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Abstract.

Children with congenital heart defects constitute a highly susceptible cohort
for the development of intestinal dysbiosis and epithelial barrier dysfunction. This
athophysiological vulnerability stems from anomalous intestinal perfusion or hypoxemia,
which manifests in conditions of low cardiac output or cyanosis. Disruption of gut
microbiota eubiosis potentially exacerbates systemic inflammation, adversely affecting
clinical outcomes in this patient group. Despite significant advancements in therapeutic
strategies and survival rates for patients with congenital heart defects, the incidence
of associated complications remains substantial, raising questions regarding the
microbiome’s role in the pathogenesis of inflammatory processes. Aim of the study:
to analyze the characteristics, properties, mechanistic role, and diagnostic methods of
short-chain fatty acids in assessing the state of the intestinal microbiocenosis in children
with congenital heart defects, based on data from international and domestic research.
Material and methods: a systematic literature review on the specified topic was conducted
using electronic database resources including PubMed, Medline, eLibrary, Scopus, Web
of Science, and Cochrane Library. Results and discussion: the obtained data provide a
comprehensive understanding of the properties and composition of the intestinal microbiota
in children with congenital heart defects. They emphasize the necessity of studying the
microbiota not as an isolated organ, but as an integral system that supports interaction
with all physiological systems of the body and plays a key role in maintaining homeostasis
and adaptive reserves to changing internal and external environmental conditions. It
has been determined that congenital heart defects remain the primary cause of child
mortality, despite treatment advancements. In children with congenital heart defects,
inflammation and low cardiac output are crucial pathophysiological factors exacerbating
clinical outcomes. These conditions contribute to gut microbiome dysbiosis, leading to
a decrease in the production of short-chain fatty acids such as acetate, propionate, and
butyrate. As primary metabolites of beneficial microflora, they are critically important
for maintaining intestinal homeostasis, including cell metabolism, barrier function, and
systemic influence. The dysbiosis identified in children with these defects is caused by
hypoxia, stress, antibiotics, and nutritional factors, which leads to a decrease in butyrate
and propionate. Gas chromatography-mass spectrometry is an effective method for
diagnosing short-chain fatty acids. A comprehensive assessment of the short-chain fatty
acids profile in children with heart defects opens new avenues for improving diagnosis,
prognosis, and optimizing therapeutic approaches aimed at correcting the microbiome
and improving outcomes. Conclusions: potential interactions between congenital heart
defects and the microbiome are illustrated, key signaling mechanisms are discussed,
along with promising research directions and opportunities for the therapeutic translation
of fundamental scientific data.

Key words: congenital heart defects, intestinal microbiota, microbiocenosis, short-
chain fatty acids.

BpoxpaeHHble nopoku cepaua (BINC) npogomkatoT ObITb CyLLIECTBEHHOW NPUYNHON
3ab0rneBaeMOCTM U CMEPTHOCTM B NeamaTpuyeckon nonynauum, obycnoenusas go 50%
neTanbHbIX UCXOAO0B CPean BPOXAEHHbLIX aHoManuii [1]. HecMoTpst Ha 3HaunTenbHbIe A0-
CTMKEHUS B 06racTu XMpyprmyeckoro feYeHns u nocreonepaumoHHOro BeeHusl, No3Bo-
NMBLUXE NOBbLICUTL BbXKMBAEMOCTb A0 B3pocrnoro Bo3pacTta ¢ 30% ao 85% 3a nocnegHue
Tpu gecatunetus, BI1C octatoTca BegyLlen NpuUUMHON CMEPTHOCTU Y NaLMEHTOB B BO3-
pacTte 4o ofgHoro roga [2, 3, 4]. HecMoTps Ha npoaormkaroLleecs ynydlleHne nokasare-
nen BbPKMBaAEMOCTU B3pochbix naumeHtoB ¢ BI1C [8-12], BocnanuTenbHas peakums u
CUHAPOM HM3KOrO CEpAeYHOro BbIOpoca COXPaHST CBOK 3HAYMMOCTb KaK KITo4eBble
natomanonornieckne MeamnaTopsbl, OKasblBatoLLME CyLLECTBEHHOE BUSHNE HA TeYEHNE
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3aboneaHus [13, 14]. BocnanutenbHble NpoLecchl, BO3HMKaOLWMe Kak 4o, Tak U nocne
XUPYPrU4ecKknx BMeLLaTenbCTB, CNOCOOHbI Bbi3biBaTb HAPYLLEHMS B COCTaBE U (DYHKLMO-
HUPOBaHUN MUKPOBMOMa KMLLEYHMKA. DTN N3MEHEHMS, B CBOK OYepefb, HEraTUBHO BIU-
AT Ha KIMMHUYECKNE NCXOAbl Y NaLMEeHTOB, NEPEHECLUNX KapanoXmpypruyeckme onepa-
umm [5].

KenyaouHO-KULIEYHbIV TpakT YerioBeka KONOHM3UPOBaH TPUMMOHAMN MUKPOOP-
raHM3moB, KOTOpble (DOPMUPYIOT CMOXHYIO M YHUKANbHYH 3KOCUCTEMY, U3BECTHYIO Kak
KyLeyHas MMKpoburoTa. YCcTaHOBMNEHA TeCHasi B3aMMOCBSA3b MEXAY COCTOSIHUEM MUKPO-
OroueHo3a KULWEYHNKa U PYHKLNOHMPOBAHNEM Pa3NNYHbIX OPraHOB M CUCTEM, BKITHOYas
cepaeyHo-cocyaucTyto [6]. Y geten ¢ BINC, ocobeHHO Ha hoHe rMnoKCcMm N XpOHUYECKO-
ro cTpecca, HepefKko HabnogaTca HapyLeHns MUKPOOHOro cocTaBa KMLLIEYHUKA, YTO
BEOET K CHKeHuto npoaykunn KLPKK — knodeBbix MeTabonmtoB cUMBUOTHONM ¢briopsl.
B koHue XX Beka nccnegoBaHus MUKPOMIopbl KALLEYHMKA OCHOBBLIBANMChL Npenmylle-
CTBEHHO Ha MMKPOOMOMOrM4yeckoM noaxode, YTo NPUBOAWIO K NPEYBEMMYEHNIO 3HAYM-
MOCTU cuHapoma «ancbakrepnosa» npu HELOCTAaTOYHOM BHUMAaHMM K OCHOBHOW MaToso-
rn [7,8,9]. dyHOaameHTanbHble UCCrefoBaHNs NOCEAHUX NET BbIABUNN OOMEH Mexay
HN3KOMOKOMOIEKYNSIPHBIMU MeTabonnTaMm 3HOOTEHHOW MUKPOQINOpbl 1 MakpoopraHma-
MOM. DTOT (haKT CTan OCHOBOW A1 pa3paboTKu NPUHLMNNANbHO HOBbIX METOA0B OLIEHKM
COCTOSIHMSA MUKpoBMoLieHo3a kuwevHuka [14,15]. K Takum HM3KOMONeKynsipHbiIM MeTa-
fonutaM OTHOCATCS KOPOTKOLLENOYEYHbIE MOHOKAapOOHOBbIE KMCMOTbI U MX COMNW, Npo-
AyuupyemMble aHaspoOHBIMM MUKPOOPraHu3mamm. SKCNepUMEHTarnbHbIE AaHHbIE TaKKe
CBUOETENLCTBYOT 00 y4acTuM KOPOTKOLLENOYEYHbIX XUPHbIX kucnoT (KXKK) B perynauum
MOTOPHOW aKTMBHOCTM KMLLEYHMKA, BNUSTHUEM Ha apTepuarnbHOe AaBrneHne 1 perynsaumm
mMeTabonunyeckux npoueccos y geten ¢ BIC [10].

KopoTkouenoudeyHble xupHble kncnotbl (KXKK) — a1o npogykTbl, kKoTopble 06pasy-
HOTCS1 B TONICTOM KMLLEYHMKE B pe3yrbTaTe pacLlenieHnsi NMLWEBbIX BONIOKOH KULLIEYHBIMU
baktepusimu. OcHoBHbiMM KXKK, nponsBogmMMbiMu B GOMbLUMX KONMYECTBaX, ABNATCA
ykcycHas (auetart, C2), nponmoHoBasi (nponuvoHat, C3) u macnaHas (bytupart, C4) kucno-
Tbl. KntoueBbiMM npoayLeHTamu ByTupata SBnsatTCca Takue Buabl, kak Faecalibacterium
prausnitzii, Eubacterium rectale n Roseburia intestinalis[8,9]. CooTHoLwleHMe 1 konu4e-
cTBO nponsoanMbix KLIXKK BO MHOrOM 3aBUCSIT OT ANETLI: paunoH, 6oraTbiii NUMLEBLIMA
BOJTOKHaMM, CNOcoBCTBYET pocTy ByTmpaTt-npogyuupyowmx 6aktepun, Torga Kak gueta ¢
HU3KUM COoOEepPKaHNEM KINETHATKN MOXET NPUBOAUTL K CHUXXEHUIO MX YUCITIEHHOCTM U, CO-
OTBETCTBEHHO, YMeHbLUeHnto BbipaboTkun KLIXKK. Mocne o6pa3oBaHMs B TONCTON KULLIKE
KLPKK nornowyarotca aHTepouutaMmm 1 nonagatoT B CUCTEMHBIN KPOBOTOK. Kaxkaas ns oc-
HoBHbIX KLPKK nmeeT cBom cneumdmyeckne metabonmyeckme nytu. Bytupar siensercs
NpeanoyTUTENBbHBIM MCTOYHUKOM 3HEPTUW ANsi KOrloHouuToB, obecneynBasa oo 70% umx
3HepreTnyecknx notpebHocTen. MNponmMoHaT NornoLaeTcst NPEMMYLLIECTBEHHO B MEYEHN,
rOe OH CMyXWT cybcTpaTom Onis rMoKoHeoreHe3a. AuetaT Takke metabonmaupyeTcs B
neYeHn N MOXET NCMONb30BaThLCS B CMHTE3e NMUMMOO0B U XOonecTepuHa. 3Tn MeTabonuThbl
aKTVMBHO y4acTBYHOT B perynsaumm KneTo4yHoro metabonmama, a Takke npoLeccoB nponu-
depaumun n anddepeHLNPOBKN SHTEPOLIMTOB, CMOCOOCTBYS NOAAEPKaHUIO LLENMOCTHOCTH
N PYHKLMOHANbHOCTM KMLLIEYHOTrO anuTenunanbHoro 6apbepa. Kpome toro, KLIXKK mogy-
NPYIOT CEKPETOPHYHO aKTMBHOCTb 3HAOKPUHHBIX KINETOK KMLeYHMKa, nogaepxveatoT 6a-
PbEPHYI0 (PYHKUMIO KMLLIEYHUKA, OTBEYAKOT Ha perynsaumio pH cpefbl U poCcT NaTtoreHHbIX
DakTepuii, a Takke BNUSIOT Ha cepaedHo-cocyancTyto cuctemy[11-15].

Y pneten ¢ BpOXOEHHBIMM NMOpOKamMm cepaLa hopMUpyeTcs XapakTepHbli 4ucouno-
TUYECKUI NPOUIb KALIEYHON MUKPOMIOpbl, OOYCMOBMNEHHbIA KaK BPOXAEHHBIMU OCO-
DOeHHoCTAMU 3ab0neBaHnst, Tak U BO3OEWCTBUEM COMYTCTBYIOLLMX (DAKTOPOB MEeOULIH-
ckoro BMeluaTenbcTBa. 3advactyto y geten ¢ BI1C passutmio ancbmosa cnocobeTeyroT
PS4 NaTOreHEeTUYECKN 3HAYUMbIX (DAKTOPOB, TAKMX KaK 4Yactoe W OfMTernbHoe npume-
HeHve aHTubakTepuanbHbIX NpenapaTtoB, NPUBOAALLEE K YTHETEHUIO CUMOWMOTHOW MU-
Kpodbropbl, rocnutanu3aunsi U HapyLlleHNe eCTECTBEHHOrO0 CTaHOBMEHUS MUKPOOUOTHI,
0COOEHHO npu OnuTensHOM MpebbiBaHUM B YCIOBUSIX MHTEHCMBHOW Tepanuu, UCKYC-
CTBEHHOE BCKapMIIMBaHUE U OrpaHUYEHHOE MOCTynfeHne npebroTUYecKnX KOMMOHEH-
TOB C NMUTAHWEM N KOHEYHO XPOHMYECKas TKaHeBas MMoKCUs, npucyLLas 0onbLINHCTBY
dopm BI1C, cnocobcTtBytoLas HapyLleHUo MeTabonmMyeckmx NpoLeccoB B CIM3UCTOWN
00O0MOYKE KULLEYHMKA U U3MEHEHUIO Cpebl, bnaronpuaTHOM ANg pocta NaTtoreHHbIX Muy-
kpoopraHuamos [13,14]. CnegoBatenbHo, Hanbornee YacTo y JaHHOW KaTeropuy naumeH-
TOB OTMEYalTCs Crefylmne N3MeHeHns B MMKPOOMOLEHO3€e: CMeLLeHNne MUKPOBHOro
DanaHca B CTOpOHy npeobnagaHuns yCrnoBHO-NATOreHHOM M MAaTOreHHoM oropbl, BKITHOYas
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oakTtepun poaa Klebsiella, Enterobacter, Clostridium difficile n ap.; cHwkeHne 4ncnen-
HOCTW obnuraTHbIX aHa3poboB, Npexae Bcero npeacrasutenen poaa Bifidobacterium n
Lactobacillus, nrpatoLumx Kno4YeByo pornb B NOAAEPKAaHUM METABONNYECKON aKTUBHOCTU
MUKPOOMOTLI M CUHTE3E KOPOTKOLIENOYEYHbIX XUPHbIX KncnoT (KLPKK); ymeHbLLeHre npo-
OyKumm ByTrpaTa u NnponuoHaTta, YTo CBUAETENBCTBYET O (DYHKLMOHANbHOW HegocTaTou-
HOCTW MUKPOOMOThI U CHXXEHUN €€ CNOCOBHOCTM NOAAEPXKUBATE TPOUKY 1 BapbepHYyHo
YHKLMIO KULLEYHOTO anmTenus. TakuMm o6pa3om, COCTOSTHUE MUKPOOMOLEHO3a KALLEYHU-
ka y geten ¢ BINC TpebyeT npuctanbHOro BHUMaHus U paHHEero BMeLLaTeNbCTBa C LeNbio
NPOMUNIAKTUKNA OCITIOXKHEHUI N ONTUMU3ALIMM BOCCTAaHOBUTENbHBIX NpoueccoB[15].

OwnarHoctuka KLPKK y neten ¢ BIC npencraBnseT cobori KOMMMIEKCHY 3agadvy,
TpebytoLLyo MPUMEHEHUS COBPEMEHHBIX aHaNMTUYECKUX U MOMeKynsipHo-Guonormye-
CKUX MeTodoB. Ha cerogHsAWHMIA AeHb Hanbornee pacnpoCTpaHEHHbIM Y TOYHbIM METO-
oM ansa konudectBeHHoro onpeaenenna KLIKK senserca razosasa xpomatorpadpus ¢
Macc-CNeKkTPOMETPUEN, Fae B KayecTBe OMONornyeckoro marepuana Mcnomnb3ytoT Kar,
KpOBb 1N MoYy. Ha nHtepnpetaumio pedynsratoB TpebyeTt yyeta MHOXeCTBa (pakTopoB,
B TOM YMCME 3TO BO3paCTHble HOPMbI, TaK Kak KoHUeHTpaumsa KLKK B kuwevHuke n cu-
CTEMHOM KpPOBOTOKE 3HA4YUTENBbHO BapbMpYyHTCS B 3aBMCMMOCTM OT Bo3pacTta pebeHka
[16]. Tun BIIC n ero TsxecTb- y AeTewn ¢ ynaHotnydeckumuy BINC nnu Tsxenon cepgeyHomn
HEeOCTaTOYHOCTBI, BEPOSATHO, OyayT Gonee BbipakeHHble n3aMeHeHwust B npodune KLKK
n3-3a r’MNOKCMUN 1 HapyLleHus nepdysmm kuwevHuka. MegvkameHTo3Has Tepanus- aHTu-
OMoTMKN, NPOBMOTMKKN, NPEONOTUKN, OUYPETUKA U Apyrue npenapartbl MOryT U3MEHATb
COCTaB MUKPOOUOTHI U, Kak cneactaue, ypoHu KLIXKK 1 koHeYHO Tvn nutaHus geten- tmn
BCKapMnmBaHus (rpygHOEe MOSIOKO, CTaHOapTHbIE CMECU, Cneunanmn3mpoBaHHbie neveb-
Hble cMecK), 06beM 3HTEpANbHOIO MUTAHWUS U HANU4Me NapeHTepanbHOro NUTaHus Cy-
LLIECTBEHHO BMMSAIOT Ha cybcTpaTt anga oepmeHTauum n, COOTBETCTBEHHO, HA NPOAYKLMIO
KKK [17]. CnegoBaTenbHO, AUArHOCTUKa KOPOTKOLEMOYEYHbIX XXMPHbIX KUCIOT Y AeTen
C BPOXOEHHbIMW MOPOKaMu cepaua npeacTaBrnsieT cobon NepcnekTMBHOE HanpaBneHne
B NeavaTpuyecKon Kapamonorum n ractpoanTteponorun. Buegperne MNX-MC v gpyrmx Bbl-
COKOYYBCTBUTENMbHbLIX METOAOB, B COMETAHMM C KOMMIIEKCHOW OLIEHKON Mukpobruoma wu
KIMHWYECKNX AaHHbIX, MO3BONSAET rNyoXe NOHATH CNOXHbIE B3AUMOCBA3N MexXay cepaey-
HO-COCYAMCTOW NaTONOMMEN U KNLLIEYHBbIM 300POBbEM. OTO OTKPbIBAET HOBbLIE BO3MOXHO-
CTW ANs ynyYlweHus AMarHOCTMKW, MPOrHO3MPOBaHMSA 1 ONTUMM3aLUN TepaneBTUYECKMX
NOAXOO0B, HanpaBfiEHHbIX HA CHDKEHNE 3a00NeBaemMoCT! U CMEPTHOCTM Y 3TOW yA3BU-
MO rpynnbl nauneHTos[12,18].

Bakntovenne: BIMC — cepbe3Hasi npyynHa LEeTCKON cMepTHOCTU. BocnaneHue u
CVMHOPOM HM3KOro cepaedHoro Bbiopoca npu BIIC ycyrybnstotca gucbnosom KuweyHu-
Ka, BbI3BaHHbIM MMMOKCUEN, CTPECCOM, aHTMONOTMKaMM 1 apyruMn dpaktopamu. Oucounos
CHWXaET MPOAYKLMIO KOPOTKOLIENoYeYHbIX XUpHbIX kucnoT (KLPKK) (aueTar, nponuvoHar,
OyTupar) — Kn4eBbiX MeTabonuMToB, oOecneyYnBaloLLMX FOMEOCTa3 KULIEYHUKa, pery-
NpylLWnX MeTabonmnamM KrneToK, rOpMOHbI, 6apbepHyto dyHKLMIO, pH 1 Brivsalwmux Ha
cepgeyHo-cocyaucTyto cuctemy. CoBpeMeHHble MeTofbl, kak X-MC, nossonstoT ava-
rHoctmpoBaTtb KLKK, HO nHTepnpeTtaumsa TpebyeT yyeta Bo3pacTa, Tuna BINC, tepanvu n
nuTaHus. KomnnekcHasi oLeHka KMWeYyHoro MukpobuoLieHo3a, Bkntovas npodpunb KLPKK,
y oeten ¢ BINC nosBonseT yrnybuTb NOHMMaHWEe Kap4no-KULLEYHbIX B3aMMOCBA3en. JTo
OTKPbIBAET HOBbIE BO3MOXHOCTM 4151 PaHHEW ANarHOCTUKU OCINOXHEHWUIA, NPOrHO3MpoBa-
HWS1 UICXOAOB M pPa3paboTKM NepPCOHaNM3NpPOBaHHbIX CTPaTErnin BMeLLaTensCcTea, Harnpas-
NEHHBIX Ha ONTMMM3aLMIO KALLEYHOTO MUKPOBUOMa U yryyLlIeHNe KIMHUYECKNX Pe3yrb-
TaTOB y AAHHOW YsI3BMMOW KOropTbl MAaLVEHTOB.
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