaKTa, Co-
MPOBOX/AKLLAACH CMHAPOMOM Manbabecopbumm.

Y 21 (42 %) naumeHTa NpuCyTCTBOBaIM COMYTCTBYIOLLME
A3[MN, a IMeHHO annepruyeckuint pUHUT U/ BpoHxManbHas
acTMa. YuuTbiBas 3ToT (aKT, Bce naumeHTsl (n = 50) bbinm pas-
OeneHbl Ha Age rpynnbl: | rppynna — 21 pebeHok ¢ Bl, uMeto-
wue A3[MM; Il rpynna — 29 petei ¢ Bl 6e3 A3[[. MaumeHTb
[ v Il rpynn He UMenK CTAaTUCTUYECKM 3HAUMMBIX PA3fIMUMIA MO aH-
TPONOMETPUYECKMM MapaMeTpaM, Nofly 1 Bo3pacTy (1abn. 1).

Bepudmkauna anarHosa Bl npoBogumiack Ha 0CHOBaHWUM
CTOVKOW MEPCUCTUPYIOLLIEH TUMepoKcanypum (3KCKpeLMs OK-
canaroB 6onee 1 Mr/kr/cyt, nnbo bonee 88,8 MkMonb/cyT —
ons aeten o b net, u bonee 115,0 MkMonb/cyT — ana ae-
Teit 6—7 neT), MOYeBOro cuHapoma (peakums Moun 5,0-7,0,
oTHocuTeNbHas nnoTHocTb Moun 1025-1030 u Bbiwe; reMa-
Typus Bbiwe 10 3puTPOLMTOB B M. 3p.; NENKOLMTYPUS BhbiLLe
5 neiiKoumuToB B M. 3p.; MuKponpoTteuHypus 0,33-0,66 r/n),
M3MEHEHMIA NOYEYHON TKaHWU N0 AaHHBIM YNbTPa3BYKOBOO MC-
CNefloBaHNs NoYeK (04aroBoe MOBbILLEHWE 3XOreHHOCTW Mo-
YeyHOM MapeHXWUMb, YNIOTHEHWE CTEHOK N0XaHoK noyek) [1].

BuoxuMmueckuin aHanus Moum ¢ onpegenexneM pH Moum,
YPOBHSI OKCanatoB, ypaToB, dochopa, KanbLus npoBOAWIM
[0 Hayana Tepanuu B nabopatopuu [leTcKoi ropoacKomn Kim-
Hu4eckon bonbHMLbl N2 1 (H. Hosropop).

Kuwweunyto Mukpodnopy mMccnefosanu ¢ NOMOLLbBIO aHa-
/133 Kana MeTOAOM NOSMMEpasHoi LIeMHOM peakumn B pe-
xume peanbHoro BpeMenu (MLP-PB) ¢ ¢nyopecueHTHoI
OeTeKuMeir Ha amnamduKatope € OMTUYECKOM CUCTEMON
Rotor-Gene 6000 (Corbett Research, AecTpanus) ¢ ucnosb-
30BaHMeM TecT-cucteMbl «KOJIOHOMJIOP-16 (6uoueHo3)»
(000 «Anbdanab», Poccus) B nabopatopuu MNLP-anarHocT1km
HWUW npodmnakT1yeckoi MeanumHbl YHUBEPCUTETCKOW K-
Hukmn MAMY. Onpegensnu MUKpobHbI cocTas, obLuee Bak-
TepuanbHoe Yncno v oTHoweHue Bacteroides fragilis group /
Faecalibacterium prausnitzii.

Ta6nuua 1. CpasHeHMe rpynn NaLMeHToB Mo UCXOAHbIM XapaKTepucTMKaM

Table 1. Comparison of patient groups by initial characteristics

| rpynna / Group | (n = 21)

Il rpynna / Group Il (n = 29)

Mokasatens / Parameter p
Me | a0 Me | a0
Bospacr, rogsl / Age, years 4,8 3,6;6,9 4,5 3,3; 6,8 0,341
Pocr, cM / Height, cm 112,8 102,0; 125,5 109,7 100,8; 123,9 0,672
Macca, kr / Weight, kg 18,5 14,8; 22,5 17,6 15,0; 19,8 0,078
WHpexc Maccel Tena, kr/m? / Body mass index, kg/m? 15,6 15,6; 16,4 15,3 14,4; 16,5 0,112
Mnowaab nosepxHocTu Tena, M?/ Body surface area, m? 0,78 0,66; 0,85 0,76 0,58;0,82 0,286
Manbunky, abe. (%) / Boys, abs. (%) 1(4,7) 5(17,2) 0,412
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Matepuan gns uccnegosanus Metogom [NLIP-PB: nepsbie
(eKanbHble 06pasLybl, MoMyYeHHbIe OT NALMEHTOB B CTaLMOHa-
pe (1,68 + 0,61 neHb rocnutanusaumm). Mpobbl Gexanmii Mac-
coii 1-3 r 3abupanu B CTEPUNIbHbIN NIACTUKOBLIA KOHTEMHEP,
KOTOPbIN [OCTaBisM B NabopaTopuio M XpaHWM A0 Havana
uccnenoBanusa npu Temneparype 2—8 °C. Bpems oT B3aTMA Ma-
Tepuana 1o Hayana Uccief0BaHus He NpeBbiLLano 48 u.

[Ina onpepenenns ypoeHa KLKK B kane ucnonb3o-
Ba/M METO[, BbICOKOI(PGHEKTUBHOM KUAKOCTHOW XpOMaTo-
rpadmm ¢ MOHM3aLMel 3NeKTpOpacnbisIEHNEM W TPOWHBLIM
KBafpynosibHbIM TaHLEMHbIM MacC-CMeKTPOMETPUYECKUM
petektupoBahueM (BIXX-NU3IP-MC/MC) Ha KmaKocTHOM
XpOoMaToMacc-CrneKTpoMeTpe C TPOWHBIM  KBafpynonem
Shimadzu LCMS-8050 (Shimadzu, AnoHus) ¢ XMAKOCTHBIM
xpomatorpacoM cucteMbl Shimadzu Nexera XR (Shimadzu,
finonms). UccnepoBaHue BbinosHeHo B LieHTpanbHol Ha-
Y4HO-MCCNeAoBaTeNbCKoW nabopatopum MHctutyTa dyHAa-
MeHTasbHOM MeauuuHbl [MAMY. Onpegensnyu KoOHUEHTpa-
LMK NpoayKToB MUKpobHoro MeTabonuama: ykcycHyio (C,),
nponvoHosyi (C;), MacnsHyw (C,) u BanepuaHosyw (C;)
KUC/OTbI; aHa3pOBHbIN MHAEKC — OTHOLLEHUE CYMMbI KOH-
LeHTpaumii (C) NponuMoHOBOM M MAacisHOW KUCNOT K KOH-
LLEHTPaLMM YKCYCHOM KUCNOTbI; KapboHOBbIE KUCMOTbI (Mo-
NIOYHas KWcnoTa, anbga-ruapoKCUriyTapoBas KUCnoTa).
B KauecTBe HOPMaTUBHBIX 3HAYeHWIA UCMONBb30BaN AaHHbIe
M.[. Apnatckoii [2].

Martepwan ans vccnefoBanus MeTogoM BIHX-M3P-MC/MC:
nepeble deKanbHble 06pasLbl, NoMyYeHHbIE OT NALMEHTOB B CTa-
uvoHape (1,68 + 0,61 neHb rocnutanmsaumn). lepen aHannsom
npobbl XpaHWIMCb B MOPO3WIbHO/A KaMepe Mpu Temnepary-
pe —70 °C B KoHTeliHepax ans 6uoMatepuanos. oBTopHoe 3a-
MOpaXMBaH1e W pa3MopaKvBaHue 06pasLoB He LOMyCKanoch.
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MeToabl cTaTUCTUYECKOrO aHanu3a

AHanu3 [aHHbIX BbLIMOSHEH C WUCMOMb30BaHMEM MaKe-
Ta cTaTucTuyeckmx mporpamm SPSS Statistics, Bepcusa 23.0
(IBM SPSS, CLLA). Pa3mep Bbibopky npeaBapUTeNibHO He pac-
cuntbiBanu. CpaBHMBaeMble COBOKYMHOCTM OLEHUBAIUCH
Ha NpeJMeT COOTBETCTBUS 3aKOHY HOPMasbHOrO pacnpesene-
HWA ¢ ucnonb3oBaHueM Kputepus LLanupo — Yunka n umennu
pacripefeneHue, OT/IMYHOE OT HOPMAJIbHOro, B CBA3W C YeM
UCNoNb30BaNIUCh METOAbI HeMapaMeTpUYecKoro aHaiu3a.
CTaTUCTMYeCKYI0 3HAYMMOCTb PasfMuMin ABYX HE3aBUCUMbIX
BbI6OPOK OLEHMBanM No HernapaMeTpuyeckoMy U-Kputepuio
MaHHa — YutHu. OnucaHue KonmyecTBeHHBbIX NoKasaTesien Bbl-
MOJIHEHO C YKa3aHWeM MeapuaHbl (25-ro; 75-ro npoueHTUnen)
M + g, roe M — cpenHee apudMeTMUECKOE 3HaYeHWe, 0 —
CTaH[LapTHOE OTKIOHeHWe. Pasnnums nokasateneii cuuTanucb
CTaTUCTUYECKM 3HauMMbIMK Npu p < 0,05.

lpoBeneHne wuccneposavus opobpeHo Komute-
ToM no 3tuke npu MMAMY (npoTtokon N2 7 ot 08.05.2020).
Mpu BKIOYEHMM B MUCCe0BaHWE MONyYanu MofnucaHHoe
uHdopMMUpoBaHHOe [06pOBO/bHOE cornacue poauTeneil
(3aKOHHbIX MpeAcTaBUTENEN) HA y4acTue AeTei B UCCnefo-
BaHUM.

PE3Y/IbTATHI

OueHKa BMOXMMMYECKOr0 MUCCNIeA0BaHNA CYTOYHON MOYM
MO3BOSIMNA YCTaHOBMUTb, Y4TO YPOBEHb MOYEBOW 3IKCKPELMH
OKCanaToB 3HauuMMo BbilLe Y naumeHToB ¢ Bl B coueTaHuu
¢ A3[M, yeM y naumeHToB ¢ U3onMpoBaHHoii Bl (p = 0,018).
Paznuunii B 0bbeme auypesa, pH Moun n gpyrum napame-
TpaM MeX [y CPaBHMBAEMbIMU rpynnaMm LeTel YCTaHOBEHO
He 6bino (Tabn. 2).

Ta6nu|.|,a 2. CpaBHEHME rpynn nauMeHToB Nno pesynbrataM BUOXMMMYECKOTO aHann3a Moun

Table 2. Comparison of patient groups based on the results of biochemical urine analysis

| rpynna / Group | (n = 21)

Il rpynna / Group Il (n = 29)

Mokasatenb / Parameter p
Me | g0 Me Q;;0,
Dnypes, mn/M? / Diuresis, ml/m? 1270,5 1000,6; 1450,5 1300,8 990,8; 1420, 0,657
pH Moum / Urine pH 7,0 6,0;7,0 7,0 6,0:70 0,700
Okcanartel, Mr/cyT / Oxalates, mg/day 25,3 21,4; 32,8 22,6 19,8;285 0,018*
Oxcanatbl, MMonb/(M? x cyT) / Oxalates, mmol/(m? x day) 0,39 0,34; 0,46 0,37 0,33; 0,5 0,256
e ebbawer ooy oo 1 omons o
Ypatbl, MMonib/cyT / Urates, mmol/day 1,26 1,13; 2,11 1,29 1,08; 2,14 0,116
Ypatel, MMosib/(M? x cyT) / Urates, mmol/(m? x day) 1,64 1,45: 2,61 1,68 1,38; 2,55 0,121
e oo oo | gy ouow os omes om
®ocdop, MMonb/cyT / Phosphorus, mmol/day 235 14,8; 38,4 21,6 14,6; 36,7 0,373
®ocdop, MMonb/(M? x cyT) / Phosphorus, mmol/(m? x day) 23,6 18,5; 36,2 22,9 18,9;37,5 0,564
Kanbuwit, MMonb/cyT / Calcium, mmol/day 1,2 0,54; 1,62 0,7 0,44; 1,46 0,071
Kanbumi, Mmonb/(M? x cyt) / Calcium, mmol/(m? x day) 1.4 0,64; 1,5 1,3 0,6; 1,43 0,162

*Pasnuumns nokasarenei cTatucTMyecku 3HaumMbl (p < 0,05). *Differences in parameters are statistically significant (p < 0.05)
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Mo paHHLIM aHanm3a Kana Metogom [LUP-PB amcbuotn-
Yeckue M3MeHeHUs bbinn 0bHapyKeHbl y BCEX MALMEHTOB,
BKJ/IIOYEHHbIX B McCnenoBaHue (Tabn. 3). B obeux rpynnax
3adMKCMpPOBaHa CX0Xas KapTMHA TaKCOHOMMYECKOro Auc-
6103a, NposBNAIOLLAACA rNaBHBIM 00pa3oM AeduuMTOM oc-
HOBHbIX NpeAcTaBuTeneit HopModnopsl: Lactobacillus spp.,
Bifidobacterium spp., nakTo30mno3uTuBHol Escherichia coli,
Eubacterium rectale v aHaspobHbIM fucbanaHcom (cooTHo-
weHue Bacteroides fragilis group / F. prausnitzii) (p > 0,005).
OpHako y peten ¢ BI v A3AN (I rpynna) otMmeyanochb

Tom 14,N¢ 6, 2023

Meavatp

CHUXKeHWe coaepxkanus F. prausnitzii (p = 0,004) n bakTepuii
poaa Ruminococcus (p = 0,017).

YuuTbiBas ocobeHHocTM bakTepuanbHoro npodunsa Ton-
cTon Kuwku npu A3[M, y naumeHToB C COMyTCTBYHOLLEN
annepruyecKoi naTosiorel NPoBOAUNOCH U3yYeHWe MeTa-
bonutoB KuweyHoi dnopbl — KLMKK, oTpaatowmx dyHK-
LIMOHaNbHYK aKTMBHOCTL bakTepuii [8]. Mo AaHHBIM Mccne-
[0BaHMsA B npodune MOHOKapbOHOBBLIX KUCIOT 0TMEYanoch
HWU3KOE COLLepKaHWe YKCYCHOI, MacnisiHOW W BanepuaHoBO
kucnort (tabn. 4).

Ta6nuua 3. Mukpodnopa TONCTON KULLKW NALMEHTOB CPAaBHUBAEMbIX FPpyNn

Table 3. Intestinal microflora of patients of the compared groups

Hopva, KOE/r / I rpynna / Group | (n=21) | Il rpynna/ Group Il (n = 29)
MNokasatens / Parameter Standardconcentra- afi)c. (l%t) / Mzmlg agc-(?’i/ Mzmlg p
tion, CFU/ absolute absolute
9| amber (0| HOE/T/ CFUg | SR e, | KOE/ / CFU/g
O6wias 6akTepuanbHas Macca, HopMa /  He Gonee 102/ 29
Total bacterial mass, norm No more than 102 2095.2) 9.01£0,33 (100) 8,87 + 0,64 0.871
Lactobacillus spp. nedmumt / deficit 107108 21 (100) 9,23+£095  28(96,5)  9,31+0,84 0,873
Bifidobacterium spp. neduuunt / deficit 10°-100 20 (95,2) 5,46 £ 1,05 (8%,766) 57 +1,03 0,849
Escherichia coli nedvumt / deficit 107-108 (12010) 6,4+0,98 27 (93,1) 65+1,13 0,619
Bacteroides spp. HopMa / norm 10°-10" 11 (52,4) 5,54 + 0,67 14 (48,3) 5,37 + 1,02 1,000
Z Z;C:Jff‘;tgg’f‘{f’n prausnitzi 108-10"" 18(857)  679+045  12(414)  647:063  0,004*
f;;f;gﬁs‘/ thetoomicron MoGoe / Whatever 3 (143) 6344012  1(34)  703:025 0386
Akkermansia muciniphila He 6onee 10"/ 20
HopMa / norm ’ No more than 10" (95,2) 447 0,92 22758 4842116 0,146
Enteracoccus spp. He 6onee 108 /
BblsiBNeHbI / identified No more than 108 2(9.5) 446129 3(103) 45+0,9 0.702
Escherichia coli enteropathogenic He 6onee 10*/ 0 _ 0 _ _
BbIsiBNeHbI / identified No more than 10%
i i 4
fé;‘ﬁf;’ﬂ preumonize e oree 10 1/05 18857) 497+134  29(100)  455+108 0,135
. 4
fé;b;;"’j’ﬂo"r’x"’“’ ebonee 101 17609 9135105 29000 9.25:007 0061
Candida spp. He 6onee 10%/ 0 _ 0 _ _
BbifiBNeHbI / identified No more than 10
4
ﬁ;‘;‘:ﬁg”;’ﬁ‘;ﬁfﬁs aureus e bonee 10 1/04 176809  661£009 25862  619+114 0913
gi‘l’:;ﬁg’:;" /‘{’fgﬁﬁze ; 0"‘3’;?:%”’ 147)  465:036 1034 45T£024 0619
Clostridium perfringens OtcytcTByet / 5 4
BbiABseHb! / identified absent (23,8) 6,78 0,65 (13,8) 7.24£ 0,69 0,591
Proteus vulgaris/mirabilis He 6onee 10*/ 0 B 0 B B
BbiABNeHbI / identified No more than 10
p 4
Citrobacter spp. Hebonee 10°/ = 59059y 5785112  27031) 593+117 0772

HopMa / norm

No more than 10
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OKoHyaHue Tabnuubl 3 / Table 3 (continued)

Hopwa, KOE/r / I rpynna / Group | (n=21) | Il rpynna/ Group Il (n = 29)
Mokasatens / Parameter Standardconcentra- a6bc. (l%t) / Mtmlg agc'(:/”)t/ M+mlg p
tion, CFU/ apsolute apsolute
g number (%) KOE/r / CFU/g number (%) KOE/r / CFU/g
4
52;‘3;;"’/”5;‘?; SPP- ebonee 10 16@Be) 646119 19655 62912 0617
Fusobacterium nucleatum OtcytcrayeT / 0 B 0 N _
BbisiBNeHb! / identified Absent
’: kg OTCXLCSTGBF I 538  672:046  3(103)  768:063 0373
Salmonella spp. OtcytcTayet / N
BbisiBNeHb! / identified Absent 0 2(6.9) %.34082 0.619
shgelosop. Oepeeer/3s3) 59102 5072 59:108 0913
ﬁé‘;‘)’;’fﬂ?}’aeﬁdt 108-10" 2101000 616:094 28965 653152 0872
H 6
’:g’;’:;"f‘r’]gﬁq SPPp- e bonee 10 1/06 19905  497+086  29(100)  467+114 0,335
8
ﬁg:g;"/c‘;fr‘r’; SPP- e bonee 10 1/08 19905  686+064  29(100)  7,37£071 0,335
ﬁ‘égfﬂfg";”ge@fgf’e 10010 19905  945+118  29(100)  9,33:098 0335
it 10
ggizi‘éﬁl’;"l’ég‘t’l‘;fggs eboree 10 [ 15g14)  S76=107 17686 519:107 057
Prevotella spp. He 6onee 10" /
BbisB/eHb! / identified No more than 10" 20,5 6.42+1,08 2(69) 6,55+ 1,12 0,849
Methanobrevibacter smithii He 6onee 10/
BbisB/eHb! / identified No more than 10" 3(143) 4,85+0,96 6207 4,57 +1,02 0,835
6
ﬁﬁ‘;”;’f}g’:ﬁfr" stadmanae eboree 10/ 1g@sn) 6706 29000 7312062 013
Ruminococcus spp. Hebonee 101/ = 5io30) 515,036  18(621) 4675084 0,017
BbiaBNeHbl / identified No more than 10" 238) 19 =8, (62,1) D '
OtHoweHwe Bacteroides fragilis group /
Faecalibacterium prausnitzii, Hopwa / 0,01-100 8381)  687:064 15617  7,07:061 0505

Ratio of Bacteroides fragilis group /
Faecalibacterium prausnitzii, norm

*Pasnuums nokasarenen cratuctyeckun sHaummel (p < 0,05). *Differences in parameters are statistically significant (p < 0,05).

Ta6nuua 4. CopepxaHune KOPOTKOLLEMOYEYHBIX XMPHBIX KUCNOT 1 KapbOHOBBIX KMCMOT B Kaie Y NaLMeHTOB CO BTOPMYHOW MUMNepoKcanypu-

enu annepruyecKknMn 3ab051eBaHNAMM AbIXaTesbHbIX I'IYTEﬁ

Table 4. The content of short-chain fatty acids and carboxylic acids in the feces of patients with secondary hyperoxaluria and allergic

respiratory diseases

Mokasatenb / Parameter

CopnepxaHue B Kane, ea. / Content in feces, units

[ rpynna / Group | (n = 21) Hopma / Standard
C, (ykcycHas kucnorta) / C, (acetic acid) 0,18 + 0,09 0,634 £0,015
C, (nponvoHosas kucnota) / C, (propionic acid) 0,64 + 0,45 0,189 + 0,011
C, (MacnsHas kucnorta) / C, (butyric acid) 0,006 + 0,003 0,176 + 0,011
C; (anepuaroBas kucnota) / Cg (valerian acid) 0,003 + 0,001 0,145 £ 0,16
Monounas kucnota / Lactic acid 0,306 + 0,1 0,378 £ 0,16
Anbda-ruppokeurnytaposas kucnota / Alpha-Hydroxyglutaric acid 0,136 + 0,02 0,125+ 9,4
AnaspobHbin nHpexc (C,~C,) / Anaerobic index (C,—C,) -0,358 + 0,012 -0,576 + 0,012
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ObCYXOEHWUE

Mo pesynbTataM uccnefoBaHMs NpOLEMOHCTPUPOBAHbI
AMcbnoTUYecKMe U3MEHEHUS B KULIEYHOW driope y Bcex
MaLMeHTOB C HapyLUeHHbIM OKcanaTHbiIM 06MeHoM (100 %,
n = 50). HeobxoauMo 0TMETUTb HanMuMe Yy HEKOTOPbIX Ma-
umentoB Staphylococcus aureus (n = 8) 1 KnocTpuananbHo
dnopei (Clostridium difficile v Clostridium perfringens, n = 2
1 n =9 COOTBETCTBEHHO) NPW OTCYTCTBUM }anob U KnHuYe-
CKMX cMMNTOMOB. [laHHble M3MeHeHUst MoryT 06bACHATLCS
BbICOKOI YyBCTBUTENbHOCTLI0 MeTofa [LIP-PB, cnocobHoro
06HapyuTb BenKoBbIe CTPYKTYpbl paspyLUeHHbIX bakTepu-
anbHbIX KIETOK, MAEHTUdNULMPYS MUKpoopraHuamel no JIHK.
YuuTtbiBas nonHOe COOTBETCTBME MALMEHTOB KpUTEPUAM
BKJOUEHWS U HEBKJIIIOYEHUS B UCCNIE0BaHWe, 06HapyeHue
B Kane S. aureus, C. difficile, C. perfringens cnepyet pac-
LLeHMBaTb KaK TPaH3UTOpHOe baKTepuanbHOe HOCUTENBCTBO.

Ananu3 TakcoHoMMueckoro gucbuosa B ABYX rpynnax
naumenToB ¢ Bl no3Boimn ycTaHOBUTB, YTO AETM C COMYT-
cteytowmmn A3LLN muMetoT bonee BbipaXKeHHbIE U3MEHEHUS.
Monly4eHHbIN pe3ynbTaT NoLATBEPXKAAETCA AaHHBIMU NUTepa-
Typbl: annepruyeckue 3aboneBaHns BLICOKO acCOLMMUPOBaHbI
C COCTOSIHMEM KuLLIEYHOM MUKpodopsl [3, 4].

YCTaHOBNEHHOE CHUXEHME KOHLEHTPALMUM YKCYCHOM
KWUCNOTbl MOXET 00bACHATLCA aeduuntoM Ruminococcus
spp., Lactobacillus spp. w Bifidobacterium spp., sBnsto-
LUMXCA ee OCHOBHbIMK MpoAyLeHTamu. Hambonee HM3KUMK
BbinM NoKasaTenM MacnsHOW W BanepuaHoBOW KUCMOT, YTO
06yCcnoBneHo HeOCTaTOuHbIM COAEPIAHUEM B KULLIEYHUKE
byTupat-npoayumpyroLLein baktepun F. prausnitzii, a Takxe
Bacteroides spp. n Eubacterium spp.

CornacHo 3Ha4eHMo aHa3pobHOro UHAEKCA, OTpaxatoLLe-
0 OKUC/IUTESTbHO-BOCCTAHOBUTESBbHBIN MOTEHLMAI KULLIEYHOM
cpefibl, Obin 3aperncTpupoBaH aspobHbIA TUM U3MEHEHUIA K-
LIeYHOM (IIOpbI, XapaKTepU3YIOLLMIACA CMELLieHWeM NoKa3a-
Tens aHaapobHoro MHAeKca B 0bnacTb cnabo oTpuLaTeNbHbIX
3HaYeHWI, YTO, B COBOKYMHOCTU C W3MEHEHWAMU Npoduns
C,—Cs-kucnot, cBupeTenncTByeT 0 AucbanaHce aspobHbix/
aHa3pobHbIX MoNyNALMA MUKPOOPraHU3MOB.

MonyyeHHble HK3KMe mnokasatenu ypoeHs KLIKK, otpa-
)atowwme BMOXMMUYECKYI0 aKTUBHOCTb BaKTepUin KULLEYHM-
Ka, CBUAETENbCTBYIOT 0 HApYLUEHWUM COCTOSHUS U BUO0BOIO
pa3Hoobpasna KuLweyHon MUKpodopbl y naumeHToB ¢ Bl
u conytcteytowmmMn A3[M1, uto cornacyetcs c pesynbTatamu
aHanM3a Kana AaHHbIX NaLMeHToB, NPOBEEHHOr0 METOLOM
MLP-PB.

Yro Kacaetca BbICOKOM KoMopbupHoct Bl ¢ A3/,
TO AaHHbIA BONpoc TpebyeT fanbHenwwero 6onee raybokoro
n3yyeHus. Ha faHHbIA MOMEHT B nuTepaType npefcraBne-
Hbl CBEAEHMS O HANINUUW NONOKMUTENbHBIX KOPPENALMOHHbIX
CBA3EM MeXOy YPOBHEM OKcanatoB B 6GpoHxoanbBeonsp-
HOM XUOKOCTU U CTeneHblo 0BCTPYKTMBHBIX HapyLUEHW Npy
BpoHxuanbHoi acTMe. TeM caMbiM NpefnonaraeTcs cnocob-
HOCTb MasnopacTBOpPUMbIX pPaKLMA OKCanaToB y4acTBOBaTb
B NaToreHe3e BpoHxuanbHoi obcTpykumm [11].

Tom 14,N¢ 6, 2023
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BbiBOAbl

BropuuHas runepokcanypus y [AeTe B Bo3pacTe
¢ 3 po 7 neT coyeTaeTcs C HapyLUeHWeM MUKpPoGbnopbl Ku-
weyHuKa. [pu Bl HabnopaeTca cHUKeHWe coflepaHunsa oc-
HOBHbIX NpepcTaBuTenelt HopModnopsl: Lactobacillus spp.,
Bifidobacterium spp., nakTo3ono3utueHol E. coli.

[letn B Bo3pacte ¢ 3 fo 7 net ¢ Bl u conyTtcTByOWMMY
A3 L[ uMetoT 0C0BEHHOCTM B COCTaBE KULLIEYHO MUKPOGIIOpLI
B Buae aeduumta F. prausnitzii (p = 0,004) n Ruminococcus
spp. (p = 0,017).

HapyLuenve bakTepranbHoro npodmns KULLEYHON MUKpO-
¢nopbl y nauveHTos ¢ Bl v conyteTaytowmmu A3[IM conpo-
BOX[AETCS WU3MEHEHUAMU QYHKLUMOHANBHOW aKTUBHOCTM
DaKTEpUI KULIEYHUKA: HWU3KUM COLEPXaHWEM YKCYCHOW
(0,18 £ 0,09 ea.), macnsHom (0,006 + 0,003 en.) u Banepua-
Hosou (0,003 + 0,001 ep.) kucnort.

AOMO/THUTENNbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M CYLLECTBEHHbLIA BKa4
B pa3paboTKy KOHLenuuu, MpoBefeHue UCCNefjoBaHUs W MOA-
rOTOBKY CTaTby, MPOYNM U OA00pUNM GuHambHYl0 Bepcuio nepep,
nybnvkaumei.

UcTouHuk duHaHcupoBaHmsa. ABTopbl 3asBnsioT 0b oTcyT-
CTBMM BHELUHEro GUHaHCMpPOBaHWUS NpW NPOBEAEHUM UCCNefo-
BaHUS.

KoHdnukT untepecoB. ABTopbl eKnapupyroT OTCYTCTBUE SIB-
HbIX 1 NOTEHUMaNbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHBIX C My-
OnMKaLmelt HacTosLLLEN CTaTby.

JTnyeckuit Komutet. [lpoBefeHne uccnenoBaHus 0f0-
bpeHo KomutetomM no 3tuke npu (UMY (npotokon N27
ot 08.05.2020).

WHdopMupoBaHHoe cornacue Ha nybnmkaumto. ABTopbI Nony-
YWIM NMUCbMEHHOE Corflacue 3aKOHHbIX NpeACcTaBuUTeNell NaLUeHToB
Ha NybMKaLMI0 MeAULIMHCKUX AaHHbIX.
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CpaBHUTENbHbIA PETPOCNEKTUBHbIA aHaNU3
pesynbTaToB rM6pMAHDBIX BMELLATeNbCTB

U 6egpeHHO-TMOMANbHOrO WYHTUPOBAHUA NPU
NPOTAXEHHbIX MHOFOYPOBHEBbIX NMOPaXKEeHUAX
UH(panHrBUHANbHOrO apTepuasbHOro cerMeHTa
Y NauUeHTOB C KPUTUYECKOMU MLLEeMUEN HUXKHUX
KOHEYHOCTeH

A.A. Kyuait "2, AH. Turmn %3

! CaHKT-ITeTepbyprekuii rocyAapCTBEHHbIN NeANaTPUHecKIii MeaMUMHCKiA yHuBepeuTeT, CankT-Metepbypr, Poccus;
2 Topo/CKOM LIEHTP CnaceHns KoHeuHocTel, FopoacKas 6onbHMua N2 14, CaHkt-Tetepbypr, Poccus;
% BoeHHo-MeauuMHcKas akagemus uM. C.M. Kuposa, CankT-Metepbypr, Poccusa

AHHOTALNA

AkTyanbHocTb. TpaMLMOHHBIN MOLXOA K PEBACKYNAPU3aLMN HUKHEN KOHEYHOCTU NpU KPUTUYECKON ULLIEMMM, BbI3BAHHOM
MPOTSIKEHHOW OKKITI03WEN NOBEPXHOCTHOW BeipeHHOM apTepumn Npu NPOXOAMMON NOAKONEHHON apTepUM U TSHKENOM nopa-
YKEHUM apTepui rofieHn npeanonaraet BbinosHeHne 6epeHHO-TUOMANbHOrO LYHTUPOBAHHUA.

Lienb — ynyywmnTb 1 OLEHUTb Pe3yNbTaTbl COYETAHHbIX XMPYPrUYECKUX BMELLATENIbCTB HUKHEH KOHEYHOCTW NpY NPOTSKEH-
HOM OKKJII03WUM NOBEPXHOCTHOM beAPEHHON apTepUM U TAXKENOM NMOPaXKEHUM apTEPUI TOMEHW.

Matepuansbl u MeToabl. B uccnenoBaHue ObiK BKIOYEHBI NALMEHTBI, CTPALAILLME KPUTUYECKON MLLEMUEN HUMHEN KOHEY-
HOCTU (XpOHMYECKan apTepuanbHas HeaocTaToyHocTb IV cTeneHn) ¢ NpoTskeHHoM (>20 cM) OKK/To3uWelt apTepuit beapeHHo-
MOJKOJNIEHHOr0 CErMEHTa M TSKENbIM MopaXKeHneM nyTen oTToKa. MauneHTsl 6bi1M pasgeneHbl Ha ABe rpynMbl N0 KpUTEpUaM
K/IMHWYECKOW KapTWHbI U METOAAM 0nepaTUBHOMO BMELLATENbCTBA.

Pesynbtatbl. [ucTanbHble rMOpUaHble BMeLUaTenbcTBa («AMCTanbHBIA MMOpuA») BbiMofHeHbl 40 mauueHTaM (cpegHWi
Bo3pacT 68,9 +7,9 roaa; 75,0 % MyxumH), «beapeHHO-TUOMANbHOE LUYHTMpOBaHWe» — 35 nauueHTaM (CpedHuin Bo3-
pact 64,17 + 11,2 roga; 80,0 % MyxumH). Mo faHHBIM NpeAonepaLMoHHON aHruorpadgum B rpynne AUCTasbHbIX MopuLoB
y 60MbLUMHCTBA NALMEHTOB MMENA MeCTO MPOTSIKEHHAA OKKIO3MA NOBEPXHOCTHOW beipeHHO apTepuM B COYETAHUM C LUYH-
TabesbHOM MOAKONIEHHO apTepuelt U OKK3uen Tpex apTepuii roneHun (65,0 %), y 27 naumeHTOB BbISIBIEHA OKKITO3WSA
3-ro cerMeHTa NoJKOIEHHOW apTepyy Npu NpoxoauMbIX 1-M U 2-M cermeHTax (22,5 %), B HebonbLLIOM Yucne HabnwaeHnin —
NpOXOAMMas NOLKONEHHas apTepust U CTEHO3MPOBaHHasA ManobepLoBas apTepust Kak eAMHCTBEHHBIN NyTb oTToKa (12,5 %).
Yepe3 12 Mec. rpynnbl «AUCTanbHbIA Mbpua» U «befpeHHO-TMOMAaNbHOE LUYHTUPOBAHWEY He pasfivyanmnch Mo NoKasaTensaMm
0ben BoixkmnBaemoctu (87,1 u 82,5 %; p = 0,704), coxpaHeHuto KoHeuHocTn (73,7 1 74,9 %; p = 0,755), cBobone oT nosTop-
HbIX peBackynspusauum (96,0 u 82,0 %; p = 0,162) n yacToTe 3axuBneHns Tpoduyeckoro aedekxta (88,2 n 80,0 %; p = 0,645).
BeiBogpl. 1o cpaBHeHWto ¢ befpeHHO-TUBMANBHBIM LUYHTUPOBAHUEM, «AMUCTaNbHbIA Mbpua» obecneunsan bosee BbICOKYHD
MepBUYHYK0 MPOXOAUMOCTD LUYHTA.

KnioueBble cnoBa: KPpUTUYECKaa uweMumAa HUXHEN KOHEeYHOCTH; I'VlﬁpVIJJ,HbIe BMeLlaTeNIbCTBa; MHOIOYpOBHEBbIE NMOpPaX<e-
HUA; peBacKynapusauns, VIHCIJpaVIHI'BVIHaJ']beIe PEKOHCTPYKLMK; NPOTAXKEHHAA OKKJTO3UA.
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A comparative retrospective analysis of the results
of hybrid interventions and femoral-tibial bypass

in extended multi-level infrainguinal arterial segment
lesions in patients with chronic critical limb ischemia
Arshed Ahmad Kuchay "2, Aleksandr N. Lipin %2

! Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia;
2 City Limb Salvage Center, City Hospital No. 14, Saint Petersburg, Russia;
3 Kirov Military Medical Academy, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: The traditional approach to the revascularization of the lower limb in critical ischemia caused by ex-
tended occlusion of the superficial femoral artery in the passable popliteal artery and severe occlusive lesions of the
tibial arteries suggests femoral-tibial bypass.

AIM: Improve and evaluate the results of combined lower extremity surgical interventions for extended occlusion of the
superficial femoral artery and severe lesions of the lower leg arteries.

MATERIALS AND METHODS: The clinical research included patients suffering from chronic limb threatening ischemia
(chronic arterial insufficiency, stage 1V), with extended (>20 cm) occlusion of the femoral-popliteal segment arteries and
severe damage to the outflow pathways. The patients were divided into two groups according to the criteria of the clini-
cal picture and methods of surgical intervention.

RESULTS: Distal hybrid interventions («distal hybrid» — DH) was done in 40 patients (average age 68.9 +7.9;75.0% men),
Femoral tibial bypass — FTB 35 patients (average age 64.17 + 11.2; 80.0% of men). According to the preoperative
angiography data, in the group of distal hybrids in most patients, there was extensive occlusion of superficial femoral
artery in combination with bypass to popliteal artery and occlusion of 3 tibial arteries (65.0%), In 27 patient’s occlu-
sion of the 3™ segment of popliteal artery was detected, while 1,2 segments (22.5%) were passable. In a small number
of observations passable popliteal artery and occluded fibular artery was the only way out (12.5%). After 12 months,
DH and FTB groups did not differ in overall survival (87.1% and 82.5%; p = 0.704), limb salvage (73.7% and 74.9%; p = 0.755),
freedom from repeated revascularization (96.0% and 82.0%; p = 0.162) and healing frequency of trophic defect (88.2%
and 80.0%; p = 0.645).

CONCLUSIONS: Compared to femoral tibial bypass, a hybrid intervention comprised of a bypass to a patent popliteal
artery and subsequent crural angioplasty decreased the early failure rate without any negative effect on the long-term
outcomes in chronic limb ischemia patients with long superficial femoral artery CTO and extensive runoff disease.

Keywords: critical limb ischemia; hybrid interventions; multilevel lesions; infrainguinal reconstruction; revascularization;
extended occlusions.
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OPYTVHATIBHBIE CTATBN

AKTYAJIbHOCTb

Bonee yeM y NonoBWHbI NaUMEHTOB € 06IUTEPUPYIOLLUM
aTepoCKIIEp030M COCYA0B HUMHUX KOHEUYHOCTEN U KpUTUYe-
CKOW MLeMMelt HUKHMX KoHeyHocTel (KMHK) obHapymuBa-
lOTCA aTepOCKIepOTUYECKME W3MEHEHWS! B MOBEPXHOCTHOM
benpenHon aptepum ([BA) [39-45]. OHu Yalue Bcero HocAT
OKKJtO3upyloLwmiA xapakTep [11, 12] u coyeTatotcs ¢ pacnpo-
CTpaHEHHbIM aTePOCKNEPOTUYECKUM MOPAXKEHWEM apTepui
ronenu [36, 37]. Mo cBouM oTAANEHHbIM pe3ynbTaTaM 3HAO-
BaCKynspHble BMeLLATeIbCTBa MPY NPOTSIKEHHBIX OKKITHO3UAX
MBA ¢ TaxenblM nopaxKeHMeM NyTen OTTOKA YCTynaiwT ay-
TOBEHO3HOMY MH(PaUHIBUHANBHOMY LUYHTMpOBaHMIO [2—-30],
KOTOpOe OCTaeTCs NPeSnoyTUTENbHBIM METOLOM KOPPEKLIMH
MHOrOYPOBHEBbIX MOPaXXEHUW MH(pPaUHrBUHANLHOMO Cer-
MEHTa C BOB/IeYeHNeM 3HauuTeNbHOM YacTu asnHbl [BA [1].
B psane cnyyaeB Hanmuume y TakMX MALMEHTOB OKKIHO3MPY-
IOLLMX U3MEHEHMIA B apTepusx roneHn Tpebyet oT xupypra
(opMMpoBaTb HUMKHMIA aHacToMo3 ¢ 6onee AWCTanbHBIM
y4acTKoM cocyaucToro pycna (beapeHHo-TubuanbHoe LUyH-
TMpoBaHue, BTLL), 4To, No LaHHLIM KpYMHbIX MCCEA0BaHMNA,
CONpsAXeHo ¢ bonee BbICOKON YaCTOTOM paHHUX OCNIOMHEHWI,
TaKWUX KaK TPOMBO3 LUYHTa U BbICOKAs aMnyTaLms KOHEYHO-
ctu [9, 33]. LLnpoKo pacnpocTpaHeHHbIN NOAX0S, K NeYeHUto
OKKJTHO3MPYIOLLIMX NOPAKEHMIA apTepuin rofieHn — bannoHHas
aHrvonnactuka (BAI), koTopas, XoTs U YCTyNaeT LWYHTUPY-
IOLMM BMeLLaTenbCTBaM MO OTAANIEHHOW MPOXOAMMOCTH,
M0 HEKOTOPbIM AaHHbIM CTONb e 3QEeKTUBHA 1A CoXpaHe-
HUS KoHeyHocTu [40]. pyruM noTeHumManbHbIM NAKCOM 3H-
LO0BACKyNAPHOro JIeYeHNUs MHPpanonuTeanbHbIX NopaxeHuii
ABNAETCS BO3MOXHOCTb TOYHON MHTPAONEPALMOHHOI OLLEHKM
0c0b6eHHOCTEl KpOBOCHa0KeHUs MOpaXKeHHOr0 y4acTKa CTo-
Mbl C Leb0 BbINOIHEHNS NPSMOI (aHMMOCOMHOIA) peBacky-
napu3saumm [3], KoTopasi, N0 HEKOTOPbIM [aHHbIM, YAyyLLaeT
OTAaNeHHble NoKasaTtenn 3G EeKTUBHOCTU PEKOHCTPYKTUBHBIX
BMewartenbctB npu KUHK [4, 23]. B3aumopononustowme
MpeyMyLLEeCTBa OTKPbITBIX U 3HA0BACKYNAPHBIX METOAMK NpH
MHOTOYPOBHEBbIX MOPaXEHUAX WH(MPaUHIBUHANBHOTO apTe-
PUaNbHOTO CErMEeHTa CO3AaloT MPeAnoChiIKA 4SS BHeApe-
HWA T’MBPMAHOro NOAX0AA K PeBacKyNApM3aLMM KOHEYHOCTH
y Takux naumeHToB [13, 46]. Mpn 3ToM C Lenblo KoppeKLmm
OKKJTIo3UpYtoLLero nopaeHus MNBA BbINOMHAT LWYHTUpYLO-
LLee BMeLLATeNbCTBO, a [/ BOCCTAHOBMEHMS NPOX0AUMOCTH
nyTeli 0TTOKA Ha YPOBHE NOLKOIEHHO-CTONHOIO CErMeHTa —
3HA0BacKynspHoe. B HacTosLeli paboTe NpoBefeH CpaBHU-
TeNbHbIA PETPOCNEKTUBHBINA aHanM3 pesynbTaToB rmopuUaHbIX
BMeLuaTenscTs U BTLL npu NpoTsKeHHbIX MHOTOYPOBHEBbIX
nopaXKeHusx WHQpPaUHIrBMHANBHOTO apTepUanbHOro cer-
MEHTA Y MaUMEHTOB C KPUTUYECKOM MLLUEMUEN HUKHWX
KOHeYHoCTeM.

Llene — oueHUTb pe3ynbTaTbl COYETaHHbIX XMpyprye-
CKWX BMELLIATENbCTB Ha HUXHEN KOHEYHOCTU NpY NPOTSKEH-
HOW OKKJT03WW NOBEPXHOCTHOI BeapeHHON apTepun 1 Taxe-
7IOM MOpaXKeHWM apTepuil FoNeHN NPU KPUTUYECKOI MLLEMUM
HUXHUX KOHEYHOCTEMN.

Tom 14,N¢ 6, 2023

DAl https://doi.org/10.17816/PED626430

Meavatp

MATEPUAJ1bl U METO/bI

[u3aiiH uccnepoBatms

OpHOLEHTPOBOE PETPOCTNEKTUBHOE KOTOPTHOE UCCNeA0Ba-
HWe MpOBEeLIEHO B COOTBETCTBUM C MPUHLIMMNAMU XeNIbCUHKCKOI
[eKnapauuy, 3aperncTpupoBaHo 1 0f0bpeHo ITUYECKUM Ko-
MUTETOM MeJMLIMHCKOTO yupexaeHus. B uccnenoanue oo
BKJ/IIOYEHbI MALMEHTBI C 0BAMTEPUPYIOLLMM aTepOCKIIEPO30M
apTepuit HUXHNX KoHeuHocTen u KUHK, KoTopeiM B nepuog,
c aHBaps 2014 r. no MapT 2023 r. BbINOSIHEHbI OTKPLITbIE WK
rMbpuaHble PEKOHCTPYKTUBHBIE BMELLIATEbCTBA HA apTepUsiX
HUXHUX KOHEYHOCTEMN.

Kputepun uckntouenus: (1) 6oim noKos npu oTCYTCTBUM
TPOdUYECKUX M3MEHEHWUN (XPOHMYECKas apTepuanbHas He-
poctatoyHocTb |l ctenenn no A.B. MokposckoMy); (2) Ha-
NM4Me reMOAMHaMUYECKU 3HAUMMbIX M3MEHEHWU B aopTo-
NoAB3A0LHOM CerMeHTe Wnu obuien beapeHHoOW apTepum
Ha CTOPOHe MopaKeHms; (3) NaLMeHTbI, KOTOPbIM BbINOTHEHO
LUYHTUPOBaHWe MOJKONEHHOW apTepun 6e3 mocnepyloLLen
3HA0BACKYNAPHOW KOPPEKLMM NyTeW OTTOKQ; (4) maumeHTbl,
KOTOpbIM BbIMOJTHEHbI KaKue-nMbo apyrue OTKPbITble PeKOH-
CTPYKTMBHblE BMELLATENLCTBA, KPOME MH(DPaUHIBUHANIBHOIO
LUYHTMPOBaHWSA (HanpuMep, 3HAAPTEPIKTOMUSA WM TPOMO-
akToMuA); (5) rMOpUAHbIE BMELLATENbCTBA, B XO4E KOTOpbIX
Ha 3Tane OTKPBITOM PEKOHCTPYKLMU 6bino BbinosHeHo BTLL.
TakuMm 00pa3oM, KpuTEpUW BKIOYEHUS/UCKIOYeHNs Bbiu
HanpaBneHbl Ha (opMupoBaHMe [BYX [PYNn NaLMeHTOB:
(I) 6onbHbIE, KOTOPLIM BLINOHEHO DeApeHHO-NOAKONEHHOE
wyHTMpoBaHwe (BILL) ¢ 3HA0BaCKyNApHOI KOppeKLmei nyTei
otToKa u (Il) 6onbHble, KoTopbIM BhinonHeHo BTLL. Pelenne
0 NpOBELEHUM MALMEHTY XMPYPrUYECKOro BMELLATENbCTBA
MPUHUMATIM Ha OCHOBAHMM HAUYMS KITMHUYECKUX MPU3HAKOB
KWHK, nHcTpyMeHTanbHbIX AaHHbIX, NOLATBEPXKAAIOLUMX Ha-
JINYMEe OKKITIO3UPYIOLMX M3MEHEHWU WH(PaUHTBUHANBHOMO
CermMeHTa, Hamumus (hakTopoB, NOBbILLAIOLLMX PUCK Nepuone-
PaLMOHHBIX OCIOXHEHWUH, HANMYMs HEM3MEHEHHOW HObLLON
MOAKOXHOW BeHbl [OCTaTOMHOTO AuaMeTpa (Ans ucmosb3o-
BaHWsA B KaYeCTBe KOHLyWUTa), @ TaKKe Hanuums MHGopMupo-
BaHHOTO cornacus nauueHTa. MoKasaHus K TOMy UAM MHOMY
TUNY BMeLLIaTeNbCTBa (MMOpUAHOE MK OTKPLITOE) OMpeLensm
Ha 0CHOBaHWUM 0BLLMX MPUHLMMNOB PeBACKYNAPU3ALIMM HUMKHNX
KOHEYHOCTEA, COOTBETCTBYIOLLMX POCCUACKUX U MEXAYHAPOS--
HbIX peKoMeHAaumi. [launeHTaM ¢ MpOTAXKEHHON OKKIIO3ME
MBA (>20 cM) 1 DYHKLMOHMpYIOLLLEN NOAKONIEHHOW apTepueit
(MKA) BoinonHsnu BILL ¢ nocneaytowen 3HA0BaCKYNAPHOI
KOppeKLyeil nyTel 0TToKa. BonbHBIM € OKKIH03WSMU 0AHOBpE-
MeHHo [BA u KA BbinonHsnm BTLL. MaumeHToB ¢ KOPOTKUMU
(<20 cm) nopaxermamm MNBA, a TakKe CTEHOOKKIIO3MPYHOLLM-
MW mopaxKeHuamu [TKA, He pacnpocTpaHAloLWMMKCS Ha Tpu-
(ypraumio MKA 1 Ha gucTanbHbiA cermeHT M1BA, onepupoBanu
3H[A0BACKYNSPHO U He BKIKOYaK B JaHHOE UCCef0BaHue.

lpynnbl naumueHToB U UCCNeayeMble NOKasaTeu
B nccnepmoBaHve bbinv BRIOYEHBI NALMEHTLI, CTpajalo-
wme KMHK (xpoHnyeckas apTepuanbHasi He4oCTaTOYHOCTb
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IV cTenenu) c npoTsxeHHon (>20 cM) OKKMto3Mel apTepui
beApeHHO-NOAKONEHHOr0 CErMeHTa M TSKEbIM MOpaXeH!-
€M nyTeli 0TTOKa (cM. Tabnuuy). MaumeHTsl bbiM pasneneHs
Ha [Be rpynmbl N0 KPUTEPUSM KITMHUYECKON KapTWHBI U Me-
TOLaM OMepaTMBHOTO BMeluaTenbcTea. B | rpynne nauuen-
T0B (n = 40, Bo3pact 68,9 + 7,9 ropa, u3 Hux 75,0 % MyxunH)
BbIMOJIHEHbI AMCTaNbHbIE TMOpPUIHbIE BMeLlaTenbeTBa ([B).
Bo Il rpynne (n = 35, Bo3pact 64,17 + 11,2 roaa; 80 % Myx-
ymH) BbinonHeHo BTL. B rpynne [FB nepBbIiM atanom neye-
Husa 6bino BILL, nocne yero NpoBoAMAM 3HAOBACKYNAPHYHO
KOPPEeKLMIo NyTeli 0TTOKa (MarucTpanbHbIX apTepuin NoAKo-
NeHHo-TMbManbHoro cerMeHTa). B obemx rpynnax oueHvsa-
TN UCXO[Hble AeMorpadmyeckue, KIIMHUYECKWE MoKa3aTenu,
[aHHble NpeonepaLMoHHOI aHrorpaduw.

YuntbiBanu TaKxe bnmanwme (30-gHeBHas netanb-
HOCTb, NOCNE0NEPALIMOHHBIE OCIIOXHEHNSA, TPOMOO3bI LUYHTA,
nocneonepaLmoHHbIii KOWKO-AeHb) U oTaaneHHble (obuias
BbIKMBAEMOCTb, COXpaHeHWe KOHEYHOCTHW, NepBuyYHas npo-
XOAMMOCTb LUYHTa, cBO60/A OT MOBTOPHBIX peBacKynspu3a-
LMA M YacToTa 3auUBNeHNs Tpoduyecknx AedeKToB Yepes
12 Mec.) pe3ynbTathl BMelLaTenbeTs B rpynnax AMB u BTLL.
BcnepctBue peTpocneKTMBHOTO AM3aliHa UCCNef0BaHuA,
4acToTy 3aXMBNIEHUs TPodUYECcKMUX AedeKTOB OLEHUBANMU
TOMbKO 4Yepe3 12 Mec. 1 JMLWb Yy Tex NauMeHToB, UHbOp-
Mauus o cyabbe KOTOpbIX Obina AOCTYMHA Ha 3TOT MOMEHT
BpeMeHMU.

Vol 14(6) 2023
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MpeponepaunonHoe obcnepoBaHue
MpeponepaunoHHoe obcnefoBaHWe BKOYano B cebs
0CMOTP COCYAMCTBIM XWUPYPrOM U HEOBXOAWMBIA MUHUMYM
nabopaTtopHbIX UccnefoBaHuiA. [NyouHy Tpoduyeckux nsme-
HEHWN U TeYeHMe paHeBOro Mpouecca Nocse HeKpP3IKTOMUM
Ha NOpa)KEHHOW KOHEYHOCTW OLEHMBaNM, COOTBETCTBEHHO,
Mpy NOCTYNEHUN U NPYW BBIMMCKE M3 CTauMoHapa. Metoapl
BM3yanu3auMy apTepuii KOHEYHOCTM Y MaUMeHTOB B obe-
WX rpynnax BKWYanM B cebs TPUNIEKCHOE CKaHMpPOBaHWe
W npaMylo cybTpaKkUMOHHYIO aHruorpadmio. PyTuHHoe u3-
MepeHue JI0AbIKEYHOr0/NanbLEeBOro AaBNEHMUS, a TaKKe JI0-
AbKEYHO-NEYeBOr0 MHAEKCA He NPOBOAWIN B CBA3M C TEM,
4TO y BOMBLUION YacTW MaLMEHTOB MMEN MeCTO BbIpaXKeHHBbIN
KanbLMHO3 apTepuii rofIeHu, raHrpeHa Uam cocTosiHve nocre
amnyTaumm | nanbua cTonbl, YacTo OTCYTCTBOBANM NPOX0AM-
Mble CErMEHTbI MaruCTpasibHbIX apTEpUIA Ha YPOBHE IOABLIKEK.

LyHTUpylowme BMelLaTenbCTBa

Bce OTKpbITble LIYHTUpYIOLLME BMeLLATeNbCTBa Mpo-
BOAWAM B YCNOBUAX CMMHHOMO3TOBOW aHecTe3nu. AHTU-
arperaHTHas Tepanusi nepej onepauueli BKYana B cebs
auetuncanmuumnosyo kucnoty (ACK) B mose 100 mr/cyr.
B kauecTBe KOHLyUTa MCMONb30BaNM BOMbLUYI0 MOAKOXHYIO
BEHY, KOTOPYIO BbIAENSANN U3 OTAENbHBIX Pa3pe30B 1 NpOMbI-
Ba/IM renapuHM3MpOBaHHbIM (DU3MONOMMHECKUM PacTBOPOM.
Bbigensnu aptepuu nputoKa u oTToKa. HenocpencteeHHo

Tabnuua. OcHOBHbIE KNIMHUYECKME XapaKTepucTukM nauneHToB C KpVITVI'-IeCKOVI ULIEMMEN HIKHUX KOHEYHOCTEMN, KOTOPbIM BbIMOJIHEHbI

rMbpuaHbIe BMeLLaTenbCTBa

Table. The main clinical characteristics of patients with critical limb threatening ischemia who were performed hybrid interventions

KnuHuyeckve xapaktepuctuky / ArB/ BT /

Clinical characteristics DHI (n=40) | FTB (n=35) P
Bospacr, net / Age 68,9+79 64,17 +11.2 0,059
My>xumHbl / Male 30 (75,0) 28 (80,0) 0,783
AptepuanbHas runepteHsus / Arterial hypertension 37 (92,5) 33(94,3) 1,000
Tvnepnunupemus / Hyperlipidemia 22 (55,0) 20 (57,1) 1,000
MweMunyeckasn bonesHb cepaua / Ischemic heart disease 38 (95,0) 33 (94,3) 1,000
OcTpblit MHdapKT MUOKapAa B aHaMHe3e / Acute myocardial infarction in anamnesis 5(37.,5) 9 (25,7) 0,632
CaxapHbiit guabeT / Diabetes mellitus 19 (47,5) 10 (28,6) 0,104
KypeHue / Smoking 22 (55,0) 20 (57,1) 1,000
XpoHuyeckas 6onesHb noyek / Chronic renal disease 1(2,5) 1(2,9) 1,000
Octpoe HapylLieH¥e Mo3roBoro Kpogooﬁpamemﬂ B aHaMHe3e / 7(17.5) 5(14.2) 0762
Acute cerebral circulation disorder in anamnesis
Tpoduueckuii pedekT / Trophic defect
* MoBepPXHOCTHBIN / Superficial 18 (45) 19 (54,3) 0,491
« rybokuit / Deep 22 (55) 16 (45,7) 0,491
MopaxeHHas aHrnocoMa / Angiosome defect o 34 (85,0) 30 (85,7) 1,000
« 3a[HsA bonbluebepuosas apTepus / posterior tibial artery

: ! 9(22,5) 8(22,9) 1,000
« aptepus Tbina ctonbl / dorsalis pedis artery
Mano6epLioBas aptepus / Peroneal artery 3(7,5) 2(5,7) 1,000

[pumeyanue. ATB — puctanbHoe rbpuaHoe BMeLwatenscTso; BTLL — beapeHHo-TUOManbHoe wyHTpoBaHme. Note. DHI — distal hybrid

intervention; FTB — femoral-tibial bypass.

DAl https://doiorg/10

17816/PED626430



OPUMHATIBHBIE CTATBM

Tom 14,N26,2023

Meavatp

nepez nepexatueM apTepuu BHYTPUBEHHO BBOAWIIM renapuH
B no3e 5000 ME. B rpynne [IB npokcuManbHbIM aHacToMo3
topmupoBanu c obuwueii (OBA) nnm riybokoit beapeHHoi ap-
Tepueli (TBA). [uctanbHbIA aHacCTOMO3 cO3AaBau Ha YpoB-
He P1 (oT MEXMbILLENKOBOM AAMKM 0 MPOKCUMAIBHOIO Kpas
KOJIEHHOM Yalueykm) unu P3 (0T LeHTpa KoneHHoro cycTaBa
[0 MecTa OTXOXAEHNUA nepeHen 6onbluebepLIoBoii apTepum)
cerMenTa [KA. B rpynne BTLU npokcuManbHbI aHacToMo3
tdopmuposanu ¢ OBA, TBA, MBA vam MKA, aucTanbHbIA —
C OJHOM M3 apTepuii rofieHn (HeCTEHO3WPOBaHHOMW, Npej-
MOYTUTENIbHO MepeaHer unu 3agHen 6onbliebepLoBoi).
AyTOBEHO3HbIA KOHLYUT UMNNaHTMPOBaNN B PEBEPCUPOBAH-
HOM UK HepeBEPCMPOBAHHON NO3ULMK (B NOCEAHEM Ciyyae
“Cnonb30Basy BanbBynoToM). Beibop MecT st aHacToMo308B,
a TaKKe peLLeHWe 0 PEBEPCUPOBAHUM LUYHTA OCYLLECTBAAN
onepupylwwmin xupypr. locne CHATUA COCYAMCTBIX 3aXu-
MOB (DYHKLMIO LUYHTA KOHTPONMPOBAanNW MaHyasbHO, B CO-
MHUWTENIbHBIX CAYYasX MCMO/b30Banu MHTPaonepaLyuoHHoe
TPUNIEKCHOe CKaHupoBaHme. llocne [oOCTUMKeHMs reMocTa-
3a paHbl yLWWBanM MocnoiiHo. B nepBble cyTkM mocne one-
pauMy MauMeHTbl MoAyYanu HU3KOMOMEKYNSAPHBIA renapuH
B npodunaktuyeckon pose (1 ME/Kr ogHOKpaTHO) C Liefblo
NpoGMNaKTUKM BEHO3HbIX TPOMOO3IMBONMYECKUX OCNOXKHE-
HWW. B fanbHeMeM aHTUKOarynaHTHYK Tepanuio nosyvanu
TOMbKO MaUMeHTbl C XPOHMYECKoM hopMoin dubpunnsaumm
npeacepAvin. BceM nauneHTaM Ha nepeble CYTKU NOCIE LyH-
TUPOBaHWUA NMPOBOAMIM TPUMJIEKCHOE CKaHUPOBaHMeE C Liefbio
KOHTPOJIA MPOXOAMMOCTM U QYHKLIMM LLUYHTA.

JHA0BACKyNsApHbie BMeLIaTesbCTBa

JHpoBacKynspHble BMeLuaTenbcTea B rpynne [I'B Bbinon-
Hanm nocne Bl — nubo B TOT e AeHb HeMocpeACTBEHHO
nocne 3alwmBaHua paH (cumynbtaHHble OIB), nubo cnycra
HEeCKONbKO AHen (oByxaTanHble [IB) (M. pucyHOK).

CvMynbTaHHBIA MOAXOL MCMOMb30BaNM B TeX Ciy4asx,
Koraa Tpoduyeckue U3MeHEHUs Ha NOPaXKEHHON KOHeYHo-
CTU HOCWAM FNYDOKUIA U CTPEMUTENBHO NPOrpeccUpyIoLLIMiA
XapakTep. B ABa 3Tana BMeLuaTenbCcTBO NPOBOAMIM Y NaLM-
€HTOB C MOBEPXHOCTHBIMU M HEMPOrPECCUPYHOLLMMU HEKPOTM-
YeCKMMU U3MeHeHnaMU. BpeMeHHoM nHTepBan mexay bILU
M 3HLOBACKY/IAAPHOW KOPPEKLMeid NnyTeil OTTOKA COCTaBAAN
2-10 pHei. MNepepn onepaumeii Bce NauMeHTbl eXe[HEBHO
nonyyamu ACK B pgose 100 mr/cyT. Mpu cumynbTanHbIx B
naumeHTbl MPUHUMaNKM Harpy3ouHyw [03Yy Kionuporpena
(300 Mr) HemocpeACTBEHHO MOCNE 3aBEPLUEHUS OTKPbITO-
o 3Tana PeKOHCTPYKUMW C LieNbl0 CHUKEHUS BO3MOXHON
KpoBOMoTepy BO BpeMs LUYHTMpoBaHuA. [lpn OByX3TamnHbIx
[I'B Harpy3ouHylo 003y KNOMMAOrpena HasHayanu Heno-
CPeLCTBEHHO Nepef, BTOPbIM (3H40BACKYNAPHBIM) 3TanoM
BMelLaTenbCTBa. B KayecTBe BHyTpMCOCyAMCTOro LoCTyna
UCMO/Ib30BaNM aHTerpasHbii 6efipeHHbI, KOHTpRaTepanb-
Hblii BeipeHHbI 1160 BOKOBYH BETBb AyTOBEHO3HOIO LUYHTA.
Boibop foctyna ocylecTBnsn onepupylowumin xupypr. Yatue
BCEro 1cnonb3oBanu uHTpoabiocep 6French. Mepep Hauanom
peKaHanu3aLum nopaXeHHoro apTepuanbHOro cerMeHTa na-
LMEHTY BHYTPUBEHHO BBOAMAM HedPaKLMOHUPOBAHHBIN re-
napud B go3e 5000 ME. PekaHannsaumio OKKIHO3UPYOLLMX

e

Puc. 1. lpuMep cuMynbTaHHOro AMUCTaNbHOMO rMOPUAHOrO BMELLATENbCTBA, BbIMOHEHHOMO NALMEHTY 64 NET C KPUTUYECKOI MLLeMMei
HUXHWX KOHEYHOCTEN W rNyBoKUMM TPODUYECKUMM U3MEHEHUAMM B bacceilHe NnatepanbHOW MaHTapHOW apTepuu: @ — WHTPOAbIO-
cep 6F ycTaHoBNEH aHTerpagHo Yepes BOKOBYH BETBb QYHKLMOHUPYHOLLEro bepeHHO-NOLKONEHHOrO LYHTUPOBaHUS; b — CeNeKTMB-
Has npsMas aHruorpadms apTepuit NOAKONEHHO-TUONANBHOTO CErMeHTa Yepes WHTPObIOCED: OKKJIIO3WUS BCEX TPeX apTepwii rofeHu;
€ — 3Tan peKaHanu3auum 3aaHeil bonbLLebepLOBOi apTEPUN: UHBEKLMS KOHTPACTHOMO BELLLECTBA B SlaTepasibHyI0 NaHTapHYH apTepuio
yepes NpOcBeT DanIoHHOro KaTeTepa; d — OKOHYaTeSIbHbIN Pe3ysibTaT 3HL0BACKY/IAAPHOr0 BMeLLATeNbCTBa: BCE TPW apTepuu rofieHu
(bYHKUMOHMPYIOT; € — MpsIMas aHrMOCOMHas peBacKynApu3aLmus CTOMbI

Fig. 1. Example of a simultaneous distal hybrid intervention performed on a 64-year-old patient with CLTI and deep trophic changes in the
lateral plantar artery: @ — the introducer 6F is introduced antegradely via the lateral branch of the functioning femoral-popliteal shunt/
bypass (FPB); b — selective direct angiography of the arteries of the popliteal-tibial segment, performed through the introducer: occlusion
of all three tibial arteries; ¢ — recanalization stage of the posterior tibial artery: the injection of contrast material into the lateral plantar
artery through the lumen of the balloon catheter; d — the final result of the endovascular intervention: all three tibial arteries are functioning;
e — direct angiosomal foot revascularization
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MOpaXeHU! B MOAKONEHHOM CEerMeHTe MPOBOAMNM C MOMO-
Wbto ruapodunsHoro nNpoBoaHMKa avametpom 0,035 aroii-
Ma, B TM6ManbHOM CerMeHTe — C MOMOLLbI0 TMAPO(UIBHOIO
npoBoaHuKa amametpom 0,014 aronma. Mocne Bbixoga npo-
BOAHWMKA B UCTUHHBIA MPOCBET AMUCTaNbHEE OKKI03UM B 30HY
MOpaXKeHUsl M0 NPOBOAHMKY YCTaHaBIMBaNU OannoHHbIN
KaTeTep (B psge cnydaeB s obneryeHus aHTerpagHoro
NPOABVKEHUA KaTeTepa TPeboBanmnch KOpPOTKME MHAALMM
bannoHa), 3aTeM BbINOAHANN HANNOHHYI0 aHTMOMNACTUKY NpU
HOMWHaIIEHOM AaBNeHUM, NPOSOKUTENbHOCTb aHMMOMIacTU-
Ku coctaensna 90 c nocne nonHoro pacnpaenexus bannoxa.
Ecnvn nocne nepoi nH@nsAumm bannoHa aHrnorpaduyeckui
pe3ynbTat bbiN HeyA0BNETBOPUTENbHBIM (OCTATOYHbINA CTe-
Ho3 >30 % nMbo reMOAMHAMUYECKN 3HAUMMas LMCCEKLMS),
NpOBOAMIN NOBTOPHYH MHGNALMIO NOJ, AAB/IEHNEM Ha 2 aTM
Bbille HOMWHaNbBHOrO npopjomkuTensHocTblo 120 c. Ecim
W Mocne 3TOro COXPAHANCA OCTAaTOYHbIA CTEHO3/ANCCEKLMS,
B 30HY aHMMOMNACTUKKU UMMIAHTMPOBAIM CaMopacKpbIBalo-
LUMiAcs cTeHT 6e3 NeKapcTBEHHOrO MOKPLITUA (B MOAKONEH-
HOM CerMeHTe) un bannoH-pacLUMpSEMbII CTEHT, MOKPbITHIN
NMaKJIMTAKCENOM (B TMOMANBHOM CErMeHTE).

CrpaTerus aHrMonnacTvku Ha ypoBHe TMBManbHOrO Cer-
MEHTa 3aK/lo4anach B TOM, YTODbI BOCCTaHOBUTb MPOXOAU-
MOCTb KaK MOXHO DOJIbLLIEr0 YMCNa apTepUi FONIeHH, 0TAaBas
npeAnoyTeHne apTepumn, KpoBOCHabKaBLLEN MOPaXeHHYHo
aHruocoMy. Beibop auaMetpa 6annoHHOro KateTepa, a TakKe
BblbOp CTEHTa OCyLLeCTBAAN onepupylowuid xmpypr. B xope
BMeLLaTeNlbCTBa He WCMOMb30BanW YCTPOACTB ANs BHYTPH-
COCYAMCTON aTep3KTOMUW, TPOMDO3IKTOMMM, BbIXOAA B UCTUH-
Hbili NPOCBET, @ TaKXKe NPOTUBO3MBOAMYECKUX (UNIBTPOB.
BceM nmaumeHTaM Ha crnepytolmin AeHb nocne npoLeaypbl
NPOBOAMIN TPUMIEKCHOE CKaHWUPOBaHWE C LieMbH KOHTPONS
MPOXOAMMOCTM apTepPUIn KOHEYHOCTU B 30HE BMELLITeNbCTBA.

MpofoNKUTENBHOCTD aHTUArperaHTHoO| Tepanum (Kionu-
porpen B fo3e 75 Mr/cyt + ACK 100 Mr/cyT) nocne onepauum
coctaenisna 6 mec. [lanee nauueHTbl NMPOAOIKAMM MPUHK-
MaTb ACK B mo3e 100 mr/cyT.

MecTHoe neyeHne TpoU4ECKUX U3MEHEHUI

BceM naumeHTaM npu MOCTYMAEHUW Ha3HaYanW aHTU-
baKTepuaribHylo Tepanuio NpenapaTaMy LIMPOKOro CMeKTpa
LEACTBMA C NOCNEAYLLMM NEpPeXoAoM Ha mpenapatbl 60-
nee y3KOro CMeKTpa B COOTBETCTBUM C pe3ysbTaTaMu noceBa
paHeBoro oTAenseMoro. AHTMbaKTepuanbHyt Tepanuio npo-
LOMKanM 2 Hefl. WM [0 UCHE3HOBEHMS NMPU3HAKOB aKTUBHOIO
UHPEKLMOHHOTO npoLiecca (ec/iv 3To NPOUCXOAUNO BbicTpee).
MepBryHyto Manyio aMMyTaLMio/HEKPIKTOMMIO MO MOBOLAY He-
KPOTUYECKMX U3MEHEHUIN Ha CTOMe BBIMOHAMN Mbo [0 pe-
BacKynsapusaumMm (Mpy HaNMYUM BbIPAXKEHHOTO BOCMaNeHus),
nnbo yepes HecKObKO AHel mocne Hee. Mocne peBackyns-
pu3aLMM naumMeHTaM NpOBOAWIMN eXKeJHEeBHble NepeBA3KM
C aHTMCeNTUKaMK, NpKU HEOBXOAMMOCTU — C MeXaHU4ecKo
HEKP3IKTOMMEA, [0 MOSTHOrO OYMLLEHNS PaHEBOrO (13BEHHOI0)
fedeKTa Ha cTone 0T MepTBbIX TKaHeW. B eiuHUYHbIX cnyya-
fIX MCMONb30BaNN BaKyyM-TEPANUI0 U 3aKPbITUE OBLUMPHbIX
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paHeBbIX/A3BEHHbIX AeeKToB CBOOOAHLIM NepdopupoBaH-
HbIM KOXHbIM TPaHCnaHTaToM. ocne BbINUCKM U3 CTaLmo-
Hapa naumeHTbl NPOAOCKANM SIeYeHUe y Xvupypra B Nosu-
KIIMHUKE M0 MECTY JKUTENbCTBA A0 MOJHOTO 3aXVBEHMS
Tpoduyeckoro aedekta.

PE3YJIbTATbI

Mo maHHBEIM NpegonepauyoHHon aHruorpadum, B rpynne
[I'B y 605bLUMHCTBA NaUMEHTOB MMeNa MECTO MPOTSKEHHAN
okkmo3ua MNBA B covetaHum ¢ wyHTabenbHon KA 1 oK-
Ko3uen Tpex apTepuii ronenn (65,0 %), y 28 naumeHToB
BbISIB/IeHA OKKN3UA 3-ro cerMeHTa [KA npu npoxoamMbix
1-M, 2-M cermeHTax MMKA (22,5 %), B HebonbLIOM Ymcne Ha-
bntoaeHnmint — npoxoaumas [KA 1 cTeHo3MpoBaHHas Maso-
bepLoBas apTepus Kak eAMHCTBEHHBINA MyTb 0TTOKa (12,5 %).
lpokcuManbHbIM aHacToMo3 Yalle Bcero hopMupoBanu
c OBA, puctanbHbli — ¢ 1-M cerMenToM [KA. Okono no-
NOBWHBI TMBPUAHBIX BMELIATeNbCTB Obln [BYX3TanHbIMMU.
Bo BpeMs 3H[0BacKynApHOW KOPpeKUMM MyTei 0TTOKa [0-
cTyn yepe3 GOKOBYH BETBb LUYHTA Yallle BCEro MPUMEHSN
MpU CUMyMbTaHHBIX onepaumsx. B cnyyae, ecnm rubpuaHyio
npouenypy BbINOMHAAM B ABa 3Tana, B DONbLIKMHCTBE Chy-
4aeB MCMOMb30BaNW KOHTpJIaTepanbHbIA BefipeHHbI JocTyn.
HeobxomumocTb B MMNAaHTaLMM CTEHTa BO3HWKana AocTa-
TOYHO pefKo, HEMOCPeLCTBEHHbIN aHrMorpadmyecKuin ycnex
coctasun 100 %, npsiMas (aHrMOCOMHas) peBacKynspu3aums
pocturHyta B 90,0 % cnyvaes.

Y nauwmentos B rpynne BTLL npu npeponepaumoHHoN aH-
ruorpadum yalle BCEro Haxoaunm okktosuto MBA n/unm MKA.
MpubnusutensHo B 2/3 cy4aeB NpOKCMMaNbHbI aHAacTOMO3
tdopmmpoBanu ¢ ObA nnm MMBA. [uctanbHbii aHacToMo3 bbin
PacnosioeH Ha YPOBHE BEPXHEW UMK CPeLHEN TPeTU rone-
HW, YacToTa MpSMON peBacKynsapuUsauMm CTOMbl COCTaBMA
69,2 % — poctoBepHo Huxe, YeM B rpynne [AB (p = 0,006).

[locToBepHbIX pasnnumiA Mo YacToTe UCMONb30BaHNA ay-
TOBEHO3HOrO LUYHTa B HEPEBEPCMPOBAHHOM MO3ULMN MEX Y
rpynnamu [AIB n BTLL BbisiBNeHo He Bbino: 3TOT NOKa3artenb
coctaBun 77,5 n 68,6 % cootseTcTBeHHO (p = 0,439).

lpynnel 4B n BTLL He pa3nuyanuck No HenocpeaCcTBeH-
HbIM pe3ynbTaTaM W PaHHUM OC/IOKHEHUSIMM, BKJTHOYas Ya-
CTOTYy paHHero Tpombo3a LUyHTa M MOCAeonepaLyoHHbIN
KOMKO-AeHb. EAMHCTBEHHBIM Cryyali paHHero Tpombo3a
B rpynne [IIB pasBurncs yepes Hefento nocie cMMyNbTaHHO-
ro rubpuaHoro BMeLLaTesbCTBa, YTO NOTPebOBano BbICOKOM
amnyTaumn KoHeyHoctu. B rpynne BTLU 3apeructpupoBaHo
natb (n =5) cnyyaeB paHHero TpoMbo3a LUyHTa: yCreLlHas
3HJ0BACKYNApHas TPOMOIKTOMMUSA BbIMNOMHEHA 2 NaUMeHTaM,
MOBTOPHOE LUYHTUPOBaHWe — 1, BbICOKas aMnyTaLms KOHEeY-
Hoctu — 1, MeamMKaMeHTo3Has Tepanus — 1. Bce cnyyau
paHHero Tpombo3a LuyHTa bbiNK 3aperncTpupoBaHbl Yepes
1-7 nHel nocne OTKPLITOro BMeLLATeNbCTBA.

Yepe3 12 mec. rpynnbl B n BT uMenn conoctasm-
Mble MoKa3aTenu obuien BbhxuaeMoctn (87,1 u 82,5 %;
p = 0,704), coxpaHeHus KoHeuHocTu (73,7 wn 74,9 %;
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p = 0,755), cBoboAbl OT MOBTOPHbIX PEBACKYNSpU3aLIMiA
(96,0 1 82,0 %; p = 0,162) 1 YacToTbl 3aXKMBNEHUS TPODUYE-
ckoro fedekta (88,2 n 80,0 %; p = 0,645) cooTBETCTBEHHO.
MepBUYHas NPOXOAMMOCTb Oblfia AOCTOBEPHO BbILIE Y Na-
umenToB nocne [IB (80,8 %) no cpaBHeHMIO C NauMeHTamu,
nepeHecwumu BTLL (53,2 %), p = 0,041.

[lonsi amMnyTaumii roneHn cpeay Bcex BbICOKMX aMnyTa-
LI, BbINOJIHEHHBIX B TEYEHME CPOKa HaboaeHNs, coCTaBK-
na 50,0 % (4 n3 8) n 28,6 % (2 u3 7) B rpynnax AIB n BTLU
cooTBeTCTBEHHO (p = 0,608).

OBCYXOEHWUE

B nanHoi pabote 6bIM uccnenoBaHbl pe3ynbTathl Mu-
OpUAHBIX BMeLLATeNbCTB, COYeTalWmX B cebe npeumyLe-
CTBa OTKPLITOrO M 3HA0BACKYNApHOro noaxonos. Hanbonee
MHTEPECHBIM M AMCKYTabeNIbHbIM B 3TOM OTHOLLEHWUW Npef-
CTaBJIAETCA 0TKa3 0T TPAAMLMOHHON B AaHHOW CUTYaLIMU TaK-
TUKM xupypruyeckoro nievexus (BTLL wv beapeHHo-cTonHoe
LIYHTUPOBaHWe) B MO/b3y rMOPUAHON peBacKynspusaLmm.
Pasnunuma mexay OB v BT no yactoTe paHHux Tpombo-
30B LUYHTa He JOCTUTIM YPOBHSA CTaTUCTUYECKO 3HAUYUMOCTM.
[pOLEHT NPAMON aHMMOCOMHOI peBacKynapu3auum bbin ao-
CTOBEPHO (M 3aKOHOMepHO) Bbie B rpynne [IB, nockonbKy
pacrnofio}KeHne AMCTANbHOTO aHacToMo3a Ha ypoBHe [1KA
Mo3BOSIAET XUPYPry BblbpaTh /1A BanIOHHOM aHrMonNnacTu-
K1 Ty apTepuIo rofieHn, KoTopas MpenMyLLeCTBEHHO KpoBOC-
HabxaeT nopaxKeHHYHK aHrMoCcoMy CToMbl. BaxHoI HaxoaKoi
npencTaBnsetca bonee BbiCOKas NepBUYHas NPOXOAMMOCTb
wyHTa nocne [IMB no cpaBHexuto ¢ BTLL. He BnonHe noHATHo,
CBAI3aHO JIW 3TO C YNyYLLIEHUEM COCTOSIHUS NEPUPEPUYECKOrD
pycna, NOCKosbKy MPOXOAMMOCTb apTepuid rofieHn B OTAa-
NeHHOM nepuoje He ouenusanu. Kpome Toro, apdekTus-
HOCTb NPAAMOIA aHTMOCOMHOM PeBacKyNApU3aLmMm o CpaBHe-
HWIO C HeMpsIMON HeKOTOpble aBTOPbl CTABAT MOA COMHEHME
(31, 32, 34].

OpHUM 13 BO3MOXHBIX (aKTOpPOB, OMpefenslLwmx pe-
3ynbTaT peBacKyNApU3aLMm Npy NOpaXKeHUM apTepUil FoNeH!,
ABNSAETCSA BOCCTAHOB/EHWE NPOXOAUMOCTU HECKOJIbKUX apTe-
puii ronexm (Tak HasbiBaeMas MHOXKECTBEHHasl peBacKyns-
puzaums). Mo cpaBHEHMIO C aHTMONNACTUKOW OAHON apTepum
FONIEHN MHOKECTBEHHas PeBaCKyNApMU3aLMs, N0 HEKOTOPbIM
AaHHBIM, YNyYLIAeT 0TAAMEHHbI pe3ynbTaT PeKOHCTPYKTUB-
Horo BMeluarenbCTBa [29, 39, 38, 41].

Y nauneHToB C 06NMTEPUPYIOLLMM aTepOCKIEPO30M CO-
CYLLOB HWXHMX KOHEYHOCTEN XapaKTep KpoBoobpalleHus
B KyNbTE FOSIEHU BAIUSIET HA PUCK BO3MOXHOW peamnyTaumm
KOHeYHocTH Ha bonee npoKcUManbHOM yposHe [5]. Takum
06pa3oM, dyHKUMoHMpytowwmid BIILL, Bo3MOHO, CHUKaeT
PUCK TaKOW peammyTauuu B NofobHbIX cnydasx. B HacTo-
AleM UCCNefoBaHuM, OOHAKO, MOATBEPAUTb 3TOT TE3UC
He yaanoch.

OTKa3 oT KNonMaorpena nepes CUMyNbTaHHbIMK rMbpUa-
HbIMW BMeLLIaTeNbCTBaMU He MPUBOAMIT K YBEIMYEHUHO YacTo-
Tbl paHHero TPOMB03a LUyHTa UKW apTepuil FoNEeHN.

Tom 14,N¢ 6, 2023

DAl https://doi.org/10.17816/PED626430

Meavatp

MeTogonoruyeckue orpaHuyeHus

K MeTo0n0rnyeckuM orpaHMyeHnsM UccneoBaHus oT-
HocaTca (1) peTpOCMeKTUBHBIA HePaHAOMU3MPOBaHHbIN M-
3ailH; (2) OTCYTCTBME OLEHKWU OTAANEHHOW NPOXOAMMOCTM
apTepuin roneHu; (3) CKOpOCTb 3aXKMBNEHUs TpodUyecKoro
AedeKTa oLeHUBanM MLb B KOHLE CPOKA HabMoAeHus.

BbiBOAbI

JluctanbHble rMbpuaHble BMeLLaTenbcTBa — 310 3hdeK-
TUBHas cTpaTerus peBackynspusaumv y naumentos ¢ KMHK
MpW NPOTSXKEHHON OKKM03MK [TBA B coyeTaHuM ¢ QyHKUM-
OHMpYIOLLEN MOLKONEHHON apTepUen U TAXENbIM nopaxe-
HueM nyTten oTToka. [lo cpaBHenuto ¢ BT, [IMB obecne-
unBanu 6onee BbICOKYI0 MEPBUYHYHD MPOXOAUMOCTb LUYHTA
MpW COMOCTaBMUMBIX MOKA3aTeNAX COXPaHEHUS KOHEYHOCTMH,
BbIXKMBAEMOCTU W 3aXuBNeHus Tpoduyeckoro pedekra.
Mpu 3TOM, HECMOTPA Ha pacmpoCTpaHeHHble OKKIO3WpY-
IoLLMe M3MEHEHMSA MyTeN OTTOKA, PUCK paHHero Tpombosa
LyHTa NMpu1 rMbpuaHbIX BMeLLaTenbCTBax bbin HebonbLIMM.
[ina nonyyenns Gonee peTanbHbIX LaHHbIX O BO3MOX-
HbIX MPEUMYLLECTBaX TaKOro MOLXOAA K peBacKynspu3a-
UMM HeobXoAMMbl NPOCNEKTUBHbIE PaHAOMM3UPOBAHHbIE
uccnenoBaHus.

A0NOSIHATESIbHAS! UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M OAWMHAKOBbLIN PaBHbLIN
BK/aJ, B pa3paboTKy KOHLenuuu, npoBefieHue WUcCiefoBaHns
M MOArOTOBKY CTaTbW, MPOYNM M OL00pUNM dUHaNbHY0 Bepcuio
nepeg nybnukaumen.

KoHdnuKT untepecoB. ABTopbl AeKnapupyloT OTCYTCTBUE SiB-
HbIX W MOTEHLMANbHBIX KOH(DIMKTOB MHTEPECOB, CBA3AHHBIX C My-
BnvKaumeli HacTosLLel CTaTby.

UcTouHuk mHaHcupoBaHus. ABTopbl 3asBRAIOT 06 OTCYTCTBUM
BHELLHero GuUHaHCMpOBaHWUA Mpy NPOBeLEHUN UCCIIEA0BaHMS.

3tuyeckuit KomuTeT. [poToKon uccnefoBaHus 6bin opo-
OpeH JoKanbHbIM 3TUYeCKM KomuteToM nipu OTBOY BO «CaHKT-
[eTepbyprckuin rocyaapcTBeHHbIA NeAMaTPUYECKUA MeAULIMHCKUN
yHuBepcuteT» (npotokon N 2/10 ot 10 despans 2020 r.).
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lpuMeHeHue HeMHBa3UBHOIM Me3oaU3HLedanbHO
MOAYNALUUA TONIOBHOI0 MO3ra Ana noBbilueHUA
YCTOWYMBOCTHU K CTPEcCy Y CNOPTCMEHOB
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AHHOTALNA

AxTtyanbHocTb. B xoge MHOrONETHUX WHTEHCUBHBIX TPEHWUPOBOK Y MPO(eccHoHanbHbIX CMOPTCMEHOB MOryT Habnopathes
NpOsIBNEHUS cTpecca, 00YCNOBAEHHOMO 3HAUMTENbHBIMU QU3NYECKUMUM U 3MOLIMOHANbHBIMU Harpy3kaMu, KoTopble TpebytoT
NPOBEAEHNSA KOPPEKLIMOHHBIX MEPONPUSATUI.

LUenb — oueHntb 3deKTUBHOCTL Me30aM3HLEedANbHON MOAYNALMM FONIOBHOTO Mo3ra [l MOBbILLIEHUS YCTOAYMBOCTM
K CTpeccy Y CropTCMEHOB.

Marepuansl u MeToabl. [lpoBeeHO NPOCNEKTUBHOE MCC/e0BaHMe, B KOTOPOM MPUHSAIN y4acTue 57 CMOpTCMEHOB CIIOXHO-
KOOPAMHALMOHHBIX BULOB CMOPTa, M3 HUX 42 AeByLLKM 1 15 KOHOLUEH, CpeAHMM BO3pacT y4acTHUKOB cocTaemn 18 + 5,4 ropa.
CdhopmupoBaHbl iBe rpynnbl: 0CHOBHasA (1 = 35) U KOHTPonbHasA (n = 22). [Ins oueHKM GYHKLMOHANBHBIX BO3MOXHOCTEN Op-
raHMsMa BceM obcreflyeMbIM, BKIOYEHHBIM B UCCNELOBaHWE, NPOBOAMM OLEHKY HECMeLMPUYECKUX afanTaLMoHHbIX pe-
aKLUMI M0 NPOLEHTHOMY COLEPXaHWM IMM(OLUTOB U COOTHOLLEHMIO 3/1EMEHTOB NEiKOrpaMMbl B nepudepuyeckon Kposw,
OLLEHKY YPOBHSA afanTauyv U TPEBOXHOCTM C MOMOLLbIO CTPYKTYPUPOBAHHBIX OMPOCHUKOB. CNOpTCMEHaM 0CHOBHOM rpymnmbi
MpOBOAMIM KypC Me30An3HLedanbHON MOAYNALMM FOJTIOBHOMO MO3ra.

Pe3ynbTathl. YBennueHue afanTaLMOHHbIX BO3MOXHOCTEN B KOHTPOJbHOW Tpynne MpOMCXOAMIO 33 CYET MOBbILIEHMS
YacToTbl peakLMu NOBBILIEHHOW aKTUBALWK, @ B 0CHOBHOW Irpynne — peaKLyW CNIOKOWHOW aKTUBaLIMK, KOTopas Npy Hanuyum
cTpecca sBnsetcs bonee 6naronpuaTHLIM afanTaLUMOHHBIM COCTOSIHUEM.

BbiBoabl. [1n5 NoBbILLIEHMS YCTOMYMBOCTU K CTPECCY Y CMOPTCMEHOB LieniecoobpasHo NpUMeHeHWe HEMHBA3WBHOW Me30au-
3HUedanbHoM Moaynauuu rofnoBHoro Mosra. Kypc MesoamaHuedanbHoOM MOAyASLMM FrONOBHOMO MO3ra LIMKIIOM, COCTOSILLIMM
n3 10 npouenyp, npogomxuTenbHoCTbio 30 MUH, cpefHel uHTeHcuBHOCTbIO 1,19 MA, no3BonseT CHU3WTL YpOBEHb MCUXO-
3MOLMOHANBHOT0 HAMPSXKEHWS, Yy4LWNTb 0bLLee caMoyyBCTBIE, MOBLICUTb CKOPOCTb NPOLLECCOB BOCCTAHOBNEHUS Nocsie Tpe-
HupoBoK. Kypc Me3oausHuedanbHon MofLynsiummu cnocobcTBOBas NOBBILIEHUIO afaNTaLMOHHBIX BO3MOXHOCTEN OpraHu3Ma
CrMOPTCMEHOB.

KnioueBble cnoBa: Meao,u,maHued)aanaﬂ MOAynAUKnA roioBHOro Moara; CnopT; cTpecc.
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ABSTRACT

BACKGROUND: During many years of intensive training, professional athletes may experience manifestations of stress
due to significant physical and emotional stress, which require corrective measures.

AIM: The aim of the study is to evaluate the effectiveness of mesodiencephalic modulation of the brain to increase stress
resistance in athletes.

MATERIALS AND METHODS: A prospective study was conducted, in which 57 athletes of complex coordination sports
took part, of which 42 were girls and 15 were young men, the average age of the subjects was 18 + 5,4 years.
Two groups were formed: main (n = 35) and control (n = 22). To assess the functional capabilities of the body, all sub-
jects included in the study were assessed for nonspecific adaptation responses by the percentage of lymphocytes and the
ratio of leukogram elements in peripheral blood, and the level of adaptation and anxiety was assessed using structured
questionnaires. Athletes of the main group (n = 35) underwent a course of mesodiencephalic modulation of the brain.
RESULTS: The increase in adaptation capabilities in the control group was due to an increase in the frequency of the
increased activation reaction, and in the main group — a calm activation reaction, which, in the presence of stress,
is a more favorable adaptation state.

CONCLUSIONS: The use of non-invasive mesodiencephalic modulation of the brain to increase stress resistance in ath-
letes is advisable. Course of mesodiencephalic modulation of brain by cycle consisting of 10 procedures, duration 30 min,
average intensity — 1.19 mA, allows to reduce level of psychoemotional tension, to improve general well-being, to
increase speed of recovery processes after training. The course of mesodiencephalic modulation contributed to an in-
crease in the adaptation capabilities of the body of athletes.

Keywords: mesodiencephalic brain modulation; sports; stress.
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AKTYAJIbHOCTb

B Xo4e MHOroneTHUX MHTEHCUBHBIX TPEHMPOBOK Y Mpo-
(eccnoHanbHbIX CNOPTCMEHOB MOrYT HaboAaTbCs NposiBie-
HMS cTpecca, 00YCNOBEHHOTO 3HAYNUTENbHLIMU PU3NYECKU-
MU M 3MOLMOHANbHBIMU Harpy3KaMu, B BULE BbIpaXKEHHOro
YTOMJIEHMS, HaMpsKEHUS MbILLEYHO-CBA30YHOrO anmnaparta,
CHWXEHMSA anneTuTa U yxyawenua cHa [2-4, 8, 9, 11, 13].
B cBsi3u ¢ HE0b6X0AMMOCTBLIO pEryNIMpOBaHNA TakuX HapyLue-
HWW BONbLUOI MHTEPEC BbI3bIBAKOT annapaTHble HEMHBA3WB-
Hble MeTO/bl KOPPEKLMM W BOCCTAHOBEHUS! QYHKLMOHANb-
HOr0 COCTOsAHUS cnopTcMeHoB [1, 6, 14, 15, 18].

MeponpusTUS MO NOBLILLIEHWIO CTPECC-00YCI0BEHHBIX
paccTpoiCcTB He0bX0AMMO HaNpaBAATb Ha NOBLILLEHME 00LL el
HecneundUYecKoi pe3MCTeHTHOCTM OpraHMaMa U nosyyeHme
cneunduyecknx 3ddeKToB (aHanbreTMyeckoro, NpoTUBO-
BOCMaJIMTENILHOT0, aHTUMMMOKCUMYECKOro, TPOOCTUMYUPY-
IOLLLEr0, BEreTOKOPPUrMPYIOLLEr0, MUMMYHOCTUMYJIMPYHOLLETO)
W NpeLnonaraloT UCMosib30BaHWe BCEro CMeKTpa MeToAoB
GU3n4EeCKOI N peabUnmUTaLMoOHHON MeaULMHI.

JleyebHble ¢u3nyecKne PaKTOpbl MOryT OKasbiBaTb Bbl-
pa)KeHHOe HOPManu3ylollee BNIMAAHAE KaK Ha COCTOsHME
Pa3/IMYHbIX NaTOreHeTUYECKUX 3BEHbEB CMOPTUBHOMO CTpeC-
ca (MmMnuaHbIA 0O6MeH, ropMOHasbHYK perynsuumio, aare-
3MBHYI0 aKTWBHOCTb TPOMBOLMTOB U Ap.), TaK U (QYHKLMO-
Ha/lbHble BO3MOXHOCTW OpraHuMsMa B LenoM. PaHHee
BbISIBJIEHWE W a[leKBATHAs KOPPEKLIMA CTpeCC-00yCnoBeHHbIX
PacCTPOICTB OTHOCUTCS K 3MEKTUBHLIM MepaM NepBUYHOM
1 BTOPUYHOM NPOGDUNAKTUKM U ABNSIETCA aKTyaNbHOW 3aja-
yen GU3N4EeCKon 1 peabunuTaLmoHHON MeanLMHLI.

Mpyu Ha3HayeHun msmMYeckux (aKToOpoB CreayeT yuu-
TblBaTb CTEMEHb BbIPaXXEHHOCTM HapyLUeHWit MeTabonus-
Ma M COCTOSIHME afanTaLMOHHbIX PEe3epBOB OpraHuU3Ma
CMOpTCMeHa — OMOXMMMUYECKMX, MCUXO(PU3NONOTUYECKUX
1 GU3MONOrMYECKMX. YunTbIBas HanpaBieHHOCTb AeiCTBMS
Gu3nyeckux haKTopoB, NPeACTaBISAETCA BO3MOXHLIM pa3pa-
DoTKa NepCoHMBULMPOBAHHOMO MOAXOAA K UX HAa3HAYEHMIO.

0aHMM M3 MeTOAOB KOPPEKLMM CTPecc-00yCNOBMEHHbIX
PaccTpONCTB, KOMMMIEKCHO W HaMpaB/IeHHO BIMAKOLLUM
Ha HOPManM3auuio roOMeoCcTaTUYeCcKUX NPOLLECCOB, ABNAETCA
Me3oauaHuedanbHas Mogynauma (MIM) ronosHoro Mosra.
370 HeMe[MKaMEeHTO3HbIi METO[, CENEKTMBHOM aKTUBaLMK
ONMWONJHOIO U HEOMUOUAHOrO 3BEHbEB aHTMHOLMLIENTUBHOM
cuctemsl [17].

CoBpeMeHHble MUCCNeoBaHMA NOKANU3YIT OCHOBHOE
penctene MIM B Me3oamaHUedanbHoM 061acTi rofoBHOMO
Mo3ra. /3MeHeHWe aKTMBHOCTW LIEHTPOB OMUOWIOHOW W M-
noTanaMo-runodu3apHoi CUCTEM aKTUBU3MPYET KaCKafHble
MpOLecChl, NPUBOASALLME K YNYHLLEHUIO COCTOSHUA HEMPO3H-
LOKPUHHO-UMMYHHOro Komnnekca [10, 12].

OamH 13 ocHOBHbIX 3ddekToB MIM — noBbiweHue
YCTOMYMBOCTM K CTPECCY 3a CYeT YNyudlleHus nepudepuye-
CKOr0 KPOBOTOKA M MOBbILLEHWUA KOHLEHTpaUuK B nepude-
PUYECKON KPOBM OMMOMAHLIX nenTuaoB (beta-3HAopduHa),
rOpMOHOB rUnodK3a (COMaTOTPOMNHOIO FOPMOHA), MHCYIMHA,
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a TaKXKe B MOAYNALUMW CUCTeMbl 0bpaTHOW CBA3N KOHLIEH-
Tpauun afpeHOKOPTUKOTPOMHOro rOpMOHa M KOpTU30Na,
B Y/yYLLEHWUW MOKa3aTeneii KNeToYHOro 1 ryMopasbHOro M-
MyHuTeTa [7]. CTuMynaums sHA0reHHbIX ONUOMAHBIX CTPYKTYP
rOJI0BHOMO M03ra METOA0M TPaHCKpaHMabHOM 371EKTPOCTU-
MYNALMKM CHUXKAET NoKasaTtenum aucbanaHca MMMOUKO-peTu-
KYNSPHOr0 KOMIMJIEKCA, YTO NPUBOAMIO K MOBLILLEHMIO CTPEC-
COYCTOMYMBOCTH, MOBBILIEHWID KAYecTBa CHA, CHUMEHMIO
BEreTaTUBHbBIX PaCCTPOWCTB, CHKEHMIO COCYAMCTOrO TOHYCa
1 BOCCTaHOBJIEHMIO MeTaboMYeCKMX npoLeccoB [5].

Llenb uccnedosaHus — oLeHUTb 3QHEKTUBHOCTU Me30-
IvaHLedanbHOM MOAYNALMK FOIOBHOMO MO3ra ANS NOBbILLe-
HWSA YCTOMYMBOCTM K CTPECCY Y CMOPTCMEHOB.

MATEPUAJIbI U METO/bI

lpoBeaeHo MNpoCneKTUBHOE MCCnefoBaHWe, B KOTO-
POM MPWHSANN ydacTue 57 CMOPTCMEHOB COKHO-KOOPAM-
HaUMOHHBIX BMAOB CMopTa, U3 Hux 42 (75,4 %) neByluKu
n 15 (24,6 %) roHowel, cpefHWA BO3PACT Y4aCTHUKOB CO-
ctaBun 18 + 5,4 roga. 06cneaoBaHue NpoBOAUNIOCH B COOT-
BETCTBUM CO CTaHAapTamMu XenbCUHKCKOW Aexnapaummn Bce-
MUPHOW accoumaumm «3TUYECKMe MPUHLMMBI MPOBEAEHUS
HaY4HbIX Me ZULIMHCKMX UCCNeL0BaHWI C y4acTUEM YerloBeKa»
u MpukasoM Munzapasa PO ot 1 anpens 2016 r. N2 2001 ™.

CrnopTcMeHb! Bbinn pasgeneHbl Ha ABe Pynnbl, COMOCTa-
BMMble M0 MONy M Bo3pacTy. B nepsyto (ocHOBHYyH) rpynny
BowsM 35 cnopTcMeHoB, monyyaBwux MIM B Komnnekce
CO CTaHAAPTHbIMKU peabunnTaLMOHHBIMU MEepONPUATUSMMY,
22 cnopTcMeHa BTOpOi rpynnbl (KOHTPONLHOM) Nosyyanu ba-
3UCHY0 nporpammy peabunutauum 6e3 MIM.

Mepen npoBefeHMEM Kypca GuU3nMoTEpanumM y cnopTcMe-
HOB C NMOMOLLIbI0 aHKETUPOBAHUA OLIEHWBaNN CrefyloLLe no-
KasaTesu: Xanobbl, Hanuune TpaBM W 3abosieBaHuMi B aHaM-
He3e, (yHKUMOHaNbHOE cocTosHue U paboTocrnocobHoCTb,
CPOKY BOCCTAHOB/EHMS NOCIE MHTEHCUBHBIX PU3NYECKUX Ha-
rpy3oK. [ToMMMo 3T0r0, OLLEHNBANM YPOBEHb afaNTaLMOHHBIX
BO3MOXHOCTEN W OLEHKY TPEBOXHOCTM MO LUKane TpeBoru
Cnunbeprepa — XaHuHa.

C Lenblo OLIEHKM YPOBHSA aflanTalMOHHbIX BO3MOXHOCTEN
MPUMEHSIN MHOTOYPOBHEBbIN JIMYHOCTHBINA OMPOCHUK «Afan-
TMBHOCTb», pa3paboTanHbin A.l. MaknakoBsbiM 1 C.B. Yepms-
HWHBIM B 1993 1. (nanee — MJ10 «ApanTuBHoCTb). [peaHa-
3HayeH NS U3yveHns afanTUBHBIX BO3MOXHOCTEN MHAUBMAA
Ha OCHOBE OLIEHKM HEKOTOPbIX NCMXO(DM3MONIOMUYECKUX U CO-
LiManbHO-NCUXONOTUYECKMX XapaKTEPUCTUK, OTpamaloLimX
WHTEerpasibHble 0COOEHHOCTM MCUXMYECKOr0 M COLMANbHOro
pasBuTKS.

Hecneunduyeckve apanTaumMoHHble peakumn aHanusu-
posanu no Metogy J1.X. Mapkasu (1990) no npoueHTHOMY
COLLePKaHM0 IMMGOLIMTOB M COOTHOLLIEHUIO 31EMEHTOB Jeii-
KOrpamMbl B nepudepuyecKoi KpoBu.

* [lpuka3 Munagpasa PO ot 1 anpens 2016 r. N2 2001 «06 ytBepxae-
HWM NpaBUN HaANEXaLLei KIMHUYECKO NpaKTUKU» MUHMCTepCTBa 3apa-
BooxpaHeHus Poccuiickoint Depepaumm.
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CnopTcMeHaM oCHOBHOM rpynnbl (n = 35) npoBoaunu
npoueaypbl Me30An3aHUehanbHO MOAYNALMM [OI0BHOIO
Mo3ra, KoTopas obnagaet HecreumbuyeckuM BO3AENCTBUEM,
MPUBOLALIMM K aKTUBM3aUMKM CTPYKTYp FOIOBHOTO Mo3ra
CMOpTCMEHa, J,0CTaTOYHO NPOYHOM M JONTOBPEMEHHOM afan-
TaLuM 0JHOBPEMEHHO C aHTUCTpeCCcOpHbIM adpdekToM [16, 19].
Kypc coctasun 10 npoueanyp.

Wcnonb3oBanu ¢usnotepaneBtuyeckuin annapar «MIM-
2000/1», UMelOLMA 3aLLMTY OT MOPAKEHUSA 3NEKTPUHECKUM
TOKOM, COOTBETCTBYIOLLYIO MeXAyHaponHoMy Knaccy IBF.
Yactota 50-10000 lu. ToK — NOCTOSHHBINA W NepeMEHHBIN.
NMnynbcbl — npsAMoyrofbHble, TpeyrobHble, CUHYCOUAAMb-
Hble. KoMnbloTepHas nporpaMma BKJOYaeT napameTpbl Ans
npoBefeHus 62 npouenyp LN NPoGMNaKTUKM M NeYeHus
pa3nuuHbIX 3aboneBaHwuii.

Mpouenypa MIM npoBoauMTCA C NOMOLLBIO CNELMAbHOrO
3/1eKTPOAHOr0 YCTPOMCTBA, COCTOALLErO U3 ABYX 3N1EKTPO/0B,
MOKPBITBIX HUKENEM 1 NMOMELLLEHHBIX B Ba 3aLLMTHBIX KOpMy-
ca, coeauHeHHbIX XoMyToM. [lepes npoueaypoi 3aluTHbIE
Kopryca obpabatbiBatoTcs 2-KpaTHbiM npoTupanueM 3 %
pacTBOPOM NepeKucu Bogopoja. Ha MeTannuyeckue anek-
TpoAbl HaknaabiBawTcs 16-cnoiHble 04HOpa30Bble aHe-
neBble NPOKNAZKK, KOTOpble 0OMIbHO CMaYMBaKITCA BOAOM.

BennuuHa ToKa, npuMeHseMas B Xofe WUcciefoBaHuA,
BapbupoBana ot 0,72 go 2,5 MA, yctaHaBnmBaetca npu no-
SIBMEHUN MUHUMAJTbHBIX OLLYLLIEHWA Y CMOPTCMEHa, YTO MO-
KET MpOSIBNIATLCA: YYBCTBOM «MO/I3aHNS MypaLLeK», HoKe-
HUS, NerKoil BubpaLmen, 0TAENbHbIX TONYKOB UM AABNIEHNS.
Bribop mporpamMbl ocyLecTBAANM BO BpeMs NpoLieayphbl,
Yy CNOPTCMEHA He [O0KHO BO3HMKAaTh HEMPUATHbIX OLLyLLe-
HWI, B X0Je NPOBeJEHNUS NpoLeAypbl annapaT aBToMaTuye-
CKU U3MepsieT COCTOSIHUE COMPOTUBNEHMS 3MIEKTPOJ0B.

Kypc Tepanuu Brntodan 10 npouenyp, LMTENBHOCTHIO
30 MuH. B nepBble TpK AHA npouesypbl NPoBOAMIM 2 pa3a
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B A€Hb C MHTEpPBaNOM MeXay HUMKU He MeHee 5—6 4. Cuna
TOKa Npu 3TOM KanubpoBanacb He MO MUHUMANbHBIM,
a M0 MaKCUMAbHBIM OLLYLLEHWUAM MOZ 3/1EKTPOAAMM.

3NeKTPOBO3AENCTBIE HA LEHTPbI PEryNALMK Pa3NIUYHBIX
du3nonornyeckmx GyHKLMUN OpraHu3Ma NpUBOANT K BbIXOAY
B CUCTEMHbIA KPOBOTOK OMOMOMMYECKM aKTUBHbIX BELLECTB,
BbI3bIBAOLLUMX OFpaHUYeHMe BbIPaXXEHHOCTU MCUX03MOLMO-
HaNbHbIX HApYLUEHMA 1 NOBbILLEHWe afanTauuu OpraHusMa
B pa3nnuHbIX cuTyaumsx. B pesynstate MM ocywectenseT-
CA MPENMYLLIECTBEHHOE BO3EICTBME HA MOLKOPKOBO-CTBO-
noBble 0TAEeNbl MO3ra (Me30An3HLedanbHy0 30HY).

CratucTnyecKoe uccnefoBaH1e NONYYeHHbIX PesynbTaToB
NpoOBOAWIM C UCMONb30BaHKEM KoMMoHeHTa Excel Microsoft
Office.

PE3YJIbTATbI U OBCYXXAEHUE

Kypc MIM cnocobcTBoBan MoBbLILLEHMIO aAanTaLMOHHbIX
BO3MOXHOCTEN OpraHu3Ma croptcMeHoB, npu atom 90,6 %
CMOPTCMEHOB OCHOBHOW MPYMbl 3aKOHYWIM NPOrpaMMy Ha Bbl-
COKOM YPOBHE PeaKTUBHOCTU (B KOHTPOSbHOM rpynne — 77,8 %).
MoBblleHMe afanTaLUMOHHBIX BO3MOXHOCTEN B KOHTPOJIbHOM
rpynne MpoMCXoAmno 3a CYET MOBbILLIEHWS YacTOTbl PeaKLm
MOBBILUEHHON aKTWUBALMK, @ B OCHOBHOM rpynne — peaKumm
CMOKOIHOM aKTUBALWK, KOTOpas NpY HaMuMK CTpecca ABNSETCA
bonee 6aronpuUATHLIM afanTaLMOHHBIM COCTOSHUEM (Tabn. 1).

[lnHaMuKa nokasaTeneii B 0CHOBHOM Fpynne ¢ NpUMeHe-
HueM MIIM npefcTaBneHa B Tabn. 2.

Mo okoHYaHMK Kypca npouenyp 82 % cnopTcMeHoB 0TMe-
TUNW ynyywweHue obuero camouyscTeus, 80 % — noBbilue-
HWe CKOPOCTM MPOLLECCOB BOCCTAHOB/EHMS NOCNE TPEHUPO-
BOK, Y 67,5 % uccneyeMbix yyuLLMCcs HOYHOW COH (3a cyeT
Donee Nerkoro MOrpyeHus B COH, YAYYLIEHUS KaqecTsa
U ry6uHbI, NOSBNEHNUA CHOBUAEHWI).

Tabnuua 1. [luHaMnKa afanTauMoHHBIX peakLmii 1 YPOBHS peaKTMBHOCTU Y CMOPTCMEHOB, %
Table 1. Dynamics of adaptation reactions and reactivity level in athletes, %

OcHoBHas rpynna / Primary group KonTponbHas rpynna / Control
(n=35) (n=122)
CumnToM / 0o peabunuta- | nocne peabu- [0 peabunuTa- nocne
Symptoms umm / nuTaumm / A umm / peabunuTaumm / A
pre-rehabili- post-rehabili- pre-rehabili- post-rehabili-
tation tation tation tation
Peakuus TpeHnpoBku / 93 31 62 10 0 10
Workout reaction ' ' '
Peakums crnokoiHoit akTuBaLmm /
Calm activation reaction 344 531 +18.7 50 333 -167
Peakuusa noBbILweHHON aKTUBaLMK / U4 U4 0 10 55 6 45 6
Increased activation reaction ’ ' ' '
Peakumun nepeakt1Bauymm ctpecca/ 219 94 125 30 11 189
Reactivation reactions and stress ’ ' ' ' '
YpoBeHb peakTuBHOCTH / Reactivity level
« BbICOKMIA / high 68,7 90,6 +21,9 60 71,8 +17,8
o Huskui / low 31,3 9.4 -21,9 40 22,2 -17.8

DAl https://doiorg/10.17816/PED626433
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Ta6nu|.|,a 2. [luHaMuKa nokasatenen CrMopTCMeHOB OCHOBHOM rpynnbl ¢ NpuMeHeHueM Me30,UM3HL|,e¢aﬂbH0171 MoAaynauuMu ronoBHoro

mo3ra (n = 35)

Table 2. Main group athletes with mesodiencephalic brain modulation (n = 35)

Mpoueaypsl / Procedures

Mokasatens / Indicator ] |

2 | 3 [ 4| s [ 6] 7] 8] 9]0

[LnuTenbHOCTb NpoLeaypbl, MUH /

Duration of the procedure, min 15
MepeHocumocTb, MA / Tolerability, mA 1,16
Ynyuwenme camouyscTsus, % / Feeling better, % 5

CKopocTb NpoLieccoB BoccTaHoBNeHus, % /
Recovery process speed, %

Yanobsl, % / Complaints, % 25

MoBbilLeHe KayecTBa HOYHOrO cHa, % /
Night Sleep Improvement, %

lMpoTuBonokasanus, yen. / Contraindications, persons -

20 30 30 30 30 30 30 30 30

1,15 1,23 1,23 138 1,18 120 1,17 1,08 1,21
125 275 525 625 675 75 75 80 825

2,5 10 20 50 95 70 725 825 80
125 10 2,5 - - - - - -

7,5 25 25 375 50 - 67,5 - -

Tabnuua 3. [okasaTenn OLEHKM afanTaLMOHHbIX BO3MOXHOCTENM CMOPTCMEHOB OCHOBHOW rpynnbl (n=35) A0 M nocne KoppeKuuu
C NpUMeHeHWeM Me30AU3HLedanbHoi MoaynALMmM rofosHoro Mosra (MIIM)

Table 3. Measures of adaptability of primary athletes (n = 35) before and after treatment with mesodiencephalic brain modulation

(MDM)

Moka3atenb / Studied indicator

CraTUcTYecKas 3HaYMMOCTb pas-

OcHoBHas rpynna / NNuMii NoKasatenei /
Primary group Statistical significance

of the difference in indicators

[0 NpuUMeHe- | noche npu-

Hua MIIM / MeHeHus t-kpuTepuit / | BeposiTHoCTb (p) /
prior MIM / t-criterion probability (p)

to MDM after MDM

Tect Cnunbeprepa — XaHuHa / Spilberger—Hanin test

CutyatMBHas TpeBoXHOCTb / Situational anxiety

JInyHocTHasn TpeBoxHoOCTb / Personal anxiety

1,92+087 2,08+0,78 2,8 <0,05
1,82+042  2,05+0,22 4,1 <0,05

Lkanbl MJ10 / MLO test scales

MoseseHuyeckas perynauus / Behavioral regulation
KomMyHuKaTuBHbIN noTeHuman / Communicative potential
MopanbHas HopmaTuBHocTb / Moral regularity

JIMYHOCTHBIN afanTaLMoHHBI noTeHuman /
Personal adaptation potential

222+325 12,4+327 2,23 <0,05
13,4 £2,20 6,7+1,33 0,7 <0,05
10,4 + 1,31 511,13 3,0 <0,05
45+ 5,44 22,0 £ 4,24 2,17 <0,05

C noMoLLbio CTPYKTYPUPOBAaHHbLIX OMPOCHUKOB OLIeHMBa-
NN afanTaLMOHHbIE BO3MOXHOCTH CMIOPTCMEHOB [0 W Noche
KOpPEKLMOHHbIX Bo3aencTeuii MM (tabn. 3).

[locToBepHO ynyywMnuch noKasatenu afanTauuoHHbIX
BO3MOXXHOCTEW CMOPTCMEHOB Mo LKane Tpesorn Cnunbep-
repa — XaHuHa v no wkanam MJ10 «AgantusHoCTbY.

CriopTcMeHbl OTMETUIM CHUXKEHWE TPEBOTM, bosiee Nerkuii
MPOLeCC afanTaumm K HOBbIM YCNIOBUSAM NpU CMeHe [iesTenb-
HOCTW B X04e y4eOHO-TPEHMPOBOYHOMO MpoLecca, ObICTpbIi
«BX0[» B TPEHUPOBOYHbLIN MPOLECC, MOBbILIEHUE 3MOLMO-
HaNbHOM YCTOWYMBOCTM, NOBbILLEHUE PaboTOCNOCOBHOCTH.

DAl https://doiorg/10.17816/PED626433

YBenuueHue afanTauMoHHbIX BO3MOXHOCTEH, KOTOpble
OLIeHWBaNUCb MO MPOLEHTHOMY COAEepXaHuio TMMdoLmMTOB
1 COOTHOLLEHWIO 37IEMEHTOB JieliKorpaMMbl B nepudepnye-
CKOM KPOBM, B KOHTPONLHOI Fpynne MpoMCX0AMno 3a cyeT
NOBbIWEHNA YacTOTbl peakuuu MOBBbILLEHHOM dKTUBaLUuUn,
B OCHOBHOM rpynne — peaKuun CMOKOWHOW aKTMBaLWMM.
CyObeKTUBHO CMOPTCMEHbI OTMETUNW YyNyylleHue obLie-
o CaMo4yBCTBMA M KayecTBa CHa, YTO MOXET ObiTb CBS-
3aHO C aKTMBaUMeW aHTMHOLMLENTUBHOW CUCTEMbl W Mo-
BblLUEHUS MeTaboNM3Ma CepoTOHMHA B X04e NpoLeayp
MIM.
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Takum 0bpa3oM, NosyyeHHbIe B X0fe UCCNe0BaHuMs pe-
3ynbTaThl [OKa3bIBaT 3(EKTMBHOCTL NpuMeHeHns MM
Yy CMOPTCMEHOB.

BbIBOAbl

[lns NoBbILLEHNS YCTORYMBOCTM K CTPECCY Y CMOPTCMEHOB
LenecoobpasHo NpuMeHeHWe HenHBasueHoi MM ronosHo-
ro mosra. Kypc MM ronoBHOro Mo3ra LMK/IOM, COCTOALLUM
n3 10 npouenyp, npogomxkuTensHocTelo 30 MUH, CpeaHei
MHTEHCMBHOCTBHO 1,19 MA, M0O3BONISIET CHU3WUTB YPOBEHD MCK-
X03MOLMOHANBHOTO HanpsiKeHus, yyqwuTb obliee camo-
UyBCTBYWE, NOBBLICUTb CKOPOCTb MPOLECCOB BOCCTAHOBJIEHUS
nocne TPEHUPOBOK.

3AKJIKYEHUE

Kypc MesonuaHuedanbHOM Moaynsiumm cnocobcTeoBan
MOBLILUEHWI0 afaNTaUMOHHbIX BO3MOXHOCTEH OpraHu3Ma
CMOPTCMEHOB.

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBsTopoB. Bce aBTOpbl BHECNM 0AWHaKOBbIA PaBHbIN
BK/aJ B paspaboTKy KOHLenuuu, nposefeHne MCCrefoBaHusA
W MOATOTOBKY CTaTbi, MPOYAM W OA0DPUAM GUHANBHYI BEpCUto
nepen, nybnmKaumen.
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OTKprTaﬂ KaTeTepusauus HEpMdJEpW-IECKOﬁ BEHbl.
AKTyaﬂbHOCTb U npeuvMyLlectBea
M.B. laBwwyk, I'.0. baratypus, 0.B. Jlucosckun, A.B. Kocynun, A.C. Yenenes, E.A. MenbHuKoBa

CaHKT-leTepbyprcKuii rocyAapCTBEHHbINA NeAUaTPUYECKUN MeAULIMHCKIIA YHUBepcuTeT, CaHKT-eTepbypr, Poccus

AHHOTALNA

AxTtyanbHocTb. CyLLecTBYHOT CUTyaLMK, KOrAa CTEHKU Nepudepuyeckux BeH CNajlalTcsa BCIeLCTBUE MMNOBOJIEMUM W TMNOTO-
HWW, @ KaTeTepu3aLus LIEHTPaNbHbIX BEH UM BHYTPUKOCTHBIA LOCTYM HEXenaTeslbHbl U3-3a BbIpaXeHHOW rMnoKoarynauum
1 BbICOKOTO PUCKa ATPOreHHbIX 0CAI0XHeHWN. [lns obecneyeHus BeHO3HOM0 JOCTYNa B TaKMX ClyYasX MOXET UCMO/b30BaTbCA
BEHECEKLMS Ha BEPXHEN UMW HIKHEN KOHEYHOCTM.

Lienb — cpaBHUTb BO3MOXHOCTU NEpUGEpUYECKOro COCYAUCTOro JOCTYNa Yepe3 BEHECEKLMIO C OTKPLITOM KaTeTepu3aLmeli
C UCMO/b30BaHNEM COBPEMEHHBIX KaTeTepoB B 3KCMEPUMEHTE Ha J1abopaToOPHbIX MBOTHbIX.

Matepuansl u Metoabl. Mof KOMOMHUPOBaHHBIM HAapKO30M BbINOJIHEHA BEHECEKLMS MOBEPXHOCTHO SIPEMHOM BEHbI 6 Kpo-
nnKkaM. Bo BpeMs onepaumm 1 B paHHEM MOCIE0MNEPaLMOHHOM NEpUOLE Yepe3 KaTeTep NPOBOAMAMCH BHYTPUBEHHBIE MHDY3UM
0,9 % pactBopa xnopuaa Hatpus. Yepes 1 cyT nocne onepauumn KateTep ynansiv. B nocneonepaumoHHOM nepuose KPomKi
nonyyanu GU3MoN0rMiyecKoe NUTaHue, yXon U NepeBsi3KM A0 CHATUA WBOB. Ha 7-e cyTKu mocne onepauuu NpoBOAMM YIib-
TPa3BYKOBYH0 OLLEHKY MPOXOAMMOCTM BeHbl. KponvKoB BbIBOAMAM U3 IKCMepuMeHTa Ha 14, 28, 37-e cyTku nocne onepauuu
C MOCNeAyIoLMM NaToI0r0aHaTOMUYECKUM UCCIIES0BAHUEM.

Pe3ynbTathl. Bce ycTaHOBNEHHbIE KaTeTepbl 4151 BHYTPUBEHHbIX MHQY3UiA BYHKLMOHMPOBaU A0 yaaneHus yepes 1 cyT nocne
BMelLLaTenbCTBa. [ocneonepaumoHHble paHbl 3aXWiM NEPBUYHBIM HATSIKEHMEM, LLUBbI CHATBI HA 7-€ CYTKM Noc/e onepauuu.
Mo pe3ynbTataM ynbTPa3ByKOBOro UCCNEeA0BaHNUA M AaHHBIM NaTo/0roaHaTOMUMYECKOro UCCef0BaHUA BO BCEX CiyyasXx oc-
IO}XHEHWI B 06/1aCTV BEHECEKLMM He BbISIBNEHO, MAaKPOCKOMMYECKW SPEMHbIE BEHbI Y BCEX OMEpUPOBaHHbIX KPOJIMKOB Npo-
XOAUMBI.

3akuioueHmne. OTKpbITas KaTeTepusauus nepudepruyeckoli BeHbl No3BoNSET o0becrneynTb LOCTYN LS MHODY3UA U COXPaHUTDL
COCYA AN AanbHEMLero UCnosb3oBaHus. [N KOPPEKTHOTO MOHWUMaHWsA cnocoba cocymmucToro [OCTyna ¢ NepeceyeHUeM
1 NepeBsA3KOiA BeHbI LienecoobpasHo 13beratb TEPMUHONIOMMYECKOTO UCKAXEHMS CMbICNA U UCMOMb30BaTh TEPMUH «KaTeTe-
pu3auua nyTeM BeHeceKUMu». OTKpbITas KaTeTepu3aums SBASETCA anbTepHaTUBON TPAAULIMOHHOW KaTeTepu3aLmn nyTeM Be-
HECeKLMU 1 MOXKET ObITb PeKOMEHA0BaHa MPY HEBO3MOXHOCTYM YPECKOXKHON KaTeTepu3aLym BeH 1 BHYTPUKOCTHOMO JOCTyna.

KnioueBble cnoBa: BeHeCeKLMs; BEHO3HbIN AOCTYN; KaTeTepu3alms BeHbl; MHDY3WUM; BOEHHO-NONEBAs XMpYprus.
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Open catheterization of the peripheral vein.

Relevance and benefits

Maksim V. Gavshchuk, Georgii 0. Bagaturiya, Oleg V. Lisovskii, Artem V. Kosulin,
Alexander S. Chepelev, Ekaterina A. Melnikova

Saint Petersburg State Pediatric Medical University, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: There are situations where the walls of peripheral veins collapse due to hypovolemia and hypotension,
and central venous catheterization or intraosseous access is undesirable due to significant hypocoagulation and high
risk of iatrogenic complications. In such cases, venesection on the upper or lower limb can be the preferred procedure
for ensuring venous access.

AIM: The aim of this study is to compare the possibilities of peripheral vascular access through venesection with open
catheterization using modern catheters in an experiment on laboratory animals.

MATERIALS AND METHODS: Under combined anesthesia, venesection of the superficial jugular vein was performed on
6 rabbits. During the surgery and in the early postoperative period, intravenous infusions were administered through
a catheter. The catheter was removed 1 day after the surgery. In the postoperative period, the rabbits received physi-
ological nutrition, care, and dressings until the sutures were removed. On the 7™ day after the surgery, an ultrasound
examination of the surgical area was conducted to assess the patency of the vein. The rabbits were euthanized on the
14" 28% and 37" day after the surgery for subsequent pathological and anatomical examination.

RESULTS: All the installed catheters for intravenous infusions functioned until removal at 1 day post-intervention.
Postoperative wounds healed by primary intention, and sutures were removed on the 7\" day after surgery. According to
the results of ultrasonographic examination and data from pathological-anatomical investigation, no complications were
detected in the venesection area in all cases, and macroscopically, the jugular veins of all operated rabbits were patent.
CONCLUSIONS: Open catheterization of the peripheral vein allows access for infusions and preserves the vessel for
further use. For a correct understanding of the vascular access method with vein crossing and ligation, it is advisable to
avoid terminological distortion of meaning and use the term “catheterization by venesection”. Open catheterization is an
alternative to traditional venesection catheterization and may be recommended if percutaneous venous catheterization
and intraosseous access are not possible.

Keywords: venesection; venous access; vein catheterization; infusions; military field surgery.
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OPYTVHATIBHBIE CTATBN

AKTYAJIbHOCTb

3JKCnepuMeHTanbHOe BBEJEHIE KPOBY 1 PacTBOPOB B BE-
HO3HOe pycnio Havanoch ewle B XVI B. [8]. CeroaHsa HeBo3-
MOXHO MPeLCTaBUTb MeavLMHY 663 BHYTPUBEHHBIX UHDY3NK,
KOTOpbIe LUMPOKO MCMOJb3YHOTCA NPW pasNnyHbIX 3aboneBa-
HWAX U NaToNOrMYecKUX cocTosHUAX. PaspaboTaHbl pasHo-
obpasHble METOLMKM YPECKOXKHON KaTeTepusauum nepude-
PUYECKUX U LieHTpanbHbIX BeH. [M0sIBUAMCH BO3MOXHOCTM
MyHKLUMM COCyfa MOJ KOHTPONEM YNbTpa3ByKa, PeHTTeHo-
CKonuu M Apyrux cnocobos Busyanusauum [9].

OpHaKo CyLLecTBYHT CUTYaLMH, KOrAa CTEHKW nepudepu-
UECKWX BEH CMajaloTcs BCIeCTBME MMNOBOMIEMUM U TUMOTO-
HWK, @ KaTeTepu3aLMs LeHTPabHbIX BEH U BHYTPUKOCTHBIN
LOCTYN HeXenaTeslbHbl U3-3a BbIPaXKeHHOM rMnoKoarynsaumm
1 BbICOKOIO PUCKa ATPOrEHHBIX OCTI0XHEHMIA. [Tpy MaccuBHOM
KpoBoTeyeHun noteps bonee 30 % nnas3mbl BefeT K rube-
nm naumenTa [1], noatoMy HeobxoauMo BbicTpoe npoBepe-
HWe BonbLIMX 00BEMOB BHYTPUBEHHBIX MHQY3MA. Onepaum-
el Bblbopa [Anis obecneyeHnss BEHO3HOMO JOCTyMa B TaKWUX
C/yyasx MOXeT BbITb BEHECEKLMA HA BEPXHEN WU HUKHE
KOHEYHOCTU. TexHUKa BbINOJIHEHWA MPOCTa, a NOBEPXHOCT-
HOe pacrofioXXeHue paHbl MO3BOJISIET JOCTMYbL reMocTasa
MEXaHUYeCcKUM Wnmn JpyruM criocoboM. B yuebHukax one-
PaTUBHOM XMPYPruM TPaAMLMOHHO OMMCLIBAETCS MepBOHa-
YanbHas MeToAMKa C NepeBsA3KOi BeHbl M 6e3 1cnonb3oBa-
HWA COBPEMEHHBIX KaTeTepoB A/l BHYTPUBEHHBIX MHDY3UK
4, 6].

Liene pabomel — cpaBHWTL BO3MOXHOCTU Nnepudepuye-
CKOro COCYAMCTOro JOCTYNa Yepe3 BEHECEKLMIO C OTKPLITO
KaTeTepu3aLmeli C UCMONb30BaHUEM COBPEMEHHBIX KaTeTe-
POB B 3KCMEPUMEHTE Ha N1abopaTopHbIX KUBOTHBIX.

MATEPWUAJIbI U METObI

MoA KOMOMHMPOBaHHBIM HApKO30M BbLIMOJIHEHA BeHe-
CeKUMs MOBEPXHOCTHOM APEMHOW BeHbl 6 KPOJMKaM nopo-
Abl WKHWMANA. Bbibop sipeMHoit BeHbl Af1s onepaumn 06-
YCNOB/EH pa3Mepamu cocyfia, COOTBETCTBYHOLLMMM pa3Mepam

TR

Puc. 1. BoigeneHHbIN CTBON APEMHOIA BEHbI KPOJIMKa
Fig. 1. Isolated trunk of the jugular vein of a rabbit
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MOJKOXHbIX BeH YenoBeKa. [locTyn K BeHe OCYLLeCTBASAM
nyTeM pa3pesa KOXU NeprneHANKYASPHO XOAY BeHbl A/IMHON
oKono 2 cM. [lanee bpaHwamu 3axuMa napannenbHo Xody
BEHbI pa3fBurany TKaHW 1 BU3yanu3upoBanu CTBOJ PEMHON
BeHbI (puc. 1).

Mocne BblLeneHns Ha HebONbLLOM yyacTKe Moj, COCyf
NoABOLUNW NIUraTypy M3 PaccachiBaloLLErocs LUOBHOMO Ma-
Tepuana Novosin 4-0. [JucTanbHbIii KOHEL, BEHbI He nepe-
BA3biBaM. C NOMOLLbIO IUraTypbl MK BpaHLLeid 3aXuMa co-
CYA MPUNOAHUMANK W BbIMOSHAMM MYHKUMIO SPEMHON BeHbl
KaTeTepoM AauaMeTpoM 226, KOTOpbIi OCHALLEH Uron Ans
NyHKUMK (puc. 2).

B nepeceyeHmm BeHbl He 6bi0 HE0OX0AMMOCTH, ee MyHK-
LMK U KaTeTepu3aLmIo BbINOSHANW N0J, BU3YaslbHbIM KOHTPO-
neM. Mocne ycneLuHon KaTeTepusaumuy BeHbI ONepaLyoHHYio
paHy ylimMBanu, KateTep GMKCUPOBANN K KOXe NuraTypon
(puc. 3).

Bo Bpemsa onepaumm u B paHHeM MocCneonepauyoH-
HOM nepuoje yepe3 KaTeTep NPOBOLMINCH BHYTPUBEHHbIE
uHdy3umn 0,9 % pacTBopa xopuaa HaTpus, MoLTBepKAa-
loMe ero npoxoguMmocTb. Yepe3 1 cyT nocne onepauum
KaTeTep ymansnu, yto o6ycnoBneHo TpyLHOCTAMW obe-
CMEYEHUs COXPAHHOCTM KaTeTepa M KPaTKOBPEMEHHBIM
MPUMEHEHUEM BEHECEKUMM B KIMHUYECKOM MNpaKTUKe.
B nocneonepaunoHHOM nepurose KpoamKky nostyyany gpusmno-
NIOTMYECKOe MUTaHWe, YXO[, W NepeBA3KU [0 CHATUS LUBOB.
Ha 7-e cyTku nocne onepauuu nNpoBOAMAM YNAbTPa3BYKOBOE
uccnefjoBaHve 30HbI OMepaLMn C OLEHKOM MPOXOAMMOCTH
BEHbI.

KponukoB BbiBOAMNIM M3 3KCnepuMeHTa Ha 14, 28,
37-e CcyTkM nocne onepauuu MyTeM 3BTaHa3wu, Npo-
BOAMIM MaToNOr0aHaTOMUYeCKoe WcchnefoBaHue € [0-
MONHWUTENbBHOW OLEHKOW MPOXOAMMOCTU SPEMHOW BeHbl
W TUCTOJIOTMYECKUM MCCNIef0BaHNEM 30HbI 0NepaLmm ¢ uc-
Mo/1b30BaHUEM OKPaCKU TKaHel reMaToOKCUIIMHOM 1 303UHOM.
Bce MaHunynsaumm npoBowM B COOTBETCTBIM C MOJIOKEHUAMH
«EBponeiicKoii KOHBEHLMM O 3aLLMTE MO3BOHOYHbIX KUBOT-
HbIX, UCMO/Ib3YEMbIX [/1S1 3KCMIEPUMEHTOB WU B UHBIX Hay4HbIX
Lensax».

——
Puc. 2. llyHKuMSA ApeMHOI BEHbI KaTeTepoM AuameTpoM 226
Fig. 2. Jugular vein puncture with a 22G diameter catheter
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Puc. 3. 3oHbl KaTeTepusauum ApeMHON BeHbl NOC/E YLIMBAHMA
paHbl

Fig. 3. Jugular vein catheterization zone after suturing the
wound

PE3YJIbTATbI

OnucaHHas onepauus YCMELHO BbIMOSIHEHA Y BCeX
6 KponvKoB. Bce ycTaHoBNEHHbIe KaTeTepbl L1 BHYTPUBEH-
HbIX MHDY3MN QYHKLUMOHMpOBanM A0 yaaneHus yepes 1 cyt
nocne BMeLLaTenbCTBa. LLIBbI CHATLI Ha 7-e cyTKM nocne one-
pauuu. Bo Bcex ciyyasx nocneonepaLyoHHble paHbl 3aXuUH
MepBUYHBIM HATSIKEHUEM, OCNOXHEHMI He bbino. Mo pe-
3ynbTaTaM YnbTpPa3ByKOBOr0 MCCNEA0BaHUsA Ha 7-e CYTKU
rnocne onepauum npusHakoB Tpombodnebuta u HapyLeHus
MPOXOAMMOCTM APEMHBIX BEH B 30HE OMepauuu He BbisBre-
Ho. o [aHHBIM NaToN0roaHaTOMMYECKOro WUCCiefoBaHuUsA
BO BCEX C/Ty4asX OC/OXHEHMIA B 061acTv BeHECEKLMM He Bbl-
SIBNEHO, MaKPOCKOMMUYECKM SIPEMHBIE BEHbI Y BCEX OMEpUpo-
BaHHbIX KPOJIMKOB NPOX0AMMbI (puc. 4).

Mpyu rMCTONOTMYECKOM WCCNeA0BaHUM KaTeTepusupo-
BaHHbIX Yepe3 BEHECEKLMIO BEH BbiSIBNEHbI MPU3HAKK TPOM-
bodnebuta n TpoMb03a C MpMU3HaKaMM peKaHaNMU3aLuM.
Y 1 Kponuka, BbiBeAEHHOro Ha 14-e cyTKu nocne onepa-
UMM, NpU TUCTONOTUYECKOM WCCNIeS0BaHWUW BbISIBNIEH He-
0b6TypupytoLLMiA TPOMO Ge3 npu3HaKoB (MKCALMKM K CTEHKE
cocypa.

OBCYXAEHWUE

TepMUH «BEHECEKLMS» 3a4acTyl0 HEKOPPEKTHO ymoTpe-
bnsetca nna obo3HauyeHus cnocoba cocyamcroro AocTyna
Ans uHby3ui. IT0T TepMUH 0003HaYaeT NepepesaHue BeHbl,
4TO TPAAMLMOHHO NPUMEHSAOT Ana reMoakcdysuu [7]. Bnep-
Bble 00ecneyeHne BEHO3HOrO LOCTyMa 4Yepe3 BEHECEKLMIO
onucanu Keeley (1940) n Kirkham (1945), BBeps TepMuH
«venous cutdown», KOTOPbIA UCNOL3YETCS B aHINOSA3bIYHOV
nutepartype [13]. TakuM 0b6pa3oM, Npu NepeceveHnn CTEHKU
BEHbI A1 BEHO3HOM0 JOCTyNa LienecoobpasHo UCMofb3oBaTh
TEPMUH «KaTeTepu3aLns nyTeM BEHECEKLIUU».

B Hawwmx 3KcnepuMeHTax UCMOb30BaHbl COBPEMEHHbIE
KaTeTepbl 4151 BHYTPUBEHHBIX UH(Y3MIA, OCHALLLEHHbIE OCTPON
UrNON-NPOBOAHUKOM. HeobX0AMMOCTM  AOMONHUTENBHO
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Puc. 4. PaHee KaTeTepuaupoBaHHas speMHas BeHa Npu naTosno-
roaHaTOMMYeCKOM UCCe0BaHuu

Fig. 4. Previously catheterized jugular vein during a pathoana-
tomic examination

pacceKaTb CTEHKY COCYAa U MepeBsA3biBaTb BEHY He Hbino.
Mo3ToMy onucaHHyl0 onepauuio MpaBuiibHee HasbiBaTb OT-
KpbITOW KaTeTepu3aLmeii BeHbI.

BbisiBNEHHbIE MpU  FUCTONOMMYECKOM UCCeLA0BaHUM
npusHaku Tpombodnebuta u TpoMbo3a B obnact BMeLla-
TeNbCTBa 0XMAAEMbl M MOTYT pa3BUBaTLCA Nocsie Tpaguum-
OHHOM YPECKOXHOW BEHEMYHKUMM U KaTeTepusaumm [5, 10].
3TV OCMOXHEHNS XOPOLLIO M3y4YeHbl W He MOTYT CTaTb Mpu-
UWHOI CKOPOMOCTUKHOW rMbeNn naumeHTa 0T KpoBOTEUEHUS.

MonyyeHHble B X0Ae WCCefoBaHWA pe3ynbTaTbl Mpo-
LEMOHCTPUPOBANM NPOCTOTY BbINOMHEHUS U 3QPEKTUBHOCTL
KpaTKOCPOYHOr0 NPUMEHEHMS UCCNeL0BaHHOrO A0CTyNa ANs
BHYTPUBEHHbIX MH(DY3UIA, 4TO NO3BOSIAET COXPAHUTL BEHY ANS
WUCMofb30BaHKs ee B ByayLLeMm.

B ycnoBusx MMpHOro BpeMeHu U CreLmanusupoBaHHoro
MeIMLMHCKOr0 CTauMoHapa NpUMeHeHWe BEHeCeKuuM Lie-
necoobpasHo B pegkux cnyyasx. OpHako atoT joctyn Ans
BHYTPUBEHHbIX MH(Y3WUA BOCTpeboBaH B BOEHHO-NMOJIEBOW
xupyprim [2, 11, 12], rae 4actoTa ero npuMeHeHus B onepa-
LIMOHHOI Y NMOCTpafaBLUMX C TAXESON COYEeTaHHOW TPaBMOM
MoxeT pocturate 20 % [3].

3AKJIO4YEHUE

1. OTKpbITas KateTepusauus nepudepuyeckon BeHbl No-
3BOJISIET BLIMNOMHUTE HEOBX0AMMBIA AOCTYN AnA WHbY3ui
W COXpaHUTb COCYA ANS AaNIbHEMLLEr0 UCMOMb30BaHUS.

2. [ina KoppeKTHOro MoHWMaHMA crnocoba obecneyeHus
COCYAMCTOr0 JOCTyNa C nepeceyeHneM M NnepeBs3KON BeHb
Lenecoobpa3Ho m3beratb TEPMUHONOMMYECKOTO MCKaXeHMS
CMbICJTa U UCMOMb30BaTh TEPMUH «KaTeTepuU3aLMs NyTeM Be-
HeceKLMmny.

3. OTKpbITas KaTeTepu3aumus SBNSETCS anbTepHATUBOM
TPaAMLMOHHOW KaTeTepu3aLum NyTeM BEHECEKLMM U MOXET
ObITb pEKOMEHL0BaHa NPY HEBO3MOXHOCTH YPECKOKHOM Ka-
TETepU3aLMn BEH U BHYTPUKOCTHOrO A0CTyNa.




OPUTHATIBHBIE CTATBN

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECNIM 0AMHAKOBbIA PaBHBbIN
BK/IaJ B pa3paboTKy KOHLenuuu, NpoBefieHne MCCnefoBaHus
M MOArOTOBKY CTaTbi, NMPOYNM M OA06pUIM QUHANBHY0 BEpCUio
nepea nybaukaume.

KoHdbnukT uHTepecoB. ABTopbl AeKnapupyrT OTCYTCTBUE SB-
HbIX 1 MOTEHUMaNbHBIX KOH(SIMKTOB MHTEPECOB, CBSA3aHHbIX C Ny-
BAMKaLmelt HacTosLLEeN CTaTby.

WcTouHuK mHaHcupoBaHUs. ABTOpbI 3asiBNISIIOT 00 OTCYTCTBUM
BHELUHEero GWMHaHCMPOBaHWUA NPy NpOBeEeHUN UCCNeA0BaHMS.

3tnyeckuit Komutet. [poToKon uccnepoBaHus 6ein opo-
OpeH noKanbHbIM 3TUYeckuM KommuteToM ®OIBEO0Y BO «CaHKT-
leTepbyprckuii rocyaapCTBEHHbIA NeaUaTPUHECKUIA MeAULIMHCKUIA
yHuBepcuTeT» Munappasa Poccum (N2 08/04 ot 11.02.2022).
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Bo3MoOXXHOCTHU pa3BUTUA I.lMd)pOBbIX KOMI'IeTEHI.I,Mﬁ
B npouecce M3y4yeHUs GUoXMMmm
T.10. Kpeuep, U.B. BonbxuHa

CaHKT-leTepbyprcKuii rocyAapCTBEHHbINA NeAUaTPUYECKUN MeAULIMHCKIIA YHUBepcuTeT, CaHKT-eTepbypr, Poccus

AHHOTALNA

CoBpeMeHHoe 06LLecTBO TpebyeT BHEAPEHUS U UCMOMb30BaHUS LMdPOBbLIX NPOrpaMM 1 TEXHONOMUIA BO BCEX chepax AeATeslb-
HOCTM, BK/IlOYas 3ApaBooxpaHeHue U 0bpa3oBaHue. MeanuMHCKUM paboTHUKaM HeobxoauMo afanTupoBaTbesa K LmdpoBoi
3Moxe, 4TOBbI OKa3bIBaTb Ka4eCTBEHHYH NpodeccuoHabHY NoMoLLb. 1S pa3BuTMa LMGBPOBLIX KOMNETEHUMIA B NpoLecce
U3y4eHns BUONOTMYECKON XMMUM BO3HUKAET HeobxoauMocTb [obaBneHMs K 0CHOBHbIM 06513aTeNibHbIM TpeboBaHMAM HOBbIX
LOMOJHUTENbHBIX 3HaHWA, YMEHWUA U HaBbIKOB, YTO Bbi3blBaeT HE0OXOAMMOCTb CMEeLManbHOro YPOBHS MOAFOTOBKM Mpeno-
[aBaTenien B 3T0I 06nacTH, a TakKe LOCTYMHOCTU COBPEMEHHBIX TEXHOMOMMIA. B AaHHOM cTaTbe paccMOTpeHbl BO3MOXHbIE
cnocobbl M MeToAbl BKIKYEHUS LM(POBbLIX TEXHOOMUI B NPOLLECCHI YTEHUA NEKLMIA, NPOBEEHUS NabopaTopHbIX U NpaKTh-
YeCKUX 3aHATWW, Nnoabopa NuTepaTypbl, BbINOHEHUS CAMOCTOATENBHOM PaboTbl U KOHTPOSIA MOJy4YaeMbIX CTYAEeHTaMW 3Ha-
HWA. MpeLnoXeHbl JOCTYMHblE LMBPOBLIE MHCTPYMEHTBI U CEPBUCHI 1A afanTauum 0by4eHuUs CTYAEHTOB MO LMCLMMINHE
«buonoruyeckas xumus» B pamMkax uudpoBoi TpaHchopMaummn. TakuM obpa3oM, MCMonb30BaHWe LMPPOBLIX TEXHOMOMMI
1 cneumanbHoro obopyaoBaHus B 0bpa3oBaHMM MeHsieT cnocobbl 0byyeHns, noucka, cbopa, aHanusa u nepefadn y4ebHow,
npodeccuoHanbHoOM 1 HaydHoW UHGOPMAaLMK, XapaKTep BbINOSHEHUS CaMOCTOSATENILHOM paboThl CTYAEHTOB, a TaKXKe KOHTPO-
1191 NOJTy4aeMbIX 3HaHUIN U YMEHWIA.

KnioueBble cnoBa: UMQPOBble KOMMETEHUMM; LMDPOBbIE TEXHOMOrMK; 34paBoOXpaHeHue; 6MonormMyeckas XvMUS;
06yyeHue; 0bpa3oBaTesibHble MPOrpaMMbl.
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Possibilities of developing digital competencies
in the study of biochemistry

Tatiana Yu. Kretser, Irina V. Volkhina

Saint Petershurg State Pediatric Medical University, Saint Petersburg, Russia

ABSTRACT

Modern society requires the adoption and use of digital programmes and technologies in all spheres of activity, including
health care and education. Healthcare professionals need to adapt to the digital age in order to provide quality profes-
sional care. In order to develop digital competences in the process of studying biological chemistry, there is a need
to add new additional knowledge, skills and abilities to the basic mandatory requirements, which causes the need for
a special level of teacher training in this field, as well as the availability of modern technologies. This article considers
possible ways and methods of incorporating digital technologies into the processes of lecturing, conducting laboratory
and practical classes, selecting literature, performing independent work and controlling the knowledge obtained by
students. Available digital tools and services for adapting students’ learning in the discipline of “Biological Chemistry”
within the framework of digital transformation are proposed. Thus, the use of digital technologies and special equip-
ment in education changes the ways of learning, search, collection, analysis and transfer of educational, professional
and scientific information, the nature of students’ independent work, as well as the control of knowledge and skills.

Keywords: critical limb ischemia; hybrid interventions; multilevel lesions; infrainguinal reconstruction; revascularization;
extended occlusions.
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0B30PHI

06wwecTBO Ha COBPEMEHHOM 3Tame pa3suTus Tpebyet
BHE[PEHUS U WCMOMb30BaHUS LMGBPOBbIX NPOrpaMM U Tex-
HOJIOrMiA Bo Bcex chepax LedTeNbHOCTH, BKITOYas 3ApaBooX-
paHeHue 1 obpasosanme [3, 13, 28]. Lndposnsaums cuctembl
30paBoOXpaHeHNs CTaBUT HOBbIE 3afladuu MNepef Bpayamu,
a CnefoBaTeNbHO, CTyLEHTaMW U NpenojaBaTensMu Meau-
LIMHCKYMX BY30B [22]. MeAMLMHCKUM paboTHWKaM Heobxoaumo
aflanTMpoBaThCs K LMDPOBOIA 3Moxe, YTObbI 0Ka3blBaTh Kaue-
CTBEHHY0 NMPodeCcCMOHaNbHYI0 U 3TUYHYI0 noMolb [21, 26].
LUndposas TpaHchopMaLyms OKa3biBaeT OrpOMHOE BAMSHUE
Ha BCE OUCLMMINHBI MEeAMLMHCKUX BY30B. [l aKTMBHOrO
yyacTus B TeKyLueM mpouecce uudpoBoii TpaHchopMaumu
BpayaM TpebyeTca BCeobbEMIOLLMIA 3amac 3HaHWU U KOM-
neTeHLMIA 0 LMGPOBLIX cUCTEMAX, MPOrpaMMax, TEXHONOMUAX
U MHCTpyMeHTax [25]. MosTomy nosBnseTcs HeobxoaMMOCTb
BKJIIOUEHMSA MNlaHa pasBuTUS LMQPOBLIX KOMMETEHLMI B pa-
6oume NporpaMMbl BCEX AMCLMNAMH MeLULMHCKMX BY30B.

B HacTosiLee BpeMs akTUBHO peanusyeTcs MeaepanbHbiii
npoekT «Kagpbl ang umdpoBoi IKOHOMUKWY, SBNSKOLLMIACS
COCTaBHOM 4aCTbl0 HaLMOHanbHOW nporpammel «Lndposas
3KoHOMMKa Poccuitckoi Pepepaummn» *. Lndposas TpaHc-
dopMaumsa TpebyeT 0CBOEHMUA HOBBIX MPOGECCHOHANBHBIX
KOMMeTEHLUW, KOoTopble Heobxoaumbl ana pabotsbl ¢ umd-
POBbIMM MHCTPYMEHTaMU. BbluncnuTenbHble TexHonormm 0b-
paboTKM BOMBLUMX AaHHBIX, CUCTEMBI MOLAEPIKKU MPUHATUS
PELLUEHMI N UCKYCCTBEHHOTO WHTEN/eKTa, CUCTEMbI OWCTaH-
LMOHHON KOMMYHMKaLWW M MOHWUTOPUHIA C KaX[bIM FO0M
BynyT BCe cunbHee 3aKpennAaTbCA B MeAULUMHCKOW U Nefa-
roruyeckon cdepax. OT npenogaBaTeneii BhicLiero 0bpaso-
BaHWA TpebyeTcs BbICOKas CTeneHb KOMMETEHTHOCTU B 00-
NacTv uMdpoBoM Neaarorvkm, Y4tobbl CNpaBUTLCS C 3adauyen
0byueHus byaywwmx cneumanuctos [30].

LUndposble KomneTeHUMn obecneunBaloT U 0XBaTbiBaAKOT
BCe BO3MOXHOCTHM, KOTOpble HeobXoauMbl A UCMOMb30-
BaHWA W ynpaBneHns LMbpoBbIMA MpoOrpaMMamy, YCTpou-
CTBaMM, NpUNOXEHUAMM K TexHosoruamu [19]. B atomn ceazm
CTaHOBMTCS aKTyaslbHOW pa3paboTka KOHKPETHbIX NOAX0A0B
K OpraHu3aumm 1 npoBeAeHUI0 00yyeHus ¢ Lenblo hopMUpo-
BaHUA LMPPOBOM KOMNETEHTHOCTM cneuuanuctos [1]. Pacty-
LLMIA CNpoC Ha KBanMGULMPOBaHHbIX CMELMANACTOB BbIHYX-
[aeT M3MeHATb 06pa3oBaTesibHble NporpaMMbl, cnocobeTays
OCBOEHMIO COBPEMEHHBIX KOMMETEHLMIA, CHOPMUPOBAHHBIX
oz, 3anpockl paboToaatenen v ¢ y4eToM NoTpebHocTeN Lmd-
POBOM 3KOHOMMKM.

ObpasoBatefibHble MHHOBALMM — 3TO He CTaTUyecKue
Leny, a NoCTosHHO pa3BuBatoLmecs npoueccol [17]. MeTo-
Abl 1 CNOCoBbI NPenoaaBaHus 1 00y4eHNs LOMKHbI ajanTu-
poBaThCS K peasusiM COBPEMEHHOW XM3HW B COOTBETCTBUU
¢ TpeboBaHMAMM HOBOro KoHTeKcTa [9, 29]. CucteMa obpaso-
BaHWA BbIHYXEHa HEMpPepbiBHO MU3MEHATLCA W Yy4LIaThCS,
MOCKONIbKY OT TOT0, KaK pa3BMBaeTcs 3Ta cdepa, 3aBUCUT

* YrBepxaeH [lpeauguymoM [IpaBUTENbCTBEHHOM  KOMWUCCUK
Mo undpoBOMY pasBUTHIO, MCMOSb30BaHMIO MHHOPMALMOHHbIX TEXHOMOT Ui
ANS YNyYLIeHUs KayecTBa XU3HM W YCIOBUIA BeeHNs NpefnpuHUMaTeb-
CKOM fiesTenbHoCTH, npoTokon ot 28.05.2019 N2 9.
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B nepcrnekTuee (yHKUMOHMpoBaHKe rocyaapctsa [1]. Moss-
NAOTCA HoBble TPeboBaHMA K OyAyLMM MeAULIMHCKUM Ka-
OpaM cucTeMbl 3apaBooxpaHeHust Poccun. MopmupoBanmne
LMdpOBbIX KOMNETEHLUMIA NPeAnoiaraeT Heobxo4UMoCTb UH-
Terpaumu UMQpoBbIX HaBbIKOB B 06pa3oBaTesibHble Nporpam-
Mbl [10]. BHegpeHne MHDOPMALIMOHHO-KOMMYHUKALMOHHbIX
TexHonoruii B cdepy obpasoBaHus TpebyeT HOBbIX METO0B
1 cnocoboB npenogasanua [23].

[ins pa3suTus UMPPOBLIX KOMMETEHLMIA B cucTeMe obpa-
30BaHuA TpebylTcs onpeaeneHHbIN 06beM LIMDPOBLIX 3Ha-
HWI yyaLLmMXCs, akageMUYecKue Lienm, AOCTYMHOCTb K TEXHO-
normsM 1 0bopyLoBaHuIo, a TaKKe HeobXo4MUMbIiA YpPOBEHb
MOAroTOBKM Mpenogasartenen B 3ton obnactu [7, 14].

OcHOBHble HanpaBieHWUs Hay4YHO-UCCNeA0BaTENbCKUX
TpagMUMii U NeAarornyeckoi LesTenbHocTU NpodeccopeKo-
npenoAaBaTeNibCKoro coctaBa Kadeapbl buonornyeckon
xumun CankT-leTepbyprckoro rocyaapCTBEHHOr0 neauma-
TPUYECKOro MeAMLMHCKOro yHUBepcuTeTa (GopMMpoOBanMch
1 M3MeHsANMCb Ha npoTsikeHumn 90 net [12].

[ins pasBuTMA LUMQPOBLIX KOMMETEHUMIA Y CTYLEHTOB
Mo cneumanbHOCTH «neyebHoe feno» B NPOLECCe U3y4eHUs
OVCLMNIIMHBI «B1oNornyeckas Xumus» NosiBNIAeTCa Heobxo-
LMMOCTb [100aBNEHUsA K 0CHOBHBIM TPeb0BaHUAM CNeLyoLLmX
3HaHMI, YMEHMIA U HABbIKOB UCMO/Ib30BaHUS:

* UMPPOBLIX WHCTPYMEHTOB [N MOWMCKA, aHanusa

u cuHTe3a uHdopMauum (ABC KoHcynbTaHT cTyneHTa
studmedlib.ru, 3MB KoHcy/bTaHT CTyLeHTa «KOHCYIb-
TaHT Bpaya» studentlibrary.ru, 36C «KoHcynbTaHT Bpaya»
rosmedlib.ru, elibrary.ru, PubMed, Scopus);

+ 006/1a4HbIX CEPBUCOB AN XPaHEHUS U Mepefayu WH-
¢opmaumnm (Anpekc.uck, Google.Disk, iCloud Drive,
Dropbox, 06nako Mail.ru, Microsoft OneDrive);

+ undposbix pepaktopos (Word, Paint, PowerPaint)
W, BONOJHUTENBHO, CMELMANM3MpPOBaHHbIX pe4aKTopOB
(ChemDraw, JChemPaint, ISIS Draw, ChemSketch);

« obpasoBatenbHbix nnatdopm (Moodle, iSpring Learn,
GetCourse, TWIGA CG, DOCCLUB, MED TRAIN, Beicuas
MeJMLUMHCKas LWKona, Future Learn);

« TexHonorui 6GecnpoBopHoit cBsisu (Discord, anek-
TPOHHas noyTa, MobunbHas TenedoHUs, coumanbHble
CETW), C MOMOLLbK KOTOPbIX CTYAEHTbI MOryT nosy-
yaTb MHbOpMaLMio U 3aAaBaTb BOMPOCH! B MpoLecce
0by4eHus;

* BWOEOXOCTUHIOB ANS BU3yanu3auuu BUoXMMUYecKux
npoueccos (YouTube, vimeo.com);

« TexHonorui VR/AR pnsa 3D-Bu3yanusauum Monekyn,
BHYTPMKIIETOUHBIX Npoueccos (AR VR Molecules Editor,
InMind2, The Body VR, Nanome), co3paHus BupTy-
anbHbIX XuMuueckux nabopatopuii (VR CHEMISTRY
LAB, MEL CHEMISTRY VR, «[eHoMHas uHxeHepus»,
HoloLab Champions, StarBiochem);

* WCKYCCTBEHHOTO MHTENNEKTa NS NMPUHATUSA Bpayeb-
HbIX PELLEeHMI (cucTeMa NOCTaHOBKU AMArHO30B Ha oc-
HoBe Big Data «Poctex», mosgorzdrav.ru, cucteMa
MeDiCase);
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* MporpamMM [AJis OHNalH-TecTUpoBaHua (AHaexc.Pop-
mbl, YOBA, baHk Tectos, OnlineTestPad, MyTestX);

* MpOrpaMM 1S CTaTUCTUYECKOr0 aHanm3a noyyeHHbIX
OaHHbIx (STATA, Statistica, Epilnfo, WinPepi);

* BCMOMOraTeslbHbIX MHTEPHET-PECYPCOB [ OLLEHKM
CMMMTOMOB ¥ BO3MOXHbIX JMarH030B C MPUMEHEHNEM
MCKYCCTBEHHOIO WHTEJIEKTA U BO3MOXHOCTBIO AMC-
TaHUMOHHOTO KOHCYNbTUPOBAHMS CO CMEeLManncToM
(MeDiCase, mosgorzdrav.ru);

¢ HaBbIKOB COBMECTHOM AMCTaHLMOHHO paboTsl B rpyn-
nax (Jamboard, Google Docs, Padlet, Miro, Trello)

Bce nekumu s cTyAeHTOB B MpoLiecce U3y4eHns npej-
MeTa «b1onorMyecKas XMMns» BbKNaabliBalOTCA B CUCTEMe
ynpasnenus Kypcamu Moodle u ux Matepuan npefcraBneH
B ¢opmate PowerPoint. YuebHo-MeToanueckoe U uMHdop-
MaLMOHHOe 0becrieyeHne BHIOYAET, KPOMe TPaAULMOHHBIX
y4ebHMKOB Ha ByMaXXHOM HOCWTene, UCMONb30BaHME 3MeK-
TPOHHbIX 6MBNIMOTEK CTYAEHTOB, YTO MOBbILWAET CKOPOCTb
MoucKa MHGOpPMaUMM M JOCTYMHOCTb y4ebHOM, npodeccmo-
HanbHOM U Hay4HOW nuTepaTypbl. [nobanbHas cetb WHTep-
HeT [,aeT BO3MOXHOCTb NOCELLATh 3MIEKTPOHHbIE XPaHWITMLLA
LaHHbIX, B KOTOPbIX COAEPIATCA MUIIMOHLI 3NEKTPOHHBIX
KHWUT U CTaTeli Ha BCex A3blKax MUpa. INEKTPOHHbIE HayyHbIE
bubnnoTekn nossonsaT caenatb bonee ahheKTUBHLIM Npo-
Liecc moucka uHdopmaumn n 0becneynTb BbICOKUNA YPOBEHD
0bpa3oBaHMs M Hay4HO-MCCeLOBaTeNbCKOW paboThl [5].
K coxaneHuio, y MHOTVX Mob30BaTeseN HayyHbIX IEKTPOH-
HbIX UCTOYHWKOB BO3HMKAIOT NpobieMbl ¢ nofyyeHueM nos-
HOW MHGOPMaLMK, CoaepIKalLenca B 0a3ax AaHHbIX B pe-
3ynbTaTe MAaTHbIX YCAyr, NPefoCTaBAseMbIX HEKOTOPbIMY
pecypcamu.

HayuHble BU3yanusaumuu (MnntocTpaumu, TPeXMepHbIE Mo-
LEeNW, aHUMaLWK, CUMYNALMA U T. [.) UTPaloT BaXKHY0 posib
B 00yyeHun bruoxmummm [2], ocobeHHo Korfa peyb UAEeT 0 SB-
JIEHUSIX, NPOMCXOAALLMX Ha CYOMUKPOCKOMMYECKUX YPOBHSAX,
3a npejenamm ypoBHA HabnopeHus 6e3 cneuuansHoro obo-
pyLoBaHus M 6e3 conocTaBUMbIX aHaIoroB Ha MaKpOCKOMHU-
4ecKoM ypoBHe [27].

BupeoxocTvHrn — BoCTpebOBaHHbIE MHHOBALMOHHbIE
cpencTBa obyyeHMs B YCNOBMAX MUPOBOM LudpoBM3aLmMK
obpasosaHus [11]. YouTube npespatuncs B pacTywumit obpa-
30BaTeSIbHbIN Pecypc Ans CTYLEHTOB M npenopaBatenei [24]
W SIBNSIETCA CaMbIM MONYNApHbIM Beb-caiiToM ans obMeHa
BM[EO0, COLEPHKALLEro 3HaUUTENIbHOE KOJIMYECTBO MeAMLIMH-
CKUX BUAEOPOAMKOB [31].

B nmpouecce u3ydeHns cTyaeHTaMu OUCLMMNAMHBI «BKo-
NOTUYECKas XMMUS» aHUMALMA MOXET MCMOJIb30BaThCS 1A
BM3Yann3aLyv NpoCTPaHCTBEHHOM CTPYKTYPbI TaKUX CIOMHbIX
BrononMMepoB, Kak BenKku WU HYKIeUHOBLIE KUCNOTbI; KOH-
(GOPMAaLMOHHBIX U3MEHEHUI MOMEKYNbI KaK OCHOBbI (PYHK-
LMOHUPOBaHMA benka; KOH(POPMAaLMOHHOM MepecTporKu
MoneKyn depMeHTa nmof, [eNCTBUEM anjocTepuyeckux ad-
(eKTopoB; npoLecca GYHKLUMOHUPOBAHMS LbIXaTeNbHOM Lieni
1 buocuHTe3a afeHo3uHTpudochaTa; NpoLeccoB pernnka-
UMM, TPAHCKPUNUMU U TPaHCNAUMM, DYHKLMOHMPOBAHMS
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p1O0COMBI; MeXaHWU3MOB Mepeayl ropMOHaIbHOM0 CUrHana;
MeXaHWU3MOB NepeHoca BeLLECTB Yepe3 MeMbpaHbl; MexaHn3-
MOB MbILLEYHOr0 COKpaLLeHUs 1 paccnabneHus.

CTpyKTYpHO-(YHKLUMOHANbHBIE B3aUMOCBA3M buonoru-
UECKUX MOJIEKYN ABMIAKOTCA OCHOBOMOJNArallwmMn Ans us-
ydeHus oroxmmmn. MoHuMaHue TpexmepHoii (3D) npupoabl
DeNKOB M BU3yann3aLmus XMMUYECKUX CBA3EH, Y4aCTBYIOLLMX
B (honauHre benka, UMEKT peLLaloLLee 3HayYeHWe 41s Toro,
4To6bl YyaLLMecs MOrn NPeaCcTaBNsaTb B3auMoencTeus be-
JIOK — NIUraHA 1 NporHo3vpoBaTh BAUAHUE MyTaLMii Ha 06MeH
BeLLeCTB B opraHuame. 3D-cTpyKTypbl MHOMMX BenKoB Tenepb
LOCTYMHBI B KauecTBe Y4ebHbIX Nocobui, BKITKOYas aHUMaLmio
BpaLuatowmxcs 6enkoBbix cTpykTyp. KpoMe Toro, oHnaiiH-
urpa Foldlt ncnonb3yeT npuHUMNbI cBOpauMBaHus benka,
4TOBbI MrPOKW MOFM MOHSATL U NpeacTaBuTb 3D-CTPYKTYpHI
benka [20].

BupTyanbHbIii NabopaTopHbIA NPaKTUMKYM NO3BONSET Bbl-
NoJHATL abopaTopHble paboTbl, TpebytoLLmMe HaMUMA COXK-
Horo u gopororo obopynoBaHusa (anekTpodopes, xpomaro-
rpadus, U30(hoKycMpoBaHNe, CEKBEHUPOBaHME) [4, 6].

CnepnyeT 0TMETUTb, YTO TEXHOJOTMM BUPTYaNIbHOW pealib-
HOCTM, HECMOTPS Ha MHOXECTBO MOJOXMUTESbHBIX PaKTOpOB,
MOKa elle [0CTaTOYHO AOPOrocTosliME WM ManofocTyn-
Hble [15], noaToMy B KayecTBe boniee JOCTYMHOM anbTepHa-
TMBbI MOXHO paccMaTpuBaTth 3D-aHuMaumio.

OnpepeneHHblii MHTEpeC ANA OUCTAHLMOHHOrO 0byye-
HWA MOXKET NPeACTaBNATb U TEXHONOMUS «aBaTap». Yenosek
C MobUNbHOW KaMepoii TpaHCIMpYeT CBOM AeWCTBUS U Bbl-
MOJHSET 3KCMEePUMEHT No KoMaHe obydatowerocs [8].

B HacTosee BpeMs cyllecTByeT [OCTaTO4HO bonbLuoe
KOJIMYECTBO MPUIIOKEHUIA, KOTOPbIE MOXHO MCMONIb30BaTh
B 00y4eHum (AR VR Molecules Editor, InMind2, The Body VR,
Nanome, VR CHEMISTRY LAB, MEL CHEMISTRY VR,
«leHoMHas uHxeHepus», HoloLab Champions). K coxane-
HWI0, NpefJiaraeMblii UMM KOHTEHT Masno COOTBETCTBYET CO-
LEepXaHuIo y4ebHO MporpamMMmbl, 0AHAKO CYLLECTBYHOT KOM-
naHuM pa3paboTuMky, roToBble CO3[aBaTb HEOOXOAMMblE
MHCTPYMEHTbI U CEPBUCHI.

Mo3HaKOMUTbL CTYAEHTOB C MHTEPHETOM MeLULMHCKMX
Belen ynobHo, HanpuMep, B bnoke «Perynaums yrnesopn-
HOroO ¥ MMUEHOrO 0BMeHOB». Ha MpaKTMYecKoM 3aHATUM
CTy[eHTaM MOXHO MPeAnoXuTb chenaTb 0630p coBpeMeH-
HbIX FafXeToB ANs DONbHbIX CaxapHbIM AuabeToM, TaKkux
KaK MHOropasoBas LUMPUL-PYYKa, MHBEKLUMOHHBIA MOPT,
MHCY/IMHOBAsA MOMMa, IMIOKOMETP, LATYMK [MIOK03bl, TpaHC-
MUTTEP, ¥ MOOMNBHBIX MPUIOXEHUIA AN B3aUMOLENCTBUSA
C 3TUMM ycTpoicTBaMK. Ha 3TOM 3aHATUM TaKKe CTYAEHT
MOryT BbINOSHATL NabopatopHyto paboTy «[lepopanbHbiid TecT
ToNepaHTHoCTH K rntoko3e (MTTT)» ¢ ucnonb3oBaHWeM nopTa-
TMBHOTO TIIOKOMETpA.

CamocTosTenbHas paboTa cTyaeHToB 0bbeauHseT nog-
FOTOBKY K 3aHATUAM C MOMOLLbIO 3M1EKTPOHHbIX BrbauoTek,
0a3 paHHbIx (studmedlib.ru, studentlibrary.ru, rosmedlib.ru,
elibrary.ru, PubMed, Scopus) n pasnuyHbix obpa3oBaTesb-
HbIX NNaThopM; NOArOTOBKY AOKNAAO0B, MYNbTUMELUMHBIX
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npe3eHTaLui, BULEOYPOKOB, NOHTPULOB, NOAKACTOB, WHTE-
PaKTMBHBIX ynpaxHeHui (PowerPoint, Articulate Rise, Tilda,
Readymag, dabpuka kpocceopaos, Flippity).

PelueHne cuTyaumoHHbIX 3afay v pasbop KeicoB MOX-
HO WCMONb30BaTb KaK HEnocpefCTBEHHO Ha 3aHATUMW, Tak
M B Ka4yeCTBE CaMOCTOATENIbHOW BHEAyAMTOPHONM UK npo-
BepOYHOM pabortbl. [Mpouecc paboTbl Hag 3afa4aMm MOXHO
OpraH130BaTh C MOMOLLbI0 CEPBUCOB AN COBMECTHOM AucC-
TaHUMOHHON paboTbl B rpynnax (Jamboard, Google Docs,
Padlet, Miro, Trello). MpenoaaBaTenb BLIKNaAbIBaeT cepuio
CUTYaLMOHHbLIX 3a[iaHuiA, HanpuMep Ha Aocky Padlet [16].
CryneHTam npepfiaraeTcsl pewwnTb 3TV 3afauum 3a onpefe-
neHHoe BpeMs. [penogaBaTeNib MOXET OTCNEXUBATb XO[
PeLleHns U AaBaTb KOMMeHTapuW. 3aTeM NOACUUTHIBAET-
CA KOJIMYECTBO MPaBUIIbHO PELUEHHBIX KaW[bIM CTYLEHTOM
3apay v onpegensiotcs nobeautenu. BHeceHne anemeHTa
KOHKYPEHLMW C MOSIyYEeHUEM Harpajbl MOBbLILLAET 3auHTe-
pecoBaHHOCTb M MoTuBaLMio obyyatowmxcs. [paBubHOCTb
peLLeHns 3afaun CTYAEHTbI MOTYT OLIEHWUTb CaMOCTOSTESTBHO
C MOMOLLbK CEPBUCOB MOAAEPHKN MPUHATUS MEOMULMHCKNX
PEeLLEeHMIn Ha OCHOBE WUCKYCCTBEHHOTO WHTEN/EKTa (cuctema
MeDiCase, mosgorzdrav.ru).

NHTepecHbIM ANs CTYAEHTOB MOXKET BbiTb cnocob npep-
CTaBJIEHUS CUTYaLMOHHOI 3aauu B BULE YaT-b0Ta unm Bup-
TyanbHOr0 MauMeHTa, Mo aHanorum ¢ NpPUMEHSEMbIMA 1S
aKKpeaMTauun Bpaden, Ho ¢ bonee NpocTbIMM anropUTMa-
mu [18].

TakuM 06pa3oM, 3HaHus, yMeHUe 1 BrageHue UMdpoBbI-
MW NporpaMMamMu 1 TEXHONIOMUAMM ABNSKOTCA HeobxoauMoil
M HEOTHbEMNIEMOM YacTbio BCEro y4ebHoro npouecca u3yye-
HWA QUCLIMMNMHBL «OMONOTMYECKan XUMUS» IS CTYLEHTOB
Mo CreumanbHoCTH «fleyebHoe aeno».
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Wcnonb3oBaHue uudpoBbIX MPOrpaMM U TEXHOMOIWN
B 00pa30BaHMM U3MEHSET cofiepKaHne obyyeHus, cnocobbl
noucka, cbopa, aHanusa u nepepaun yyebHow, npodeccmo-
HasbHOW W Hay4HO MHdOPMaLMK, XapaKTep BbIMOSIHEHNS ca-
MOCTOSTE/NIbHOM paboThl CTYAEHTOB, a TaKKe KOHTPONA nony-
YaeMbIX 3HaHMIA. TakuM 0Bpa3oM, Bo3HMKaeT He0bX0AMMOCTb
aKTyanu3aumm paboumx nporpaMM no AMCLMMIMHAM B paM-
Kax umdpoBon TpaHchopMauum coBpeMeHHOro obLecTa.

A0NOSIHATESIbHAS! UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M OAMHAKOBbLIA PaBHbLIN
BK/aJ, B pa3paboTKy KOHLenuuu, npoBefieHue UcCiefoBaHus
M MOArOTOBKY CTaTbW, MPOYNM M OL00pUIN dUHaNbHY Bepcuo
nepes nybnukaumen.

UcTounuk dmHaHcupoBaHus. ABTopbl 3asBNAIOT 06 OTCYTCTBUM
BHELLUHEro GUHAHCMPOBaHMS NpY NPOBEAEHNN UCCIeLOBaHMS.
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AHHOTALUNA

Pa3paboTKa U BHeApEHWe B KJIMHUYECKYI0 MPaKTUKYy WHHOBALMOHHbIX METOLOB JIeYEHUs MaLMEHTOB CO 3/10KQYeCTBEHHbI-
MW OMyXONsIMM 3a MOCNefHue [Ba LEeCATUNETUS HECOMHEHHO MPUBEM K 3HAUMTENIbHOMY YBEMYEHMIO BbIXMBAEMOCTH,
4TO He MOApa3yMeBaeT NoA cobom «u3neyeHue», a TOT GaKT, 4To Bce bonblue 6oMbHBLIX ByoyT [OXMBATL [0 CTaguM Me-
TacTasWpoBaHUA B LIEHTPasbHYl0 HepBHylo cucTeMy. llonyyaemble AaHHble MpU NPOBELEHUN AWUArHOCTUYECKOW MarHUTHO-
Pe30HaHCHOM ToMorpaduv B nocneaHue rofibl YKasblBalT HAa TEHAEHUMIO K YBEJIMYEHMI0 KONIMYECTBA Cily4aeB BTOPUYHOMO
MOPa)XeHWs! FOIOBHOTO MO3ra Y MaLMEHTOB C Pa3fIMYHON OHKoMaTosorveii. MeTacTasvpoBaHue B LIEHTPaNbHYK HEPBHYIO CU-
CTeMy SIBNSETCA aKTyaNbHO Npo6emoit B BUAY TOFO, YTO FOAMYHAs BbIXKMBAEMOCTb faXe Npu NpoBeeHUn cneunduyeckon
NpOTUBOOMYXOJIEBOI TEpaNMM 0CTAETCs BECbMa HU3KOM W cocTaBnseT nnib 20 %. V3yyeHne MexaHU3MoB MeTacTasupoBaHus
B LiEHTpanbHyl0 HEPBHYK CUCTEMY CRYXMUT KiloueBbIM (HaKTopoM B pa3paboTke HOBbIX IPHEKTUBHBIX NOAXOA0B K NIeUEHUHO
NaLMeHTOB C AaHHOW NaToNOr1el 1, KaK CneacTBue, NpUBEAET K yNyyLIeHUo NporHo3a 3aboneBanus y AaHHOI rpynnbl 6onib-
HbIX. bnarofaps npoBefeHHOMY aHanK3y Hay4HOV IUTepaTypbl N0 AaHHOMY BOMPOCY Mbl CHOPMUPOBANM W U3NOXKMIM COBpE-
MeHHOe NpefCTaB/eH1e 0 NpoLeccax, MPOMCXOAALLMX NPY BTOPUYHOM MOpaXKeHuM ronoBHoro Mo3ra. Ocoboe BHMMaHWe yae-
JIEHO OPraHoOTPOMNMU3My, MexaHU3MaM YCKOMb3aHUs MeTaCcTaTUYeCKUX KNETOK OT MMMYHHOW CUCTEMbI LEHTpasbHON HepBHOVA
CUCTEMbI W B3aUMOJENCTBMIO C HEPBHBLIMM KIIETKaMM, @ TaKKe 0CODEHHOCTAM BHEK/IETOYHOTO MaTpUKCa BTOPUYHOMO oyara.
MpencTaBneHbl NepCreKTUBHbIE pa3pabaTbiBaeMble METOLMKM IEHEHUS.

KnioueBble cnoBa: MeTacTasbl; 3/10Ka4eCTBEHHbIE onyxonu; rOJIOBHOI MO3T; paK MOJI04HOM ene3bl; paK nerkoro.
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ABSTRACT

The engineering and introduction into clinical practice of innovative methods of therapy patients with malignant tumors
over the past two decades has certainly led to a significant increase in survival, which does not imply a “cure”, but the
fact that more and more patients will live to the stage of metastasis to the central nervous system. The data obtained
during diagnostic magnetic resonance imaging in recent years indicates a tendency to increase the number of cases of
secondary brain damage in patients with various oncopathologies. Metastasis in the central nervous system is an ac-
tual problem due to the fact that the annual survival rate remains very low even with specific antitumor therapy (20 %).
The study of the mechanisms of metastasis in the central nervous system is a key factor in the development of new ef-
fective approaches to the treatment of patients with this pathology, and, as a result, will lead to an improvement in the
prognosis in this group of patients. Due to the analysis of the scientific literature on this issue, we have formulated and
presented a modern understanding of the processes occurring in secondary brain damage. Special attention is devoted
to organotropism, the mechanism of escape of metastatic cells from the immune system of the central nervous system
and interaction with nerve cells, as well as the features of the extracellular matrix of the metastasis. Promising treat-
ment methods being developed are presented.
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BBENEHUE

Mo [JaHHBIM Hay4HbIX MCCNEA0BaHWA MOCNEAHWX feT
A0 20 % nauuMeHTOB CO 3110KAYeCTBEHHbIMU OMyXOSMH
MMEIOT MeTacTaTUYecKoe nopaxkeHue ronoBHoro mMo3ra (MM)
[3, 21, 32]. OgHaKo daKTMyecKky 3Ta uudpa npeacTaBnseTcs
3HauMUTENbHO DOMbLLEN, NOCKONBKY faHHbLIA NoKa3aTesb co-
OTBETCTBYET TEM KIIMHUYECKUM CNyYasM, KOrAa NpoBOAMTCS
MpOTMBOOMNYX0/eBoe fieyeHne. CTOUT OTMETUTb, YTO He Npu
BCEX OHKONOrMYecKux 3aboneBaHWsX peKoMeHOyeTcs Bbl-
MOJIHEHME PYTUHHOMO AMArHOCTUYECKOro uccnefoBaHus M.
PesynbTathl ayToONCUiAHBIX UCCEA0BAHUNA NPOLEMOHCTPUPO-
BaM boniee BBICOKYI 4acTOTy Cily4aeB MeTacTa3upoBaHMs
B LieHTpanbHyto HepBHyto cuctemy (LHC) y naumeHTos c pas-
JINYHBIMM 3/10KaYeCTBEHHbIMM onyxonamu (oo 40 %) [24, 36].

XoTs npu nobon 3n0KaYECTBEHHOM OMYXOAM MPUHLIM-
MUanbHO BO3MOXHO MeTacTasupoBaHue B M, Haubonee
XapaKTepHo BTopuyHoe nopaxeHue LIHC npu pake nerkoro
(PN, 20-56 % naumeHTOB), paKe MosIO4HOW xenesbl (PMIK,
5-20 %) n menaHome (7-16 %) [3, 4, 30]. Ctout oTMeTUTB,
uYTO BbILLEYKa3aHHble HOBOOOPA30BaHNA 3aHUMAIOT NIMAMPY-
foLLme Mo3uummn no 3abonieBaeMoCTM OHKONIOMMYECKOl naTo-
norveii Bo BceM Mupe. B nocnesHue roapl Takke peructpu-
pyeTcs yBeNMYEHUe KONMUECTBA Cly4aeB METacTa3upoBaHms
B 'M npu noYeYHO-KNETOYHOM paKe 1 KONOPEKTaNbHOM paKe.

Ha cerogHsLWHWA AeHb yKe YCTaHOBMEHO, YTO MOJeKy-
NAPHBIA NOATUM MEPBUYHOW OMYXONM BAWSIET Ha pas3BuUTUE
MeTacTa3oB B ['M. HeHLmHbI ¢ 6a3anbHONOA00HbIM (TPOHHOM
HeraTuBHbIM) UnM HER2-no3nTuBHBEIM (C MOBBILLIEHHOM 3KC-
npeccueit anuaepManbHoro gaktopa pocta-2) PMX uMetot
bonee BbLICOKWII PUCK BO3HWUKHOBEHMS MeTacTasoB B M,
YeM MaLMEHTKM C JIKOMUHANBHBIMKU NoaTunamu onyxonu [20].
Cpepay 3n0Ka4eCTBeHHbLIX HOBOODOPA30BaHUiA Nerkoro Hambo-
nee BbICOKOI 4acToTOM BTopu4HOro nopaxenus LLHC otnamya-
€TCA HEMEJIKOKIeTOuHbIN pak (HMPJT) ¢ TpaHcnokaumeit ALK
(kMHa3a aHannacTuyeckon numdoMsl) [35]. MeTactasupoBa-
Hue B M XxapaKTepHO [l MeNlaHOMbI C HalIMYMeM MyTaLuu
B reHe BRAF (cepuH/TpeoHWHOBas NpoTeMHKMHas3a B-raf),
onyxonu 6e3 aaHHoi abeppauum peako nopaxatot LIHC. Ove-
BMHO, YTO 3TW [aHHble HEBEPOSATHO BaXKHbl B ONpeLesieH!n
TaKTUKW NIeYeHWUs NALMEHTOB C MeTacTa3npoBaHueM B M.

Bnaropaps HoBbIM NOAX0AAM K Jie4YeHMI0 HOMIbHBIX OHKO-
naTonorveit noKasaresv 06LLen BbIXKMBaEMOCTH YBeMUMBa-
loTCS, YTO, B CBOK O4Yepefb, CO3AAET NPeAnoChUTKA K TOMY,
yto Bce bonblue OOMbHLIX OYAYT «A0MMBaTb» A0 CTafuu
meTactasupoBahua B LIHC. [aHHbii GakT AuKTyeT Heobxo-
LMMOCTb aKTUBHOMO U3yYeHWs! MEXaHM3MOB BTOPUYHOTO No-
paxenusa LIHC ¢ uenbto paspabotku 3ddeKTUBHBIX METOA0B
NPoGUNAKTUKK 1 Tepanuu.

Hawwe npepacTaBneHne o MexaHM3Max MeTacTa3upoBaHuA
B UHC 3HaumTenbHo pacwmpunocs bnarofaps npoBeeHHbIM
“ccnefoBaHuAM 3a nocnegHue gecatunetus. 04eBuaHo, UTo
ocoboe 3HayeHWe B MOHMMaHWM MpoLecca BTOPUYHOTO Mo-
paxeHus I'M umeet opraHotponusm. Ecim 6bl npouecc auc-
CEMWUHMPOBaHMS ONMYX0J1EBbIX KIIETOK MPOUCXOAMUI CY4aliHo,
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Meavatp

TO B NMeYeHN C QEHECTPUPOBAHHBIM CUHYCOMAANBHBIM 3H-
LOTENIMEM, MOMYHAOLLEN 3HAYUTESBHBIA MPUTOK BEHO3HOM
KpoBw, Bcerga Obl BbIBASIMCL MeTacTaTMYECKUE 0uvari,
B TO BpeMsl Kak M, oTinyalowwmiics HanmuueM BbICOKOW3-
BupaTenbHOro NponycKHoro reMaroaHuedanuyeckoro bapbe-
pa (F3b), octaBancs bbl MHTAKTHLIM. OAHAKO Y psAfa NaumeH-
TOB AMarHoCTUpYIOTCA MeTacTasbl B FOJIOBHOM MO3re Aae
Npu OTCYTCTBAW BTOPUYHOrO NOpaxKeHus nedewu [8, 22].
310 mo3Bonmno chopMmpoBaTh NpeLcTaBneHue, YTo MeTa-
CTasupoBaHWe B FOSIOBHOM MO3r He BASETCA CNyyalHbIM
MpOLeccoM, AaHHbI MeXaHu3M [eTepMupoBaH 0cobeHHo-
CTAAMM NMEPBUYHO OMYXONTU.

MeTacTasupoBaHme B M npoucxoguT remMartoreHHbIM
nyTeM (cM. pucyHok, A, B). LLHC otnnyaeTcs nnoTHoii u pas-
BMTOW CETbI0 KanunnspoB. CuuTaeTcs, YTO aaresvs LMpKY-
JIPYIOLLMX OMYXOSEBBIX KNETOK BO3HWUKAET Ha CThIKE CEpOro
u benoro Bewectsa M 1 B 30He pa3AeneHns Kanunisapos,
roe KpOBOTOK OTHOCWTENIbHO MefjleHHee M0 CPaBHEHMIO
CO CPeAHUM 3HAYeHMEM. YMEHBLLEHMIO CKOPOCTM KPOBOTOKA
B 3TOM 30He cnocobcTByeT M 6oNbLLO pa3Mep OMyXoMeBbIX
KneToK (20 20 MKM), UTO B COBOKYMHOCTU JaeT bonblue Bpe-
MeHM 4518 Murpaumuy Yepes 36 B napeHxumy Mo3ra [9, 14].

Bnaropmaps cneuuduyeckoMy B3aUMOLEACTBUIO MEXAY
3HA0TENMEM cocyaoB M 1 LmpKynupyOLLMMUM OMYXO0NEBBIMM
K/leTKaMu 3amycKaloTcs npoLecchl agresum nocnegHux. Noka-
3aH0, 4TO MOBLILLEHHAsA 3KCMpeccust MeMOPaHHON FMKO3WI-
TpaHcoepasbl STGGALNACS 1 akcnpeccus uHTerpuHoB avp3
1 B1 onyxonesbiMW KNETKaMK CNOCOOCTBYET NPUKPENIEHMIO
K 3Hgotenmio [/, 14]. [naBHas nperpaga 418 NPOHUKHOBEHMS
LMPKYNIMPYIOLLMX MeTacTaTudeckux onyxoneit B TM — 3o
[36. Ha ceropgHAWHUM [eHb eLle ocTaeTcs A0 KOHUA He-
AICHBIM MEXaHW3M NpeofofieHns AaHHoro bapbepa. OgHako
He[aBHO NPOBeAEHHbIe UCCef0BaHUA NMO3BOMMAN HECKOb-
KO NposicHUTb 3TOT Borpoc. bbino obHapyeHo, 4To onyxo-
neBble KneTkn PMIK akcripeccupytoT B KpOBOTOK BE3WKYIbI
1 3K30COMbI, oborawleHHble MUKpOPHK-105, MulleHbto ans
KOTOPOro CNYXWT 30HyNa OKKNKAMH-1, KacKafHbli benok
36 [40] (cM. pucyHok, B). B mpyroM uccnemoBaHuu oTMe-
UEHO, YTO OMYXOJIEBbIE KNETKU NPOLYLMPYHT B BOMbLLOM KO-
nuyectee GepMeHT KaTencuH-S, NpUBOAALLMIA K NPOTE0n3y
COEIMHEHUIA, PaCrOSIOKEHHbIX MeXAy 3HAOTeNManbHbIMMU
knetkamu 36 [3, 27]. B pesynbTtate NpoucxoamT paspyLue-
HWe MNOTHbIX KOHTakToB 3B, YTo cnocobcTByeT MUrpauum
LMPKY/MPYIOLLMX KNeTOK B napeHxumy ['M. YuacTve katencu-
Ha B NPOHMKHOBEHWM B NapeHxuMy ['M 6Bbino noaTBepXAEHO
B 9KCNEPUMEHTANIBHOM MCCE0BaHUN. YMEHbLLIEHNE KOHLEH-
TpaLmMu KaTencuHa B NepBMYHOM OMYX0JIEBOM 0Yare NpuUBENO
K 3HQUMUTEbHOMY YMEHbLLEHUIO C/ly4aeB MEeTacTa3npoBaHuA
B ['M [27]. Ha aKkcnepuMeHTanbHOW MoAenn NoKasaHo, UTo
3K30COMbI, HaueneHHble Ha M, u3bupatenbHo nornowanmcs
MMEHHO 3HAO0TENMaNbHbIMU KieTkamm 3B, Takum obpasom
BE3MKYJbl, 3KCMPeCccMpyeMble OMyX0NeBbIMU KITETKaMH, Npo-
ABNAOT opraHocneunduyHocTb [3].

Mocne Toro Kak onyxonieBble KETKW MOMafjakT B Ma-
peHxumy M, yacTb ux norubaet, B TO BpeMs Kak Jpyrue
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PucyHok. MexaH13M MeTacTasvpoBaHWA B rOIOBHOM MO3r. A — 0MyXoseBble KNETKM U3 NePBUYHOTO 04ara 0TOUpakTCs B COOTBETCTBUN
C NOAXOAAMM (EHOTUNOM ANs MeTacTasnpoBaHWs B FONIOBHOM MO3T W MONafakT B KPOBOTOK. OnyxoneBble KNETKK B KPOBOTOK MOryT
BbIJENATb BE3UKYJIbl M 3K30COMbI C pasnuyHbMU MUKpo-PHK 1 depMeHTamu; B — ¢ TOKOM KpoBM MeTacTaTUyecKue OnyxoneBble KNETKU
nonajaloT B rofioBHOM Mo3r; C — 3K30COMbI M BE3MKYTbl, 3KCMIPECCUPYEMBIE OMyXO0NEBbIMU KIETKaMM, BO3LENCTBYIOT HA KacKadHble
benku reMatoaHuedanuyeckoro bapbepa, paspyluas ux; D — nonapas B napeHXuUMy rofioBHOro Mo3ra, MeTactaTuieckue onyxoneBble
KNEeTKWU MOryT NepexofuTb B COCTOSHWE MOKOS UM CPa3y NPOXOAAT CTafMio afanTaummu (NocpefcTBOM NPUOBPETEHNS HOBBIX MyTaLMiA)
1 0bpasyloT BTOPUYHbIN o4ar; E — onyxoneBble KNeTKK 06pasyHoT LueneBMaHbIE KOHTaKTbI C acTpoLuMTamMm aas obecneyeHus nepeHoca
MeTabo/MTOB M NPOAYLMPYIOT LIUTOKWHBI OIS NPUBNIEYEHNS MUENONIHBIX KIETOK, KoTopble AMddepeHLMpyoTCs TaKxKe noj BaMseM
ONyX0/u B OMyXO0Jb-aCCOLMUPOBAHHBIX MaKpogaros

Figure. Mechanism of metastasis into brain. A — Tumor cells from the primary tumor site are selected in accordance with phenotype
suitable for metastasis into brain and get into blood-flow. Tumor cells are capable of emitting vesicles and exosomes with various
micro-RNA and enzymes into blood-flow; B — with blood-flow metastatic tumor cells find their way into the brain; C — exosomes
and vesicles expressed by the tumor cells affect and destroy cascade hematoencephalic barrier; D — having permeated into brain
parenchyma, metastatic tumor cells may either transform into sleeping state or undergo adaptation stage right away (by means of new
mutations) and form a secondary tumor site; E — tumor cells constitute slit-like contacts with astrocytes for transition of metabolites
and produce cytokines attracting myeloid cells that also differentiate under the influence of the tumor-associated macrophages

MOryT AAMTENbHOE BPEMS HAXOAMUTCA B «CMALLEM» PeXUME
(cocTosHME NoKos1), NpuobpeTas CBOWCTBA CTBOMOBBIX Kile-
TOK 3@ CYET 3KCMPEeCcUm TPaHCKPUNLMOHHBIX dakTopoB SOX2
n SOX9 [17] (cM. pucyHok, D). bnarogapst naHHbIM benkam
NPOUCXOLNUT MHrMBMpOBaHMWe curHanbHoro nyt Wnt, perynu-
pytoLero anddepeHLMPOBKY KIETOK, YT TaKkxKe obecrneun-
BAET YK/IOHEHME OT UMMYHHOO 0TBETa. [10 HEKOTOPLIM AaH-
HbIM COCTOSIHWE MOKOS MOXET AJMTbCA FOAaMU UK Jaxe
pecatunetnamu [3, 29]. KnioueBble dakTopebl, onpeaensto-
LLMe BEePOSTHOCTb «pecTapTay KIIETOK OMyX0/u, B HAacToslLLee
BpeMs TOYHO He ycTaHoBNeHbI. CyLLecTByeT NpeAnooxKeHue,
UTO BE3WKYMbl, IKCMIPECCHUPYEMbIE OCHOBHBLIM OMYyX0EBbIM
MW 3KCTPaKPaHUANbHBIMU BTOPUYHBIMU QYaramu, MoryT

DAl https://doiorg/1017816/PED6263%

«npobyxpaatb apemniowme Knetku» [37]. OpHako octaetcs
HEM3BECTHbIM, YTO ABMIAETCS CTUMYIIOM K «pecTapTy» KNeToK
onyxonu B ['M, Koraa nporpeccupoBaHue 3aboneBanus npo-
nexoaut Tonbko B LIHC.

(®opMupoBaHKe MeTacTaTuyeckoro oyara B 'M — cnox-
HbIi 1 MHOTOKOMMOHEHTHBIN NPOLIECC, COMPSIKEHHBIN € aaan-
Tauuen OMyXoNeBbIX KIETOK M B3aUMOJEICTBUEM C MUKPO-
cpepoi LLIHC. [axe Ha cTagmMm MMKpOMETAcTa3vpOBaHMs
3aMyCcKalTCA HeMpoBOCNANMTENbHbIE PeaKLyuK, perynupye-
Mble acTpOLMTaMu, MUKPOIIMEN U UMMYHHbBIMM KieTKamu [3].
Brnaronaps npoBefieHHbIM UCCNeL0BaHNAM YCTAHOBIEHO, YTO
aKTWUBMPOBaHHbIE acTPOLMTHI NOAJEPIKMBAKOT U cnocobeTay-
10T POCTY MeTacTaTu4eckux o4aros. Ha Mogenm nabopatopHbix
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YKMBOTHbIX BbI/10 NPOLEMOHCTPUPOBAHO, YTO MeTacTasbl Npo-
AYLMPYIOT NPOTOKaAEepuH 7, KOTOpbIN y4acTeyeT B hopMupo-
BaHWM LLENEBUAHBIX COEAMHEHNHN, COCTOALLMX U3 KOHHEKCH-
Ha 43, Mexay onyxoneBbiMKM KeTKamm u actpouutamm [10]
(cM. pucyHok, E). Yepe3 paHHble KaHambl MeTacTaTUyecKue
KINETKW aKTUBMPYIOT acTpOLMThI 1S MPOAYKLMM TaKUX LMTO-
KMHOB, KaK (aKTop HEKPO3a OMyXoNu U UHTEPGhEPOH-A, YTO
MoLAepPIKMBAET poCT HOBOODOPA30BaHNUA U XMMUOPE3UCTEHT-
HOCTb. AKTMBMPOBaHHbIE acTPOLMTBI TaKXKe 3KCMpeccupyioT
B ONYX0JIEBOE OKPYeHMe Be3nKymbl ¢ MUKPoPHK-19a, Mu-
LeHblo ans Kotoporo siensetca PTEN (romonor docdarasbl
W TeH3WHa, yaaneHHbIn Ha xpoMocoMe 10) [39]. PTEN —
reH, KOAMPYHOLLMA OLHOMMEHHbIA 0EeNioK M UrparwLui
BA)HYK0 pofib B CYNpeccum OmyXosieBoro pocta. Besukynel
¢ MukpoPHK-19a nornoLuatotcs KNeTKkamMu MeTacTaTMyecKoro
o4ara, 4To NPMBOAUT K NoaaBneHunio perynsauum PTEN. Aktu-
BMPOBaHHbIE acTPOLMTLI B OTBET Ha MPUCYTCTBUE «MHOPOL-
HbIX» KNETOK NPOLYLMPYIOT NPOBOCMANMUTENbHbIE LIUTOKUHBI
(CCL2, nHTepnenkuHbl 1B 1 6) u xeMoKMHbI (MHTepdepoH-a
1 (haKTop HEKpPO3a OMyxosu), TeM caMbiM CTUMYNIUPYS pPOCT
U obecneunBas pe3nCTEHTHOCTb MeTacTaTUYecKoro oyara
K BHELUHMM (aKTopaM [26].

Ha cerofHsLWHMIA IeHb YXKe YCTaHOBMEHA 3HauMTeNbHan
Po/ib acTpPOLMTOB B WHBA3UM OMYXOJNEBbIX KIETOK. [laHHble
[MnanbHble KNeTKU ycunueatoT nepepady curHanos EGFR
(peuenTop 3anmaepManbHoro Gaxktopa pocta) B OMyXoNsX,
YTO B KOHEYHOM WTOre MPMBOAMT K MOBbILLIEHHOM 3KCMpec-
cum S100A%4 (Kanbumi cBssbiBatOLMA 6esoK) npoMoTopa
nofBWMKHOCTM KNeToK [3]. Ha akcnepuMeHTanbHoM Moaenu
BbiN0 NOKa3aHo, YTO BBEAEHWE B MapeHXMMy MO3ra KIeToK
MenaHOMbI C acTpoLMTaMm NpuBeno K bonee beicTpoMy pocTy
METacTaTMYeCKOro o4ara, Yem B Clyyae, Koraa UMNIaHTupo-
Ba/IM TOJIbKO OMyX0/EeBbIe KIETKU [26].

NMMyHHas cucTeMa TakxKe aKTUBHO BOBJIEKAETCA B OMy-
X0NeBbIi Npouecc. Ha cerofHALIHUIA AeHb JOKTPUHA, yto M
ABNAETCH MMMYHOJIOTMYECKW MPUBUIIETMPOBAHHON CUCTEMOH,
paspyweHa. PesupeHTHble Makpodarn LIHC u Mukpornus
BnoKMpyloTCA NOCPeCTBOM NOBBLILLIEHHOM 3KCMpeccun MeTa-
CTa3amu HeiipoTpoduHa-3 [16]. Heocnopum ToT daKT, 4To aK-
TMBMPOBaHHbIE T-MMOLMTLI MOTYT NPOHUKATbL B MApPEHXUMY
M v uHduUnbTPUpOBaThL OYarK MeTactasupoBaHusa [2, 37].
Wccneposakve buoncuitHoro Matepuana ycTaHOBWIIO, YTO
HanbonbLuee KonnyectBo CD3* u CD8* T-numdountos bbino
obHapyxeHo B MeTacTasax B [M mpu noyeyHo-KNeTOYHOM
pake u MenaHome, HauMeHbluee — nipu PJ1, PMX u kono-
pekTanbHoM pake [3, 12]. Mo AaHHBIM HEKOTOPbIX aBTOPOB,
noBbllEHHas WHQUAbTpauus T-nuMmdouuTammn sABnseTCS
bnaronpuATHEIM NPOrHOCTUHECKUM MapKepOM, B TO BPeMs
KaK [pyrue uccrnefoaTenn 0TpULAOT AaHHbIA daKT [3, 37,
38]. brino ycraHoBneHo, yto npu PJ1, no cpaBHeHuto ¢ nep-
BMYHOI OMyXofblo, MeTacTasbl B M oTnmyaloTcs MeHbLLel
MHOWNbTPaLMel aKTUBMPOBAHHBIMU UMMYHHBIMU KIleTKaMMU,
CTOMT TaKXKe OTMETUTb, YTO IKCMPECCUs UHTMOUTOPOB KOH-
TPONbHbIX TOYeK, B YacTHocTu PD1 (6enok 3anporpaMmu-
POBaHHOM KNeToyHoi rubemm 1) u PD-L1 (nurang K Genky
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3anporpamMMUpOBaHHON KNETOYHOM MMDenn), TaKKe CHUXEHa
[12, 18, 34]. Ha ceropHsAwWwHWiA AeHb YXKe YCTAHOBNEHO, YTO
onyxonu M, B ToM uucne MeTacTasbl, CO3Aal0T BOKpPYr cebs
CPeAy, VHrMOMpYOLLYI0 aKTUBMPOBAHHYH UMMYHHYIO CUCTEMY.
Cnabas mHOMNbTpaums T-nuMbounTaMm MOXKeT ObiTb 00-
YCNOBJIEHA NMPUCYTCTBUEM MMMYHHOCYMPECCUBHBIX KIETOK
¥ nepenporpaMM1poBaHueM Makpodaros. B npouecce Kono-
HM3aumM MeTacTudeckoro odara B LIHC onyxoneBble KneTku
W aKTMBMPOBaHHble acTpoumTbl npoayumpytoT CCL2, sensto-
wumcs nurangom ansa MDC (MuenompHble Knetku) [26, 37]
(cM. pucyHok, E). Monapas B Mukpookpy»kenune onyxonu, MDC
(eHOTMNUPYIOTCS B OMyX0/lb-acCOLMUPOBaHHbIE MaKpoda-
rm (OAM). UHrnbuposanne umMmyHHoro oteeta OAM npowc-
XOOMT MOCPEeLCTBOM HECKOJbKUX MexaHu3MoB. Ha cerop-
HALLHWIA IeHb YXE U3BECTHO, YTO 3TW KIETKU 3KCMPECCUpYHT
Ha CBOEA MOBEPXHOCTU MHMMOMTOPbLI KOHTPOSBHBLIX TOYEK
PD-L1 (nurang, PD-1) v ranektud 9 (nurang, TIM3). Momumo
atoro, OAM aKcnpeccupyloT B MUKPOOKPYIKEHUE MOJIEKYIIbI-
(hepmeHThl (IDO, apruHasy, oKcup asoTa U ap.), paspyLuako-
LiMe nuTaTenbHble BeLecTBa T-MMMQOLNTOB, YTO MPUBOAUT
K UX UCTOLLEHUIO M AanbHenwemy anonTosy [1, 15].
LleHTpanbHas HepBHas cucTeMa — 3TO YHUKaNbHas cpe-
[a B OpraHM3Me YenoBeKa, M YT0Dbl B Hell «BbIXUTb» Me-
TacTaTM4ECKUM KJleTKaM Heobxoaumo chopmupoBaThb agan-
TMBHYIO NOA HUX MUKpocpeay. lpoBefieHHbIe UCCNeA0BaHUsA
YK€ MOKa3asnu, YTo BHEKIETOUHbIE KOMMOHEHTbI MUKPOOKPY-
XKEHUs cnocobcTByloT pocTy MeTactasa. [penmyLuecTBeHHO
BTOPWUYHbIE OMYXOJIEBbIE 04aru JloKanusyloTca B6nm3mn ba-
3abHOW MeMbpaHbl cocyaoB M, no3ToMy BHEKNETOYHbIN
MaTpukc (BKM) umeeT B cBOEM cocTaBe 00NbLUOE KonKye-
CTBO IMIMKONPOTEMHOB. Ha CerofHsLWHUA feHb yxKe [AoKa3a-
HO, YTO BbICOKAs 3KCMpEeCCcUs KoNnareHoB, NpOTEOr/IMKaHoB
1 6enKoB, CBA3bIBAIOLLMX TMaNypPOHOBYIO KUC/IOTY B ONYX0/M,
ABNAeTCs HebnaronpusTHeIM nporHo3oM npu PJ1 [31, 37].
BaxHO OTMeTUTb, 4TO Ha OMyXoneBbIX KNeTKax MMeeTcs
BonbLLoe KoNMYecTBO peLenTopoB K KoMnoHeHTaM BKM, uto
YKa3bIBaeT Ha BYCTOPOHHEE B3aUMOLENCTBUE MEXY HUMM.
B ofHOM uccnepoBaHMM MOKa3aHo, YTO HaauMuMe OLHOM0
U3 TaKkux peuentopo, HHMR (rmanypoHaT-onocpefoBaHHbIi
peLenTop NoLABUMHOCTM), KOPPESIMPYET C MeTacTa3upoBaHu-
eM PJ1 u konoHusaumeii B ™M [31]. ®DepMeHT KaTencuH-S,
paspywatowmii 136, n MeTannonpoTenHasbl cnocobCTByOT
MUrpaumm onyxoneBblX KNeToK B nmapeHxume M nocpep-
CTBOM Pa3pyLLEHMs MEXKIIETOUHbBIX COeAnHeHnN [27]. BaxHo
OTMETUTb, YTO OFpaHUYEHNe MPOHUKHOBEHUS aKTUBUPOBAH-
HbIX KITETOK MIMMYHHOW CUCTEMbI MOXET ObITb 0NOCPE0BaHO
npucytctueM B BKM Tenauuna C [13]. Ctout oTMeTUTb, UTO
ONyX0JeBble KIETKM IKCMPECCUpYIoT B BOLLLIOM KONiMYecTBe
VEGF (cocyamcTblii pakTop pocTa), 4to NpUBOAMT K hopMu-
POBaHMI0 HOBBIX MATONIOrMYeckux cocynos [2, 27] (cM. pucy-
HoK, E). B uenom, mMertactatuyeckue ovaru MoaMGuUUMpYHT
36 B reMaro-onyxoneBblii bapbep, KOTOPbIA OTAMYaeTCs
aHOMarbHbIMW MOJIEKYNIAPHBIMA KaHanamu NpOHUKHOBEHUS
pa3NNyHbIX BELLECTB, BblpaxeHHow akcnpeccuen VEGF, cagu-
ramu B cybnonynauum nepuuuTOB, MOTEPER MONSPU3aLUK
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aKBaMoOPMUHOBBIX KaHaNOB M U3MEHEHWEM COAEepKaHuA 3¢-
(IOKCHBIX NEpPEHOCUMKOB [2].

MpennoxeHHas ewe B 1889 r. Teopus noKanbHo-cnewuy-
(uyecKoro MeTacTasMpoBaHUs «CeMsl U MOYBa», FAe MOA
«CEMeHeM» MOApa3yMeBaeTCs MeTacTaTUyecKas KIeTKa,
a «no4yBa» — OPraHUYecKoe MUKPOOKPYXeHue, bnaro-
NPUATCTBYIOLLEE POCTY BTOPUYHOTO OMYXOSIEBOrO Ovara,
NoATBEPIKAEHA B KaXAOW NpoBefeHHONW QyHAaMeHTasb-
HoM paboTe no u3yyeHuio MeTactaTuyeckux ovaroB B LIHC.
Ha ceropHswwHM aeHb ye chOpMUMpOBaNoch MOHMMaHWe,
yTo npouecc MetactasupoBahus B LIHC sBnseTcs cnoxHeM
W MHOTOrpaHHbIM MPOLIECCOM, [arbHeMLIee U3y4eHne KOTo-
pOro MOeT nocnocobcTBoBaTh (HOPMMPOBAHMIO HOBbIX MOA-
XOZ0B K NPOdUNAKTUKe U NEYEHUIO NaLMEHTOB.

HOBbIE N0AX0Abl K IEHEHUIO
MALUEHTOB C METACTATUHECKUM
MOPAXXEHWUEM 0JIOBHOI0 MO3IA

B HacTosiwee Bpems pa3pabaTbiBaeTcsi MHOXECTBO
HOBbIX CTpaTeruii JIeYeHns NaLMEHTOB CO BTOPUYHBLIM MO-
paxenneM LIHC. YunTbiBas, 4To OCHOBHOI Mperpagon ons
nekapcte sBnsieTcs 3B, u3yuarTca u TecTUpYHOTCS HoBble
TepaneBTUYECKME areHTbl, OT/IMYALOLLMECA NOBbILIEHHOW Npo-
HWLLAEMOCTbIO M HaKonneHeM B napeHxume M. [penapart
OCUMEPTUHMO, MHrMBKUTOP TMPO3uHKMHA3 |l MoKoNeHus, yxe
BXOAALLMIA B CTaHAapTbI leyeHns naumneHToB ¢ HMPJI, noka-
3an BbICOKMI YPOBEHb MPOHUKHOBEHWUS U HAKOM/EHUS B Me-
TacTatMyeckux ovarax B ['M no cpaBHeHuto ¢ npenapatamu
37OV e rpynnbl | MOKONEHUs W COEAMHEHUAMU HA OCHOBE
MNaTUHBI U, KaK CNeACTBUE, BbICOKYHD YacToTy oTseTa (80 %)
W LUTeSbHBIA NOKaMbHbIA KOHTPOsb (bonee 18 Mec.) [28].
Ewe ogHum npumepoM asnsetca uHrmbutop ALK Il noko-
NEeHNA LepUTUHMG, KOTOpLINA TakKe HasHadvaetca npu HMPJ
W OT/MYAETCA MOBbILEHHBIM NPOHWUKHOBEHWEM yepe3 [3b.
lpenBapuTenbHble KITMHUYECKUE UCTIBITAHUA MOKa3anu Bbl-
COKyH yacToTy oTBeToB (84 %) M xopoLune noKasaTenn Bbl-
wusaeMocTu (bonee 10 mec.) [23].

OnyxoneBoe MWUKPOOKpPYXeHe — Haubonee uccnepye-
Mblii 0BBEKT B OHKONOMUK. YUNTbIBas reTEPOreHHOCTb U U3-
MEHYMBOCTb OMYXONIEBBIX KJIETOK, MOAYNAUMS MUKpOCpe-
Abl MeTacTa3a fBMINETCSA MEPCMEeKTUBHBIM HanpaBieHUeM.
CrpaTeruum, OpueHTUpOBaHHbIE Ha OMYXOJIEBOE MUKPOOKPYKe-
HWe, BKIOYaloT BO3AEMCTBME HA KOOHM3ALMI0 M poCT MeTa-
CTUYECKOro 0yara Yepes 3KCMpeccuio U BYHKLMOHMPOBaHME
VEGF, MMP (MeTannonpoTenHasbl) 1 pasiiuyHbIX MHTErPUHOB.
KpoMme Toro, uccnefytoTcs HoBbIE MEXaHU3Mbl BIUSIHUS Ha MU-
KPOOKPY)XEHWe 0MyXoAu, BKIlo4as MHrMbMpoBaHKe acTpoLmMToB
yepe3 6/10Kafy 3CTPOreHa Ans yMeHbLLEHWS 00pa3oBaHus Me-
Tactasos B ['M npu TpoiiHoM HeratueHoM PMK [25].

TepaHocTuKa sBnsieTca Hambonee pasBMBalOLLMMCS Ha-
npaBfieHUeM B MejuuuHe, 06beAMHSIOWMM fuarHocTuye-
CKMe M TepaneBTUYECKUE BO3MOXHOCTM B paMKax eAuHo
CUCTEMBI, y}e NPef0CTaBNAoT NePCreKTUBHbIE HANPaBNEHUs
B JIEYEHMM NaLMEHTOB C MeTacTaTMyeckuM nopaxeHnem LIHC.

Vol 14(6) 2023

DOl https://doi.org/10.17816/PED626396

Pediatrician (St. Petersburg)

Ha akcnepumeHTanbHoW Mogenu nokasaHo, YTo coefiuHe-
HWe NoNyNPOBOAHMKOBbLIX HaHOKPUCTANOB C MHIMBMpYHOLLLel
PHK K Monekynam BHEKNIETOYHOrO MaTpuKca (B YacTHOCTH,
K MMP9) npuBoauT He TONLKO K PerynupoBaHuio NpoHMLa-
eMoctn 3B, Ho U K UHTMOMPOBaAHWIO MHBA3WM B NapeHXUMe
rof0BHOro Mo3ra [6].

OTKpbITUE U WU3YYeHME LUENEBULHBIX KaHaNoB MeXAy
acTpoLMTOM UM MeTacTaTUYECKON KIETKOW YXKe NepexopuT
13 0bnacTn GyHAAMEHTaNbHbIX UCCNEA0BAHUA B LOKIMHU-
UecKve 1 KMHuyeckme. Vi3BecTHbl BriogocTynHble MOAynsTo-
Pbl 3TUX KaHanoB — MekmnodeHamart 1 ToHabepcart. [aHHble
npenapatbl pa3pbiBaloT NapakpuHHylO MET MeXay ru-
anbHbIMW KNETKaMW U OMyX0MEeBbIMM, TEM CaMbIM HapyLLas
nponudepaumio u poct Metactasa [10]. B bamxkaniuee Bpems
0XMAAIOTCA Pe3yNbTaThl KIMHUYECKUX UCCIIE0BaHMUI.

B coBpeMeHHoiA Hay4Hoii nuTepaType Bce bonbLLe BCTpe-
YaeTCs [OKA3aTeNbCTB 0 3HAYMTENLHOM MOTEHLMANe UMMY-
HOTepanum 4J1S NaLMeHToB C MeTacTaTUYECKUM NOpaXeHneM
M. B yactHoCTW, 3(DEKTUBHOCTb UHTMBUTOPOB MMMYHHBIX
KOHTPOJbHBIX TOYEK, HaueneHHbIX Ha CTLA-4 (rnkonpoTenH
LIMTOTOKCMYECKMX T-NMMOOLMTOB-4), @ UMEHHO Npenapar unu-
nmMymab, Ha PD-1 — neMbponmnsymab u HuBonymab, a Tak-
we aHTU-PD-L1 — aTe3o0im3ymMab, yxe oueHeHa Yy naumeH-
TOB CO BTOPUYHbIM nopaxeHueM LIHC npu menanoMe 1 PJ1[5].
lpuMeHeHne ununuMymaba B KauecTBe MOHOTepanuu npu
MeTacTa3ax MenaHoMbl B M npuBeno K KoHTpon 3abo-
nesaua y 10 % nauneHToB, MonyyalLmMx LeKCaMeTasoH,
ny 25 %, He MpUHMMAKOLLMX TNOKOKOPTUKOCTepouabl [19].
HasHaueHue nembponusymaba okasanocb 3(heKTUBHBIM
ons 33 % naumenToB ¢ nopaxenneM LUHC npu HMPJ1 u gnsa
22 % — npn MenaHoMe C YCTOAYMBBIM U MPOACITKUTENHBIM
KOHTponeM (B HEKOTOpbIX cyyasx bonee 1 roaa) [11]. Kom-
OuHaums ununuMmymaba v HUBosyMaba NpoAeMOHCTPUpOBa-
na eue bonee BbICOKYI YacToTy 06BEKTMBHOIO OTBETA MpM
MeTactasax B [M — po 66 %. 06was BbIKVMBAEMOCTb B 3TUX
uccnepoBanusx coctauna 81,5 % yepes 1 roa v okono 70 %
yepe3 2 roaa, No CPaBHEHWUIO CO CPeHUM MOKa3aTeneM 06-
LLeiA BbIXKMBaEMOCTM B 4—5 Mec. y NauMeHTOB C MenaHOMOM
npu MeTactasax B ['M B anoxy no ummyHotepanuu [3, 11, 33].

3AKJIO4YEHUE

YBenuueHne NpPOAOKUTENBHOCTM KU3HM NALMEHTOB
CO 3/10Ka4eCTBEHHBIMU CONMAHBIMUA HOBOOOPA30BaHUAMM 3a-
[aeT OCTpyl0 HeobXOAMMOCTb B (HOPMMPOBAHMM HOBLIX Me-
TOAO0B Tepanuu NauMeHTOB CO BTOPUYHLIM MopaxeHuem M.
B KaXpaoM HoBOM (yHLaMeHTaslbHOM WCCNefoBaHUN Yoe-
LVTENBHO AEMOHCTPUpYETCS, YTo GOpMUPOBaHME MeTacTasa
B LUHC sBnsieTca cnoXHbIM 1 pa3HoHanpaBeHHbIM MPOLLECCoM,
TpebyioLmM 0c0b0ro MHOrOKOMIMOHEHTHOMO NOAX0Aa K neye-
HMI0. HeCOMHEHHO, X1pypriiecKoe IeYeHne He yTpaTuT CBoei
3HAYMMOCTH, 0COBEHHO B CIly4ae BbIpaXKEHHOro HeBpOsIOruYe-
CKoro fieduumTa, Bbl3BaHHOr0 Macc-3¢dexToM. OHaKo QakKT,
YTO OHKOJIOTMYECKUN MPOLIECC SBNSIETCA CUCTEMHBIM, AMKTY-
eT HeobX0AMMOCTb CO3[aBaTb Mpenapatbl ANA TapreTHoro




0B30PHI

BO3JENCTBUSA Ha MOJEKYNSPHOM YPOBHE Ha npouecchl hop-
MWpOBaHWA M pocTa MeTacTatuyeckux oyaros. o Mepe Toro,
KaK pe3ynbTaThbl Hay4HbIX paboT 1 caenaHHble OTKPbITUSA ByoyT
nepexoauTb U3 0bnacTn dyHaaMeHTaNbHOW HayKN B LOKIMHU-
YecKue 1 KIIMHUYECKMe UCCNe0BaHNA NPOrHO3 AN1A NaLMEHTOB
CO BTOPMYHbIM MopaxeHneM M byget ynyywartbces.

AONO/IHUTE/IbHAA UHPOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M OLMHAKOBbIA PaBHbIN
BKIaZ B pa3paboTKy KOHLenuwuw, NpoBeAeHue MccrefoBaHus
M MOLTOTOBKY CTaTbW, NPOYIM U OA0OPMAM dUHANbHYK BEPCUIO
nepea nybaukaumen.

WUcTouHuK pmHaHcupoBaHus. PaboTa BbINoJHEHA B paMKax ro-
cyaapcTBeHHoro 3agaHua N° 123021000128-4 «Pa3paboTka HoBoii
TEXHOMOMMM JieyeHnst 60bHBIX BTOPUYHBIMU HOBOODPa30BaHUAMY
FOJIOBHOIO MO3ra U PeLMaMBUPYIOLLMMU MEHUHTUOMaMU».
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OnMKaLmelt HacTosLLLeN CTaTby.
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Cea3sb (IJYHKI.I,MOHaanOFO COCTOAHMA BECTMGYJISIPHOﬁ
CUCTeMbl yeyioBeka C KOFrHUTUBHbBIMU d)YHKI.I,MSIMVI
B.J1. Edumosa, .M. BonkoBa

Poccuitckuit rocyaapcTeeHHbIit nefarorudeckui yuueepeuteT uM. AW, TepueHa, CankT-leTepbypr, Poccus

AHHOTALUNA

Cratbs sABNSETCA 0030pOM Hay4HbIX UCCNE0BaHNI O BIMAHUM BECTUOYNAPHO CUCTEMBI Ha KOTHUTUBHbIE QYHKLMK YenoBeKa.
BecTnbynapHbIi annapat LOCTaTO4YHO XOPOLLO U3yyeH. MccnesoBaHus nocneaHUX AECATUNETUI C UCNOJIb30BaHUEM METOA0B
(GYHKUMOHabHOM TOMOrpaduy NoKasanu, HTo OH MMeeT 0OLUMPHBIE CBA3M C NOAKOPKOBLIMU 1 KOPKOBLIMM CTPYKTYpaMu MO3ra,
KOTOpble 06ecrneymBaloT KOrHUTUBHYK AeATENbHOCTb. BbiaBUralTCs runoTessl, YTo NpoBeAeHne U 0bpaboTka Mo3roM 6uo-
3ANEKTPUYECKUX UMMYNbCOB, KOTOPbIE perucTpupyeT BecTUOYNAPHBIA annapat, co3faeT HeobXoauMbl GOH ANS NpoTeKaHus
BCEX KOrHUTUBHbIX NpoLieccoB. BecTbynsapHbIii annapat UMeeT CBA3M C IMMOUYECKON CUCTEMOIA, TUMMOKaMNOM, CTPUATyMOM
W HEOKOpTEKCOM. [103TOMy BeCcTMBYNsApHbIE AMCHYHKLMN MOTYT CHUXATb CMOCOBHOCTb K 00y4eHUto, CTaTb NPUYKUHON HapyLue-
HWI BHUMaHWA, NaMATW, UCTIONHUTENBHBIX QYHKLMIA, Bbi3biBaTb AE30PUEHTALMIO, BIIMATL Ha YPOBEHb CTpecca. AKTyasbHbIM
HanpaBneHWeM WUCCIe0BaHNUN SBNSETCA U3YHeHWe BNIMSHWA BeCTUDBYNAPHON CEHCOPHOI PEaKTUBHOCTM Ha CMOCOBHOCTbL AeTel
K 00y4eHuio. 3T0 BNMSIHWE J0NTOe BpeMS HEA0OLIEHMBANIOCh, TaK KaK OblIo MPUHATO CYMTATb, YTO ABUraTeNIbHOE U KOTHUTUB-
HOe pa3BuUTWE MPOMUCXOASAT HE3aBUCUMO APYT OT Apyra. MexaHW3Mbl, CBA3bIBatOLLME BECTUDYNSAPHbIE AUCHYHKLMM C KOTHUTUB-
HbIMM HapyLLEHUSMM, MOKa U3y4eHbl HeLoCTaTouHO. HeobxoauMbl AanbHelLne UCCnes0BaHNs, KOTOPbIe OLEHAT BO3MOXHOE
BAMSIHWE BECTUOYNSAPHBIX AUCHYHKUMIA Ha BHUMaHWe, NaMsTh, peyb. Takue UCCRe0BaHUs yiKe NPOBOAATCS. VX pesynbTathl
Haubonee aKTyasbHbl AN NaLMEHTOB C HEMPOLEreHepaTUBHLIMU PaccTPOCTBaMU U 1S fieTeli ¢ 0CODEHHOCTAMM pas3BUTUS.

KnioueBble cnosa: BECTMGyﬂﬂpHaH CUCTEeMa; BECTMGYHﬂpHaFI PeaKTUBHOCTb; KOFHUTUBHbIE d)YHKU,VIVI; NnaMATb; BHUMaHUe,
MCNOJIHUTEJIbHbIE d)yHKLI,VIVI; cTpecc.
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Vestibular system and human cognitive functions
Victoria L. Efimova, Irina P. Volkova

Herzen State Pedagogical University of Russia, Saint Petersburg, Russia

ABSTRACT

The article is a review of scientific research on the influence of the vestibular system on human cognitive functions.
The vestibular apparatus is well studied. Research in recent decades using functional tomography techniques has shown
that it has extensive connections with the subcortical and cortical structures of the brain that provide cognitive activity.
Hypotheses are put forward that the conduction and processing of bioelectric impulses by the brain, which are recorded
by the vestibular apparatus, creates the necessary background for the course of all cognitive processes. The vestibular
apparatus has connections with the limbic system, hippocampus, striatum and neocortex. Therefore, vestibular dys-
functions can reduce the ability to learn, cause impaired attention, memory, executive functions, cause disorientation,
and affect stress levels. An urgent area of research is the study of the influence of vestibular sensory reactivity on
children’s learning ability. This influence has long been underestimated, since it was generally assumed that motor and
cognitive development occur independently of each other. The mechanisms linking vestibular dysfunction with cognitive
impairment have not yet been sufficiently studied. Further studies are needed to assess the possible impact of vestibular
dysfunctions on attention, memory, and speech. Such studies are already underway. Their results are most relevant for
patients with neurodegenerative disorders and for children with special needs.

Keywords: vestibular system; vestibular reactivity; cognition; memory; attention; executive functions; stress.
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BBENEHUE

B nocnegnue pecstunetus onybnvKoBaHbl pesynbrathbl
3KCMEepUMEHTaNbHbIX UCCNe0BaHWI, KOTOpbIE [EMOHCTPH-
PYIOT, YTO BeCTUOYNsApHas cucTemMa B OOMbLUEN CTEMEHM BIK-
SIET Ha KOTHUTUBHbIE PYHKLMM YemnoBeKa, YeM ObINo MPUHATO
CYMTaTh paHee.

bnaropaps 06LMpHBIM LieHTPasbHBIM CBA3AM BeCTUOY-
NApHas CUCTEMA YemNOBEKa He TOJIbKO Bbi3bIBAET pedneKchl.
B pe3ynbrate cBA3eit BECTUOYNAPHON CUCTEMBI C IMMBKYe-
CKOM CUCTEMOW, TMMMOKaMMNoM, CTPUATyMOM U HEOKOpTeK-
COM BecTUbynspHble AUCHYHKLIMM MOTYT OKa3blBaTb BAMSHUE
Ha ypoBeHb CTpecca, NaMmsATb, UCMONHUTENbHbIE BYHKLMK,
CnocobHOCTb K 0By4eHWto, BHUMaHWE, 0CO3HaHWe CBOEro
TeNa, CoLManM3aLUmio, CNocobHOCTb K MbICIEHHOW poTaLmUu
00BEKTOB, MbIC/IEHHOMY MPEACTaBAEHMI0 TPEXMEPHOrO Npo-
CTpaHCTBa, KayecTso cHa v ap. [1, 12, 13].

MauueHTbl ¢ BeCTMOYNAPHBIMA paccTPoMCTBaMU MOTYT
AEMOHCTPUPOBaTh [0/r0CPOYHbIA Ae@UUUT B PasfINyHbIX
KOrHWUTMBHBIX 06nacTax [7]. MexaHW3Mmbl, CBA3bIBAOLLME Be-
CTUBYNSAPHYIO CUCTEMY C KOTHUTUBHBIMW (DYHKLMSMM, MOKa
He[0CTaTOYHO XOPOLUO M3YYeHbl, XOTS W BbISBNEHbI OMpese-
NIeHHble Helipobuonoruyeckue Koppenstbl. Tpebytotca po-
MOJHUTENbHbIE AMArHOCTUYECKME WMHCTPYMEHTLI ANS BhblsB-
NIEHNS JINL, NOLBEPIKEHHBIX PUCKY KOTHUTUBHbIX HapyLLIEHWI.
HeobxoanMmbl Takke AanbHeMUMe WCCNef0BaHWA, YTobbI
onpefenuTb, MOryT fn BECTUOYNAPHbIE TPEHWHIW YYYLLIUTb
KOTHUTVBHbIE DYHKLMK.

WccnepnoBaHus BAUSHUA BeCTUBYNAPHONA CTUMYNALMM
Ha KOrHUTMBHbIE CMOCOBHOCTM YenoBeKa 00bIYHO MPOBO-
AATCS NMPU HaMMYUW Y UCTIBITYEMBIX BECTUOYNAPHBIX Hapy-
LWEHMIA (yCTaHaBAMBAETCA C MOMOLLbH MHCTPYMEHTANIbHOM
AVarHoCTMKM), B YCNOBUAX MWUKPOrpaBuTaLMM B KOCMOCe,
MpW BO3AENHCTBUAM HA BECTUOYNAPHLIM annapat, BpeMEHHO
n3MeHsioweM ero GyHKUMOHMpPOBaHWe (ranbBaHMuecKas
CTUMYNAUMA, Kanopuyeckve npobbl 1 Ap.). Yalue Bcero uc-
Cnef0BaHusA € y4acTUeM 340poBbIX J0OPOBOIbLEB OTHOCATCS
K cdepe KoCcMUYECKOW MeanumHbl. ccnesoBaHus cocTosHMUS
BeCTMOYNAPHOIM QYHKLMM Y OeTei NOKa HEMHOMOUMCIEHHDI.
370 CBA3aHO C TeM, YTO JeTeii TpyaHee obcnefoBaTh U OHM
PEOKO XKanyloTca Ha BECTUDYNSPHbIE CUMMTOMBI, TaKMe KaK
FOJTOBOKPYIKEHWUE U L,e30pUeHTaLMA.

BECTUBYNIAPHBIE AUCOYHKLINU
Y IETEU

B nocneaHve paecatunetvis 6bino yCTaHOBNEHO, YTO Be-
CTUEYNSipHble AUCGYHKLMM BCTPEYAKTCS Y AeTell LOCTAaTOYHO
yacto. PaHee npefnonaranocb, YTo OHW BbISBNSKOTCS TONLKO
y LieTeli C HapyLUEHUSIMU CiyXa.

B HacTosiee BpeMs BeCTUDYNSpHbIE HapyLUEHUs Takke
[MarHOCTUPYIOTCA Y AeTel C HeAOHOLIEHHOCTbIO, LMTOMera-
IOBUPYCOM, NIErKUMM COTPSCEHWUSMU MO3Ta, XPOHUYECKUMM
OTUTaMU, BPOXAEHHOI KpUBOLLIEEHA, NOAPOCTKOBLIM MaMoNa-
TUYECKMM CKOJIMO30M, ETCKUM LiepebpabHbiM NapannyoMm,
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CMHAPOMOM TUMNEPAKTUBHOCTU C AePUUMTOM BHUMAHUA, ay-
TM3MOM, TPYAHOCTAMU B 06y4eHUM B LLKOSE.

B oTnmume oT B3poCbIX, Y AeTEN, KOTOpbIE UMEKT BECTH-
BynspHble AMCHYHKLUMM C MOMEHTA POKAEHWUS WK C MNTafeH-
yecTBa, HabnpaeTcs nporpeccupyroLLas 3afiepiKa passu-
T1SI. CNOXHOCTM B IUarHOCTUKE CO3LAET TO, YTO MaJieHbKUe
LETU He MOryT OonucaTb CBOM CUMMTOMbI BECTUOYNSPHBIX
HapYLLEHWiA: OHM TOJbKO M3DerakT onpeAeneHHbIX OBUKe-
HWA unn nnadyT. MoaTtoMy ans obcnefoBaHUs LeTeil BaXHbI
MHCTPYMeHTanbHbIe MeTofbl AnarHocTuky [5, 8, 10, 19, 271.

Mepudepnyeckue unm LeHTpabHble BeCTUOYNApHbIE Ha-
PYLLEHUA y [ieTeid MOryT MPUBOAMTL K 3afepXKaM B pas3su-
TUM MOTOPUKM U MOCTYPanbHOr0 KOHTPONS, HeCTabunbHOCTH
B3r/1543, KOTHUTUBHBIM HapyLleHnaM. MeTofibl AMarHOCTUKM
U peabunutaumm s B3pOC/bIX NaUMEHTOB C BecTMbynsp-
HOW CMMNTOMAaTWKOM AO0CTaTOMHO XOPOLUO pa3paboTaHbl,
HO He BCe OHU NMPUMEHNUMBI K AeTAM. Bo3MoxHo, noTpebyet-
¢ MoambuLMpoBaTh 3TW MeToAbl C YYETOM CreLMPUYecKUX
npobreM c NoBeAeHNEM W ABUTaTeNTbHON aKTUBHOCTBIO lETEN.
Wccneposatenam cnepyet paspabotatb TeXHONOMMIO, NO3BO-
NAOLLYI BbINONHATL BECTUDYNSAPHbIE YNPAXKHEHUA YBIEKa-
TeNbHbIM, QYHKUMOHANbHLIM U 3ddeKTMBHLIM cnocobom [20].

MosBnsOTCA UCCNEAOBaHUsA, AEMOHCTPUPYIOLLME, YTO
LETU C BECTUOYNAPHbIMUA OUCHYHKUMAMM UCMbITHIBAKOT
Te JXe TPYLHOCTU MPW BbIMOHEHMM KOTHUTMBHBIX 3afad,
4TO 1 B3pOC/ble C BECTUOYNAPHbIMM HapylueHusamu. B uc-
cnepoBaHuu [14] yyacteoBanu 13 peTen (cpefHwi BospacT
10,5 net) ¢ BecTMbynsApHbIMU HapyweHusaMu n 60 peten
KOHTPOJIHOW TPYnMbl. Y4aCTHUKM 3KCTIEPUMEHTA BbIMOJHS-
NN HeWpOoMnCMXoMorMyeckne TeCTbl, BKIIKOYAlOLME 3afaHus
Ha 3pUTeNbHO-NPOCTPAHCTBEHHYKD pabouylo NamsaTb, U36U-
paTenibHOe 3pUTENIbHOE BHUMaHWE, MBbICSIEHHOE BpaLLeHue
06bEKTOB U OpueHTauMio B npocTpaHcTee. [leTn ¢ BecTnby-
NSAPHBIM AePUUMTOM [JEMOHCTPUPOBANM Te e KOTHUTUBHbIE
TPYAHOCTHW, YTO W B3pOC/ble MauMeHTbl C BeCTUOYNSPHbIMM
HapyLUEHMAMM KaK B 3a[layax, CBA3aHHbIX C AMHaMUYECKUMM
KOrHUTMBHBIMM MNpoLieccamu, co3parwLmx bonee BbICOKYHO
HarpysKy Ha BHUMaHKe, TaK W B 3aiadax, TpebyroLmx cratu-
YECKMX KOTHUTMBHBIX MPOLLECCOB.

BECTUBYNAPHBIE HAPYLLIEHWA
Y NOXWNbIX NIOOEN

OCHOBHOM BbIBOA 3TMX HeLABHUX WCCEA0BAHUA 3aKJlto-
YaeTcs B TOM, YTO BeCTUOYNsipHas AUCHYHKLMS, BO3MOXKHO,
NtoBOro TMNa, MOXKET NPUBECTU K KOTHUTUBHBIM HapyLLEHWAM,
1 3T0 0CODEHHO aKTyanbHO A8 NOXWIbIX Nloaen. ECTb AaHHble,
NOATBEPXKAAIOLLME TUMOTESY, YTO BECTUOYNApHaA AUCHYHK-
LA MOXKET BbITb HaKTOPOM pucKa pa3suUTUs aeMeHLmu [22].

BECTUBYNIAPHAA CUCTEMA U NAMATD

3a nocnefHue [Ba OECATUNETUS HAKOMUIUCH [OaHHbIE,
OEeMOHCTpUupyoLwne, 4to BECTMGYHHPHBH cucrema wnMe-
eT 06LLIMprIe cBA3M C obnacTAMM Mo3ra, BOBEYEHHLIMM
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B MPOCTPAHCTBEHHYK MaMATb, TaKUMM KaK TUMMOKaMI.
OHa TaKke TeCcHO B3aMMOLEMCTBYeT ¢ obnactamu, CBA3aH-
HbIMW C MPOM3BOJIbHBIM KOHTPOIEM MOTOPUKM, TaKUMM KaK
cTpuaTyM B b6asanbHbix raHrusx. B ceow ouepenp B3au-
MOJEeNCTBME MeXy CTPUATyMOM U TUMMOKaMIOM SBNSeTCS
BaXHbIM A19 00paboTKM M03roM BOCMOMMHaHWiA. [laHHble,
Kacatolumecs 3TUX CBA3EM U UX BJIUSIHUS HA KOTHUTUBHbIE
(YHKUMM, UMEKT Ba)KHOE 3HaueHue AN MOHUMaHWA U ne-
yeHus bonesHel AnbureiiMepa, [apKUMHCOHA W OpYyrux He-
BPOJIOrMYECKMX paccTpoiicTs [23].

B pabote [11] onucaHa oLeHKa BIMAHUS BECTUOYNAPHOIA
CTUMYNALMM Ha NPOCTPAHCTBEHHYI0 OMEpaTUBHY NaMATb
B3POC/IbIX YYaCTHUKOB 3KCMEPUMEHTA C BeCTUOYNsApHbIMU
HapyLweHuamMu. boin obcnepoBaHbl 263 naumeHTa ¢ 04HO-
CTOPOHHUM WM [BYCTOPOHHUM XPOHUYECKUM BecTUbynsp-
HbIM AeduuuToM A0 W nocne BecTUOYNAPHOro TPeHMHra.
lMonyyeHHble [aHHble CpaBHUIM C nokasatensmu 834 po-
bpoBonbLeB, 13 Hux 430 3n0poBbix nofei, 403 nauneHTa
C XPOHUYECKUMM BeCTUOYNAPHBIMKA HapYLLEHWUAMM, KOTOpbIe
He y4acTBOBanu B BECTUOYNIAPHOM TpeHuHre. Y Bcex naumeH-
TOB C BECTUOYNAPHBIMU HapYLLEHUAMU BbISIBJIEHO 3HAUYMMOE
ynyJLIeHUe onepaTUBHON MPOCTPAHCTBEHHOW NaMATK nocne
BECTUOYNSAPHOrO TPEHMHTA.

WccnepoBateny cBa3bIBalOT BECTUBYNSAPHBIE AUCHYHKLMM
C HapyLLeH1eM 3puTenibHOW KpaTKoBpeMeHHow namsaTu. 0a-
HaKO 0CTaeTCA HeAICHBIM, BO3HUKAET JIN 3TO HapyLUeHWe Kak
MPAMON pe3ynbTaT BeCTUOYNAPHONA AUCHYHKUMM WAK ABAS-
eTCcA CeACTBMEM COMYTCTBYHOLUMX U3MEHEHWUW HACTpOEHMS,
YPOBHS YCTaNnoCTH, HapyLUEHWIA CHa.

CoBnageHue 1 B3aM03aBUCUMOCTb 3TUX COMYTCTBYHOLLMX
cumnTomoB ouennBarv y 101 naumeHTa ¢ aMarHocTUpoBaH-
HbIMW BeCTMOYNAPHLIMW HapyLueHuamu B paboTe [21]. Bonee
50 % TecTMpyeMbIX MOKa3anuM CHWKEHWE 3pUTENIbHO-Npo-
CTPAHCTBEHHOW KpaTkoBpeMeHHoi namstn, 60 un 37 % npe-
BbICWU/IM MOPOrOBbIE 3HAYEHMs MO LUKane TPeBoru 1 fenpec-
CUM COOTBETCTBEHHO, 70 % NpeBbICMIM NOPOroBbIE 3HAYEHUS
Mo LUKane nposBAeHuiA ycTanocty, 44 % cooblummv o nHeB-
HOM coHNMMBOCTH, U y 78 % nokasaTenb Bbille MOPOrOBOro
3HaueHUs N0 MHAEKCY KayecTBa CHa.

Bbicokas cTeneHb COBMafeHNst 3TUX CUMNTOMOB AAeT 0C-
HOBaHWe chenaTb BblBOA, O CYLLECTBOBaHWUM BECTMBYNsApHOro
KOTHUTUBHO-addeKTUBHOrO cHapoma. CTatucTuyeckas obpa-
60TKa Nonly4eHHbIX AaHHbBIX NOKa3asa, YTo YXyALLeHue namMaTy
Bbino B BonbLUEN CTENeHN CBA3aHO MMEHHO C BeCTUOYNApPHOIA
BUcyHKUMei. C TOUKW 3peHns peabunutaumm noppasymeBsa-
€TCs, YTO ecnin BecTUOYNspHOe pacCTPOWCTBO OyZeT yCreLuHo
BbIJIEYEHO, TO U NPOONIEMBI C MAMATLIO TOXE UCHE3HYT.

CeA3b Mexay BeCTUOYNAPHLIMU HapyLIEHWUSAMU U Npo-
CTPaHCTBEHHO NaMATbI0, a TaKKe BO3MOXKHOCTb YyyLLEHMS
namsTi bnarogaps BOCCTaHOB/EHWIO HOPMaNbHOMO (YHKLMO-
HWUpOBaHWs BeCTUOYNAPHON CUCTEMbI MOKAa3aHa U Ha XUBOT-
HbIX Mofiensx. ACUMMeTpUS CEHCOPHOM PeaKTUBHOCTU BECTU-
BynsapHoro annapara nocne 0JHOCTOPOHHEN BeCTUOYNSPHOIA
HEPO3KTOMUM Y KpbIC MPUBENA K HapyLUEHWAM HeMniacTuy-
HocTM B runnokamne [9]. 3T pe3ynbTaThbl NOAYEpPKUBAKOT
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PELLAIOLLYI0 POsib CUMMETPUYHON BECTUBYNAPHOK MHdOpPMa-
WM B NPOCTPAHCTBEHHOW NaMATU U CMOCOBCTBYIOT fyuLLeMy
MOHYMaHWI0 KOTHUTUBHBIX PacCTPOMACTB, HabnoaaeMbIx y na-
LIMEHTOB C BECTUOYNAPHBIMU HapyLUEHUAMMU.

HepnaBHWe uccnefoBaHUs € UCMONb30BaHWUEM MarHUTHO-
pe3oHaHcHoM ToMorpadmu NoKasblBakoT, YTO Y Nlofei ¢ ABY-
CTOPOHHMM MOpaKeHWeM BeCTUOYNspHOro annapara Habmoaa-
eTcs aTpoduA rMnnoKamna, KoTopast KOPpenmpyeT Co CTeNeHbH
HapyLUEHUs NpPOCTPAHCTBEHHOW NaMATW. 3TU pe3ynbTaTthl
COrnacylTcs C pesynbTaTaMu UCCeA0BaHWUA Ha KUBOTHBIX.
TakuMm obpasoM, noay ¢ BecTMBYNSpHBIMX pacCTpOMCTBa-
MW, BEpOAITHO, ByAyT UCMbITBIBaTb KOTHUTUBHBIE TPYAHOCTH,
KoTopble He 00M13aTenbHO CBSA3aHbl C FONIOBOKPYMXEHMEM.
[oaToMy TaKue TPYAHOCTY MOTYT BO3HWUKATb aXe Y MaLMeHTOB,
KOTOpble B OCTaNbHOM XOPOLLO KOMMEHCUPOBaHbI. Bo3aMoxHo,
Mo3TOMy JIOAM C BeCTUOYNAPHBIM AeULMTOM YacTo CTPaaatoT
Aenpeccuen 1 TPeBOXKHbIMK paccTpoicTBamu [24].

MarHuTHO-pe3oHaHCHble ToMorpaduyeckue uccnegosa-
HWA YKa3bIBaKT Ha NMPAMYI0 CBA3b MEXAY pa3MepoM runmno-
Kamna, HaBurauumeii B MpoCTPaHCTBE W MPOCTPAHCTBEHHOM
namsTbio. KpoMe Toro, 3T AaHHble NoKasanu, YTo BnepBble
NMPOAEMOHCTPUPOBAHHAA Ha MIOAAX NMPOCTPAHCTBEHHAs Ha-
BMraums KpUTUYECKM 3aBUCUT OT COXPaHHOI BeCTUDYNspHOVA
(hYHKUMM, [aXxe KOrfa OHU HEeMOABWKHBI, HanpuMep 6e3 Ka-
KoM-n1bo dhaKTU4ecKon BeCTUOYNAPHON UM COMATOCEHCOP-
HOW cTuMynsAumm [3].

B MHOWIACKOM MccrnefoBaHWM MOKasaHo, uyTo BecTuby-
NspHas CTUMYNALMA C MOMOLLbK 0BbIYHBIX Kauenie CHU3M-
na npeA3K3aMeHaLMOHHbIA CTpecc, Ynydywuna BepbanbHyio
M NPOCTPAHCTBEHHYK NaMATb Y CTyAEHTOB Konnepxa [15].
B uccnepoBaHum yyactBoBanu 240 340poBbIX CTYAEHTOB KOJl-
nempxa B Bospacte 18—24 net. YuacTHUKM Bbinn cyyaiiHbIM 06-
pa3oM pacnpeeneHbl Ha YeTbIpe rpynmbl — 3KCMNePUMEHTaTb-
Hble, KOTOpbIe MofTy4anu BeCTUBYNSPHYI0 CTUMYNALMIO (OHOLLK
W [EBYLUKM), U KOHTPOJIbHbIE TPYNMbl (HOHOLUM M AEBYLLKN),
6e3 ctumynauun. BecTubynspHylo cTUMynsaumio mpoBOAUMM,
npeAJiaras y4acTHYKaM packaumBaTbCsA Ha Kauyensix B KOM(opT-
HOM pexnMe. [Lnsl OLIeHKM KOTHUTUBHBIX QYHKLMIA MCMOb30Ba-
JMCb TECTbI HA MPOCTPaHCTBEHHYIO W BepbasbHyIo NamsATh.

WcxoaHble noKasaTtenv NpoCcTpaHCTBEHHOM W BepbanbHoi
naMATV B Ha4ane WUCCe0BaHNA 3HAYMMO He pasnuyannchb
Mexay rpynnamu. lokasatenu BepbanbHOi NamsaTh bbinu
CHUKEHbI, BEPOSITHO M3-3a CTPecca, CBA3aHHOrO C MpeAcTo-
ALIMM 3K3aMeHOM. 3HauMMOoe YyyLLeHWe NMPOCTPaHCTBEHHO
namsaTW mocnie BeCTUBYNApHOW CTUMyNAUMM Habnoanoch
Y IOHOLLIEN, HO He Y [ieBYLLIEK. 3HAYMMOE YMyuLLeHUe NOKasa-
Tenei BepbanbHOM NaMATU — KaK Y HOHOLUEH, TaK 1 Yy AeBy-
LUEK, NOMy4aBLUMX BECTUOYNAPHYKD CTUMYNALMIO.

BECTUBY/IAPHAA CUCTEMA
U IMOLIUA

BecTubynspHas cucteMa MMeeT LIMPOKO pacnpocTpaHeH-
Hble CBA3U B LiEHTPabHOM HepBHOM cucTeMe. B yacTHocTH,
ecTb coobuleHns 06 aKkTMBauuuM rNyboKMX NMMBUYECKMX
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obnacteii nocne BectbynsapHon ctumynaumm [17, 18, 26].
OyHKUMOHMPOBaHWe 3TUX 0BnacTeli JOCTAaTOYHO TPYAHO MO-
AynupoBatb Yy yenoBeka. Cyas no npeABapuTesbHbIM AaH-
HbIM, BECTUBYNsipHas CTUMYNAUMA BAMSET Ha HACTPOEHUE
1 addeKTUBHY0 06paboTKy COOLITHIA.

WccnepoBatenu 3apanucb BOMPOCOM, Y4acTBYeT 1M
BeCTUDYNAipHas cucTeMa TaKKe B MOTUBALMM W peaKLuu
Ha BO3HarpaxaeHue [2]. IBONKOLMOHHbIE TEOpPUM NpeLno-
NarawT, YTO 3pUTESIbHO-BECTUOYNAPHBIA KOHDMKT MOXET
UrpaTb OMpefeNieHHyl0 pofib B MPeAoTBPaLLeHnn B3auMo-
AEeiCTBUA C 00bEKTaMK, KOTOpble paHee Bbi3bIBalu PEaKLMI0
0TBPALLEHUS. 3TOT KOHQIMKT MPEKPAcHO BbIMOJHSET Pofib
npeaynpexaatLLero curHana, KoTopbld BblpabaTbiBaeTcs
B pe3ynbTaTe TaKTU/IbHOTO KOHTaKTa C HEMPOTOKCUHaMU UK
WX npornatbiBaHus. Takum 0Bpa3oM, MmepBbili Bonpoc 3a-
KIYancs B TOM, U3MEHSET NI BeCTUBYNApHas CTUMyNALMS
UYBCTBUTENBHOCTb K BO3HArpaaeHuto. Bo-BTopbIX, aBTopbI
uccnefoBaHus CTPEMUIIUCH OLIEHMTb, MO-pPasHOMY NM pac-
npefenseTcs BHUMaHWe B MPOCTPaHCTBE NpW BO3LENCTBUM
BbICOKO MOTVBMPYHOLLMX CTUMYJIOB U MOAYNMPYETCS NN 3T0
B3aMMOLeNCTBIE BECTUDYNAPHOM CUCTEMON B [aNIbHENLLEM.

Y 30 340pOBbIX Y4aCTHUKOB M3y4yan U3MEHEHWUE MOTH-
BaLWW B pe3y/bTaTe rafbBaHUYECKON CTUMYNALMM BeCTUDY-
NApPHOro annapara. BbisBMEeHO, YTO CHUKEHME YYBCTBUTEb-
HOCTW K BO3HarpaxfeHuam 6blno CBA3aHO C M3MEHEeHWEM
(QYHKUMOHMPOBaHUS BECTUOYNAPHOM CUCTEMBI B pe3ysnibTaTte
CTUMYNALMM — paHee MpeanoynTaeMble 0OBEKTbl CTamu
KasaTbCsl UM MeHee MpuBJieKaTeNbHbIMA. ABTOPbI CHMTAIOT,
uYTO ranbBaHW4eCKas CTUMYNALMA BeCTUOYNsApHOro annapara
MOXeT BbiTb 6e3onacHbIM M MHoroobellatowmM cnocobom
NeYeHNst NALMEHTOB C Pa3fINyHbIMU BULAMM 3aBUCUMOCTEN.

TpeBoXHOCTb — OJHO U3 Haubonee YacTbiX NPOSBEHUI
y nauueHToB c BecTUbynspHbIMM paccTporcTBamu. [loka-
3aHo, 4To TpeBora, cTpecc, obceccuBHble U enpeccuBHbIE
paccTporcTBa MOryT BbiTb Kak MPUUMHAMK 3MU30UHECKUX
1 XPOHUYECKMX BECTUBYNAPHBIX CUMMTOMOB, TaK U BTOPUYHbI-
MU MocneacTBUAMU BeCTUOYASPHBIX PaccTPoMcTB [26].

WccnepoBaHua ¢ ydacTMeM NauMEHTOB C NCUMXMHYECKUMM
PaccTpoiCcTBaMM M NaLMEHTOB C BECTMOYNAPHLIMX HapyLue-
HWAIMM MOKa3bIBaKIT BbICOKYIO CTEMEHb COHETAEMOCTU BECTU-
BynApHbIX AMCHYHKLUMN U NCUXMATPUHECKUX CUMNTOMOB. [10-
Ka3aHo 611aroTBOpHOe B/IUSIHWE BECTUOYNIAPHOW CTUMYAALMM
Ha COCTOSHWE MALMEHTOB C MCUXMYECKMMMW PacCTpPOACTBaMM.
BectnbynspHoe BO3[ENCTBME MOXET U3MEHATb HACTpPOEHUE
1 BIUATb Ha addeKTMBHYI0 chepy [16].

B nocnepHve roabl NosBUNMCH COOBLLEHMS, YTO BECTU-
bynapHas ctumynauma 3QQeKTUBHA AN1S CHATUA cTpecca
W, BO3MOXHO, ANS YNYULLEHUS IMOLMOHANIBHOrO COCTOSHMS
naumeHToB. JIuMbuueckas cucteMa B NepByl0 o4Yepenpb yya-
CTBYET B perynsuuv 3Moumin. YuuTbiBas 00LWIMpHbIE CBA3M
MeXay BeCTMOYNAPHON U IMMONYECKON CUCTEMaMM, BOJHE
BEPOSATHO, YTO MeTobl BECTUBYNAPHON CTUMYNALMM MOTYT
BbITb NONe3HbI Ans BO3AeACTBUA Ha amoumm [17].

lokasaHo, 4To cnabas wnm yMepeHHas BecTUbynsp-
Has CTUMyNAUMS (C NOMOLLbI0 ranbBaHUYECKUX TOKOB UIK
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UCMOMb30BaHMs Kayeneil) MOXKEeT OKasblBaTb braroTBopHoe
BO3[eCTBME Ha CTPECC M HAaCcTPOeHUe Y 3A0POBbIX B3POCTbIX,
a TaKKe CNocobCTBOBaTh YNYULLEHMIO KauecTBa CHa Y Jtoel
W TpbI3yHOB [4].

OrPAHWYEHHOCTb KOrHUTUBHbIX
PECYPCOB

XoTsl KOTHUTMBHbIE TPYAHOCTM fl0fel C BeCTUBYNAPHBIMM
HapYLLEHWSIMM YKe XOpOLLIO JOKYMEHTUPOBaHbI, MPUPOAA 3TUX
TPYLHOCTEN U MPUYMHA BbICOKOW BapuaTMBHOCTW pe3ynbTa-
TOB MCC/Ie,0BaHNA KOTHUTUBHBIX CMIOCOBHOCTEN He A0 KOHLA
fcHbl. EcTb runoTe3a 06 orpaHMYeHHOM KONMYECTBE KOTHMU-
TUBHbIX PECYPCOB, KOTOPbIE MOIYT ObITb BbIAENEHbI Ha BbINON-
HEHWEe KOTHWUTMBHBIX 3344 Ha 3Tanax KoMreHcauum BecTuby-
NAPHBIX PAacCTPOMACTB. ITOT OCHOBHOW MEXaHU3M OrpaHNYEHMS
BHUMaHWS MOXET NPUBOAMUTH K PasfMuHbIM NpodunaM KoM-
MeHcaLyMmM y NaLMEHTOB C KOTHUTUBHOW AMCHYHKLMEN Ui 6e3
Hee, B 3aBMUCUMOCTM OT CTaAUMU KOMMEHCaLWK.

Mpennaraiotcs Mepbl 4151 OLEHKU TUMOTE3bl 0 KOTHUTUB-
HO-BeCTMbyNApHoI KoMneHcaumm [16].

HecMoTps Ha pacTyllee KONMYeCTBO [0Ka3aTesbCTB
CBAI3M BECTUOYNAPHBIX AUCHYHKUMIA C KOTHUTUBHBIMU Hapy-
LIEHWAMM, BeCTUOYNApHbIE AUCHYHKLMM Y [eTeN U3Y4YeHbl
Hef0CTaTo4HO. BepoaTHo, NpuunHa B TOM, YTO Y AeTen Ya-
CTO OTCYTCTBYIOT }anobbl Ha rofIOBOKPYIKEHUE W Le30pUeH-
TaLuIo, KOTOpble ABASIOTCS MOKa3aHWeM Ans obcnepoBaHns
BECTUBYNIAPHON CUCTEMbI MHCTPYMEHTANbHBIMKA METOAaMM.
KpoMe Toro, HekoTopble BUAbI UHCTPYMEHTANbHOM [MarHo-
CTUKU BECTMOYNAPHON QYHKLMM CNOXHO UCMO/b30BaTh Npy
0bcnef0BaHWM JeTel U3-3a TOTO, YTO OHM BbI3bIBAOT HEMPU-
ATHble oLwyLlenus [25, 27].

TeM He MeHee onybiMKOBaHHbIE UCCIEA0BaAHUA MOKa3bl-
BalOT, YTO K YNCITy [ieTeli C BECTUOYNAPHBIMU AUCHYHKLMAMM
€XKeroAHo 4006aBnaTCA COTHM ThicsY MnafeHueB. [ockonb-
Ky B 3TOM B03pacTe hopMUpyeTcs CTabubHOCTb B3rNAAa, Ko-
TOpas 3aBUCUT OT BECTUOYNAPHON CUCTEMBI, 3T AUCHYHKLMM
MOTYT CHIKaTb CNocobHocTb pebeHKa K 0byyeHuto. B yacTHo-
CTW, B pe3synibTaTe BeCTUDYNAPHOI MMNOpeakTUBHOCTU MOXKET
BO3HMKaTb HEJLOCTAaTOMHOCTb BeCTUBYNornasHoro pedekca,
4TO B CBOI0 OuYepedb OyAeT MellaTb OBAALEHMIO YTEHUEM.
BectnbynspHble feduumTbl BLISBAAIOTCA Y feTeil C pasnuny-
HbIMWU KOTHUTWUBHBIMU HapyLUeHusaMM. ToKasaHo, YTo cneu-
anbHble yrpaXKHeHUs MOMOraloT HOPManu30BaTb CEHCOPHYIO
peaKTMBHOCTb BeCTUOYnApHoro annapara [6, 19].

3AKJTIOYEHUE

LleHTpanbHas yacTb BeCTMOYNAPHOro aHanmu3aTopa uMeeT
HeoObl4HYI0 aHaTOMUIO, YTO MO3BOJISIET BbIABMUraTh rUNOTeE-
3bl 0 BO3MOXKHOCTU BJIUSIHUA BECTUOYNAPHOW CTUMYNALMM
Ha KOrHWTUBHbIe (yHKUMM YenoBeka. BeposTHo, BecTuby-
NSPHbIE OLLYyLLIeHNUs 00ecneynBaloT MOCTOSHHbLIA (OH AN
BCEX BUM0B aKTMBHOCTM Ye/OBEKa, TaK KaK Mbl }XVUBEM B yC-
NOBUAX rpaBuTaumMn. BectnbynspHas cucteMa MoxeT bbiTb
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TOYKOI TepaneBTUYECKOr0 BMELLATENbCTBA AJ18 NaUMEHTOB
C KOTHUTUBHBIMI PaccTPOMCTBaMU M JeTen C HapyLUeHUSMH
pa3suTua. BriusiHe BecTMBYNApHOW CTUMYNAUMKM Ha Kor-
HWUTMBHbIE QYHKUMM YeloBeKa ABNSETCS MepCreKTUBHOM,
HO Manomn3y4eHHOW TEMOM.

AOMOJIHUTE/IbHAA UHPOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/IM OAMHAKOBbINA PaBHbIN
BKIaA B pa3paboTKy KOHLUenuwuu, NpoBeAeHue McCrefoBaHus
M MOLTOTOBKY CTaTbW, NPOYIM U OA0OPUAM dUHANbHYK BEpCUIo
nepen, nybnmKaumen.

KoHnuKT uHTepecoB. ABTOPbI AEKNApUpYIOT OTCYTCTBUE SIB-
HbIX W MOTEHUMaNbHbIX KOH(QJIMKTOB MHTEPECOB, CBA3aHHbLIX C Ny-
BnMKaLmeit HacTosLLLEeN CTaTbK.
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MpeaukTopbl HGEKLMUIA paHHEro HeoHaTabHOro
nepuoaa (063op nutepatypbi)
10.C. Anexcanpposuy ', [1.0. MeaHos ', E.10. MNaenosckas " 2, K.B. MwenncHos

! CankT-MeTepbypreKuii rocyAapcTBeHHbIN NeanaTpUyecKuin MeMLIMHCKIA YHuBepcuTeT, CaHkT-MeTepbypr, Poccus;
2 Netckasn ropoackas 6onbHuua Ne 17 Ceatutens Hukonas Yynotsopua, CaHkT-Metepbypr, Poccus

AHHOTALNA

NHbeKumMM paHHero HeoHaTanbHOro Nepuoia M CENcMc HOBOPOXEHHBIX — Haubonee YacTas MpUYMHa pasBUTUS KPUTUYECKOTO
COCTOSIHUSA, Pa3/IMYHBIX OCTIOXHEHMIA M HeBIAaronpuATHOro McxoAa 3aboneBaHNs, KaK B paHHeM, TaK U 0TAANIeHHOM Nepuojax,
O[JHAKO [LOCTOBEPHbIE KPUTEPUM AMArHOCTUKM B HACTOsLLLEE BPEMs OTCYTCTBYIOT, YTO 3aTPYLHSIET paHHee pacno3HaBaHue UH-
(eKumnoHHoro npouecca. Ha ocHOBaHUM pesyNbTaToB MHOMOYMCIEHHbBIX MCCNEf0BaHWI YCTAHOBEHO, YTO KITMHUYECKWN aHa-
/U3 KPOBM UMEET KpaiHe HU3KYH KJIMHUYECKYH LEHHOCTb 1 AMarHOCTUKU MHAEKLMIA U PaHHErO HeoHaTalbHOro cencuca.
YcTaHoBneHo, 4To KoHueHTpaums C-peaktuBHoro benka B Kpoeu noBbiwaetcsa cnycta 10-12 4 nocne noseneHns nepsbiX
K/IMHUYECKUX MPU3HAKOB MHGMEKUMM M LOCTUraeT niKa yepe3 48 u. MoBbileHue ypoBHA C-peakTuBHOro 6enka ao 20 mr/n
yepes 48 4 nocne poXAeHWS BO3MOXHO Jaxe Yy AeTen 6e3 uHdeKummM, No3ToMy ero Ucnosib30BaHWe B KayecTBe MapKepa
MH(EKLMI paHHero HeOHaTaNlbHOro Nepuoaa BecbMa 3aTpyAHNUTENbHO. [10poroBoe 3HayeHne KOHLEHTpaumm C-peakTUBHOrO
benka B nepBble AHN u3HU cocTaBnseT 10 Mr/n. HefoHoLWeHHbIE JeTH UMeIoT Gosee HU3KME 3HAYEHNS MO CPABHEHMIO C J0-
HOLLEHHbIMW. YBENIMYEHNEe KOHLIEHTPaLMVU NPOKanbLUMTOHMHA, TaK Ke Kak u C-peakTuBHOro benka, cpasy nocne poxaeHus
ABNSAeTCA QU3MONOrNYECKUM, YTO OrPaHUUMBAET MUX AMArHOCTUYECKYH0 LIeHHOCTb B NepBble 2—4 AHs xw3Hu. WccnegoBaHue
KOHLIEHTPaLMW NPOKabLMTOHMHA bonee onpaBLaHo 41s NPUHATUS 000CHOBAHHOIO PeLLEHNs 06 0TMeHe aHTUDaKTepuanbHoM
Tepanuu. [lpecencuH — oAuH M3 Haubonee paHHUX MApKEPOB TSIKENOr0 TeYEHWUS MHDEKLMI Y HOBOPOXAEHHBIX, MOCKObKY
€ro KOHLIEHTPaLMs He 3aBUCUT OT CpoKa rectaumu. YpoBeHb N-KoHueBoro npo-BNP MoxHo ucnonib3oBaTth Kak MapKep Kap-
AVOBACKYNAPHOW AMCHYHKLMW, YBENMYEHWE €r0 YPOBHS aCCOLIMMPOBAHO C TSIKECTbIO MHGEKLMOHHOIO MpoLiecca W IeTasbHbIM
MCX0[0M. YHMBEpCaMbHBIA MapKep MHGMEKLMIA paHHEro HeOHaTaIbHOr0 Nepruoaa U Cencuca y HOBOPOXAEHHbIX B HACTosLLEe
BpeMs OTCYTCTBYET, YTO CBUAETENLCTBYET O HE0OXOAMMOCTM TILATENbHOW OLEHKU BCEX AOCTYMHbIX KIIMHUKO-N1abopaTopHbIX
TECTOB B [IMHAMUKE.

KnioueBble cnosa: HOBOpO)K,D,QHHbIVI; BHYTpMaMHNOTUYECKaA VIH¢|EKL|,MFI; VIH¢|EKL|,MFI pPaHHEro HeoHaTaJibHOro nepunoaa;
cericuc; paHHMVI HeoHaTaNbHbIN CeNCUC; 6MOMapKepr; ncxon.
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Predictors of early-onset neonatal infections (review)

Yurii S. Aleksandrovich ', Dmitry 0. Ivanov ',
Ekaterina Yu. Pavlovskaya ! 2, Konstantin V. Pshenisnov '

! Saint Petershurg State Pediatric Medical University, Saint Petersburg, Russia;
2 St. Nicholas the Children’s City Hospital No. 17, Saint Petersburg, Russia

ABSTRACT

Infections of the early neonatal period and neonatal sepsis are the most common cause of critical condition, various
complications and unfavorable outcome of the disease, both in the early and distant periods, but there are currently no
reliable criteria for diagnosis, which makes it difficult to recognize the infectious process early. Based on the results of
numerous studies, it was found that the clinical blood test has extremely low clinical value for the diagnosis of infections
and early neonatal sepsis. It was found that the concentration of C-reactive protein in the blood rises 10-12 hours after
the appearance of the first clinical manifestations of infection and peaks 48 hours later. An increase in C-reactive protein
to 20 mg/L 48 hours after birth is possible even in newborns without infection, so its use as a marker of infections of the
early neonatal period is very difficult. The threshold for C-reactive protein concentration in the first days of life is 10 mg/L.
Premature babies have lower C-reactive protein values compared to full-term newborns. Increasing the concentration
of procalcitonin, as well as C-reactive protein, immediately after birth is physiological, which limits their diagnostic
value in the first 2-4 days of life. The procalcitonin concentration study is more justified for making an informed deci-
sion to discontinue antibacterial therapy. Presepsin is one of the earliest markers of a severe course of infections in
newborns, since its concentration does not depend on the term of gestation. The level of N-terminal pro-BNP can be
used as a marker of cardiovascular dysfunction, an increase in its level is associated with the severity of the infectious
process and fatal outcome. A universal marker of infections of the early neonatal period and sepsis in newborns is cur-
rently absent, which indicates the need for a thorough assessment of all available clinical and laboratory tests over time.

Keywords: neonatal; intraamniotic infection; early onset neonatal infection; sepsis; early neonatal sepsis; biomarkers;
outcome.
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BBENEHUE

PaHHee BbisiBNeHMEe MH(EKLMN Y HOBOPOXKAEHHBIX B KPU-
TUYECKOM COCTOSHUM — KpaiiHe Ba)KHas 3aflaya COBPEMEH-
HOM HEOHATONIOrUM M HeOHaTaNlbHOW MHTEHCUBHOW Tepanuu
[3, 5, 6, 18].

lporpeccupoBanne UHBEKLMM, cneunduyHon ons Heo-
HaTaNbHOro0 Mepuoja, ABMSETCA CaMoi YacToi MPUYMHOM
MOCTYMN/IEHNA HOBOPOXAEHHBIX B OTAENEHWUS peaHMMaLmuu
1 uHTeHcuBHoW Tepanum (OPWUT). B GonblumHcTBe cnyyaes
MMEHHO Hannuue MHGBEKUMM OnpeaensieT TAKecTb COCTOS-
HWSA NALMEHTOB U UCXOJ, KPUTUHECKOTO COCTOSHUS, NPY 3TOM
HecBOeBpeMeHHas MAEHTM(OUKALMA BO30yauTeNs 3aTpyLHAET
NpOBEEHWE LieNieHanpaB/eHHO Tepanmm, YT CYLLECTBEHHO
YBEIMYMBAET PUCK OCNIOXHEHWN W NieTanbHOro ucxopda [2, 3,
7, 11,15, 17, 30, 34, 50].

K coxanenuio, cneunduyeckme U naTorHOMOHUYHbIE
CMMNTOMbI MHGEKUMIA HeOHaTanbHOro nepuoja OTCYTCTBY-
toT [3, 5, 26]. Y HOBOPOXKAEHHOTO MOryT OTMEYaThCA CaMble
pa3Hble MPWU3HAKWU MOMMOPraHHOM AMChYHKUMKM (yrHeTeHue
CO3HaHMsl, CyLOpOrH, PECMUpaTOpPHbIN AUCTPECC, ONIUTYpUS
W Ip.), 0QHaKO WX Hanuuue No3BONSET JMLLUb 3anofo3pUTb
MHbEKLMIO, B TO BPEMs KaK J0CTOBEpHas AMarHOCTUKa BO3-
MOXHa JINLWb NpU TLLATENbHOM KIIMHUKO-N1abopaTopHOM UC-
CNefloBaHUM C WUCMOJb30BaHMEM CrieLMbUYeCcKUX MapKepoB
(4, 8,12, 18, 30, 34].

Bce BbILEM3M0EHHOE CBULETENBCTBYET O HECOMHEHHOM
aKTyanbHOCTU NpobsieMbl M HE0BX0AMMOCTH NOMCKA BbICOKO-
UYBCTBUTENbHBIX U CMIELMGBUYHBIX KPUTEPUEB LMUArHOCTUKM
MHGbEKLMOHHOrO NpoLiecca B HeOHaTalbHOM Nepuofie.

Hambonee yacto pns AMarHOCTMKM MHGEKUWIA B Heo-
HaTanbHOM Mepuoje UCMONb3YIOT OLEHKY 00LLero Konnye-
CTBa IeNKOLMTOB W abCconioTHOE KOMMYEeCTBO HerTpodmos,
a TaKKe OTHOLLEHME He3penbix HelTpodunoB K 0bLieMy
KonuyecTsy Heiitpodunos (I/T). YBenuyenne abcontoTHoro
KO/IMYecTBa HeUTPOUIIOB ABASETCS OAHUM U3 abCOMIOTHbIX
noKasatenien TedeHus uHdekumn [15]. MsMeHeHus Konude-
CTBa JIEMKOLMTOB MOTYT NPUBOAUTb K HEATPOQUIMK n/unu
OTHOCUTENbHOW NuMdoumToneHu [14, 36].

Konnyectso NeMKoOLMTOB B paHHEM HeOHaTalbHOM Mepuo-
[ UMeeT NpSIMYH 3aBUCUMOCTb OT CPOKaA recTaumm, npu 3ToM
WX MaKCUManbHOe YMCo JOCTUraeTcs B NepBble 8§ Y KNU3HK,
YTO MO3BOJISIET UCMOMb30BaTh OLEHKY [AHHOr0 MoKasaTens
C LeNblo MCKITYEHNS UHEKLMIA Y HOBOPOKLEHHbBIX NULIb
cnycta 6—12 4 nocne poxaenus. o cpaBHeHMIO C NeiKoLm-
TO30M JIeAKONEHNUs ABNSeTC boniee YyBCTBUTENBHBIM Mpe-
LVKTOPOM UHGDEKLMIA U Cencuca Y HOBOPOKEHHBIX, 0COOEHHO
€C/IM OHW BbI3BaHbl rpamMoTpuLiaTeNibHbIMU bakTepuamu [38].

Y 50 % HOBOpPOXKAEHHBIX C HEOHATasIbHBIM CEMNCUCOM pa3-
BMBaeTCS aHeMus,, KOTopas 0cobeHHO onacHa Yy He[loHOLLEH-
HbIX HOBOPOXJEHHbIX, MOCKOJIbKY MOXET CTaTb MPUYMHOI
MLIEMWNYECKOTO M TMNOKCUMYECKOT0 NOBPEKAEHWSA OpraHoB [22].

OpvH 13 3HauMMBIX JTabopaTopHBbIX NOKa3aTesen, Ucnoslb-
3yeMbIX B AMArHOCTUKe MHAEKLUMA PaHHEro HeOHaTaNbHOro
nepuoAa, — ypoBeHb TPOMBOLMTOB, KOTOPLIN Y BOSbLLMHCTBA
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naumeHToB bbiBaeT cHuxeH [33]. TpombouuToneHns BCTpe-
yaetca npubmuamtensHo y 44,7-50 % HOBOPOXAEHHBIX
c cencucom [16, 29, 38, 45]. Hanbonee BeposTHas npuum-
Ha TPOMBOUMTONEHUM — MOBpPEXAEHUE 3HA0TENMANBHBIX
KJETOK, MPUBOASALLEE K aKTUBM3aLMM MaKpo(haroB peTuky-
NO3HLOTENINANBHON CUCTEMBI, YTO, B OOJBLUMHCTBE CNyYaes,
OTMEYaeTCA Ha MNO3JHeN CTaguM MHAEKUMU W YKasbiBaeT
Ha HebraronpuATHbIA UcxoA 3aboneBaHus [45]. KpoMe aToro,
TPOMOOLMTONEHUA NPU TAXKENbIX UHDEKUMAX M HEOHATasb-
HOM cencuce MoOXeT bbiTb 06ycnoBneHa yMeHbLLEHUEM KO-
NMYecTBa MerakapuoumToB v 6onee BbICTPbIM paspyLLeHNeM
TPOMOOLMTOB, LMTOTOKCUYHOCTBIO BaKTepuanbHbIX 3HA0TOK-
CMHOB, reModarouuTapHbiM numdoructuoumtosoM, [BC-
CMHLPOMOM U NpUMEHEHWEM JIEKapCTBEHHBIX MPenapartos,
MOLaBNAKLLMX MEraKapuoLMTapHbIin pocTok [38, 49].

XOTSl KJIMHUYECKUI aHaNN3 CYMTAeTCs TPaAMLMOHHBIM
MeTO[,0M WCCNEe[0BaHUA W LUMPOKO WUCMOMb3YeTcs B HEOHa-
TanbHOM NPaKTUKE, OH UMEET KpaiiHe HU3KYK AMarHocTuye-
CKYK0 LIEHHOCTb [/ BbISIBIEHUS| MHEKLIMOHHOMO mpoLiecca
W paHHEero HeoHaTabHOro Cerncuca, MoCKoJIbKY naTosioruye-
CKMe U3MeHEeHUst MOTYT ObITb 00YCNoBNEHb! NobbIMK Hebna-
ronpuaTHeIMK Bo3aencTamamm [9, 131.

Huskas uyBCTBUTENBHOCTb UM CMELMGBUYHOCTL KIIMHUYE-
CKOro aHanM3a KpoBM CTana 0CHOBaHWEM 1S Moucka bonee
3HauMMbIX BUONOrMYecKUX MapKepoB MHOEKUMA B Heo-
HaTanbHOM Nepuofe, Cpeau KOTOpbIX B HacTosLLee Bpems
B K/IMHWYECKOW MPaKTUKe Haubosiee LUIMPOKO UCMOMb3YTCS
C-peakTuBHbli 6enok (CPB), nMpoKanbLWTOHWHOBLIA TECT,
NT-proBNP (N-terminal prohormone of brain natriuretic
peptide, N-koHuesoit npo-BNP) u ap. [17-19, 23, 30, 31].

C-PEAKTUBHbBIW BEJIOK

YcTaHoBnEHO, YTO KOHLeHTpauma CPb B KpoBu noBbiLLa-
etcs cnycts 10-12 y nocne nosiBneHMs NepBbiX KIMHUYECKUX
MPU3HAKOB MH(DEKLMM M JOCTUraeT NuKa yepe3 48 u [5, 32].
YuuTbIBas OTHOCWTENIBHO MO3HEE YBENMYEHWE KOHLEHTpa-
umm C-peaKTuBHOro benika B 0TBET Ha MHGEKLMIO U Hecneuy-
(uryeckoe HU3NONOrMYECKOE YBEIMYEHWE B NEPBbIE TPU [HS
XU3HW Ha QOHEe POAO0BOr0 KaTapcuca, ero MCnosib3oBaHue
B KauecTBe MapKepa MH(EKLMIA paHHEero HeoHaTasbHoro ne-
proaa BecbMa 3aTpyAHUTENbHO [21].

YcTaHoBneHo, yTo nosbiwenne ypoBHs CPB mo 20 mr/n
yepe3 48 4 nocne poXAeHWs BO3MOXKHO AaXe Y HOBOPOX-
LeHHbIX 6e3 nHbeKumMK, ofHaKo ucrnonb3oBaHue CPE B KoM-
buHaumm ¢ bonee paHHUMKM MapKepamu, Takumm Kak CD64,
MHTEPNENKMUHBI MK NPoKanbUmToHuH (MKT), MOryT NoBbICUTL
TOYHOCTb [JMArHOCTUKY PaHHEro HeoHaTanbHoro cencuca [41].
loporoBoe 3HaueHue KoHueHTpauun CPB B nepBble AHM u3-
Hu coctasnset 10 mr/n [29, 38].

BuisBneHo, 4to ypoBeHb CPB 3aBMCHMT OT MeTOAMKM
poaopaspeLUeHns U CPOKa rectauyy, npu 3TOM OHU OTMe-
yawT, yto cpefHue nokasatenu CPB Bbinu 3HauuTenbHO
Bbllle yepe3 48 u, yeM uepe3 12 u 24 4 nocne poxaeHus,
Mpu 3TOM Haubonee BblpaXKEHHbIE U3MEHEHWUS! 0TMeYanCh
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Mpu ecTecTBeHHbIX poAax (3,8 Mr/n) u aKcTpeHHOM Kecape-
BOM ceyeHu (3,6 mr/n) [41].

MpoLeMOHCTPUPOBAHO, YTO HELOHOLLEHHbIE LETU UMe-
v bonee Hu3kue 3HaueHus CPB no cpaBHeHuio ¢ oHO-
LEHHbIMW HOBOPOXAeHHbIMU. YpoBeHb CPB yBennumBancs
Ha 0,405 Mr/n Kawnyw Hefent rectauMoHHOro BoO3pac-
Ta [32].

MoMMMO MCMONB30BaHUA B Ka4ecTBe AMArHOCTUYECKOro
Mapkepa CPb ucnonb3yeTcs Takke Ans oLeHKU 3 heKTmB-
HOCTW aHTMbaKTepmanbHoi Tepanuu. Hopmanusauums ero
YpoBHS Ha (OHe aHTUDaKTepuanbHOW Tepanuu CBULETENb-
CTBYET O perpeccupoBaHUM MHPEKLMOHHOrO npouecca. 0a-
HaKo CNeflyeT 0TMETUTb, YTO YBeNUYeHWe KoHLeHTpauuu CPb
He ABNAEeTCA cneunduyeckuM ans baktepuanbHoi MHGEKLMM
1 MOXeT 6bITb 06yCIOBNEHO NHBLIM CTPECCOPHBIM BO3MEN-
CTBMEM Ha (OHE KPUTMYECKOr0 COCTOSIHWA HEOHATaslbHOro
nepuoga [32].

NPOKANbLUTOHWHOBBIW TECT

KoHuenTpaums KT 3HauuTenbHO yBennuvMBaeTcs npu
MHGbEKLMAX Y HOBOPOXKAEHHBIX YIKe B NepBble 6 4 nocne no-
ABNEHNA MUHUMAbHBIX KIIMHUYECKMX CUMIMTOMOB, JOCTUTaeT
MaKcuMyMa Yepes 18—24 4 n ocTaeTcs LOCTAaTOYHO BbICOKOM
0o 48 4 [21].

Henb3s He OTMETUTb, YTO YBENWYEHME KOHLEHTpaLum
MKT, TaK e Kak u CPB, nocne poxaenus aensetca Gpuamno-
JIOTUYECKWM, YTO OTPaHWYMBAET €ro AMarHOCTUYECKYI0 LieH-
HOCTb B nepBble 2—4 aHa xu3nm [3, 5, 21, 40].

WccnepnoBanne KoHueHTpauuu TMKT bonee onpaBaaHo
ANs NPUHATUA 000CHOBaHHOIO peLleHus 06 0TMEHEe aHTW-
bakTepuansHon Tepanuu [1]. YcTaHoBneHo, YTO npekpaLue-
HWe NleYeHns Ha 0cHoBaHUM oLeHKK ypoBHA MKT y HoBopoX-
AEHHBIX C MOJO03PEHNEM Ha PaHHMIA HeOHaTambHbIA Cencuc
He NpWBOAMIO0 K HeBNaronpuaTHLIM UCX0LaM, @ NPOJOIKU-
TeNbHOCTb aHTUDaKTepUanbHO Tepaniv 3HaUMTENbHO COKpa-
wanaco [48].

K npeumywectam [MKT oTHocuTcs cneumnduryHocTb K bak-
TepUanbHbIM UHBEKUMAM U ero BbICTPOE CHUMEHME B OTBET
Ha afileKBaTHy0 aHTMbaKTepuanbHyto Tepanuio [28]. MKT 6o-
nee YyBCTBUTENbHBIA Mapkep, YeM CPB, a ncnonb3oBaHue ux
B KOMBMHaLUMW NPUBOLAUT K YBEMUEHUIO YYBCTBUTENBHOCTH
u bymet bonee nonesHbIM AN1A BbISIBNEHWS paHHEro HeoHa-
TansHoro cencuca [46].

MPOAAPEHOMEAY/IIUH

lpoagpeHOMeayNaMH ABNAETCA NPeALLeCTBEHHUKOM
afpeHoMefyNanHa, ropMoHa, 061afaloLLero LIMTOKUHOMO-
L06HBIM 3 dEKTOM, yBEIMYEHUE KOHLLEHTpaLMM KOTOPOro
B KPOBY YKa3bIBaeT Ha HaNMuMe BOCMANMTENBbHOMO NpoLecca
B opraHusMe. KonnuecTBeHHas OLEHKa YpOBHSA afpeHOMe-
AyNNnMHA Morna 6bl ObITb 0OHUM U3 [OCTOBEPHbIX METOA0B
UCKIK0YEHUS MHEKLMA Y HOBOPOXKAEHHBIX, 0HAKO NepuoL
nosyBbIBEIEHUA 3TOF0 MapKepa MUHWUMaJeH W COCTaBnseT
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BCEr0 /Wb 22 MWH, NO3TOMY A8 UCCNEAO0BaHUIA UCMOSb-
3yeTcsl ero MpejwecTBeHHUK MPOoafpeHOMeay/InH, KOH-
LieHTpaums Kotoporo B HopMe coctaBnseT 0,4 HMonb/n.
Mpy HanmMumM MHGEKUMM ero YpoBeHb 3HAYMTENbHO MOBbI-
waetcs [20, 24, 35, 47].

MPECENCHUH

lpecencui — opuH M3 Hanbonee paHHUX MapKepoB TA-
KEJI0ro TeYeHWS MHBEKLMIA Y [eTel, MOCKOJIbKY ero KOHLEH-
Tpaumsi B KPOBY NOBBILLIAETCA YIKe Yepe3s yac nocsie MPOHUK-
HOBEHMS MMKPOBOB B KpOBb, YTO MO3BOASET UCMOMb30BaTh
[aHHbIA NOKa3aTeslb He TOMBKO 1S LUarHOCTUKM, HO U Npo-
rHO3MPOBaHUA WCXOAA HEOHATaNlbHOro cencuca [42-44].
OnHMM M3 [OCTOMHCTB NMPEeCcencuHa, Kak MapKepa UH(eKLui
B HEOHATaJIbHOM MepUoze, ABNAETCA TO, YTO €ro KOHLEHTpa-
LS He 3aBUCUT OT CPOKa rectaumm [37].

NTpBNP (N-KOHLLEBOM NPO-BNP)

K 0HMM 13 cOBpeMEeHHbIX MapKepoB CepAeyHol Hepjo-
CTaTOYHOCTU Ha (OHE TSXKENOro TeYeHUs MHbEKUMA y fe-
Teil OTHOCMTCSA MO3rOBOI HaTpuiypeTnieckui nentua (brain
natriuretic peptide). NTpBNP (N-terminal prohormone of
brain natriuretic peptide, N-koHueBoi npo-BNP) sBnsetcs
HeaKTMBHbIM MeTabonutom BNP, npu aToM nepuog, ero nosny-
BbiBefieHus coctaBnseT 60—120 u, uTo 3HaUUTENBHO [oNbLLE,
yem y BNP, uto no3BonseT ucnonb3oBath €ro Ans AuarHo-
CTUKU KapAMOBaCKYNAPHOHA AMCHYHKLMM Y HOBOPOMKAEHHBIX
C nogo3speHneM Ha uHdekumio [39]. K coxanenuto, uccne-
L0BaHUs,, MOCBSALLEHHbIE OLEHKE AMArHOCTUYECKOW W npo-
rHocTuuyeckoii LeHHoctn NTpBNP B HeoHaTanbHoW NpaKkTuKe,
eauHnyHbl [10]. B ogHoi 13 pabot 6bino ycTaHOBEHO, YTO
yBesinyeHne KoHueHTpaumu NTpBNP 6bino accoummnpoBaHo
C TSXECTb0 MHGEKLMOHHOMO npouecca U NeTaibHbIM UC-
XOAOM Y B3pOC/bIX MALMEHTOB C CEMCUCOM, HYMAKLIMXCS
B neveHmn B OPUT [53]. AHanornyHble pe3ynbTaTtbl NOay4uImn
W Apyrve aBTopPbl, YTO CIYMT KOCBEHHBIM MOATBEPMKAEHUEM
Toro, yto NTpBNP MoxkeT ncnonb3oBatbCs 1 B HeOHATabHOM
npaktuke [51, 52].

lepcneKTUBHLIM HampaBfieHWEM B AMArHOCTUKE MHGEK-
LM paHHEro HeoHaTasbHOro NepuoAa CYMTAETCA UCMONb30-
BaHWe MOJIEKYNIAPHO-TEHETUYECKUX METOA0B, YTO NO3BOJISAET
3HAYUTENTBHO YNTYYLLMTb KaYeCTBO OKa3aHWUS MOMOLLM LaHHOV
KaTeropum mauueHToB. Vcnonb3oBaHue TakuX TEXHOMOMMHN,
KaK nyopecueHTHan rubpuausaums in situ (FISH) n konude-
CTBEHHas MofIMMepasHast LienHas peaKLms MoryT 3HauuTeb-
HO M3MEHUTb NOAX0AbI K AMArHOCTUKe MHbEKLUMIA U cencuca
Y HOBOPOXAEHHBIX [25, 27, 34].

3aBepluas obcyxaeHue, npobnembl AUArHOCTUKU WH-
(eKumii paHHero HeoHaTanbHO Nepuoaa cnefyeT 0TMETUTD,
4TO, HECMOTPSA Ha MHOXECTBO MEpCreKTUBHbIX BroMapke-
POB, Ha CErofiHA HET HW OJHOr0 TECTa UMM UX KOMBUHaLMR,
obecneunBatoLLMX TOUHYIO BepUGBMKaLMIO CENTUYECKOro Npo-
Lecca.




0B30PHI

3AKJIKYEHUE

B HacTosLLee BpeMs 04HO3HaYHbIE PEKOMEeHAALMM M0 Ava-
THOCTWKE MH(EKLMIA paHHET0 HEOHATaNIbHOTO MepUoAa Ha OCHO-
BaHuM KoHueHTpauuu CPB v MNKT otcyTcTBytOT, YTO CNpaBeam-
BO /U181 BCEX HOBOPOXEHHBIX, HE3aBUCMMO OT CPOKa recTaLmm.
Ncnonb3oBaHue KOMBMHALMM MapKepPOB MHEKLMOHHOTO Npo-
Llecca MOXKET NOMOYb BbISBUTb TeHEHWE MHGDEKLMN HA paHHUX
3Tanax W CBOEBPEMEHHO HauaTb Teparnuio, 4TO NpesoTBpaTUT
HebnaronpusTHble Mcxoabl. 0coboro BHUMaHWA KaK NpeayKTop
3acnyuBaet HaTpunypeTudeckui nentua, NTpBNP, ogHako ce-
FOLHS UMEIOTCS NVLLIb eMHWYHbBIE PaboTbl, CBULETENBCTBYIOLLME
0 €ro K/MHUYECKON 3HAYUMOCTW [J1S AMArHOCTUKU CTEMeHu
TAXKECTV KapAMOBaCKYNAPHOWM ACHYHKLIAM Y HOBOPOXAEHHBIX
C MHEKUMEN paHHET0 HEOHATaNIbHOTO NEepUOAa.

NO0NOSHUTENIbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHEC/M OAMHAKOBbIA PaBHbIiA
BKMaj B pa3paboTKy KOHLenuuW, NpoBefeHue WUCCNefoBaHus
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W MOArOTOBKY CTaTbW, NPOYM U OA00pUAM UHANbHYK BEpCUID
nepeg nybnaukaumen.

WUcTounuk dmHaHcuMpoBaHus. ABTopbl 3asBnstOT 06 oTCyT-
CTBMM BHELUHEro MHaHCMpOBaHWA NMpW NPOBEAEHUM UCCNEefo-
BaHuA.

KoHdnuKT uHTepecoB. ABTOpbI AEKNapUpylT OTCYTCTBUE
ABHbIX W MOTEHUMANbHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHbIX
¢ nybnnKaLmeli HacTosLLei CTaTby.
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AHHOTALNA

B 0630pHoi1 cTaThe NpefcTaBfeHbl AMMAEMUAONOMUS, KIIMHUYECKas, BUOXMMUYECKas U MOJEKYNSPHO-TEHETUYECKas XapaKTe-
PUCTUKA NIM30COMHBIX NIEKOANCTPOGUI, K KOTOPbIM OTHOCATCA MeTaxpoMaTuyecKas neikoamuctpodus, rnobona-knetouHas
neiikoguctpodus, unm bonesHo Kpabbe, koMbMHMpOBaHHas Cano3uHOBAas M MHOXECTBEHHas Cynbdara3Has HepocTaTou-
HocTb. B ocHoBe natoreHesa MeTaxpoMaTuyeckon U robona-KIeTOUHOW NeNKoaUCTPOPUM NEKMT HacnefCTBEHHas He-
AO0CTaTOYHOCTb [BYX NIM30COMHBIX (hepMeHTOB — apwuncynbgartasbl A 1 ranaktouepebposngasbl, — COMPOBOXKAAILLAACA
M30bITOYHBIM HaKOMEHWEM ranaKToCOUHrocynbhaT1aoB U ranakTo3uaLepamMuaa CooTBeTCTBEHHO. CneficTBMEM 3TOMO ABNSA-
eTCA LeMUENIMHU3ALMA LIEHTPabHOW M NepudepuyecKon HEepPBHOI CUCTEMBI U NopaxeHue benoro BeluecTa Mo3ra. Ha akc-
MepUMEHTabHBIX MOZLENSX NOKa3aHa NepCrneKTUBHOCTb NaTOreHeTMYECKUX NOAX0A0B, TaKUX KaK TPaHCMIaHTaLmusa reMonos-
TUYECKMX CTBOMOBBIX KIETOK W reHHas Tepanus, TONIbKO B CAlyyae Hayana feyeHns [0 pa3BUTUS TSIKENbIX HEBPOIOrMYECKUX
aHomanuii. B cBA3n ¢ 3TMM paspabatbiBaloTcs MeToAbl HEOHATaIbHOr0 CKPUHUHIA 3TUX ABYX GOopM NerKoaucTpodum, Ko-
TOpble OKa3anucb 0COBEHHO YCmeLlHbl NPy paHHen AuarHocTuke bonesnu Kpabbe. [ns kaxpoi u3 oByx nerkogmctpodui
(MeTaxpoMaTU4ecKol 1 rnobona-KNeTo4HOM) ONKUCaHbl pefKue reHeTUYeCKUe BapuaHThl, 00YCNOBNEHHbIE OTCYTCTBUEM aKTU-
BaTOpHbIX benKoB Ans apuncynbdarassbl A U ranaktoLepebposuassl, canosvHoB B u C co0TBETCTBEHHO, BCNELCTBUE CEL-
ndunueckux Mytaumii B reHe PSPA npefluecTBEHHMKA Cano3vHOB — npocanosuHa. Mytaumm B reHe PSPA, npuBogsiuue
K OTCYTCTBUIO BCeX yeTblpex canosuHos (A, D, C v D), sBnstoTca NpuunHOi pasBuUTUS KOMBMHUPOBAHHOM CaNo3KUHOBOI Heao-
CTaTOYHOCTH, XapaKTepU3yIOLLecs pa3BUTUEM rPYDbIX HEBPONOTMYECKUX HAPYLLEHWI BCKOPE MOCNEe POXAEHUS U NIeTalbHbIM
ncxomoM B Bo3pacte o 1 roga. B ocHoBe natoreHesa MHOXECTBEHHOW CynbhaTasHoW HeL0CTaTOHHOCTU NEXMUT HaKome-
Hue cynbdaTnaoB, cynbhaTMpoBaHHbIX MIMKO3aMUHOMIMKAHOB, COUHIONMMULOB W CTEPOUAHBIX CyNbGhaTos, 00ycnoBneHHoe
WHaAKTMBUPYIOLLMMM MyTaLmsamMu B reHe SUMFT cynbdatas-Moauduumpytowero dakrtopa 1, yyactsyrowero B buocuHTese Bcex
cynbdaras. bonesHb xapaKTepusyeTcs KOMOMHMPOBaHHLIM NPOSBNEHMEM METaXpOMaTUYECKON NelKoaMCTpodumn 1 MyKono-
JMcaxapupo3a B COYETaHWUM C TSKENbIMU HEBPOIOTUYECKUMI HapYLUEHWSMY, YMCTBEHHOW OTCTaNoCTbl0, HEMPOCEHCOPHON Ty-
rOyX0CTbI0 U UXTUO30M. KnnHnyeckue pekoMeHaLmMmn N0 AMarHoCTUKe, BelEeHUI0 U Tepanun KoOMBMHUPOBaHHOM Cano3y1HOBOM
1 MHOXKECTBEHHOM CynbdaTa3Hoi HeLOCTaTOYHOCTM B HacTosLLee BpeMs He paspaboTaHbl. B cTaTbe npefcraBneHo onucaHue
KNMHWYecKoro cnyyas bonesHn Kpabbe pebenka, HabnofaBLierocs B MeauKo-reHeTuyeckoM LieHTpe CaHkT-[leTepbypra.

KnioueBble cnoBa: 0630p; NN30COMHbIE DONE3HU HAKOMMEHMS; CdJVIHI'OJ'IVII'IVI,EI,OBbI; ﬂeVIKO,U,VICTpOd)MM.
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Lysosomal storage diseases.
Sphingolipidoses - leukodystrophy
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! Saint Petershurg State Pediatric Medical University, Saint Petersburg, Russia;
Z Saint Petersburg State Medical Diagnostic Center (Genetic medical center), Saint Petersburg, Russia

ABSTRACT

Epidemiological, clinical, biochemical and molecular-genetic characteristics of lysosomal leukodystrophies are presen-
ted, which include metachromatic leukodystrophy, globoid cell leukodystrophy, or Krabbe disease, combined saposin and
multiple sulfatase deficiency. The pathogenesis of metachromatic and globoid cell leukodystrophy is based on hereditary
deficiency of two lysosomal enzymes — arylsulfatase A and galactocerebrosidase, accompanied by excessive accumu-
lation of galactosphingosulfatides and galactosylceramide, respectively. The consequence of this is demyelination of
the central and peripheral nervous system and damage to the white matter of the brain. Experimental models show ef-
fectiveness of pathogenetic approaches, such as hematopoietic stem cell transplantation and gene therapy, only if treat-
ment is started before the development of severe neurological anomalies. In this regard, neonatal screening methods for
these two forms of leukodystrophy are being developed, which have been particularly successful in the early diagnosis
of Krabbe disease. For each of the two leukodystrophies (metachromatic and globoid cell), rare genetic variants have
been described due to the absence of activator proteins for arylsulfatase A and galactocerebrosidase (saposins B and C),
respectively, due to specific mutations in the gene of the precursor of saposins, prosaposin (PSPA). Mutations in the
PSPA gene resulting in the absence of all four saposins (A, D, C and D) are the cause of combined saposin deficiency,
characterized by the development of severe neurological disorders soon after birth and death before the age of 1 year.
The pathogenesis of multiple sulfatase deficiency is based on the accumulation of sulfatides, sulfated glycosaminogly-
cans, sphingolipids, and steroid sulfates, caused by inactivating mutations in the SUMF1 gene of the sulfatase-modifying
factor 1 involved in the biosynthesis of all sulfatases. The disease is characterized by a combined manifestation of
metachromatic leukodystrophy and mucopolysaccharidosis in combination with severe neurological disorders, mental
retardation, sensorineural hearing loss and ichthyosis. Clinical guidelines for the diagnosis, management and therapy of
combined saposin and multiple sulfatase deficiency have not yet been developed. The article presents a description of
a clinical case of Krabbe disease in a child observed in the medical genetic center of St. Petersburg.

Keywords: review; lysosomal storage disorders; sphingolipidoses; leukodystrophy.
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BBENEHUE

JlelikogmcTpoduaMm Ha3biBaloT 3aboneBaHusi, 0bycnoB-
NeHHble AeMuenuHM3aumMend 1 noteped benoro BellecTBa
Mo3ra. 37o 3aboneBaHWa U3 rpynmbl IM30COMHBIX bone3Hel
HaKOMMEHMS, CBSA3aHHbIX 0OLUMM MaTOreHeTUYECKUM Mexa-
HWU3MOM, B OCHOBE KOTOPOTO NIEXMT AedeKT unn Aepuunt nu-
30COMHOr0 epMeHTa U HaKOMMIEHWe HepacLLenIeHHbIX Npo-
AYKTOB B nu3ocoMax Knetok [1]. K nnsocoMHbiM 6onesHam
HaKOoM/eHs TaKKe OTHOCATCA MyKOMoMcaxapuaossl, CPUH-
roamnuaossbl U raHrnmo3npossl [1-7]. CyMmapHas vactoTa
HacneACTBeHHbIX NienkoaucTpodmin coctanset 1: 8000 Ho-
BOpOXAeHHbIX [20]. Cpean HUX K IM30COMHbIM 60/1€3HAM Ha-
KOMJIEHUA OTHOCATCA MeTaxpoMaTuyecKas nierkoauctpodus,
rnobouna-KneToyHas nemkoamctpodms, unun bonesHo Kpaboe,
KOMOMHMPOBaHHas cano3nHOBas Y MHOXECTBEHHas Cynbda-
Ta3Has He0CTaTOYHOCTb.

MeTaxpoMaTtuyecKkas NENKOAMCTPOGMSA, KOoTopas TaKKe
Ha3bIBaeTCA MeTaxpoMaTnyeckoii dopmoii anddysHoro Le-
pebpanbHOro ckieposa, UM cynb@aTUAHBIM MNMA030M,
OTHOCUTCA K HelpoAereHepaTUBHbIM 3aboneBaHuaM [8].
370 nonuMopdHas rpynna HacneACTBEHHbIX IM30COMHbIX 60-
Ne3HeN, Npy KOTOPbIX NPOMCXOAMUT U3DbITOUHOE HaKOMMeHUe
ranaktocouHrocynbhatnaos B 6e10M BeLLecTBe LEHTpasb-
HOM 1 NepudepryecKon HepBHOM CUCTEMBI, a TaKKe B psfe
Apyrux opraHos. bonesHb nonyunna cBoe HasBaHWe NOTOMY,
uTo cynbduaHble 0TNOXeHUS HOpMUPYIOT MeTaxpoMaTuye-
CKWe TpaHyibl, KOTOpble MPU MUKPOCKOMWUYECKOM MCCNefo-
BaHWW OT/IMYAIOTCS MO LIBETY OT OKPYKAIOLLEro KJIETOYHOro
matepuana [10]. B nepByio oyepefb MOPaXatoTCAa MUESIUH-
NPOAYLMPYIOLLME KNETKU KaK OCHOBHbIE KOMMOHEHTbI LieH-
TpanbHoii U nepudepuyeckoii HepeHoi cuctemsl. Cynbda-
TUOHbIE HAKOMMEHUS! NMOCTEMNEHHO NMPUBOAAT K PaspyLLEHMIO
MWENMHOBbLIX 000/104EK M AEMUENUHM3ALMKM, CHUKEHWIO
3 dEKTUBHOCTM NPOBEAEHUS HEPBHbLIX MMMYALCOB U MoTe-
pe benoro BeLlecTBa Mo3ra. B pesynbTare y naumeHToB Ha-
bniofaeTca NporpeccupyroLLee CHAXEHWE UHTENNEKTYabHbIX
GYHKUMIA M ABUraTeNbHOW aKTUBHOCTY, BMJOTb 40 MOJHOM
MoTepyu CMOCOBHOCTU K CaMOCTOSTENIBHOMY MepeaBIKEHUIO.
ConyTcTBytowme nposeneHus 3aboneBaHus — nepudepu-
yecKas HemponaTtus, HefepxaHue (NoTeps KOHTPONA Haj
Ta30BbIMU (DYHKLMAMM), CYAOPOXKHBIA CUHAPOM, Napesbl
W Napannyu, perpecc peyn, 3peHus 1 cnyxa.

B HacToswee BpeMs MAEHTUOULMPOBaHbI [iBE FEHETH-
yeckue dopMbl 3aboneBaHus. Hanbonee yactas ayTocoM-
Ho-peLleccBHas QopMa MeTaxpoMaTU4ecKoW NeilKoau-
cTpodmm 0bycnoBneHa HacNeACTBEHHON HELO0CTaTO4HOCTLIO
nn30coMHoro depMeHTa apuncynbdarasbl A [41, 84]. Bropas
3HaumTenbHo 6onee pefkas dopMa 3aboneBaHua cBf3aHa
C HacneACTBEHHbIM AedeKTOM aKTMBaTopa Lepebpo3nacynb-
(artasbl — cano3uHa B [61].

[moboua-KneToyHas nenkogmctpodus, unu 6onesHb
Kpabbe, — 3T0 ayTOCOMHO-peLeccHBHoe 3aboseBa-
HWe, 00YCNOBNEHHOE HACNeACTBEHHOM He0CTaTOYHOCTbHIO
KaTaNuTUYeCKOM aKTMBHOCTU JIM30COMHOrO (epMeHTa
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ranaxktouepebpo3niasbl BCleACTBME MYTaLUWWA B COOTBET-
cTBytowieM reHe — GALC [92]. B ocHoBe naToreHesa 3a-
BoneBaHMs NEXUT AeMUENMHN3aLMs U paspylueHne benoro
BeLLLeCTBa LieHTpanbHOM 1 Nepudepuyeckon HepBHOW cucTe-
Mbl B pe3y/bTaTe HaKOMIeHUs B HeW ranakTosulepamMuia
W ranakTo3uncGUHrosnHa, uam ncuxosuHa. B oyeHb pepn-
Kux cnyvasx bonesHb Kpabbe obycnosneHa npucytcTBu-
eM CcreunduYeckmux MyTaumii B reHe mpocanosuHa (PSAP).
31 MyTauMM NpUBOAAT K He[OCTAaTOMHOCTM aKTUBaTOpa ra-
naktouepebposnaassl — cano3uHa A [100].

Mpr4nHOI KOMBMHMPOBAHHOW CaMoO31HOBOI He0CTaTOu-
HOCTM SIBNAIOTCA Creunuyeckue MyTaumm B reHe PSAP, npu-
BOASALLME K HE,0CTAaTOYHOCTH BCEX CaN03MHOB U U30bITOYHO-
MY HaKOM/IEHMIO B HEPBHOM CUCTEME, KOCTHOM MO3r€, NeYeHu
W Apyrux opraHax rnKo3viuepamMuaa 1 Luepammaa [43].

MHoecTBeHHas cynbdatasHas Hef0CTaTO4HOCTb, WK
I0BEHWUNbHBIN  cynbdaTnaos, obycnoBneH npUCYTCTBUEM
PeLeccUBHbIX WHAKTUBMPYIOLMX MyTauuii B reHe SUMF]
cynbharas-mMoauduumpyrowlero daktopa 1, yyacTeyioLero
B bMoCcMHTE3e Lienoro ceMelicTa cynbdaras [29, 32]. Mato-
reHe3 3aboneBaHus CBA3aH C HaKOMIEHMEM Cynb(haTUioB,
CcynbhaTUpPOBaHHBIX MMKO3aMUHOTIMKAHOB, COUHTONUNMA0B
W CTEPOMAHBIX CYNb(haToB BO MHOTUX OpraHax U TKaHsX.

METAXPOMATUYECKAA
AYTOCOMHO-PELLECCUBHASA
JNIEMKOOUCTPODUA

Knuhuka v anmaeMunonorus

[lns  ayToCOMHO-peLeccMBHOW  MeTaxpoMaTUYECKOM
neniKoanucTpoduu, 00YCNOBNEHHOM HeAOCTATOYHOCTbIO
apuncynbdartasbl A, XapaKTepeH BbIPaXEHHbIA KIIMHUYe-
CKMI nonuMopduaM. BeigensioT 5 BapuaHToB 3aboneBaHus
B 3aBMCMMOCTM OT ero AeblTa W 0CTaTouYHOW aKTUBHOCTH
nedeKTHoro GepMeHTa: BPOXKLAEHHbIA, MO3LHMA WH(AH-
TUNbHBIN, 0BEHWNTBHBIN, B3POC/bIA W BapUaHT C MCEBLOHE-
[0CTaTo4HOCTbH apuncynbdatasbl A. BpoxaeHHas dopMa
3aboneBaHna HabnopaeTca B 04eHb peaKux cnydasx [88].
OHa nposiBnseTCcA B BUAE anHo3/AMCrHO3, LiMaHo3a, Cyaopor,
reHepanu30BaHHON MbILLeYHoM cnaboctn u rbenn pebeHka
B HEOHaTanbHOM Nepuoje.

Hanbonee w4acTbili No3gHWUI MIafeHYECKWA BapuaHT
anarHocTupyiot y 50—60 % 60nbHbIX. lepBble CMMNTOMBI
bone3Hu obHapyxuBatoTca B BospacTe 1,5-3 nert. lNepBbiMu
npu3HaKamu 3ToM (OpMbl METaxpoMaTUYecKol NelKoam-
cTpodunm, YacTo NpeaLIecTBYIOWMMY NOPAXEHUKO CO CTO-
POHbI LeHTpanbHoi HepBHoW cucteMbl (LUHC), sBnsetcs
ObICTpO Mporpeccupyolas nepudepuyeckas HeBponatus,
XapaKTepu3ylLLaAcs HeyKIIIoKecTblo, MbIlleyHoi cnabo-
CTbl0, HapyLleHWeM YyBCTBUTENbHOCTM W apedneKcuen.
WccnepoBanus HepBHOW NPOBOAMMOCTM (3IEKTPOHEpOMUO-
rpadus) AeMOHCTPUPYIOT Cepbe3HOe 3aMefsieHne MOTOPHOV
1 CeHCOopHOM npoBoamMocTy [14]. B panbHenweM passutue
CNacTUYHOCTM MOXET MacKMUpOBaTb CUMMTOMbI Nepudepu-
YecKkoi Hesponatuu. YacTo HabniopaloTcA paccTpoMcTBa
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MOYENCTYCKaHUA — MONNAKNYpUs, HUKTYpWSA, 3afiepxKa
MOuYM, KOTOpble MOryT noTpeboBaTb KaTeTepusauuu Moue-
Boro ny3bips. CnepcteueM nepudepuyeckon Heliponatum
M CNacTUYHOCTM MOXeET bbiTb pa3suTue fedopmauumm cron.
Y 4acTu maumeHToB OTMevaeTcs HenponaTuyeckas 6onb,
noAfaroLLascs yCneLHoi Tepanum rabaneHTMHOM UK amu-
TpUNTUAMHOM [14].

K paHHUM KIMHWYECKUM CUMMTOMaM TaKXe OTHOCATCS:
LM3apTpus 1 NOTEPS Peym, HapyLLEHUE NOXOAKH, ABUraTeslb-
Hble PaccTPONCTBa B BMAE TPEMOPA, aTeTO3HbIX ABUMXEHUN,
aTaKcuu, pasBuTve HcTarMa. [o3Ke NpucoeanHATCA Cyno-
pory, 3MKU30[bl CNACTUMHOCTU MBILLLL, BMIOTb 40 MbILLEYHOV
PUrMLHOCTM, aTpodusa 3puUTeNbHbIX HepBoB. Hapactaet pe-
rPecc NCUXMYECKOro pasBuUTUS, 3peHNs, ciyxa, GopMupyeTcs
TeTpannerus, bynbbapHble pacctpoiictBa [15]. JleTanbHbin
MCXOA HACTYNaeT Yepe3 HeCKOSIbKO NEeT 0T Hayana bonesHu
B Bo3pacte oT 5 o 10 ner.

tOHoLweckas gopMa MeTaxpoMaTU4ECKON NENKOANCTPOGMM
y 20-30 % bonbHbIX AebloTupyeT B Bo3pacTe 4—15 neT B BUAe
3aTpyaHeHui B 0byyeHun 1 npobnem ¢ nosegeHueM [15].
MepBble CUMMTOMbI — 3T0 NOBEJEHYECKUE HAPYLLEHUS, W3-
MEHEHWe MOXOJKM M 0CaHKM, AU3apTpusi, TPLHOCTU 0byde-
HWA B LUKOJE, NPOrpeccupyioLLas atpogus 3puTeNbHbIX Hep-
BOB, TeTpanapes. [lpu HeBPONOrNYECKOM OCMOTpE BbIABNAIOT
runo- v apenexcuio, aTakcuio U NUPaMUIHYI0 HeocTaToy-
HocTb [14]. Mpu toHowecKon opMe BonesHb nporpeccupyeT
Me[JIeHHee, W pa3BepHyTas KapTuHa 3aboneBaHus, cxofHas
C TOW, KoTopas HabmoaeTcs y NaLMEeHTOB C No3aHel UHbaH-
TUNbHOM GOPMOIA, MoXKeT HacTynuTb nocne 10-20 ner.

B3pocnas dopMa MeTaxpoMaTUUecKoit neiKoaucTpodum
BcTpeyaetcst Y 15-20 % 6onbHbIx. OnmucaHbl ABa KMHKUYe-
Ckux GeHoTuna 3aboneBaHus. [lepBbiii xapaKTepu3yeTcs
cMMNTOMAaTMKOM co cTopoHbl LIHC B BUAe nupamupaHom Hepo-
CTaTOYHOCTW, MO3XKEYKOBOM aTaKCKM, nepudepuyeckon He-
BponaTuW. BTopoii HauMHaeTCs ¢ MCUXUYECKUX PacCTPOCTB,
TaKWX KaK HaBs3uuBble uaeu, bpen, rannoumHaumm. Y 6onb-
LUMHCTBA TaKWUX MALMEHTOB B TEYEHWE HECKOJbKUX JIeT Ka-
Kue-nnbo nposiBneHus nepudepuyeckon HeBpOMaTUM, Kak
npaeuno, oTcyTcTBytoT [15]. B aTMx cnyyasx owmboyHo ycTa-
HaB/IMBAETCA NEPBOHAYANbHbINA AUarHo3 WU30hpeHuM.

Mpu paHHoM dopMe 3aboneBaHMsA M3OLITOK MeTaxpoMaT-
YecKOro MaTepuarna HakanjuBaetcs B boibLUen CTeneHu B ce-
poM, a He B benoM BellecTBe Mo3ra. bonesHb nporpeccupyet
Ha npotsbikeHun 20-30 neT M YacTo MMeeT BONHOOOpasHoe
TeYeHe — MepUoabl OTHOCUTENbHOW CTabUnbHOCTU MoryT
yepefi0BaTbCA C NEPUOAAMM BbICTPOro YXyLALIEHUS COCTOSHMS.

[lleMuenuHuzaums npu MeToxpoMaTU4ecKol NenmKoam-
CTpOGUM NPUBOAUT K [BYCTOPOHHEN CMMMETPUYHOM aHo-
Ma’lbHOW MMMNepUHTEHCUBHOCTM T2-CUrHana, HaunHas ¢ Mo-
30/IUCTOr0 Tefla M 3aTeM BOBJiEKas MEepUBEHTPUKYISPHOE
benoe BewlecTso. [pu MHPaHTUNBLHOM opMe 3abonieBaHMe
06bIYHO HauMHaeTCs B BajMKe MO30JIACTOrO Tesla U TeMeH-
HO-3aTbINIOYHOM BenoM BeLLecTBe, Npy B3pocsion GopMe —
B pocTpyMe U 6efioM BelecTBe NOBHBLIX A0NEN TONOBHOIO
mo3ra [88].

Vol 14(6) 2023

DOL: https://doiorg/1017816/PED626382

Pediatrician (St. Petersburg)

W3meHeHuss B 06/1aCTM MO30IMCTOrO TeNa, BbiSIBNSAEMbIE
MpW MarHUTHO-pe30oHaHcHoii Tomorpaduu (MPT), cTaHoBsTCA
XapaKTepHbIMM paHHUMW NpU3HaKaMm 3aboneBaHns, NpucyT-
cytowmMn y 71, 94 1 100 % cuMnTOMaTMYECKVX NaLMEHTOB
C NMo3[HeN MNaAeHYecKoM, I0BEHWIBHOM W B3POC/Ooi GopMa-
MW COOTBETCTBEHHO. Y 47 % NauMeHTOB C NO3aHel MnajeH-
yecKoin GopMon He bbino 3mMeHeHun Ha MPT unmn bbinm Tonb-
KO flerkue aHoManumn benoro BeLLecTBa, Jaxe npu Hanuummn
CMMNTOMOB €0 cTopoHbl LIHC, BKTouas npusHaku nopaxeHus
nupaMuUEHO# cucteMbl [97].

B HeKoTOpbIX Cryyasx MHAMBMAYYMbI, Y KOTOPbIX aKTUB-
HoCTb apuncynbdarasbl A cocTaBnsieT MeHee 3-5 % HopMbl,
He WMEIOT KIIMHUYECKWX MpPOSABNIEHUI MeTaxpoMaTU4ecKoi
neikopucTpodumn. 3TOT BapuaHT Ha3blBaeTcs MCEBLOHE[0-
CTaTOYHOCTbIO apuncynbdarassl [40, 54].

Y reTepo3uroT no MyTauuaMm B reHe apuacynbgarassl A
He HabntofaeTcs HeBPONOrNYECKMX aHOMaNWN UM U3MeHe-
HWN Ha 3neKTpoaHLedanorpaMMe, OLHAKO AS HUX XapaK-
TEpHO YXyZLIeHWe NoKa3aTeneli Npu NpoBeeHNN Heponcu-
XOJIOrUYECKMX TECTOB, BKITIOYALLMX MPOCTPAHCTBEHHbBIE WITK
KOHCTPYKTMBHbIE KOMMOHEHTHI [59].

Yactota MeTaxpoMaTWyecKoW NerMKkogmctpodun B pas-
HbIX MonynauMax BapbupyeT B npegenax ot 1:40000
no 1:160000 Hacenenus. OgHaKo B HEKOTOPbIX M30JMPO-
BaHHbIX MONYAAUMAX 3TA 4aCcTOTa MOXKET ObITb 3HAYUTENBHO
bonble. Tak, B HEOOMBLLOW MO YMCIEHHOCTW Fpynne eBpees,
coctosiien m3 1000-1200 mHAMBUAYYMOB, 3MUTPUPOBaAB-
wunx B M3pannb n3 Memenckoro ropoaa Xabbawa, uyactota
MEeTaxpoMaTU4eCKON NEMKOAMCTPOMUM C MO3OHUM HayanoM
coctaenset 1 Ha 75 yenoBek [117]. YacToTa retepo3uroTHbIx
HOCUTENEN CPEAM KeHaTbIX Map, NPUHAANEXALLMX 3TOMY CO-
obLuectsy, pocturaet 17 %, 1 B HEKOTOPbIX CeMbsX 06a cynpy-
ra OKasanucb reTepo3wroTHLIMK, YTO MO3BOASET NPOBOAUTHL
npeHaTanbHylo AMarHoCTUKy 3aboneBaHus B 3TOM reHeTUye-
CKOM u3onsTe. [oBbIWEHHAA YacToTa MeTaxpoMaTU4ecKou
nevikogmctpodum (1 : 8000-10000) obHapyeHa M y apa-
00B, NpOXMBaKOLWMX B [BYX paioHax W3pamna — B paiioHe
Mepycanuma un B lanunee [120]. Cpeam 3anagHbiX MHAENLEB
HaBaxo (Navajo Nation) Takxe obHapyxeHa MoBbILLEHHaS
yactota 3aboneBanus [51]. Bbicokas yactoTa MeTaxpoMatu-
yeckon nemkoamnctpodmm (1 : 2500) 3aperncTpupoBaHa cpeam
MOTOMKOB HebOoMbLLIOW rpynnbl MHAeNLeB HaBalio, nepece-
JMBLUMXCS Ha 3anaf nocnie KoHdnmkTa ¢ CLUA B 1860 r. [51].
Hu opHoro cnyyas 3abonesanus Ha npoTsxkeHun 18 net Ha-
01t04eHMIA He HaWEHO B BOCTOYHOM rpynne HaBaiuLeB. 3a 310
BpeMs Y Hux poaunock okosno 60000 peteit. 310 ewwe oaHO
XOPOLLO JOKYMEHTUPOBAHHOE MOLTBEPXAEHME NOCNELCTBUIA
«3(deKTa 0CHOBATENSAY U «Y3KOrO FOPbILLKA BYThIIKK».

BUOXUMUYECKUE OCHOBDbI
MATOrEHE3A

Mpu Bcex Bo3pacTHbIX opMax 3aboneBaHus Habnopa-
€TCA OAMHAKOBO HU3KAsA aKTUBHOCTb apuncynb®arasbl A.
Takum 06pa3oM, BroxMMUYEeCKMEe OCHOBbI pasfiiHOro Aebtota
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3aboneBaHus [0 cuX Nop Heu3BecTHbI. B pspge cemeii y He-
KOTOpbIX 3[0POBbIX POLCTBEHHWUKOB NaLMEHTOB TaKke 00-
HapyXWBaeTCS HU3KUIA YPOBEHb KaTaIMTUHECKON aKTUBHOCTH
(epMeHTa Mo OTHOLLIEHMIO K UCKYCCTBEHHBIM W eCTECTBEHHBIM
cybctparam. B 3ToM cnyyae roBopsT 0 NCeBAOHELOCTATOY-
HocTu apuncynbdarassbl A. OaHaKo, HECMOTPS Ha OLMHAKOBO
HU3KYI0 aKTUBHOCTb (PEpPMEHTa, B KyNbTUBUPYEMbIX dubpo-
bnacTax 340poBbIX JIOAEN C NCEBLOHEA0CTATOMHOCTbI apuil-
cynbdatasbl A KatabonmsMm Lepobpo3uacynbdara Bce e
MPOUCXOLMNT.

OnpeneneHa KpucTaninyecKkas CTpyKTypa apuncynbda-
Ta3bl A ¢ paspelenneM B 2,1 aHrcTpeM [69]. Kopoas yacTb
(epMeHTa cocTOMUT U3 ABYX [B-NWCTOB, COEMHEHHBIX He-
CKOJTbKVIMM BOZLOPOHBIMU CBA3AIMU U OfLHUM LUCYNbOULHBIM
MOCTUKOM. BonbLLOI LieHTpanbHbIA B-NUCT Ha Kaaoi cTo-
POHE acCOLMMPOBAH C HECKOMbKUMU CMIUPAIbHBIMU CTPYKTY-
paMK, CXOAHbIMM ¢ baKTepuanbHON LenoyHol docdartasoil.
YeTBepTnuHas cTpyKTypa depMeHTa CuibHO 3aBUCUT OT pH.
Mpu HeWTpanbHoM pH OHa MpenMMyLLeCcTBEHHO AWMEpHas.
Mpu KncnoM nusocoMHoM pH depMeHT HaxopuTcs B hopMe
rOMo-0KTaMepa, COCTaB/IEHHOM0 U3 YeTbIPEX PACMONIOMKEHHbIX
B opMe KonbLia AMMepoB. PaBHoBECME MEXAY BYMS CTPYK-
TypaMmu perynupyeTcs LenpoToHU3aLmMen octatka glub2a.

KaptupoBanue u naentudukauma rena ARSA

MeTonoM cOMaTMYeCKOM rmMbpuamsauuu reHbl apui-
cynbgatasbl A 1 B Bbiin KapTMpoBaHbl B XpoMocoMax 22
n 5 cootetcTBeHHO [31]. ObHapy:KeHue nauueHTa C aene-
umMel umToreHetmdeckoi obnactu 22q13.31-qter nossonu-
110 YTOYHWTb nokanu3aumio reHa ARSA [80]. KnoHupoBaHa
1 cekBeHMpoBaHa nosHopasmepHas KIHK rena ARSA [101].
leH ARSA paspeneH Ha BoceMb 3k30HOB [62]. CooTBeTCTBY-
toLLmiA 6eNKOBbLIN NPOLYKT COCTOMT U3 507 aMUHOKUCIOTHBIX
0CTaTKOB, BK/Yas 18 aMMHOKMUCNIOT CUrHanbHOro menTUaa
M 3 noTeHUManbHbIX CaiTa FMMKO3WUAMPOBaHNA. B pasHbix
TKaHsAX 0bHapy»eHbl Tpu Tvna MPHK reHa ARSA, pasMepoM
2,1, 3,7 n 4,8 Kb coOTBETCTBEHHO, KOTOpLIE 0bpasyoTCs, No-
BMOMMOMY, 33 CYET WCMOJb30BaHWUA Pa3/UYHbIX CUrHasoB
NosafieHUINPOBaHKS.

Mytauum B reHe ARSA

bonblumHcTBO MyTaumi B reHe ARSA, noeHTMdUUMpO-
BaHHbIX y MaUMEHTOB C ayTOCOMHO-peLeccuBHOK hopmoi
MeTaxpoMaTUYecKon NeMKoaUCTPODUM, MUCCEHC-TUMNA, XOTS
OnuMcaHbl TakXKe CnaicUHroBble MyTauuu U Hebonbluve fe-
Neumu [41]. TpeBanupytoLwMMmM Cpeamn HUX ABNSAIOTCA 2 MyTa-
LiMM: TaK Ha3blBaeMblid |-annenb — G-A-3aMeHa B JOHOPHOM
cauTe cnnalicuHra sk3oHa 2 (IVS2DS, G-A, +1) u A-annenb —
C-T-TpaH3uums, Bbi3biBalOLLIAA 3aMeHy MPOAMHA Ha feu-
UMH B 426-M monoxeHun apuncynbdatasbl A (P426L) [84].
WHTepecHo, yTo I-annenb BK/OYaeT eLle ABe MonYalLye 3a-
MeHbI B KoaupytoLLieit yacTu reHa ARSA. [oMo3uroTbl no 3To-
My annen, a TaKke reTepo3uroTbl B KOMMayHAE C HEeus-
BECTHOM MyTauuel, KaK npaBunio, 0bHapyXu1BaloTCa cpeau
MaLMEHTOB C MO3HWUM HayanoM 3abonesBaHus. Y romMosurot
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no A-annento pa3BuUBalOTCA OBEHUNbHbIE W B3pocnble dop-
Mbl METaxpoMaTUYECKON JIENKOAUCTPOdUH, B TO BPeMS KaK
KOMMayHA-reTeposnroThl, COYeTalolwme O4HOBPEMEHHO
A- v 1-annenu, HaxoAATCA UCKITIOUNTENBHO CPEAM NaLMEHTOB
C loBEHUNbHBIMU (hopMamMu 3aboneBaHus. 3Tv aBa annens —
A v | — coctasnsiot 6onee 50 % Bcex MyTaumii B reHe ARSA.
YacToi cpeaym naumeHTOB co B3pocoii hopMon 3aboneBaHus
ABNSETCA TaKKe MucceHc-myTaums 1179S, xota oHa BCTpe-
yaetcs y 60MbHbIX TONBKO B KOMNayHAe C ApYriMM MyTa-
umamm [68]. Mo-BuaMMOMY, B TOMO3UIOTHOM COCTOSHUM OHa
BefeT cebsa Kak nceBaoannens.

Bce myTtauum B reHe ARSA pendr Ha fBa Knacca: Hyne-
Bble asenu, Npu KOTOpbIX aKTUBHOCTb apuncynbdarassl A
MOJIHOCTBK OTCYTCTBYET, U R-annenu, npu Kotopbix coxpa-
HAIETCA 0CTaTOYHasA aKTMBHOCTb epMeHTa. Hanbonee Taxe-
Nble paHHWe GHOpMbl MeTaxpoMaTUYECKON NeiKoancTpodum,
HabntopaloTca Npu coveTaHun ABYX Hynesbix annenen [18].
Mpu coueTaHum HyneBoro annens ¢ R-annenem 6onesHb Ho-
CWUT CXOOHBIA XapaKTep, XOTA U NporpeccupyeT MeasieHHee.
B kaxnoM 13 aTux AByX Cy4aeB 0TMEYaeTCs paHHee BOBJe-
YeHWe B MATONOTMYECKUWA NpoLecc nepudepuyeckon Heps-
HOM cucTeMbl. HecMOTps Ha 3HauuUTeNbHYI0 BapuabenbHOCTb
KJIMHUYECKUX NPOSABNIEHWN, Hanbonee MArkue opMbl 3abo-
neBaHuWs HabnopakTca y bonbHbIX, HecylmMx ABa R-annens.

Ha BbibopKe 13 42 nauneHToB € NO34HAM HayanoM bbina
M3y4yeHa accoumaums TMna MyTaLmi ¢ KIIMHUYeCKMMI 0C0BeH-
HOCTAIMM MeTaxpoMaTuyeckon neiikoguctpodun [87]. an-
LaTb ABa U3 HUX bbinK romo3urotamu no annento A (P426L),
a ocTanbHble 20 — KOMNayHA-reTepo3uroTaMm No MUCCEHC-
myTaumm 1179S. Y romosurot no annento A octatoyHas ak-
TMBHOCTb apuncynbdatasbl A 6bina MeHbLUe MO CPaBHEHUIO
C KoMnayHL-retepo3vrotamu. [lepBbiM NposiBfieHMeM 3abo-
NeBaHus y rOMO3WroT BbINo NporpeccupytoLLee HapyLLeHue
MOX0AKH, 0BYCIOBNEHHOE CNAcTUYECKUM MapanapesoM U Lie-
pebennapHoii atakcuen. CKopocTb nepudepuyecKon Heps-
HOM MPOBOAMMOCTU Takxke bbina cHuxeHa. 0nHaKo MHTeN-
NeKTyanbHble PaccTPOMCTBA MOSBASAMCH NULb HA MO3LHUX
cTagmsx 3aboneBaHus. Y KoMNayH/-reTepo3nroT, HanpoTKB,
bonesHb feblTvpoBana LWM30PPEHNYECKUMU U3MEHEHUS-
MU MOBELEHNS, COLMANBHON AUCHYHKUMEN U CHUKEHUEM
YMCTBEHHbIX CMOCOOHOCTeN, B TO BpeMs KaK [BuraTesibHble
HapyLUeHUs BCTPeYanuch peaKo.

PaciwumdpoBaHa MonekynspHas npupoga «MnceBfo-
aeduuntHoro» amnens — PD-annenb [40]. Okasanock,
yTo 3TOT annenb NpeAcTaBnseT coboii coyeTaHue [ByX
A-G-TpaH3unumi B umc-nonoxenun. 0gHa U3 Hux — peryns-
TOpHas MyTaums B 3'-HeTpaHcIMpyeMon 0bnacTy reHa, M3Me-
HAlOLLLAA NepBblii CUrHan nonuapeHunnposanus. [lpyraa —
MUCCEHC-MYTauMsa B 6-M 3K30He, MpUBOAALLAA K 3aMeHe
apruHMHa Ha cepuH B 352-M nonoxeHun b6enika u K notepe
canta N-rnukosunmpoBaHus. B onbitax in vitro nokasaHo, uto
HanpaefeHHoe BBefeHue B HopManbHyo KIOHK ARSA myta-
LK, pa3pyLuatoLLeli canT FIMKO3UNMpOBaHKS, He 3aTparvBa-
€T CKOPOCTb CUHTE3a, YCTOMYMBOCTb U KaTaNMTUYECKUE CBOM-
cTBa apuncynb®artasbl A B TpaHCHULMPOBAHHBIX KNETKAX.
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B T0 e BpeMs, BTOpas perynatopHas Mytaumus B 3'-obnac-
1 reHa npueoauT K notepe 90 % MPHK n cneumdmyeckomy
OTCYTCTBMIO OJHOIO M3 TpaHCKpMNTOB pa3MepoM 2,1 K6, ak-
TUBHO 3KCMPEeCCUPYHLLMXCA B HOpManbHbIX dubpobnacrax.
[eTepo3uroTbl ¥ rOMO3UroThI M0 AAHHOMY anfiefio He UMetoT
KaKWX-nbo KNMHMYeCKux nposeneHuii 3abonesanus. OgHa-
KO NpM COYETaHUM «NCeBAOAEGULMTHOrO» annens ¢ apy-
TMMU MYTaLMSMUW, MHAKTUBMpYIOLWMMK apuncynbdatasy A,
TaKkuMK Kak C-T-TpaH3uums B 3K30He 2, CONpOBOXAAILLAACH
3aMeHol cepuHa Ha GeHnnanaHuH B 96-M nonoxeHnm benka,
pa3BMBaETCA TsKenas hopma nelikoamcTpodum.

B HeKoTOpbIX CTPaHax annesnib «NCceBA0HeA0CTaTO4HOCTH»
LUMPOKO pacripocTpaHeH. Ero yactota B U3paune coctaBnsiet
15 % [46], B Uicnanum — 12,7 % [24]. Mpu 3TOM YacToTa KOM-
NayHA-reTepo3vroT Mo «MCeBA0ansento» U MyTaHTHOMY an-
nento B reHe apuncynbdarassl A Moxet gocturats 0,0073 %.
Mpennonaraetcs, 4To Y TaKWUX NALMEHTOB MOTYT pa3BUBaTLCS
HEeMpONCUXMYECKMEe HapyLUeHWs B MO3AHeM Bo3pacte [49].
370 cornacyeTcs € faHHBIMYU 0 60bLLEN MO CPABHEHWIO C KOH-
TPO/IbHBIM YPOBHEM YaCTOTE JIL, CO CHUMEHHON aKTUBHOCTbH
neiiKoumMTapHOM apuncynbdarasbl A cpefin NaLUMeHToB ¢ Ncu-
XuyeckuMu pacctpoictBamu [85]. Mpu CKpUHUHIE 340pOBbIX
L B MeKcuKe, BbISIBIEHO, YTO YacToTa nceBaoAeduumTa co-
cTaBnseT oKono 2 %, Hambonee yacTble BapuaHTbl: €.1055A>6
(p.Asn352Ser) (rs2071421) u ¢.*96A>G (rs6151429) [54].

Mpu obcnenoBaHuM 34 MHAMBUAYYMOB C HU3KOW aKTUB-
HOCTbH0 apuncynbgarasel A 6bim MaeHTMGMLMPOBaHBI TpH
reHotunuyeckmx knacca [57]. U3 wux 10 wHameuayymos
OKa3a/ICb rOMO3UroTaMm Mo «MCeBAOANNENO», 6 — KOM-
nayH[-reTepo3nrotamu no «nceBaoaento» U MyTaHTHOMY
annent, y octanbHbiX 16 Yenosek 6biI0 MO ABa MYTaHTHBIX
annens. 3TM reHOTUNUYECKME KIacchl OTAMYANCh MO YPOB-
HI0 0CTATOYHOW aKTUBHOCTM apuncynbdarassbl A. Haubiciuas
aktuBHocTb (10-50 % HopMbI) bbina y roMo3uroT no «rnces-
A0anmento», KoTopble He UMENIM HUKaKWUX NpOSBNIEHUA Me-
TaxpoMaTuyecKoi nemkogmctpodmm. OcTaToyHas aKTUBHOCTb
apuncynbdartasbl A y KOMNayHA-reTepo3nuroT CocTaBnsnia
okono 10 %, Ho y HuX bbina cHKeHa cnocobHOCTb Aerpaau-
poBaTb CyNnbgatnapl. Y HEKOTOPbIX KOMMAyHA-reTepo3nroT
Habofannch MArkue HeBPOSIOTMYECKME aHOManuu. Y romo-
3UrOTHBIX HOCUTESIEN MYTaHTHBIX ajliefiel 0CTaTouHas aKTUB-
HOCTb (hepMeHTa M CNocobHOCTb AerpaampoBathb CynbaTuabl
BbIM PE3KO CHUKEHBI, M OHW UMEJTM KaK paHHKe, TaK U Mo3[-
HWe GopMbl METaXpOMaTUYECKOM JIEMKOAMCTPODUN.

PacwmdpoBaHa MonekynsipHas npupoja MeTaxpomatu-
yecKom nenkoamctpodum y eBpeeB-«xabboHutos» [120]. Bce
OHM OKa3anucb roMo3urotamu no PD-annento 1 MHaKTUBMpY-
foLLlei MrcceHc-MyTauun P377L. Takoii e MyTaHTHbII reHo-
TUN YacTo BCTpeYaeTCs cpeam B0NbHbIX C NO34HWM HayasioM
y eBpeeB 13 lemeHa, y MycynbMaHckux apa6os 13 Mepyca-
JIMMa 1 y NpefcTaBuTeNen OpYrux aTHuYeckux rpynn [121].
He Bbi3biBaeT COMHeHMs CyLiecTBOBaHWe 00Liero npefka
Yy BCEX 3TUX BOMbHBIX, HO KaK MPOMCXOAMIO pacnpocTpaHe-
HWe [aHHOr0 MYTAHTHOrO reHOTUNAa Cpeay NpeacTaBuTENel
Pa3HbIX HALMOHANbHOCTEN 0CTAeTCS HESICHBIM.
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Bce 6onbHble U3 apabckux ceMeid, MPOXMBAIOLLMX B pan-
oHe Wepycanuma, oKasanucb romMo3urotamu no annento |
¥ MMEKOT CXO[HBIN ranioTun No BHYTPUIEHHbIM NoaMMopd-
HbIM caiiTaM [120]. Takom e rannoTmn HangeH y roMo3uroT-
HbIX Mo |-annento 6onbHbIX He apabcKoro MpOMUCXOXIEHMS
n3 CLUA v EBponbl. 3T0 yKa3blBaeT Ha y4yacTue «3deKTa
OCHOBATeNIs» B PacnpoCTPaHEHUM LaHHOW MyTauuu W BO3-
MOXHOCTU ee nonagaxua B Mepycanum Bo Bpems Kpectoso-
ro noxopa. Y 60nbHbIX AeTel U3 HEPOACTBEHHBIX apabCckux
ceMel, NPOXMBAKOLLMX B paiioHe lanuneu, HanpoTuB, Hai-
OeHbl NATb pa3HbIX MyTauuil B reHe ARSA, accoumMmpoBaHHbIX
C YeTbIpbMS PasHbIMX ranjoTUNaMy, YTO YKa3blBAeT Ha WX
HEe3aBMCHUMOEe NPOUCXOXKAEHUE [45].

JKcnepuMeHTanbHble MOAEIM

Co3maHa Mopenb ayTOCOMHO-PEeLEecCMBHON MeTaxpoMa-
TUYECKOW NeKoAMUCTPODUM Y MbILLEN MyTeM HanpaBneHHOro
paspylueHus reHa Arsa B 3MBpUOHaNbHBIX CTBOMIOBBIX KIIET-
Kax [47]. XoTa B HEMpPOHaMbHbIX M APYrUX TKaHAX MyTaHT-
HbIX JKVBOTHbIX HAKAMNMBAIOTC 3HAYUTESIbHBIE OT/IOXEHMS
chuHronMnuaLepebposupa-3-cynbdara, [0 ABYXIETHEro BO3-
pacTa pebeHKa cepbesHbIX paspyLLUeHmii 6enoro BeLLecTBa Mo3ra
C NPOrpeccvpyHoLLIE ieMUENMHIU3aLMEN He MporcxoauT. HaumHas
¢ 1 ropa *u3Hu, HabnoLaeTcs acTpornmos, aKTMBaLMs MUKPO-
MManbHbIX KNETOK, 13MeHeHne Mopdoniorum KieToK [ypkuHbe
OEHAPUTOB. B aKyCTUJECKMX raHMMAX 3HAYUTENBHO CHIBKAeTCS
UMCIIO HEMPOHOB M MUENTMHU3MPOBAHHBIX BOJIOKOH, YTO YKa3blBa-
€T Ha MoTepIo ayAMTOpHOro noTeHUuana. [pu HeBPONOTUYECKOM
o6cnenoBalum Arsa-peduUMTHBIX XUBOTHBIX OTMEYAETCA 3Ha-
UMTENBHOE YXYALLUEHWUE HEpoLBUraTeNbHOM KOOpAMHALIMN.

MpoBeaeHbl UCMbITAaHUA reHOTEpanuU ayTOCOMHO-peLiec-
CMBHOM METaxpoMaTM4eCKOW NIEMKOAUCTPODUM HA TPaHCTeH-
HOM Mogienm Arsa-[edUUMTHBIX MbILLIEN MyTEM BHYTPUBEHHOTO
BBEEHUA pekoMbuHaHTHoI [IHK, copaepikalleli HopManbHbIN
reH ARSA venoBeka [/7]. llocne 0fHOKPATHOW UHBEKLUMN Ha-
Brioaany BbICOKYH aKTUBHOCTb apuicymbhartasbl A B MeyeHu,
yMepeHHylo — B nepudepuyecKoli HepBHOI cUCTEMe M MOY-
Kax, ¥ 04eHb HU3KYI0 — B MO3T€, a TaKXKe BpeMs- 1 [10303a-
BUCMMOE CHUMKEHWE M30bITKa Cynbdatnia B nepudepuyecKoi
HepBHOI cucTeMe M moukax (no 70 %) u oTcyTcTBME KaKoro-
nmbo cHuxeHus B Mo3re. OgHaKo nocne YeTbipex exeHe-
AeNbHbIX MHBEKLWMN Mo 20 Mr/Kr Beca JMBOTHOMO CHUXEHMe
cynbhaTMaHbIX HaKoMIeHn npoucxopuno Takxe u B LIHC.
OpHoBpeMeHHO Habnoganu ynydlleHue HelpoaBUraTesbHON
KOOpZAMHaLMM U 06LLEN ABUraTeNbHOM aKTUBHOCTM, YTO YKa3bl-
BaeT Ha NPUHLMMNMATbHYI0 BO3MOXHOCTb reHoTepanuu 1 dep-
MEHTHasl 3aMeCcTUTeNbHas Tepanus ayTOCOMHO-PEeLLECCUBHOM
MeTaxpoMaTU4ECKOI NenKoanuCTpodum.

JIABOPATOPHAA AUATHOCTUKA,
NMPO®UNAKTUKA U TIEYEHUE

NMaBHbIMM KIIMHUYECKUMM MapKepaMu MeTaxpoMaTiye-
CKOM NeiKoAMCTpodMM SBNISIOTCA NPOrpeccUpyloLLme Ncuxo-
MOTOPHbIE PAcCTPoICTBa C MOTepen paHee MpUOBPETEHHbIX




HACJTEICTBEHHBIE BOJTE3H OBMEHA

HaBbIKOB MOC/IE BapbMpYILLEr0 Mepuoja HOPMasibHOro
pa3BUTUSA B COYETAHUM C MATONOMNYECKUMM U3MEHEHUSIMM
Ha KT/MPT ronoBHoro Mo3ra B BMfE Y4acTKOB [LeMMENM-
HM3aummK 1 aTpodmm. Y 6onbHbIX HabntofaeTcs M3bbITOUHOE
HaKoM/eHe MEeTaxpoMaTUYeCKUX ranakToc@uHrocynbhaTu-
noB ¢ PAS-BkntoueHnammn B 6enom Belectee LIHC, noykax
n Moue. CopepkaHue benka B CMIMHHOMO3TOBOM KUAKOCTH
06b1yHO Bbiwe 100 Mr%. BuoxumuueckuM KputepueM aua-
HO3a CYXKUT HeLLOCTAaTOYHOCTb KaTaIMTUYECKOI aKTUBHOCTH
apuncynbdarasbl A B neiikouuTax, nnasme u Apyrux KuaKo-
CTAX U TKaHAX. 3HAUNTENIbHOE CHUKEHWE aKTMBHOCTU apwn-
cynbdarasbl A HabnoLaeTcs B KynbTUBMpYeMbIX Gubpobna-
CTax MaLMEeHTOB M MPOMEXYTOUHbIE 3HAYEHWUS XapaKTEpHbI
ansa reteposurot [55]. MNoaTBepAeHNMEM AMarHo3a CyxuT
UAEHTUDUKAUMSA NHAKTUBMPYIOLLMX MyTaumin B reHe ARSA.

B kayecTBe 0fHOr0 M3 METOJ0B JleYeHUS MeTaxpoMa-
TMYECKON NEMKOAUCTPO(GUM C MO3AHMM HayanoM npepsio-
)eHa 1 anpobupoBaHa TpaHCMIaHTaUMs KOCTHOrO Mo3ra
oT HLA-aeHTUYHbIX poACcTBEHHMKOB BonbHoro [13]. Mocne
NleYeHUsl NaLMEeHTOB OTMeYanu yIyyllieHue HeMponcuxono-
rMyeckux GyHKUMIA 1 cynbdatmuaHoro Metabonmusma Ha npo-
TSEHUM 5 NeT HabnopeHun [63, 64].

Bo MHOMMX MeAMUMHCKUX LiEHTpaX Ha 3KCrepUMeHTab-
HbIX MOLENAX W B KIMHUYECKUX WUCTbITAHUAX UCCReayeTcs
BO3MOXHOCTb MCMO/Ib30BaHWA COBPEMEHHBIX NaToreHeTUye-
CKWUX METO[0B JIeYeHUs MeTaxpoMaTUyeCKoil NeNKoaNUCTpo-
(uK, TaKUX KaK NepennBaHWe MynoBUHHO KPOBY, NepecagKa
K/ETOK KOCTHOr0 MO03ra, TpaHCMIaHTauus reMonoaTuyecKux
CTBOJOBbIX KJETOK W UX NpefBapuTeNibHas reHeTUyecKas
MoaMduLMKaums ex vivo, GepMeHTHas 3aMecTUTeNbHas Te-
panus u reHHas [88, 93].

Mpy M3y4eHMM MexaHW3MOB TepaneBTUHECKOrO LerCcTBUS
TPaHCMNIAHTaLMKU FeMOMO3TUYECKUX CTBOSIOBLIX KIIETOK ObINo
MoKasaHo, YTo 3Ta npoueaypa cnocobHa NpUoCTaHOBUTL Mpo-
Liecc EMUENMHW3aLMM U MHAYLMPOBaTb PEMUENMHU3ALIMIO, TEM
CaMbIM CrocobcTBys coxpaHeHuio benoro Beectsa Mo3ra [113].
TaK, MMMYHHOMUCTOXVMWUYECKUA aHaNn3, BbIMONHEHHBIN Ha
ayTOMCUIAHBIX TKAHSX MO3ra BOCbMU MaLMEHTOB C MeTaxpoMa-
TUYECKON NeliKoaucTpodyeit, AByM M3 KOTopbix bbina caenaHa
TPaHCMNIaHTaUms, NOKasan NpUCYTCTBUE TOMBKO Y JIEYEHHBIX
BosbHBIX MeTaboNMYeCcKN KOMMETEHTHbIX JOHOPCKUX MaKpo-
(aros, npoayuMpyIOLLKMX pacnpefieneHHyo no Bcemy benomy
BeLLecTBy Mo3ra apuncynbgarasy A. 3 Makpodaru akc-
MpeccupyoT NpOTMBOBOCNANWUTESbHBIE MapKepbl, CMocobHbIe
NoAAEepKaTh BblXMBaHWE U anbbepeHLMPOBKY 0NUrofeHpo-
umtoB. OHM pacLLennsioT HaKoMMeHHble cynbaTabl U Mo-
IYT UrpaTb HeMpONPOTEKTUBHYK POJib, Y4acTBys B MpoLiecce
pemuenuHu3aumu. NoauepKkuBaeTCs BaxHas posib UIMMYHOMO-
Oynsiummn B 1006aBneHnM K MeTabosM4ecKon KOPpeKLmm B yyy-
LUEeHWM 0bLLiero TepaneBTMHECKOro 3 deKTa, AOCTUraeMoro npu
TPaHCMIaHTaLmM1 reMomno3TUYECKUX CTBOJIOBbIX KITETOK.

Lienbio ntoboro TepaneBTMYECKOr0 NOAX0AA NPY NIEYEHNM
MeTaxpoMaTUYecKoN eNKoANCTPOdUM ABNSETCA YCTONUMBOE
obecneyeHne BbICOKOr0 YPOBHS 3KCMpeccuu apuncynbdara-
3bl A B LIeHTpanbHOW U NepudepuyecKoin HepBHON CUCTEME.
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Meavatp

I B 3TOM CMbICNE reHHas Tepanus C UCNoNb30BaHUEM afeHo-
accoLMMpoBaHHbIX BEKTOPOB MOXET 0becneumnTb naeanbHbli
DanaHc Mexay noTeHUManbHOM 3PHeKTUBHOCTLI0 M 6e30-
MacHOCTbI0 BblbpaHHOM MpoLieflypbl, YTO e NOLTBEPXKAEHO
B PAAE NPEKMHUYECKMX UcnbiTaHui [91].

OpHaKo BCe 3TV MaToreHeTUYECKUe MeTOLbI MOKa He Hall-
1 LUMPOKOTO MPUMEHEHNS B KITMHUYECKOM MPaKTUKe, 1 Tpeby-
10TCSA AanbHEeMLLME UCCNef0BaHS AN1S OLEHKN 3D ERTUBHOCTH
1 Be30nacHOCTV TepaneBTUYECKUX NPOLIEAYP, NPeAnaraeMblx
ONA NeYeHns MeTaxpoMaTU4ecKom JIEMKoaMCTpoGuM.

METAXPOMATUYECKASA
JIEMKOOUCTPO®USA, OBYC/I0BJIEHHASA
HEZIOCTATOYHOCTbIO CANO3UHA B

B penKux aTUMWYHbIX CyYasx Y MaLMEHTOB C KIMHUYECKUMM
MPOABNEHNAMM METaXPOMATUHECKON NENKOAMCTPODMM aKTUB-
HoCTb apuncynbgartasbl A coxpaHsieTcs B Npefenax HOpMbl,
1 B reHe ARSA VHaKTUBMPYIOLLMX MyTauMi He OBHapyXmBa-
ercs. OAHaKo NpUCYTCTBYIOT creumdmyeckue MyTauum B reHe
npocan3uHa, NPUMBOAALLME K MHAKTMBaLMK cano3uHa B [60, 61].
Cano3uH B obpasyetcs 13 cBoero npepLLeCTBEHHWKA NyTeM Mpo-
TEONIUTUYECKOrO pacluennenns. OH ABNAETCA aKTMBATOPHbIM
DeNKOM AN HECKOMBKUX JIM30COMHbIX QEepMEHTOB, B MepByto
o4epenb, ansa apuncynbarassl A. CanosuH B yyacTeyeT Takxe
B KOHTpOJ1e TPaHCMopTa IMMUAOB K BHELLHe MeMbpaHe KIeToK
1 MOXET pacno3HaBaTbCs MMMYHHOM cucTeMoi [96, 112, 115].

TeueHne MeTaxpoMaTuyecKoi Nelikoguctpoduu, 0bycnos-
NEHHOM He[J0CTaTOYHOCTBIO carno3uHa B, yacTo cxoaHo ¢ toHo-
LLUECKOI mnm B3pocsoi dopmoii 3abonesanus [35, 102], ectb
eMHUYHOE OnuCaHue no3pHen MHGaHTUIbHOM dopMbl [60].
0paHaKo y bosbHbIX He M3MeHeHa CTPYKTypa apuincynbdatassl A
W ee aKTMBHOCTb cocTaBnifieT He MeHee 50 % HopMbl. TeMm
He MeHee B LIHC 1 pape apyrux TKaHei bonbHbIX Habnoaa-
t0TCA CynbduaHbIe 0TI0XKEHWS, GOpMUpYIOLLMe MeTaxpoMaTh-
YecKvie rpaHynbl. B KynbtuBMpyeMbix Gubpobnactax 6osbHbIX
CHWXEH ruaponu3 LepebposuacynbdaTos, NpuyeM 3To Hapy-
LLEHWe HopManu3yeTcs npu fobaBneHum canosuHa B.

HepocratouHocTb canosuHa B y 60MbHbIX aTMnMuHOW
(opMoi MeTaxpoMaTUYEeCKOI NEMKOAUCTPODUM MOKET BbITh
obycnosneHa MucceHc-MyTaumsamu 1231, 72161, C241S B reHe
PSAP, a TaKkke uHcepumeii 33 HYKNeoTMA0B B MOMOMEHWM
777778, cBA3aHHOM C HapyLIeHWeM Mpouecca ChaicuHra
[50, 61, 111, 116]. Bce atm MyTaumm 3atparvBaioT y4acToK
reHa, Kogmpytowwwmii canosud B. K 2019 r. onucaHo 12 myta-
LM B reHe npocanosvHa B, npuBoasiume K pa3BuTui0 K-
HWKM MeTOXpoMaTuyecKoi nenkogmctpodum [60].

rM10BOUA-KNETOYHASA
JNIENKOAUCTPO®UA, BOJIE3Hb KPABBE.
KITWHUKA U 3aNWAEMUONIOTNA

[noboua-KkneToyHas nenkoguctpodus, unu 6onesHb
Kpabbe, 3T0 ayTOCOMHO-peLeccMBHOe 3abonesa-
HWe, 00YCNOBNEHHOE HACNeACTBEHHON He0CTaTOYHOCTbIO
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KaTanMTUYecKon aKTMBHOCTM NIU30COMHOr0 (epMeHTa ra-
naktouepebposnaasbl. Ina 3toit GopMbl NeiKoamcTpodum
XapaKTepHO NpUCYTCTBME B TKAHAX MO3ra «rioboMaHbIX»
KIETOK, B KOTOPbIX 0ObIMHO COAEPIMTCA HECKONBKO Afep.
B ocHoBe natoreHe3a 3aboneBaHus NEXUT ToTaNbHas LeMue-
NIMHU3aUMA U paspyLieHne 6enoro BeLLecTBa LieHTpasbHOM
1 nepudepuyecKon HepBHOM CUCTEMbI, 0BYCNOBEHHOE Ha-
KOMJIEHWEM rafakTo3unLepaMuaa, Uam NCMxo3uHa B MUEU-
HOBbIX 000/104KaX HepPBHbIX KNETOK. HakonneHre ncuxo3uHa,
B MepByl0 ouepefib, OKa3biBAeT MaToNoOrUyecKoe AeicTBue
Ha OJMrOAEHAPOLMTHI M BefleT K MHOMIbTpaLMM aKTUBUpO-
BaHHbIX MoHoumT/Makpodaros B LIHC. B akcnepuMeHTanbHbIX
UCCNe0BaHUAX MoyYeHbl [JOKa3aTeNbCTBa Toro, YTo Ncuxo-
3MH HapyLUAeT LieNoCTHOCTb KNETOYHbIX MeMbpaH [44].

Hanbonee yacton aBnsetcsa paHHAS MHdaHTUNbHaA dop-
Ma 3aboneBaHus, Npu KOTOPOIA NepBbIE MPOSBEHUS B BUAE
MOBbILIEHHON BO30YAMMOCTM, MNIAKCUBOCTM, MOTEPU paHee
nprobpeTeHHbIX HaBLIKOB 0BHAPYKWBAKOTCA B FPYLHOM BO3-
pacte (oT 3 o 6 Mec.). BpeMeHaMn HabntofaeTca NpoH3N-
TeNbHbIA KPUK, cyaoporu. [osBnsioTcs MbllleyHas cnabocTb,
3aTpyaHeHUs B KOPMIeHUM pebeHKa, anu3ofbl runepTepMui
1 BO30YaeHus be3 Kakux-nmbo Npu3HaKoB MHDEKLMM, NO3bI
HanpsekeHust (stiff posture). Mpu HeBponoruyeckom obcne-
[0BaHuM 06HapyXuMBalOTCA cnacTMyeckue TeTpanapessb,
HepeaKo aTpodus 3pUTESIbHBIX HEPBOB, CHUMEHWE CyXa.
OTMeuaeTcs oTcTaBaHWe B MOTOPHOM U NMCUXMYECKOM pa3BH-
UK. 3aboneBaHne NpoTeKaeT NPOrpeaveHTHO C NOSBIEHNEM
BynbbapHbIX cMNTOMOB, AeLiepebpauuy, KaxeKcum, CyLopor,
notepu 3peHus. [etn, Kak npasuno, norubatT B BO3pac-
Te 00 4 net [16]. lnarHo3 moxeT 6biTb MOATBEPXKAEH NpU
00HapYeHWUW B TKaHSAX MO3ra XapaKTepHbIX «r10D0MAHbIX
KINETOK», MPOM3BOLHbIX OT MOHOLIMT-MaKpodaroBbIX CTBOJI0-
BbIX K/IETOK KOCTHOrO M03ra. B «rnobonaHbix» KieTkax B U3-
BbITOUHOM KONMUYeCTBE HaKanIMBAEeTCA ranaKTo3unLepamMmng.

Mpn obcneposanmm 38 naumeHToB ¢ 6onesHblo Kpab-
be B l'epmanmm y 30 (79 %) peten GonesHb gebioTupoBana
B BUZE Pa3ApaXKUTENbHOCTY, HapYLLIEHUSA JBUXEHWUH, perpec-
ca NCMXOMOTOPHOTO Pa3BUTUS B NEPBbIN rof, U3HHU, NpUYEM
y 27 U3 HUX [0 6 Mec. XM3HW. Y 0CTanbHbIX NepBble CUMNTO-
Mbl 0TMEYan1ch No3gHee B 60/bLLIOM BO3PacTHOM Jyana3oHe
ot 1 roga o 60 net [65]. Mpu paHHeM febroTe Habnopganu
BbicTpoe nporpeccupoBaHue 3aboneBaHus C YTpaToW Cro-
cobHoCTM K duKcauun B30pa, HEOBXOAMMOCTbLI0 30HA0BOIO
KOPMIIEHWA U NieTanbHbIM UcxofoM. [pu no3pHux popmax
MepBoii M OCHOBHOM anoboi ObiNo HapyLleHWe MOXOLKH,
CKOPOCTb NPOrpeccMpoBaHmna bbina pasnuyHon [65].

B 10-15 % cnyyaes 6one3Hb AeblOTMPYET No3aHee M Npo-
rpeccupyet MefJieHHee. Bbiaensot no3gHue HbaHTUNIbHbIE
(oT 6 Mec. o 3 ner), toBeHUnbHble (0T 3 fo 8 net) u paxe
B3poc/ble GopMbl bonesHu, cneumduyeckuM obpasom pac-
MPOCTpaHeHHble B PasiMYHbIX 3THUYECKMX rpynnax [72].
TaxecTb TeyeHus 3ab0NeBaHUA MOXET 3HAUUTENIbHO Bapbu-
poBaTb JaMe Yy YNEeHOB OfHOW CeMbM. [epBbIMU KIMHUYe-
CKMMM NpOSABNIEHMAMU 3a00N1eBaHUS NPU NMO3AHUX UHOaH-
TUMbHBIX M HOBEHUNbHBIX hOpMax MoryT ObiTb MbiLeYHas
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cnabocTb, NpUBOAALLAA K 3aTpyAHEHMI0 mpu XoAbbe, fe-
(eKTbl 3peHUs N CHUKEHWE WHTENseKTyanbHbIX crnocobHo-
cten. MNpu B3pocnbix dopMax cnacTMyeckue napanapesb
MOryT BbITb €AMHCTBEHHBIMU MPOSBIEHUSMU 3aboneBaHus.
B comatuueckux rubpupax, NOMy4YeHHbIX MPW CIUSHUM
KyNbTUBMPYeMbIX GUOPOBNAcToB NaUMEHTOB C pasfiNyHbIMU
(hopMaMu 3aboneBaHuUs, KOMMIEMEHTALUUW TEHETUYECKUX
AedeKToB He HabnofaeTcs, YTo JOKa3biBaeT UX anjienbHy
npupogy [67].

MonekynspHble MexaHW3Mbl naToreHesa rioboma-kie-
TOYHOW NelKoanucTpoduu, 06YCNOBIEHHON HELOCTATO4HO-
CTbI0 ranakToLepebpo3naassl, B HacTosLLee BpeMS U3yYeHbl
He[0CTaTouHo, U ANs UX 00 BACHEHMS BbILBUraeTcs, No Kpaii-
Hell Mepe, ABe rMnoTesbl: NCMX03MH-UHAYLMpYeMas feMue-
JIHW3aLMs 1 BTOPUYHOE HelipoBocnasneHue, 00ycnoBeHHoe
HaKOMJIeHNEeM ranakTosunuepammaa B Makpodarax [109].

OnucaHbl e AMHWNYHBIE Clydamn aTuniyHon bonesHn Kpab-
e, 0bycnoBneHHol crneuuduyeckMMM MyTauMsMU B TeHe
npocano3uHa (PSAP), NpUBOAALMMY K HEAOCTAaTOYHOCTY Ca-
nosuHa A [100]. Cano3uH A obpasyetcs U3 nepBoro LOMeHa
npocano3nHa U ABNSETCA aKTUBATOPHLIM BenKoM Ania rio-
Ko3unuepamuaasbl U ranakrouepebposnpasbl. KnnHudecku
3Ta reHeTMyecKkas gopma bonesnu Kpabbe nposiensercs yxe
B MEPBOM MONYTOAWUW XU3HU TAXENON NpOrpeccupyroLLei
HEBPOOrNYECKON CMMNTOMATUKOW, 0BYCNOBMEHHON reHe-
panu3oBaHHoi aTpoduen u anddy3Hol LeMUenHU3aLmen
Benoro BeLLecTBa Mo3ra. JleTanbHbIi UCXOA HACTynaeT Yepes
HECKOJIbKO MecsILeB nocne Havana 3abonesaHus.

B cpeaHeM, bonesHb Kpabbe BcTpeuyaeTcs ¢ yactoToi
1:100000, npyeM B pasHbix CTpaHax 3Ta 4yacToTa Ba-
poupyeT u coctaenset: 1,35 — B Hupepnangax, 1,21 —
B [Moptyranmn, 1,00 — B Typuuu, 0,71 — B ABcTpanuu
n 0,40 — B Yexum [105]. Hanbonbluas yactota 3abonesa-
HWA cpeay eBPONEMCKUX HAapOoLoB 3aperucTpupoBaHa B LLse-
umm — 1 : 50000 poxxaenmit. Ha Cuumnmm Yatue BcTpedaeTcs
no3aHss UHPaTUNbHas GopMa bonesHm [37]. HeobbluHO BbI-
COKas YactoTta bonesHn Kpabbe — 6 : 1000 HoBopOXKAEH-
HbIX — 3aperucTpupoBaHa B 0[JHOM U3 UHOPeaHbIX penuru-
03HbIX apabCcKux M30n1ATOB 3panns, HacUMTLIBAKOLLMX OKONO
8000 »wutenen [118].

BUOXUMUYECKUE OCHOBDbI
MATOrEHE3A

lanakTouepebpo3uaasa, Unm ranakToswiLepammuaasa, —
NIN30COMHbIN (PEPMEHT, Y4acTBYHOLLMIA B KaTabonm3Me npea-
LUECTBEHHMKA ranakToLepebposnia — ranakrosuwuepamu-
A4, WK NCUX03WHA, — OCHOBHOMO JIMMMULHOTO KOMMOHEHTA
MWEsIMHA, NOYEK W 3MUTENUANbHBIX KINETOK KULLEYHWKA [26].
lanakTouepebpo3naasa yyactByeT B rMApOAM3e TepMu-
HamnbHOWM ranakTosbl OT ranaktouepebposupa, NCUXo3uHa,
MOHOraNaKToO3MNANINNLEPUEA M NaKTo3unuepammaa. lpu
He[0CTaTOYHOCTM 3TOr0 (epMeHTa WK benika canosuHa A,
KOTOpbIM noMoraeT epMeHTy «y3HaBaTb» CybCcTpaT, npo-
UCXOLMT HAKOMMEHUE 3TUX HErUAPONIN30BaHHbIX CybCTpaToB
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B OMMONEKYNAPHOM CN0e MUENIMHOBOrO BOJIOKHA KaK LeH-
TpanbHOM, Tak U NepudepuyecKoin HepBHOM cucTeMsl. Mcu-
X03MH SIBNINETCA TOKCMYECKUM BELLECTBOM A5 HEpPBHOM
CUCTEMBI, BbI3biBaeT rMbesb ONMrofeHApPOLMTOB, pacnaj,
MWENIMHOBOro BOJIOKHA W 06pa3oBaHue XapaKTepHbIX BKJIHO-
YEHWI B MWabHON TKaHW — «TN0B0MOHBIX KIETOK.

Y naumeHToB € rnoboma-KneTouHol nelikoamcTpoduei
CHW)KEHa KaTanuTUYecKas aKTUBHOCTb ranakToLepebpo3naa-
3bl. 0iHaKo fedeKTHble HopMbI 3TOro Heska MMyHoOOrMYe-
CKW MAEHTUYHBI HOpMarbHOMY hepMeHTY U, Kak MpaBuiio, UX
CcofiepaHue Y BOMbHbIX TaKKe He OTJIMYAEeTCs 0T KOHTPOIb-
HOro YpOBHs. Y retepo3urot HabmoaloTca NPOMEXKYTOUHbIE
3HauYeHUs aKTMBHOCTU ranakToLepebpo3nasbl B CbIBOPOTKE
KpoBW, neliKoumTax u ¢pubpobnactax.

HecMoTps Ha TO 4TO NepBMYHBIN BUOXUMMYECKUI AedeKT
npu 6one3snn Kpabbe bbin M3BecTeH AocTaTouHo LaBHO, No-
MbITKW BbIAENUTH rasakToLepebpo3naasy u noslyunTb MoHO-
K/IoHanbHble aHTUTeNa J0roe BpeMsl He yaaBanuch. Bnepebie
37T0T epMeHT bbin BbILENEH B YACTOM BULE U3 IMM(OLUTOB
KpoBu [25]. MonekynsipHbin Bec ranaktoLepedpo3naasbl
okono 73 k[l, 6enok coctout U3 669 aMUHOKUCNOT, U3 KOTO-
pbix 26 npencTaBnsalT cobon N-TepMUHANBHBIA CUTHAMbHbIN
nenTua. benok cogepuT 6 NoTeHUMaNbHbIX CaNTOB FIMKO-
3WIMPOBaHMS.

KapTtupoBanue n ugentudmkaums rena GALC

YcnewHoMy KapTuMpoBaHUIO U MAEHTUGMKaLUM reHa
ranakTouepebpo3naasbl cnocobcTBOBano onucaHue ree-
TUYECKON JIMHUW Mbllwen twitcher ¢ ayTocoMHo-peLeccuB-
HOW NeNKoAMCTPOdMEN, IH3MMATUYECKas NPUPOAA KOTOPOW
OKasanacb cxofHa C MeTabonmuecKon 0CHOBOM 6one3Hu
Kpabbe y uenoBeka [58]. JloKyc, OTBETCTBEHHBINA 33 pa3Bu-
TME HacNeACTBEHHOW neiKkoancTpodun B NMHMKM twitcher,
PacrnonoXeH B XpoMocoMe 12 Mbiwm B 0611aCTH, CUHTEHHOM
xpomocome 14 yenoseka [104]. C ucnonb3oBaHueM cepum
MWUKPOCATESIIMTHBIX MHLEKCHBIX MapKepOB XpPOMOCOMbI 14
yesloBeKa reH ranaktouepebposunaasbl (GALC) bbin KapTupo-
BaH B obnactn 14q21-q31 [119]. B panbHeiiwem ¢ ucnonb-
30BaHMEM MeToAa rubpuamsaumu in situ yoanocb YyToOUHWUTb
pacnonoxeHue reHa GALC B obnactu 14931 [21].

BoineneHne ranaktouepebposupasbl B YMCTOM Bufe
13 IMM(OLMTOB KPOBU U MOAYYEHNE MOHOKIOHA/IbHBIX aHTH-
Ten K atoMy depmeHTy no3soauno usonuposatb k[HKoBble
KNOHbI reHa GALC u3 pasnnyHbIX TKaHecrneunduiecknx ou-
bnmoTek reHoB [92]. TeH cocTouT U3 17 3K30HOB, pacnpeae-
NIeHHbIX Ha nnowaam okono 60 k6 reHomHon [IHK u conep-
JKUT [1Ba anbTEPHATUBHBIX CaliTa MHALMALMW TPAHCKPUMLIMK,
C KOTopbIX 006pa3yrTcs ABa benKa-npefLecTBeHHUKa, pas-
JIMHAKOLLMXCA TONBKO MO JIMAEPHBIM NOC/eL0BaTENIbHOCTAM
[70, 71, 105].

Mytauuu B reHe GALC

06Hapy»eHue HoHceHc-MyTaumm KOHK reHa GALC y op-
HOr0 M3 MaLMEeHTOB C TUMWUYHON KIMHUKOW 6one3nn Kpab-
De cTano AOKas3aTeNbCTBOM TOMO, YTO MMEHHO 3TOT reH
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OTBETCTBEHEH 3a pa3BuUTWe 3abonesanus [92]. Bropoit MyTa-
umeii B reHe GALC, HangeHHON B rOMO3WIOTHOM COCTOSIHUM
Y OBYX HEPOACTBEHHbIX OOMbHBIX MHDAHTUILHOM (OpMOi
rnobona-KNeTo4YHoM NeiKogucTpodum, oKasanach AeNeLus
30 HyKNeoTMA0B, accoLMMpoBaHHas ¢ NOMMOPQHOMN TpaH3u-
umeit 502C-T — annenb 502/del [70, 86]. Npu pononHuTeNb-
HOM 06cnefoBaHMM 46 NaLMEHTOB C HauanoM 3aboneBaHus
B [IeTCKOM Bo3pacTe annenb 502/del B roMo3urotHoM cocto-
fHMKM bbIn HaligeH y 8 BonbHbIX U B KOMNayHAe € ApYruMu
MyTaumamu B reHe GALC — y 5 nauweHToB. OKka3anoch, 4To
3Ta Jeneums YacTo NpuUCyTCTBYET TaKKe Y BoMbHbIX C Mo3p-
HuM pebtotom [30]. Takum obpasoM, 502/del oTtHocuTcs
K Kraccy MaxKopHbIx MyTauwmid [110].

Mpu obcnepoBaHun 30 HEpOACTBEHHBIX WTANbAHCKUX
0oNbHbIX ObINM UAEHTUGULMPOBaHbI 33 pasnMyHble MyTa-
umm B reHe GALC, Bknoyas 15 HOBLIX, U3 KOTOPbLIX YeTbIpe
Dbl M CCEHC-TMNA U 3aTparmBau BbICOKO KOHCEPBATUBHbIE
aMUHOKNCIIOTHbIE OCTaTKM, CEMb MyTaLMid CO CABUMOM paM-
KM CUMTbIBaHMS, OAHA CMACUHIOBAs W TPU HOHCEHC-MyTa-
umm [105]. Takum obpasom, bonee 70 % MyTaumii B reHe GALC
MPUBOAAT K NPEXAEBPEMEHHOMY MPEKPALLEHMI0 TPAHCNALMM
1 06pa3oBaHWI0 YKOPOUEHHOro benka.

Mpu npoBefeHWN pPETPOCMEKTUBHOTO aHanM3a MoKa-
3aHO, YTO Y MTasIbSIHCKMX MaLMEHTOB OKONO 66 % MyTaLuil
B reHe GALC accoumpoBaHbl ¢ No3gHUMK hopMamm bones-
Hu1 Kpabbe [36]. Yactoi sBnsieTca MucceHc-MyTaumsa G41S,
1 ee pacnpoctpaHeHue B Wtanum obbsacHseTcs «adheKToM
OcHoBaTens». B aToM nccnepoBaHum He bbiNo HalnaeHo Kop-
pensiLMn Mexay Bo3pacToM Hayana 3aboneBaHus, TAKECTbIO
ero TeYeHus!, reHoTUNMYECKUMM 0COBEHHOCTAMM W 0CTaToY-
HOM aKTUBHOCTBHO raNiaKToLepebpo3nLassl, KOTopas y romo-
3uroT no G41S BapbupoBsana B npegenax ot 1 fo 6 %.

WHoii cnekTp MyTauuii B reHe GALC HalifieH y SINOHCKUX
BonbHbIX rnobona-KknetouHon nenkoauctpodment [114]. Ye-
Thipe cneundudeckne mMytaumm — 12del3ins, 166M + 1289V,
G270D n T652P — cocTaBnsT oKomo 57 % Bcex MyTauuii
B reHe GALC B AnoHuu, npudyeM MyTaummn 166M + 1289V,
G270D u L618S accoummpoBaHbl ¢ MArkumm ¢opMamu 3a-
boneBaHus.

JKcnepuMeHTanbHble MOAEIH

B cooTBeTCTBMM € rMCTONATONOMMYECKUMM [aHHBIMU, OTO-
OpaHHas M3 MPUpOLHOW MOMYNALMM FeHeTUYecKas NIMHUS
MbiLLei twitcher sBnsieTcs ecTecTBeHHOI Moaenbio rnoboua-
KNeTouHoi nenkoamuctpodum, unu bonesHn Kpabbe, yeno-
BeKa [58]. TpaHcnnaHTaLuMsA MyTaHTHBIM MbILIAM 3TOW JIMHUK
KOCTHOrO MO03ra, MOJTyYEHHOro OT HOPMalbHbIX MBOTHbIX,
NPUBOAMT K YBENIMYEHUIO FranaKToLepebpo3naasHoN aKTUBHO-
ctv B UHC o 15 % HopManbHoro ypoBHs, NOSIBNIEHMIO LOHOP-
CKMX MEHMCTLIX MaKpodaros, cnocobHbIX MeTabonn3npoBaTh
HaKOMMBLLMIACA ranaKTo3uNLepamMus, 1 NocTeneHHoMy Ucyes-
HOBEHUIO «T1I060MAHBIX KNETOK». [of06HbIe TpaHCMaHTaLMK
NpeLoTBPALLAOT pa3BUTME Mapanuyeli nepefHUX KOHEYHo-
CTel, XapaKTepHbIX ANS MblLLUei JaHHOM JIMHWK, U NpoaJe-
BaloT XU3Hb ¥MBOTHbIX ¢ 30-40 no 100 1 bonee gHen [52].
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YovBuTenbHble pe3ynbTathl Obiv MoayyeHsl Npu CKpe-
LUMBAHUN MbILLEI JIMHWM twitcher ¢ TpaHCTeHHbIMU «HOKayT»-
MbILLIaMM C HEAOCTATOYHOCTLIO KUCTON B-ranakTo3naassl [106].
Okasanocb, 4TO MYTaHTHbIE FOMO3MIOTHbI MO [ABYM reHaMm
(galc—/-, bgal-/-), wmetoT bonee MAMKWIA HEBPONOTUYECKMUIA
deHoTUN U BOMbLLYI0 NPOLOMKUTENBHOCTD U3HW MO CPaB-
HEHWHO C Mbllwamm KUk twitcher. bonee Toro, Mblwm, UMe-
foLume OfMH (YHKUMOHaMbHBIN annenb B reHe Gal (galc—/-,
bgal+/-), nmenn 6onee Taxenble NPOSBIEHNS NEAKOAUCTPO-
dun, bonee KOpOTKYH W3Hb U 6onee BbICOKWI YPOBEHb
aHOMaJIbHbIX OT/IOXEHWI B MO3re M0 CPAaBHEHMIO C MbILLaMH
7HWK twitcher. Y ABOMHBIX «HOKayT»-MbiLLel Obliu MaccuB-
Hble HaKOMJIEHUS NaKTO3UNLepaMMaa BO BCEX MCCNeL0BaH-
HbIX TKaHAX, HO TOJIbKO BLLBOE CHUXKEHHbIW MO CPaBHEHMIO
C HOpMOW YpOBEHb ranakToswslepamMuia B Mo3re. ABTOpbl
NPEeANOIOKUAM, YTO FeH KUCON B-ranakTo3upassl sBnseTcs
MOAUPUKATOPOM (DEHOTUMMYECKON IKCMPECCUM FanaKTo3m-
LilepaMMaasHon HeJoCTaTOuHOCTHU.

[moboua-KneToyHas NerKoaucTpoduA HeOAHOKPaTHO
onmMcaHa y KoLLeK 1 cobak, B MocnefHeM Cyyae Yalle BCero
NPUHAANIEKALLMX K pPa3IMYHbIM Nopoaam Tepbepos [22, 38].
3tMx cobak UCMONb3YKT B KAYeCTBE IKCMEPUMEHTASIbHBIX
MoJeneil AfIS U3yYeHUs MONEKYNSPHBIX OCHOB NaToreHesa
3aboneBaHus M oueHkM 3ddeKTMBHOCTM U He3onacHoCTM
PasfIMYHbIX TepaneBTMYECKWUX MNOAXOAO0B, MPeXae BCero
TPaHCMNaHTaUMM reMorno3TUYECKUX CTBOJIOBbIX KIETOK U FeH-
HOW Tepanuu. Y GOMbHBLIX XMBOTHBLIX B BO3pacTe 2—4 Hep,.
Habnaanu 3HaunTeNbHOE MOBbILLIEHWE MCKUX03WHA B ChbIBO-
POTKE KPOBM M CMIMHHOMO3rOBOM XUAKOCTU. B panbHeiuem
KOHLIEHTPaLMA NCMX03UHa YCTOWYMBO BO3pacTana Ha npots-
JKEHUM BCEN XU3HN DOMbHBIX C0baK M CTporo Koppenvposana
C TAXKECTbH TeueHus 3aboneBaHus.

lpecumnTomMaTyeckas MoHoTepanus 6onesuu Kpabbe
y cobak nyTeM WHTpaTeKanbHOro BBELEHWS HOPMajlbHO-
ro reHa GALC B cocTaBe afieHOacCoOLMMPOBAHHOMO BEKTOpa
AAV9 npuBOAMT K YBENMYEHUIO aKTUBHOCTM raniakToLepebpo-
31Aasbl, HOpManM3aLuW COAEPXKaHWUA NCUX03UHa, yayulle-
HWIO MpoLecca MUeMHU3ALMM U MOLABNIEHUI0 BOCMANEHUS
KaK B LiEHTpasbHOM, TaK U B Nepudepuyeckoii HepBHOM CU-
cteme [17]. Mpu 3TOM y cobaK He pa3BUBanUCh TAKEble He-
BPOJIOrMYECKME NPOABNIEHUS [N1060MA-KIETOUHON JIENKOAN-
cTpodum, 1 X MPOACITKUTENBHOCTb JKNU3HW YBENYMBaANaCch
bonee yeM B 7 pa3. IPHEKTUBHOCTL Tepanum CyLLECTBEHHO
3aBMCHT OT A03bl BBOAVMOTO Npenapara, 1 npu BbICOKUX [0-
3aX NONOXUTENbHBIA IQHEKT MOXET HabnofaTbCa Aaxe Npu
Hayane NeYeHns B NOCTCUMNTOMATUYECKUI NepUo.

JlabopatopHas anarHocTuka, npodunakTuka u neyeHue

[lnarHocTMKa ocHoBaHa Ha KJIMHUYECKON KapTWHE, WH-
CTPYMEHTaJIbHbIX, 1abOpPaTOPHbIX U MOSIEKYIAPHO-FeHeTUYe-
CKMX MCCIIeL0BaHMSIX.

[NaBHble KIIMHUYECKUE NPOSIBNIEHNS 060U A-KIETOYHOM
NeNKOAUCTPOGUM — MpOrpeccupyloLLas 3afepxKa neuxo-
MOTOPHOr0 Pa3BUTISA, YACTO OYEBUAHASA YIKe HA NEPBOM rofy
KM3HUM, TOHWKO-KJIOHWYECKWEe CYAOpOru, nepudepuyeckas
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HelponaTus, NMUpaMUAHbIe PAcCTPOIACTBA C NOCIEAYOLNAM
pa3BuTHEM feLiepabpaLOHHON PUrMAHOCTU M MOJHOM 06e3-
OBVKeHHocTU. [lpn nccnefoBaHUaX CIMHHOMO3TOBOM KWL -
KOCTU BbISIBNSIKOT NOBbILLIEHUE COLiepaHue benKa.

MaHHble MPT 0oT/MyaloTca npu paHHUX U NO3aHMX dop-
Max 6one3nm Kpabbe. Npu paHHein dopme AeMuenmHusa-
una benoro BeLecTBa OTMEYAETCA B LiEHTPanbHOM 4acTu
rO/I0BHOr0 MO3ra, MEepPUBEHTPUKYNSAPHOM benoM BeLLecTse,
benoM BeluecTBe Mo3euka u 3ybuatom sgpe. MPT npu
no3gHel MHOaHTUNBHOM (hopMe MOKasana MepUBEHTPUKY-
NSPHYI0 U NPEUMYLLECTBEHHO LIEHTPabHYI0 aKLEHTMPOBaH-
HYI0 JeMUENIMHU3ALMI0, aHaNOTMYHY0 paHHen MHDaHTUNb-
HOM (opMe, HO C MO3AHUMM aHoManuaMK benoro BelLecTBa
MO3euKa. 1o cpaBHEHWIO C paHHeN MH(aHTUABHOI hopMoN,
no3aHue MHGaHTUNbHbIE POPMbI HUKOTAA He 0bHapyXuBatoT
aHoManui 3ybuatoro sgpa. Yto Kacaetcs dopM c aebiotom
nocne nepeoro roga wsHu, To MPT-npusHakoM sBnseTcs
BOBJIEYEHUE MUPAMUAHOMO TPaKTa, KOTOpPOe MOXKET BO3HU-
KaTb W30/IMPOBaHHO BO B3pOCNON (OpPMEe MM COYeTaThCs
C [eMWeNMHM3aLMel B TEMEHHO-3aTbINoYHOI obnactu u Ba-
N1Ke Mo3onucToro Tena [65].

BuoxuMuyeckummn KputepusMn 3abonieBaHus SBIAKOTCA
HEeJ0CTaTOYHOCTb KaTalMTUYECKOW aKTUBHOCTW ranakToLie-
pebpo3naasbl B NeiKOLMTaX U HaKOMEHWe MpeALLecTBeH-
HWKa ranakTouepebposnpa — ranaxkrosunuepamuia,
MCUX03WHA, KOTOPbIN Bbi3biBaeT rmbesb 0NMrofeHapoLMTOoB
¥ pacnag, MUeNMHOBOr0 BOJIOKHA. [lnarHo3 MoxeT bbiTb nog-
TBEPKAEH NpyU 0OHApYXEHWM XapaKTepHbIX «rN0BoMAHbIX
KJETOK», B KOTOPbIX 0BbIYHO COLEPKUTCA HECKOMBKO Afep
¥ B U3DbITOYHOM KOJIMUECTBE HaKaMNIMBAaETCA ranakTosuLe-
pamuz. [oATBEPKAEHMEM AMarHo3a CUMTAETCA UAEHTU(UKE-
Lma MyTauwmi B reHe GALC.

Brnepsble natoreHeTMuyeckoe neveHne bonesun Kpabbe
Bbinio Mpon3BeAeHo MyTeM TpaHCMIaHTaLMUW ansoreHHbIX re-
MOMO3TUYECKMX CTBONOBBIX KNETOK Ha BblbopKe M3 5 feTen
C MHdaHTUNLHOM (4 peTeit) u no3aHeii (1 pebeHok) GpopMamm
3aboneBaHusa [63]. YeTBepo U3 3TUX AeTen UMenu cepbe3Hble
HEBPONOrMYeckue HapyLeHus. llocne TpaHcnnaHTauuM He-
BPOJIOTUYECKUI CTATYC 3TUX DOMbHBIX 3HAUMTENBHO YITyULLIMII-
cs1. 0aHoMy pebeHKy ¢ uHbaHTUnBHOI dhopMoii 3aboneBaHus
TpaHcnnaHTaumsa bbina NpoBefeHa B BO3pacTe 2 Mec., KOraa
HEBPOJIOrMYecKWe paccTpoMCTBA Y Hero elle He chopmupo-
Ba/mcb. Hapywenuin dyHkumin LHC y atoro pebeHka He Ha-
6nopanock 1 ciycta 14 Mec. nocnie TpaHcnnaHTaLumW. ABTOpbI
LEeNaloT BbIBOA, YTO TPAHCMIAHTaUMA ansoreHHbIX reMomno-
3TUYECKMX CTBOJIOBBIX KIIETOK MOXET HE TOJIbKO BOCCTaHaB-
NBaTb HEBPONIOrMYECKWe HapyLieHus npu Gonesnu Kpabe,
HO 1 NpesoTBPaLLaTh UX pa3BuUTHE.

Mpu cpaBHeHWM ABYX rpynn NaLMEHTOB C MH(BAHTUIbHON
dopMoii bonesHn Kpabbe — (1) 6eccuMnTOMHbIX HOBOPOXK-
OEHHbIX B BO3pacTe 0T 2 Hefl. A0 1,5 Mec. u (2) feTeii B B03-
pacTe oT 4 Mec. Ao 1 rofa, y KOTOpbIX y3e Bblin 04eBUIHbI
HEBPOJIOrMYeCK1e CUMNTOMBI 3ab0/1eBaHNA — MOKa3aHo, YTo
neyeHWe NyTeM TPaHCMAAHTALMU KIETOK MYMOBUHHOW KPO-
BW OT HEPOLCTBEHHbIX JOHOPOB MOXET ObiTb 3HEKTUBHO
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TOSIbKO B TOM CJlyyae, eC/iM OHO HAYaTo 10 MOSABEHNSA NePBbIX
HEBPOJIOTMYECKMX CUMNTOMOB 3abosieBaHusA [33]. TpaHcnnaH-
Tauus CONpoBOXAanac M1MenoabnaTMeBHOM XUMUOTEpanmeil.
CKOpOCTb MPWIKMBIEHWSA M BbKMBAHUSA [OHOPHBIX KIETOK
coctasuna 100 1 100 % ans 6eccMMNTOMHbIX HOBOPOXKAEH-
Hbix 1 100 1 43 % ana 6onbHbIX AeTel. Y BEDKMBLUKX LeTeil
Habnofanm ycToiumMBble NPUKUBNEHUS LOHOP-TIPOU3BOAHBIX
reMono3TUYECKMX KIETOK C COXPaHEHNEM HOPMaJlbHbIX YPOB-
Hel ranakTouepebpo3naassl B KpoBu. Y AeTen, NoLBeprinX-
€S TPaHCNaHTaLMKM S0 NOSBAEHUS CUMMTOMOB 3abonieBaHus,
npouecc Muenunmsaumum B LUHC He 6bin HapyLueH, 1 pa3sutue
ABUraTesIbHbIX M KOTHUTUBHBIX YHKLMI Bbino 6aM3Ko K Hop-
Me, XOTS B HEKOTOpbIX Cly4asx Habmtoanach 3afepKa peun
W OBUraTeNlbHOM akTUBHOCTM (gross motor function). ¥ meteit
Mpy NpoBeLEHUM TPAHCMIAHTALIMM MOCIE NOABNIEHNUSA NEPBbIX
CMMNTOMOB 3aboneBaHus Habmofanu aUb MUHUMaNbHbIE
YAyyLLeHNs B QYHKLUMOHMPOBAHWUN HEPBHOW CUCTEMBI.

B cBsA3u ¢ 3TMM aKTyanbHa paspaboTka mporpamMm Heo-
HaTanbHOr0 CKPUHWHIA ANS PaHHEro BbISBNEHUS HOMbHbIX
rnobona-KneTo4Hom neiikoamctpodueit. Nepsble NporpamMmbl
BbinM 0CHOBaHbI Ha OnpefleNeHn aKTUBHOCTY ranakToLepe-
Bpo3uaasbl B BbICYLIEHHbIX MATHAX KPOBU HOBOPOXIEHHBIX.
OpHako 3T0T MeTof He 0bnagaeT AOCTaTOYHOM Creunduy-
HOCTbIO M JAeT MHOMO JIOXHOMOJIOKMTESbHBIX Pe3yNbTaToB.
Bonee uyBcTBUTENBHLIM OKa3asncs TecT Ha ncuxo3uH (PSY),
3KCTParmMpyeMblil U3 BbICYLLIEHHbIX NATEH KPOBU UM 3pUTPO-
LMTOB HOBOPOX/EHHbBIX W N3MepsieMblii METOLLOM XWAKOCT-
HOM xpomatorpadmm — TaHAEMHON Macc-CMeKTpOMeTpUM
[42, 107]. PaspaboTaHHbIi1 anropUt™ Mo3BoaseT NPOBOAUTbL
b depeHLMPOBKY MHDAHTUNBHBIX M N03aHUX GopM 3abone-
BaHWA 1 BbISBNATL HOCUTESEN NCeBOAEDULIMTHBIX annenen.
TecT Ha NCMX03MH 0Ka3anca NPUroLHbIM U 418 MOHUTOPUHTa
COCTOSHMA BOMBHBIX 1O U B MPOLIECCE UX JIEYEHUS METOA0M
TPaHCMIaHTaLMM KNETOK MyNOBMHHOM KPOBYW UM FeMOM03TH-
YECKUX CTBOJIOBBIX KIIETOK.

Knunuueckuit npumep 6onesnn Kpabbe

MaumeHT MyXCcKoro nona B Bo3pacTe 8 Mec. BnepBbIe bbin
HarnpaBNeH Ha KOHCYNbTaLMI0 K Bpauy-reHeTuky B CaHKT-
MeTepbyprckoe rocynapCTBeHHOE BOAKETHOE yupexaeHue
30paBOOXPaHeHUA «[JMarHoCTUYECKMIA LEHTP (MeaMKO-TeHe-
Tyeckni)» (CM6 IBY3 MIL).

AHaMHe3 }KM3HM: ManbymK oT 4-i bepemMeHHocTH (1-1 —
3amepluas, 2-1 — MeaMUMHCKMIA abopT, 3-9 — 3[0poBas
L04b), NpOTeKaBLLUeN Ha doHe aHeMuu, MHorooaus. Poppl
CpOYHble Ha 41-1 Heflene bepeMeHHOCTM NYTeM KecapeBa ce-
yeHus. OueHka no wkane Anrap 6/7 6annos. Bec npu pox-
nedum — 4100 .

PebeHoK 0T KpOBHOPOACTBEHHOro 6paka, oTel M MaTb
npobaHga — 4eTBepolopoaHble bpaT u cectpa. Pogutenu
poaom u3 [larectaHa.

AnamHe3 3aboneBaHus: B nepBble AHM XU3HU B poaLioMe
oTMeyanacb runepbunupybuHeMms, CUHLPOM YrHETEHUS
HepBHo# cucTeMbl. C nepBbIX MecsALEB XU3HKU Habmnogancs
HEBPOJIOTOM C IMarHo30M «nepuHatanbHoe nopaxenue LIHC»,
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0TMeyYanacb 3aflepyKKa McUXOMOTOPHOro pa3suTus. B Bo3-
pacTe 6 Mec. npoBefeHo obcregosaHue. Mo AaHHBIM yib-
TPa3BYKOBOro MCCNEef0BaHUA OpraHoB OpIOLIHOM MOA0CTH
BbISIB/IEHa renatoMeranus U NapeHXMMaTo3Hble U3MeHeHUs
neyeHu (renatos). Ha anekTposHuedanorpamMe: npusHaku
BbIPAXXEHHONM [e30praHu3auum perynsTopHOro Xapaktepa
KOPKOBOro puTMa Ha G oHe NpU3HaKoB AMCHYHKLIMM NOLKOP-
KOBO-AuM3HLUedanbHbIX CTPYKTYp. TUnMyHas anunentudopMm-
Has aKTMBHOCTb He 3aperucTpupoBaHa. HenpocoHorpadus:
anddysHble aTpoduyeckme U3MEHEHUs TOJIOBHOO Mo3ra.
N3MeHeHWs B napeHx1Me Mo3ra MOryT COOTBETCTBOBATb MeTa-
bonmyeckum HapylueHusm. MNposeaeHo MPT ronoBHoro Mo3ra
MP-npu3Haky nopaeHus benoro BeLLecTBa roIoBHOr0 Mo3-
ra, BeposiTHee Bcero 3abonesaHue U3 rpynnbl MeTabonuye-
CKMX 3HUedanonaTuit. HapyxHas 3aMecTuTeNbHas rmapoLe-
Ganus. Mega cisterna magna.

K 8 Mec. no pesynbtatam o6cnefoBaHWs HEBPOIOroM
YCTaHOBMEH AMarHo3: «[leTckuin LepebpanbHbli Napanuy,
CnacTUKo-runepkuHeTyeckas ¢opma. Mo cucteme Gross
Motor Function Classification System (GMFCS) yposeHb V.
3afiepKa NCUXOMOTOPHOIO PasBUTUS».

Manbunk ocMoTpeH odTanbMonoroM: odTanbMonapes
oboux rnas.

B cBA3n c nogo3peHneM Ha 3aboneBaHue W3 rpynnbl Ha-
CreAcTBeHHbIX bonesHeii 0bMeHa HanpaeneH B Cl16 MBY3 ML

Mpy 06BEKTMBHOM OCMOTPE BPayOM-TEHETUKOM B BO3-
pacte 8 Mec. B CI6 I'bY3 MILL: TenocnoxeHue npaBuibHoE,
3afepKa ¢usmdyeckoro passutus. Poct 68,5 cM (-2 cur-
ManbHbIX oTKNoHeHns — SDS), Bec 7,75 K (-1,65 SDS),
OKPY}KHOCTb rof10Bbl 44,6 cM (10-1 NepLEHTUNb), OKPYMKHOCTb
TPYOHON KNeTKu 44 cM (MeHee 3-ro nepeueHTuns). pybas
3a/iepIKKa NCMXOMOTOPHOr0 Pa3BUTUS — rOJI0BY YEPXMBa-
€T C TPYLOM, He NepeBopaYmMBaeTCs, He cuamT. MyKkpoaHoMa-
N1iA pa3BuTUA He 0BHapyeHo. OTMeYanack o4aroBas HeBpo-
nlormyeckas CUMNTOMaTKa — M3MEeHeHWs Mo NupaMUaHOMy
TUMY U MbILLEYHAs OUCTOHUS — TOHYC B HUKHUX KOHEYHO-
CTAX NoBbIleH. XMBOT NpaBunbHOM GOpMbI, NeYeHb +2 CM
u3-nog pebepHol Lyru, ceneseHka He nanbnupyetcs. Cycra-
Bbl MHTAKTHbI.

Pesynbtatel 06cnepoBanus B CM6 N6Y3 MILL:

+ WCCNefOBaHWe faKTaTa, MuUpyBaTa B KPOBM W WX
COOTHOLLUEHMS — MOBbILWEHWe NaKTata o 3435
(560-2250 Mkmonb/n) m nupyBata po 289 (29-
113 MKMonb/N), COOTHOLLEHWE B NPefenax HOpMbl —
12 (0o 20) — paHHbIE 0 HANMYKUKN MATOXOHAPUANBHOTO
3aboneBaHWs COMHUTENBHbIE;

+ TaHAeMHas Macc-cnekTpoMeTpus (TMC) — BbisiBNEHbI
HapyLLeHUs1 B aMUHOKUCIIOTHOM 06MeHe U B OKWUCIie-
HAW LIMHHOLLEMOYEYHBIX XUPHBIX KUC/IOT, BEPOSTHO
BTOPMYHOTO XapaKTepa;

* OpraH1yecKue KWUCNOTbl MOYM — A@HHBIX O HaNMuuUM
HacneACTBEHHbIX auMaypuin He MoyYeHo.

Mo KAMHMYECKUM [aHHBIM 3anofo3peHo 3aboneBaHue

U3 TPynMbl JIM30COMHBIX 00MIe3HEH HAKOMNEHUS! C PaHHUM
JeboToMm.
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[Ina poobcnepoBaHna cyxue NATHa KpOBW Hanpaene-
Hbl B MefepanbHoe rocyaapcTBeHHoe 6loAXeTHoe Hayuy-
Hoe yupexaeHue «MelMKO-reHeTUYECKUI HayYHbIA LiEHTP
UM. akag,. H.M. boukoBax» (PIBHY MIHLL): CKpUHWHT Ha Nu30-
COMHble 60/1e3HI HAKONMEHWS, BbISBIIEHO CHUXEHWE aKTUBHO-
CTv ranakTouepedposnaassl 1o 0,06 (0,7-10,0 MkMonb/(n x ).
Mpn noBTOpHOM WccnepoBaHuu cHukenne po 0,1 (0,7-
10,0 MKkMonb/u). YcTaHoBeH auarHo3 bonesHu Kpabbe, uH-
daHTunbHas dopma.

Ins nopteepwpeHus puarHosa 6OonesHn Kpabbe
B OIBHY MIHL, bbino npoBeAeHO MONEKYNAPHO-TEHETU-
yecKkoe uccnefoBaHue: obHapyxeHa geneuus 30 Tbic. M. H.
B FOMO3MrOTHOM COCTOSIHMM reHa GALC. MeTtogoM npsMo-
ro aBTOMaTUYECKOr0 CEKBEHWPOBAHWSA MPOBEAEH aHanus
5-ro 3Kk3oHa. [llpefluecTBYOWMIA Leneunn NoauMopdHbIi
BapuaHT ¢.550C>T (p.Arg184Cys), obHapyxeH B roMo3uroT-
HoM coctosHuu. [narHo3 6onesun Kpabbe nopteepxaeH
Ha MOMNEeKyNAPHO-TeHEeTUYECKOM YPOBHE.

Takum o6pasoM, K Bo3pacty 9 Mec. pebeHKy bbin ycTa-
HOBJIEH AMarHo3 HacnefcTBeHHoro 3aboneBanus. [porHos
npu MHbaHTUNLHOM dopMe bonesHn Kpabbe HebnaronpusT-
Hbl, pebeHOK yMep He AOCTUrHYB Bo3pacTa 3 JieT.

Mo nuTepaTypHbIM [aHHbIM, Aeneuus pasMepoM
30 Thic. n. H. (c.1161+6532_polyA+9kbdel) onucaHa onHoii
13 NepBbIX M ABNAETCA Haubonee pacnpocTpaHeHHoW MyTa-
LMen Cpesu MaLMeHTOB €BPOMENCKOro NpoMUCXoXaeHUs. ITa
AeNeLns HaunHaeTCs OKoso cepeauHbl MHTpoHa 10 u pacnpo-
CTpaHsAeTCa 40 3K30Ha 17 NAC AOMONHUTENBHbIE 9 ThIC. M. H.
CnepoBatesnibHO, 3TO NPUBOLMT K YAANEHWI0 KOAMUPYHOLLEN 06-
nact ana cyovepnumusl 30 ka u 15 % KopupytoLeii obnactu
oana cybbeamnmubl 50 klla. [eneums pasmepom 30 Thic. . H.
HEM3MEHHO CBf3aHa C MOJMMOPdHLIM [L0OPOKaYECTBEHHBIM
BapuaHToM ¢.550C>T Ha ToW ke annenu. [outn y Bcex
niofeii ¢ bonesnbto Kpabbe akTMBHOCTL QepMeHTa ranak-
ToLepebpo3naassl cHKeHa fo 0-5 % oT HopManbHOW aK-
TUBHOCTM B JIEMKOLMTAX, BbIAENIEHHbIX U3 LIeNIbHOW renapuHm-
31pOBaHHOM KPOBW, UMW B KyNbTUBMPOBaHHbIX nbpobnacTax
Koxu [73].

BOJIE3Hb KPABBE, OBYCJIOBJIEHHAS
HEZIOCTATOYHOCTbIO CANO3MUHA C

B oyeHb peKux cnyyasx y naumMeHToB ¢ rnobona-KneTou-
HOM NenKoaMUCTPodUen aKTMBHOCTb ranakToLepebposnaassl
COXpaHsieTcA B npedenax HopMbl W MyTauun B reHe GALC
He oOHapyuBaeTcs, HO MPUCYTCTBYIOT CreuudUyeckue
MyTaUumK B reHe npocanosuHa (PSAP). 3T1 MyTauuW npuBo-
OAT K He[OCTAaTOYHOCTW aKTMBaTOpa ranakrouepebpo3uaa-
3bl — cano3uHa A [100]. Canosun A — TepMoycTOIuMBbINA
16-K[J-rnukonpoTenH, 0bpasytoLLMica M3 NepBoro AOMeHa
MpocanosuHa, ABAseTCs BTOPbIM aKTMBATOPHLIM b6enkoM ans
rMIOKO3MLepamMuaaskl U beTa-ranakTo3unuepaMmaassl.

B onHoii 13 poacTBeHHbIX apabckux cemei y pebeHka
C atunuyHon ¢opmoii bonesHn Kpabbe noeHtMdmumposa-
Ha roMo3uUroTHas Aeneuust Tpex HyKeotuaoBs B reHe PSAP,
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NPUBOJALLAA K OTCYTCTBMIO KOHCEpPBATUBHOTO BanWHa
B 11-M nonoxerum 3penoro cano3uHa A [100]. Y atoro 6osnb-
HOro bbina CHWKEHa aKTMBHOCTb ranakToLepebposnpasbl
B NleiiKoLyMTax, B TO BpeMs Kak B Gubpobnactax oHa coxpa-
HAnach B npefenax HopMbl. B Bospacte 3,5 Mec. y AeBOYKH
Pa3BUAMCH TSXESble BbICTPO NPOrpeccupyHoLLMe HEBPOSIOrU-
yeckue HapyLuenus. Cnycra 5 Mec. pebeHOK yMep 0T TaKenon
3Huedanonatum.

Co3paHa TpaHCTeHHas JIMHUS MbILei C HeA0CTaTouHO-
CTblo camosuHa A [76]. Y HyneBbIX MO cano3vHy A MyTaHTOB
B BO3pacTe 2,5 MeC. HauWMHaeT pa3BMUBaTLCS Me[IEHHO Npo-
rpeccupylolmiA napanuy nepefHUX KOHeYHocTel, rubenb
HacTynaet yepe3 2-3 Mec. Tpemop U [pyrue CUMMTOMb
LEeMUENMHA3aLMM NOABNIAKTCA IUWb HA KOHEYHOM CTaauu
3aboneBaHus. KauecTBeHHO maTtonoruyeckue U bruoxummye-
CKMe aHOManuu MAEHTUYHBI TeM, KOTOpbIe HabnoLalTcs Npu
rnobona-KNeToyYHoM NeKoAMcTPOdMM, OLHAKO Y MYTaHTHbIX
MbILLEN OHW BbIpaXKeHbl B ropasfo bonee MArkoi opme.
MonyyeHHble pe3ynbTaThbl yKa3blBaAKT Ha TO, YTO CanosuH A
HeobxoauM Ans ferpajaummy ranakrosunuepamMuia.

HyneBble MyTaHTbl Mo cano3uHy A cnocobHbl pasMHo-
)KaTbCs, NpU 3TOM Y CaMOK BO BpeMsi bepeMeHHOCTM Habto-
[AeTCs YyuLleHe MHOTUX HEBPOJIOrMYECKUX MOKa3aTenei,
W B YaCTHOCTH, PE3KO CHUKAETCSA YPOBEHb AEMUENUHN3ALIMUN
U MHPUNBTPaLMK «rnobouaHbIX» Knetok [75]. Mpesnonara-
TCSl, YTO 3TW YNyYLLEHWUS CBA3aHbI C MOBbILIEHNEM YPOBHS
3CTpOreHa, NPOMCXOAALLMM BO BpeMs bepeMeHHOCTH. Vicxoas
W3 3TUX AaHHBIX, NPeLNoaraeTcs, YTo JONOHUTENbHOE Ha-
3HayeHue 3CTPOreHa NaLMeHTaM C HacneACTBEHHbIMY NEVKO-
LVCTPOGUAMI MOXKET B OMPeIeSIeHHON CTeNeHn cnocobcTao-
BaTb YNYULLEHUH X COCTOSHUA.

HEZIOCTATOYHOCTb MPOCAMO3UHA —
SAP-MPEALIECTBEHHUKA
AKTUBATOPOB COUHIOIUNAA0B

MpocanosnH — noAMdYHKUMOHaNbHbIA OenoK, ponb
KOTOpOro 0COBEHHO BaHa MpU PasBUTMM [IBYX CUCTEM —
HEPBHOM W penpofLyKTVUBHOM. ocne CMHTE3a MpocanosuH
paciuennsetcsa ¢ 0bpa3oBaHMeM YeTbipex HeboMbLLMX BenkoB
A, B, C n D, KoTopble Ha3sbiBaloTCs cano3nHamn — CUHro-
MWE/IMH-aKTUBATOPHbLIMK NpoTenHamu [82]. CanosuHbl ABns-
I0TCS aKTMBaTOpaMM JIN30COMHbIX PEPMEHTOB, Y4aCTBYIOLLMX
B ferpagauun couHronunmaos. CanosuHel A u D npuHuMaroT
yyacTue B MpoLeccuHre COUHronMnMaoB, a canosuH C ciy-
JUT aKTMBaTOpOM Ans beTa-rnioKouepebposnaassl — dep-
MEeHTa Aierpajaumuv rnoKkolepebposmnaa.

MyTaumm B reHe npocanosuHa (PSAP), 3aTparvBatoLume
(GYHKUMM pasfnYHBIX CaMNo3WHOB, MOTYT NPUBOAMTL K YeTbl-
peM HO30J10rM4YeCKU CaMOCTOSATENTbHbIM POpPMaM JIM30COMHbIX
bonesHeit M OHOW M3 ayTOCOMHO-AOMUHAHTHBLIX GopM 60-
ne3nu NapkuHcoHa [83]. B peakux ciyyasx MyTaumm HapyLua-
10T OYHKLUMW BCEX Cano3MHOB U CTAHOBATCA MPUYMHON KOM-
OMHMPOBaHHOM Cano3MHOBOW HepocTaTouHoCcTU [43]. Yawe
BCero Mytaumm B reHe PSAP npuBOAAT K HeA0CTaTOYHOCTU
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canosuHa B 1 obHapyxuBatoTca y BOMbHBIX C BapuUaHTHbI-
MU GopMaMM MeTaxpoMaTU4ecKon neikoguctpodum [61].
HepocraTouHocTb canosvHa A obHapyxuBaeTcs Takxe y He-
KOTOpbIX MaUMEHTOB C aTunuuyHoi dopMoii bonesHn Kpab-
e [100]. Cano3suH C oTCyTCTBYET Yy MAUMEHTOB C TSKENOi
atunuyHoi dopmoii bonesnm MNowe [5, 27, 103, 108]. Mytaumm
B reHe PSAP, conpoBOXaatoLLMecs MHaKTMBaLMel cano3uHa D,
accoLMMpoBaHbl C OLHUM W3 HAcNeACTBEHHbIX BApMaHTOB
6onesnu MapkuHcoHa [83].

Knunuka u annpeMuonorus

KombuHupoBaHHas cano3vHoBasi HeAOCTAaTOYHOCTb Npo-
ABNSAETCSA BCKOpE Mocne poxaeHus pebeHka B Buae rpybbix
HEBPOJIOrMYECKUX HapYLLEHUA — FUMEPKUHE30B, KIIOHKUYe-
CKUX CyLopor, GacumMKynaumin f3biKa U NepayKpuKyNspHbIX
MBILLL, — B COYETaHUM C PECMMPATOPHON HELLOCTAaTOYHOCTbH)
W renatocnneHomeranuen [43, 66]. XapakTepeH «iowanu-
Hbli» KpuK. [Mpn ructonornyeckom obcnepoBaHuM B KOCT-
HOM Mo3re BosbHbIX 06HApYKMBAKTCA KPYMHbIE, JMLIEH-
Hble BaKyonewn KneTku, nofobHble KiieTkam oLwe, a B KieTKax
MeyeHn BUAHBI OTIIOKEHUS TIOKO3WNLEpaM1ia U Lepamuia.
B KynbtuBMpyembIx hrbpobnactax 1 neikoumntax 6051bHbIX CHU-
KEHa aKTUBHOCTb IJIIOKO3WIILIEPaMUAA3bI, FaNlaKTo3uILepaMm-
Aa3bl W LepaM1aaskl. ButanbHbid nporHo3 HebnaronpusTHLIN.

BuoxuMuyeckue ocHoBbl NaToreHesa

Mpocano3uH — FMKONPOTENH C MOJIEKYNSPHBIM BECOM
70 k[, coctosiwmin u3 511 aMUHOKMCNOT, ABNSAETCA NpejLue-
CTBEHHWUKOM [S YeTbIpex cano3uHoB, 0bo3HauaeMbIx A, B,
C n D [79]. Kaxgpblh M3 [LOMEHOB Mpocano3nHa pa3mMepoM
npumepHo 80 aMUHOKUCNOT hNaHKUPOBaH NPOTEOUTAYECKU-
MW CaliTaMW pacLLensieHns U UMEeT CXOLHOE PacnofoxeHue
LMCTEMHOBBIX OCTATKOB, CaliTOB MIMKO3UIMPOBAHWA U CMU-
paneBMAHbIX (XeNMKCHBIX) yyacTKoB. [lpocano3vH Moxet
CylLecTBOBaTb B [BYX (hopMax — KaK CEKPeTOpHbIA U KaK
MHTEerpasbHbIN MeMOpaHHbIi 6eoK. In vivo OH AeicTBYeT Kak
raHrMo3na-CBA3bIBAOLLMA U TPAHCMOPTUPYOLLMIA BeNoK,
a TaKXKe KaK HelpoTponHblii daktop [48, 81]. Mpocano3uH
M Cano3uHbl cnocobHbl GopMMPOBaTh YCTOWUMBBLIE KOMMIIEK-
cbl ¢ 13 pasnnyHbIMK raHrnMo3ngamu, TpaHcdeuupys ux
0T AOHOPCKWX JIMMOCOM K MeMbpaHaM TeHel 3pUTPOLMTOB.
Mpy 3TOM NpocanosuH B 6onbLuei cTeneHy, YeM 3perble ca-
no3uHbl, akTuBupyeT GM1-beTa-ranaktosupasy.

Cano3uH B obpasyeTcs U3 BToporo AoMeHa npocanosu-
Ha. 3TO TEpPMOYCTOWYMBBLIA HE3H3UMATUYECKUIA aKTWUBATOp
apuncynbgatasbl A, a TaKxe a- W B-ranakrosupaassl [82].
Mpon3BOAHBIM TPETbEro [OMeHa fBnseTcs canosuH C —
aKkTMBaTop [-ranaktosupasbl M B-rnwoxouepebposupasbi.
Mpennonaraetcs, 4to cano3uHbl B u C yyacTByloT B TpaHc-
MOPTUPOBKE UMUAHBIX aHTUFEHOB OT IM30COMHBIX MeMbpaH
K CD1B u obneryatot ux accoumaumto ¢ CD1D [56, 112, 115].
Bbicokuin npoueHT romonorum mexay canosuHamu A n C
no3BoNseT npeanonaratb WX NpOUCXOXAEeHWe oT obLuero
MpeLKOBOr0 CErMeHTa, AyNaMLMPOBAHHOMO B reHe npocano-
3uHa. CanosuH D obpa3syetcsa 13 4eTBepTOro JoMeHa npoca-
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No31Ha M ABNSETCA aKTUBATOPOM ANS KUCION LiepamMupaasbl
u cneumduyeckoin chuHrommennidocdoamnactepassl [11, 78].

KaptupoBanue n upentudukaums rena PSAP

MeToaoM QnyopecueHTHOM rnbpuamsaumn in  situ
reH PSAP 6bin kaptuposaH B obnactn 10922.1 [12]. OH co-
cTouT 13 13 3Kk30HOB pasmepoM oT 57 o 120 Hykneotmaos,
pacnpefeneHHblx Ha nnowanu okono 20 k6 [90]. BennumHa
MHTpoHOB BapbupyeT oT 91 o 3812 Hykneotnaos. PaiioHbl,
KoaupytoLme cano3uHbl A, B 1 D, cofepiat no Tpu 3K30Ha,
B TO BpeMs Kak camosunH C KoaupyeTcs ABYMS 9K30HaMMW.
AHanu3 nonoxeHns MHTPOHOB YKa3bIBaeT Ha TO, YTO FeH Npo-
canasuHa [10 MHCepLMM MHTPOHHBIX 06nacTei 3BONIOLMOHU-
poBan ot npenkosoro [HK-cermeHTa nytem AByx Ayniuka-
LMiA U, NO KpaliHen Mepe, 04HOW CTPYKTYPHON NepEeCTPOMKM,
BKJTIOYAIOLLLEN ABOWHOI KPOCCUHIOBEP.

Mytauum B rene PSAP

Mbl yxxe nucamm o MyTaumsix B reHe PSAP, obHapyvBae-
MbIX Y MaLeHTOB C aTMMWYHbIMU BapuaHTamu bonesuu loLwe,
MeTaxpoMaTuyeckon Nelikoauctpodum n bonesHu Kpabbe.
K KoMBWHMpPOBaHHOM Cano3uHOBOM HEAO0CTAaTOYHOCTA MPUBO-
JAT Takve MyTaumm B reHe PSAP, KoTopble NpUBOAST K HeAo-
CTaTOYHOCTW BCEX Cano3uHOB. [pUMepoM MOXKET CRYXUTb ro-
MO3UroTHast Aeneuys oaHoro Hykneotuaa 803delG B obnactn B
[0MEHa, COMPOBOXAAIOLIAACA COBUITOM PaMKU CYMTbIBAHMS,
UOEHTMPULMPOBAHHAS B OAHOM U3 CIIOBALIKMX CeMei y naLmeH-
Ta C KOMOMHWPOBAHHOM CaNO3MHOBOM HEA0CTaTO4HOCTHIO [53].
NMMyHOTMCTOXMMMYECKWIA aHanu3 MOATBEPAMN OTCYTCTBUE
Y HEro BCex YeTblpex Carno3vHoB. B Tpex cembsx C ayTocoM-
HO-[LOMWHaHTHOM opMoii Bone3nm [MapKkuHCOHa MAEHTU K-
LMpOBaHbl TPU Pa3HbIX NaToOreHHbIX BapuaHTa B reHe PSAP,
3atparusatowume canosuH D [83]. 3k3oMHoe cexBeHMpoBaHWe
He BbISIBUNO HWKAKWX OPYrUX MyTauMid, accOLMMpOBaHHbIX
C HacneAcTBEHHbIMK BapuaHTaMu bonesnu MapKuHCoHa win
JIM30COMHbIMU BOME3HAMW HaKomneHus. Y BCex NauMeHToB
Bbin HapyLeH npouecc ayTodaruu, U3MeHeHa BHYTPUKIIETOY-
Has JIOKanM3aums npocano3vHa M Habmopanack arperaums
anbda-cUHyKNeNHa B KymbType KOXHbIX GubpobnactoB mnm
B [ONaMUHEPrUYECKUX HelipoHaX, AuddepeHLMPOBKa KOTOPbIX
Obina MHAYLMPOBaHa W3 MIOPUNOTEHTHBIX CTBOJIOBLIX KNETOK.

JKcnepuMeHTanbHble MOAEIM

C “crnonb3oBaHMeM TEXHUKU FOMOJIOrMYHOM peKoMbuHa-
LM Co3[,aHa MOJENbHas «HOKayT»-NIMHUSA MbILLE C MHAKTH-
BMPOBaHHBIM FeHOM Psap COUHTONMNMAHOIO aKTUBATOPHOrO
benka npocanosuHa [39]. 3HaunTeNbHbINA NPOLEHT MYTAHTHBIX
JKMBOTHBIX IMHWM Sap(—/-) nornbaeT B nepuos, BHYTpUYTPob-
HOrO pas’BUTUSA UM BCKOPE MOCIE POXKAEHUS. Y BbIKMBLUMX
MblLLel HabmofaeTca KOMMIeKC QeHOTUMNMYECKUX U B1oXu-
MWYECKUX aHOMaIWM, CXOAHbIX C TEMM, KOTOPbIE XapaKTepHbl
Ans 60MbHbIX ¢ KOMBMHMPOBAHHOM CaMo3WHOBOM HeJocTa-
TouHocTbl. K 18-20 oHAM y HUX pa3BMBaeTCs TPEMOP rono-
Bbl, MblLLEYHas CNabocTb M aTaKcus NepefHUX KOHEYHOCTEN,
KOTOpble C BO3pPacTOM MPOrpeccupytoT A0 MOCTOSHHOIO
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TOHWYECKOr0 cTaTyca M anunencuu. Mbenb XMBOTHBIX HACTY-
naet B 35-38-HeBHOM Bo3pacTe Ha (oHe MOJIHOro UCToLLe-
Hus. [pn natonoroaHatoMmyeckom obcne0BaHU BbISIBIEHDI
TAKENas runoMUenuHU3aums, yBenudyeHne obuero cogep-
JKaHWSA raHrMMo3nA0B M, 0COOEHHO, MOHOCWANOraHrIMo3u-
[0B B Mo3re 1 kucnble Schiff-nonoxutenbHble BKIKYEHUA
B HEPBHOW CUCTEME, a TaKKE B aHOMaSIbHbIX KITETKaX NeyeHn
W ceneseHKU. B TKaHax Mo3ra, NEYEHM W MOYEK MYTaHTHbIX
MbILLEN Pe3KO YBENMYEHO COAepXaHWe NaKTo3unLepaMuaa,
a TaKkKe Liepamuaa, rKo3uILepaMmaa, ranakrosuwilepa-
Muaa, cynbhatuaa v rnobotpuaosunuepammnaa. B kynbtueu-
pyeMbix ¢pnbpobnacTax MyTaHTHbIX XMBOTHbIX KaTabonnsm
3TUX BelecTB bbin 3HauMTeNbHO 3aMepnneH. CKOHCTpyMpo-
BaHHas MOJeNIbHasA JIMHUA MbILLIEN MOXKET ObiTb MCMONb30-
BaHa ANs YTOYHEHWS DYHKUMIA MHAMBUAYANbHbIX Cano3vHOB
M NpocanosuHa, a TaKkxke 1S pa3paboTku MeTof0B Tepanuu
COOTBETCTBYHLLMX HAaCNEACTBEHHbIX 3a00/1eBaHMI YeNIOBEKA.
Y HynesbIx N0 canosuHy D MyTaHTHbIX MbiLLiei B BO3pacTe
2 Mec. pa3BMBaeTCs NporpeccupyloLLas nonmypus, a B 4 Mec.
MOSIBNSIOTCA MPU3HAKM aTaKCUW U MOYEYHOW TybynspHon fe-
reHepaumm ¢ nocnefyoLwwmUM ruapoHedpo3oM [74]. B mosmey-
Ke cano3uH D-pedWUMTHBIX MbILLER MPOUCXOAMT Nporpeccu-
pyloLLas ceneKTUBHas NOTepA KNEToK MypKuHbe, U K 12 Mec.
OHM MOYTM MOJIHOCTBIO WMCYe3atoT. B KneTKax noyek, Mo3ra
1 0c0BeHHO MO3XeuKa MPOMUCX0AMT MacCMpoBaHHOe HaKone-
HWe LepaM1A0B, YTO NOATBEPXAAeT ponib cano3uHa D B Le-
pamMuiHoM MeTtabonmsMe. B gononHeHue K 3ToMy y MyTaHT-
HbIX MbILLEN C He[OCTAaTOMHOCTLI0 cano3uHa D HabmopaeTcs
nporpeccupytollas ABuratenbHas guchyHKUMA U fereHepa-
LM [LONaMUHEPrUYECKUX HEAPOHOB. 3TN laHHbIE YKa3blBaKT
Ha y4acTue cano3uHa D B reHeTUYECKOM KOHTPOJIE HEKOTOPbIX
ayTOCOMHO-[LOMUHAHTHBIX hopM 6one3Hu MapKUHCOHa.

JNabopartopHas AMarHoCTUKa U neyeHue

Y neTel C TAKENOM NpOrpeccupyioLLen HeBPOIOTUYECKOM
CMMMTOMATMKOM, 04EBMAHOM YKe B HeOHaTalbHOM Nepuose,
B JIEMIKOLMTAX CHUXEHA aKTUBHOCTb MIOKO3UNLEpaM1Aaassl,
ranakTosunuepammaasbl v Lepamuzassl. 0TCyTCTBYOT UMMY-
Honorudyeckue dopMbl npocanosuHa. Ha KT/MPT ronosHoro
MO3ra BbISBNIAKTCA 0611aCTU NOHUKEHHO NNOTHOCTHM benoro
BeLLecTsa. [loATBEPIKAAOLLMM TECTOM SBNSETCA UAEHTUDU-
Kaums B reHe PSAP MyTauui ¢ NpexaeBpeMeHHO| TepMUHa-
LiMelt TpaHCnALMK.

MeTobl naToreHeTUYEeCKOo! Tepanuu He ONMCcaHsbl.

MHOXECTBEHHASA CY/Ib®ATA3HAA
HEQOCTATOYHOCTb, MYKOCY/Ib®ATUA03
WX IOBEHW/TbHbIW CY/Ib®OATAL03,
BOJIE3Hb OCTUHA

Knunuka u annpeMuonorus

MHoKecTBeHHas cynbdaTasHass HefOoCTaTOYHOCTb —
3T0 ayTOCOMHO-peLeccuBHOe 3aboneBaHue, XapaKTepusy-
loLleecs HaKomneHneM cynbGaTMaoB, CynbhaTUpoBaHHbIX
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NMKO3aMUHOTNIMKAHOB, COWHTOAMNUAOB U CTEPOMUAHBIX
cynbharoB. B ocHoBe naTtoreHesa NEXWUT HeLOCTaTOHHOCTb
Moaubuumpytowero cynbdarasy daktopa 1, yuacTByioLLero
B buocuHTe3e Lienioro ceMeiicTa cynb@aras, obycnosneH-
Has NPUCYTCTBUEM MHAKTMBMPYIOLLMX MyTaumi B reHe SUMF1
[28, 32].

Knunnyecku b6onesHb xapaKTepusyeTcsi KOMOMHUPOBAH-
HbIMU MPOSBNEHNAMW METaXpOMaTUYECKON NeNKoaucTpodun
1 MyKononucaxapupo3a [23]. Y pebeHka Habnwopatotcs T4-
Xenble HEBPOJIOrMYECKWEe HapYLUEHUS C pasBUTUEM TMApO-
uedanuu, 3afepiKKOi MCUXOMOTOPHOIO M MCUXOPEYEBOr0
pa3BUTUS BNJIOTb A0 YMCTBEHHOI OTCTANIOCTH, CYLOPOXKHbIM
CMHPOMOM, aTaKCUEM, COYETALLMECSA CO CKENETHbIMU aHo-
ManuAMK1, PUCKaMM CTEHO3a MO3BOHOYHOrO KaHana, HU3KO-
pOCNOCTbIO, OpraHoOMeranuei, Kapauommonatuen, rpyobimMu
YepTaMm NN, HEPOCEHCOPHON TYroyXoCTbio, CHUMXEHWEM
3peHus (MOMYTHEHWE POroBMLbl M LereHepaums CeT4aTKu)
u uxtmozoM. Ha MPT MoxHO yBuaeTb nelikoauctpodumio,
aTpoduMio Kopbl BOMBLUMX MOAYLIAPUA M MO3MKEYKa, BEH-
TPUKyNOMeranuio, aTpoduio Mo30aMCTOr0 Tenla, NpU3HaKK
CAaBNEHNUA CMMHHOMO Mo3ra B LUEWHOM OTAene M03BOHOY-
HWKa. CpeaHsas NpOLOMKMTENBHOCTD KM3HU [ETEeN C MHO-
JKECTBEHHOM Cynb®haTasHol HeA0CTaTOYHOCTbIO COCTABNSET
Mo AaHHbIM MeTaaHanusa 13 net (9,8-16,2 roga) [96].

B 3aBucMMoCTM OT Hayana 3abosieBaHWA BbIAENAKT HEO-
HaTanbHble, N034HMe MHDAHTUIbHBIE U I0BEHUTBHBIE POPMbI.

Hanbonee tsxenas gopMa — HeoHaTanbHas, C LUMPO-
KUM CMEKTPOM MPOSB/EHMI MyKoMoaucaxapuao3a v netanb-
HbIM UCXOJ0M B NepBble 2 rofia Xu3Hu. B yactb cumntoMoB
BXOJAT CKeneTHble AedopMaumn U renatocnieHoMeranus,
KOTOpble MOTYT BO3HWUKHYTb NpeHaTanbHo [95].

YalLe Bcero BCTpeyaeTcs No3aHAA MHdaHTMNbHas GopMa
c pebiotoM [0 2 net. KnuHMYecKu oHa CXOAHa C NO3aHei
MHOAHTUNBLHON MeTaxpoMaTUYecKon JNierdkoaucTpoduen,
HO COMPOBOKAAETCA MPOrpeccupyloLLen MoTepeit yMCTBEH-
HbIX M [BUraTeNbHbIX CMOCOBHOCTEN W pasBUTUEM CKeneT-
HbIX aHoManuii. [oTeps BOMbLUMHCTBA HABLIKOB MPOUCXOAUT
K 5 rogam.

Mpun peakux oBeHUNbHbIX Gopmax bonesHb aebioTupyet
nos3aHee — [0 4 neT 1 passuBaetca MeaneHHee [19].

YactoTa 3abonesanusa 1: 2000000, yactoTa reteposu-
rOTHOrO HOCWUTENbCTBA MyTaumii B reHe — 1: 700.

BuoxuMmuyeckmne ocHoBbl NaToreHesa
Moanduumpylowmn cynbdatasy ¢aktop 1, wm
dopmunrnuumH(FGly)-npoussoaswmii pepmeHT — FGE, yya-
CTBYET B MOCTTPAHCIALMOHHON MoaudUKaLMM U KaTanuTu-
YeCKOI aKTUBaLMM Lienoro ceMeiicTaa cynbdartas, 0CHOBHOM
(hYHKLMEN KOTOPbIX ABNSETCA rAPOAM3 CyNbhaTHbIX 3GUPOB,
TaKUX KaK MJIMKO3aMUHOMMKaHBI, CybhOMNMAbI U CTepOUL-
Hble cynbdatbl. 3Ta MOAMDUKALMS, MPOMCXOAALLAA B 3HLO-
Mna3mMaTMyeckoM peTUKynyMe, 3aKJ1K4aeTcs B NpeBpaLLeHui
uMcTenHoBoro octatka B C-a-dopmunramumi (FGly) — Ka-
TaNMTUYECKMIA OCTATOK B aKTMBHOM CaliTe 3yKapuoTUYECKUX
cynbdartas [89]. Mo KpaiiHen Mepe, 9 cynbhatas He UMeEKT
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KaTafMTUYeCKoW aKTUBHOCTW Y BOSbHBIX MHOXKECTBEHHOIA
cynbdatasHoin HeJoCTaTOHHOCTbIO [34].

Koakcnpeccuss Mogudumumpytowero cynbartasy ¢ak-
Topa 1 ¢ cynbdarasamu NpUBOAUT K MOTEHLMPOBAHHOMY
YBEJIMYEHUIO UX KaTaNMTUYECKOW aKTUBHOCTM, YTO YKasbiBa-
€T Ha TO, YTO 3T0 HeobX0AMMBIN U NIUMUTUPYIOLLMIA daKTop
ona cynbgaras [28]. Katanutuueckas aKTMBHOCTb CaMoro
FGE 3aBucut 0T nonoxeHus AByX aMMHOKUCNOT — cys336
1 cys341 — B akTMBHOM cauTe depMeHTa [89]. IBoNtOLMOH-
HbIi KOHCEPBATM3M MoanduULMpytoLLero cynbdatasy axTo-
pa 1, KOTOpbIi NPOCNEXMUBAETCS OT MPOKApUOT A0 3yKapuoT,
CBUIETENbCTBYET 0 BaXHOW BMONOrMyeckon hyHKUMK 3TOro
(epMeHTa. NEHTUYHOCTb MO aMMHOKUCIIOTHBIM MOC/e0Ba-
TensHocTaM Mexay FGE yenoBeka u opTonornyHbIMu benka-
MW MBILLM U Kpbickl cocTaBnseT 87 u 94 % cooTBETCTBEHHO.

KaptupoBanue reHa SUMF1

AHanu3 cekBeHMpoBaHHbIX reHoMHbIX [JHK yenoBeka no-
Kasan, uto reH SUMFT pacnonoxeH B obnactn 3p26 [32].
370 NOATBEpPKAAETCA TaKKe AaHHbIMKU MO KapTUPOBaHMIO
reHa Sumfl B cuHTeHHOW 0BnacT reHoMa Mbiln. Bbige-
NleHne oumnLieHHoro beiubero FGE no3sonnno u3onupoBaTb
KOHK rena SUMFI uenoBeka, KoTopas Koaupyet 6enok
MPOTSIKEHHOCTBIO 374 aMWUHOKUCAOTHI, 33 M3 KOTOPbIX SIB-
NAKOTCA CUrHaNbHON NocnefoBaTenbHOCTbI0. MoneKynspHbIi
BeC 3T0ro 6enka 42-44 K[, OH MMeeT calT rIMKO3MAMPO-
BaHUS U TPOWCTBEHHYIO AOMEHHYI0 CTPYKTYpy. [eH SUMFI
3KCMpeccupyeTcs BO BCEX MCCMeLOBaHHbIX TKaHAX ¢ obpa-
3oBaHnemM MPHK pa3smepoM B 2,1 K6 [28, 32]. l'eH pasge-
JleH Ha 9 3K30HOB, pacnpeaeneHHbx Ha nnowaam B 105 Kb
reHomHoi [IHK.

Mytauuu B reHe SUMF1

NoeHTMdurKaumMs roMo3nroTHbIX M KOMMNayHA-reTeposu-
FOTHbIX MyTaumi B reHe SUMFT y 60/IbHBIX MHOXECTBEHHO
cynbdartasHoW HefoCTaTOYHOCTLIO CTana A0Ka3aTenbCTBOM
€ro MPMYacTHOCTM K pa3BuTuio 3abonesanus [28, 32]. B onblI-
Tax in vitro NoOKasaHo, 4To TpaHCAyKumMA HopMmanbHon KOHK
reHa SUMF1 yacTMyHo BOCCTaHaBAMBAeT CyfbdaTasHyro
aKTMBHOCTb B KynbType @ubpobnactoB 60MbHBIX, U 3TOr0
He npomucxoaut, ecnn BBoauTcs MyTaHTHas KOHK. Cnektp
MyTauuii B reHe SUMFI poctatouHo pasHoobpaseH [29].
370 MUCCEHC-, HOHCEHC-, CMIANCUHIOBbLIE MYTaLMKU U MUKpO-
peneuun. B BonbluMHCTBE cryyaeB MAEHTUOUUMPOBAHHbIE
MyTaLMM MNOJIHOCTbHO Pa3spyLLalT aKTUBHOCTb BCEX AEBATH
uccnefioBaHHbIX cynbgartas. [Ing LByX MUCCEHC-MyTauuid
DbINO MOKa3aHo, YTO y HEKOTOPbIX CyNb(aTa3 coXpaHseTcs
[0CTaTOYHO BbICOKAs OCTATOMHAsA aKTMBHOCTb. TakuM obpa-
30M, HEKOTOpble MyTaLuW MOryT OKa3biBaTb BapuabesnbHbli
3(EKT Ha aKTUBHOCTb Pa3NMYHbIX Cynbdaras.

AHanus B3aumopencTBUA MeXAy reHoTUnoM U heHoTn-
MOM MOKa3aJl, YTo NauMeHTbl C TSXKENbIMUA HEOHaTaNlbHbIMU
(opMaMK MHOXKECTBEHHON CynbhaTasHoli HeJ0CTaTOYHOCTH
W HapyLeHUeM CTabWIbHOCTM W KaTaMTUYECKON aKTUBHO-
CTM MoanduumpyroLero cynbgarasy daxktopa 1 yalle Bcero
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ABNAITCA KOMNAyHA-reTepo3vuroTaMi no CnaaucuHroBbIM
1 HOHCeHc-MyTaumusaM [94]. [IBoe 60sbHBIX B 3TOM MCCneao-
BaHWM C NO3JHAM HayanoM U MArKUM TeyeHneM 3aboneBaHus
OKa3anmcb roMo3urotamu no mMucceHc-mytaumm G263V, ans
KOTOPOM B OMbITax in vitro Oblna NoOKasaHa caMasi BbiCOKas
0CTaTOYHast aKTMBHOCTb HEKOTOPLIX CYybdaTas.

JKcnepuMeHTaNbHble MOAEIN

Co3paHa TPaHCreHHas «HOKayT»-fIMHUS MbILEN C Hy-
neBomn akTMBHOCTbIO FGE [99]. MyTaHTHble MBOTHbIE paHO
yMupanu u umenun deHotunnyeckme 0cobeHHOCTH, CX0aHbIe
C KJIMHUYECKVUMM NPOSIBIEHUSIMU MHOXECTBEHHOMN Cynbda-
Ta3HOM He0CTAaTOMHOCTH, BKIOUas BPOX/EHHYI0 3a[ePHKY
pocTa, HEBPOJIOTMYECKUE U CKeNeTHble aHoManuu. Bo Bcex
TKaHAX Habnpanu MaccuBHble JIM30COMHbIE HaKOMIEHMS
IMIMKO3aMUHOTIMKAHOB, KOPPENMpYHOLLME C BOCMANUTENbHbI-
MW MpoLieccamu, anonTo3oM W HelpofereHepaLyen. AKTUB-
HOCTb BCeX cynbdatas y Sumyf1-HynesbiX MblLLEl NOSIHOCTbIO
oTCyTCTBOBaNia. B KneTKax MyTaHTHbIX Mbllei Habmopanm
YBENMYEHHOE KONMYecTBO ayTodarocoM, 0bycnoBneHHoe Ha-
PYLLEHUEM WX CIIMSHUA C IM30COMaMM, a TaKKe HaKOM/IEHUS
YOMKBUTUH-NONOXKUTENBHBIX BKIIOYEHUIA M BOMbLLIOE YMCNO
HedYHKLMOHanNbHbIX MUTOXOHAPUI [98]. CxofHbIA XapaKTep
HapyLUeHWA BbISBNEH TaKXKE Y TPAHCrEHHBIX MbILLENR, MO-
Aenvpylowmx Mykononucaxapugos Il Tuna. AsTopel npef-
MonaralT, YTo HapyLleHue ayTodarum MOXeT BbiTb 06LLIMM
MeXaHU3MOM, JeXali¥M B OCHOBE HEMpOLereHepaTMBHbIX
MpOLLECCOB NPYU MHOTMX IM30COMHbIX BoNe3HAX.

JlabopaTtopHas nuarHoctuka u nieyeHue

Y peTeli ¢ KNMHUYECKUMU CUMMTOMaMM MyKoMoJincaxapm-
[03a 1 NOCTeNeHHON 3a[ePIKKOI U perpeccoM ncMxoMoTop-
HbIX QYHKLMA B MOYe NOBBILLEHO CofiepKaHue cynbhaTnaos,
AepMataHcynbdara, renapaHcynbdara U XonecTepucynb-
(ata, a B nnasMe — xonectepuncynbdarta. B nenkoum-
Tax W KynbType ¢hnbpobnacToB pe3ko CHUMKEHA aKTUBHOCTb
cynbgatas A, B u C, uaypoHatcynbdarassl, renapaH-N-
cynbdamupasel U apyrux cynbdartas. [oATBEpHAEHUEM
[AnarHo3a ABnseTcA naeHTMdKUKauma Mytaumi B reHe SUMF1.

XoTs npeAnpuHUMAlOTCA MOMbITKU NPOM3BOACTBA pe-
KOM6MHaHTHOro Moauduumpyrowero cynbdarasy daktopa 1
¢ ucnonb3oBaHueM MUKpoPHK-TexHonorum, HuKakoi natore-
HETMYECKOI TepanuyM MHOXKECTBEHHOW CynbdaTasHoM Heao-
CTaTOYHOCTM B HacToslLLee BpeMs He onucaHo [9].

3AKJIO4YEHUE

Llenb Hawero 063opa coctosna B 0606LLeHUM COBPeMEH-
HbIX 3HaHWiA MO NIEMKOANCTPOPUAM KaK OTAENbHON HO30/10M M-
YeCKOW rpynne B CTPYKTYpe JIN30COMHbIX ofe3Heil Hakone-
Hus. K coxanenuio, B HacTosiLLee BpeMs Ans bonbLUMHCTBA
nenkoauctpoduin He paspaboTaHo naTOreHeTUYecKoW Te-
panuW, HO PacLUMPeHWe 3HaHWIA U BbiSBNEHME MaLMEeHTOB
C HeKypabenbHbIMM 3a00/1eBaHUAMKU HECOMHEHHO MpUBEAET
K aKTyanm3aLmm noucka noaxoaoB K Tepanuu. [ins tex gopm,
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re eCTb BO3MOXHOCTb TPAHCM/IAHTaLMM KOCTHOTO MO3ra Ui
reMono3TMYECKUX CTBOJIOBBLIX KIETOK, BaXHbIM acneKToM
30 dEKTUBHOCTM Tepanum ABNAETCA PaHHAS AMArHOCTUKaA 3a-
boneBaHus.

AOMO/IHUTE/IbHAA UHOOPMALIUA

Bknap aBTopoB. Bce aBTOpbl BHECNM 0AWHaKOBbIA PaBHbIN
BK/aJ B paspaboTKy KOHLenuuu, nposefieHne MCCrefoBaHusA
W MOATOTOBKY CTaTbi, MPOYAM W OA00PUAM GUHANBHYI BEpCUto
nepen, nybnmkaumen.

KoHdnukT unTepecos. ABTopbl feKnapupyioT oTCyTCTBUE SIB-
HbIX W MOTEHLMabHbIX KOH(IMKTOB MHTEPECOB, CBA3AHHBIX C My-
BnMKaLmeit HacTosILLIeN CTaTbK.
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{OBWIEN

Tom 14, N2 6, 2023

Meavatp

K t06uneio Banepuu NasnosHbl HoBukoBoM

e

B Hauvane Hosbpa 2023 r. npuHMMana nosppaBneHus
C OHeM poxpaeHus Banepus [MaBnoBHa HoBuKoBa, AOKTOp
MeIMLMHCKUX HayK, npodeccop, 3aBepylllas Kadeapoi
nponefeBTUKM LeTCKUX bonesHel ¢ KypcoM obuiero yxo-
[a 33 JeTbMM, 3aBepytollas nabopatopuen MeaumKo-co-
uManbHbIX Npobnem B negmatpuv HayuHo-uccneposartenb-
cKkoro ueHTpa CaHkT-lleTepbyprckoro rocyaapCTBEHHOMO
neamaTpuyecKoro MeMLMHCKOr0 YHUBEpCUTETA.

Takve kauecTBa Banepuu [aBnoBHbI, KaK yMeHWe CTaBUTb
W JOCTUraTh LieNiK, pellatb BMecTe C KOJJIEKTUBOM CaMble
C/NOXHbIE 334K, C YNOPCTBOM M HaCTOMYMBOCTbIO peanu3o-
BbIBaTb HaMeYeHHbIe MJiaHbl, NO3BOUAM AOCTUTHYTb BbICOKUX
pe3ynbtatos. B.M. HoBukoBa — akageMuk MexayHaponHoi
aKafleMuu HayK 3Komnorum 1 6e3onacHocTH, YieH Tpex Auc-
cepTaumMoHHbIX COBETOB KpYNHbIX MeAULMHCKUX YHUBEPCUTE-
T0B CaHkT-lleTepbypra, uneH peaKonneruu xypHanos, BX0-
AALWMX B MNepeyeHb peLieH3MpyeMbIX HayuHbIX n3paHui BAK,
«MpodmnakTUyecKas 1 KIMHUYecKas MeguUMHa» U «YHUBep-
CUTETCKWW TepaneBTUYECKUI BECTHUK», HAYYHOTO XypHana
«MeauumHa: Teopus M NpaKTUKa», IMaBHbIA PelakTop Xyp-
Hana «[letckas MeauumHa CeBepo-3anaga» (cnucok BAK),
a Takxe npeacenartens Jluru Bpadeii CeBepo-3anaaa.

Banepus [NaBnoBHa — nepgwmatp, Bedywuii AETCKUiA ra-
CTPO3HTEPOSIOr, OMbITHBIW Mefaror, TaNaHTAMBLINA Y4YeHbIN
n bnectAwmn pykoBoauTenb, aBTop 850 HayyHbIx pabor,
bonee 10 mateHToB P®. Moa ee pykoBOACTBOM HamMcaHo
W YCMELLHO 3aLLMLLIEHO DOMbLLOE YMCI0 KaHAWAATCKUX U JOK-
TOPCKUX AMCCEpPTaLMOHHbIX paboT. B HacTosLlee Bpems Be-
netca pabota Hag 10 guccepraumamu.

Banepus aBnoBHa ycnewHo 3aBeayet Kadbeapoi, Bna-
Les1 YHAKaNbHbIMU AMNIOMaTUYECKUMM CMIOCOBHOCTAMM, YTO
HeBepOSATHO BaXKHO 415 pykosoauTens. 1of ee pyKOBOACTBOM
Kadenpa 3aHMMaeT BbICOKME MECTa B YHUBEPCUTETCKOM

peiiTuHre. ExxeMecsyHo MpoBOJATCA Hay4HO-NpaKTUYECKMe
KOHbepeHUMM M OUCKYCCUOHHbIE Kiybbl, NpuBneKarowue
He TOJbKO Bpayen-nefuaTpoB, HO U CMeLWannucToB Tepanes-
Tnyeckoro npodmns. bnaronaps ee uHMUMaTMBeE CTyLEHue-
CKoe Hay4yHoe obuiecTso (CHO) Ha Kadeape Nonyymso HoByto
u3Hb 1 B 2023 r. 660 NpU3HaHo Ny4wum cpeam Bcex CHO
lepmatpuyeckoro yHmBepcuTeTa.

lMpodeccroHanbHbIi aBTOPUTET 1 HOraThIi NPaKTUYECKUIA
OnbIT Negumartpa no3soauny Banepuw MNasnosHe cTath 0AHUM
13 aBTOPOB PAAA NaB B KHUrax «[letckue 6onesuu», «Pyko-
BOACTBO N0 NeauaTpum», «PyKoBOACTBO MO NepUHATONOMUKU»,
«[lepuaTpuyeckas racTposHTeposorus», «FacTpoaHTeponorus
LETCKOro Bo3pacTa», «ATonuyeckuii fepMatut. Mexamncum-
MAWHAPHbIA NOAXOA K LMArHOCTUKE U JIEYEHMIO» U MHOTUX
APYrUX U3AaHuH, NoNb3yHLMXC BO0SBLLOI MONYNSPHOCTbIO
Cpeau CTYAEHTOB, OpPAMHATOPOB M MPaKTUKYKOLLMX Bpayen.
B npownom rogny Banepus [aBnoeHa BbicTynuna ofHUM
13 pefaKTOpPOB YeTbIpeX TOMOB OCHOBHOTO MeX/yHapoJHOro
neamaTpuyYecKoro pykoBoacTea «[leamatpus no HenbcoHy.

Bbicokune npodeccuoHanbHble Kadectsa Banepum [aB-
NOBHbl — LUMPOYANLUMIA KPYr MHTEPECOB U 3HaHWK, opra-
HW30BaHHOCTb W KoJloccasnbHas TPYAOCNocobHOCTb, Xena-
HWe No3HaBaTb HOBOE W MOCTOSHHO YUYUTLCS — MO3BOMAKT
€N yCrewHo TPyAMTbCA Ha braro AanbHemwero pasuTus
0TEYECTBEHHOM HayKu.

Csoit tobuneli Banepus MNaBnoBHa BCTpeyaeT B pacLpeTe
TBOPYECKWX CUJT, C NEPCMEKTUBHBIMMU MIaHaMM W HOBbIMYU Ha-
YYHBIMU UIEAMM, 0CTaBasCh MyApPbIM U TaNaHT/IMBLIM PyKO-
BOAMTENEM.

CepdeyHo no3dpasnsem Baneputo [TasnosHy c rbusne-
eM, XesaeM Kpenkozo 300p08bs U MBop4eckoz20 00/120-
nemus!

Konnektue Kadegpbl nponeaeBTUKN AeTCKUX GonesHeld
1 nabopaTopuu MeaMKO-COLMabHLIX NMpo6aeM B NeauaTpum,
Aamunuctpaums CN6rmMy
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