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Meta po60TH — PO3LUIMPUTM Cy4acHi yIBNEHHs Npo 0cobnmBoCTi ekcnpecii p53 it aHekcuHy A5 i xapakTep ixHix
KopensiLiiHux 3B's3kiB y GasanbHoMy MarHouenionspHomMy siapi (BMA) wypis Ha doHi konxiuuH-iHaykoBaHOI
HelpogereHepaLii.

Marepianu i meToau. [locnimkeHHs 3aiicHeHo Ha 30 Ginux camugsx wypis niHii Wistar. Y 10 TBapuH 3mopentosa-
NN HEMPOAECTPYKLI0 LWNsiXoM iHTpauepebposeHTpukynspHoro (ILIB) BBeaeHHs konxiuumHy. Ipynu nopiBHsSHHS
— iHTakTHi (n = 10) Ta xubHooneposaHi TBapuHyn (n = 10). Mpyni xmGHOONEPOBaHHMX LLYPIB 3aMICTb KOMXILMHY
ILB BBOgMnu 0,9 % NaCl. Hapani TBapuH eBTaHa3yBanu TiONeHTanoM HaTpito Ta BUMyYanu ronoBHUA MO30K
Ans iMyHOhyopecLeHTHOTO AOCHimKEHHs ekcnpecii p53 Ta aHekcuHy A5 (AnnV). Pesynbtati onpalboBaHi
CTaTUCTUYHO.

Pesyabtaty. IHTEHCUBHICTb priyopecuieHLii p53*-KNiTWH y CTPYKTYpi FONIOBHOTO MO3KY, SIKY BUBYanM, BiporigHo
He Bippi3HAnach y LLypiB ekcnepuMeHTanbHux rpyn. BogHoyac nokasunk CTCF AnnV*-knitwH y BMA wypis
3 ILIB BBEEHHAM KOMXiLMHY BiporifHO NEpeBMLLYBaB BiAMOBIAHWA NapameTp iHTaKTHUX i XMGHOONEpoBaHMX
eKCcnepuMeHTanbHUX TBapuH — Ha 24,2 % i 46,9 % BignosigHo. OuiHIOBaHHS CTyneHs konokanisadii iMyHo-
peakTUBHOro Martepiany 4o p53 ta AnnV 3 sgepHum 6apsHikom DAPI B knituHax BMA ekcnepumeHTanbHuX
LLypiB Jano 3Mory BCTAHOBUTW HW3bKy Korokanisauito ans obox mapkepis. BUSIBNEHO CTATUCTUYHO 3HaYyLLY
PI3HULIIO 3a LM MOKa3HWKOM i Ans p53*-, i AnnV*-kniTUH y JOCMIMKEHIN CTPYKTYpPi MO3Ky TBapWH i3 rpyn no-
PIBHSHHS MOPIBHSAHO 3i LLypaMn 3 ekcrepuMeHTanbHOKW HermpogecTpykuieto. Mig Yac OuiHIBaHHS KifbKOCTI
iMYHOMO3UTMBHUX KNMITWH HA (DOHI BBELEHHSI KOMXILMHY BU3HA4eHO Maibke BTpudi Ginblue p53*-kniTuH nopis-
HSIHO 3 IHTaKTHUMK | Maike y 2,5 pa3a wopo xwbHoonepoBaHMX TBapuH. 3adikcoBaHo Maibke BABIYi binblue
AnnV*-KniTUH y 3paskax Bif eKkCnepuMeHTanbHUX TBapyUH NOPIBHAHO 3 BIAMOBIAHWM NOKA3HUKOM LLYPIB i3 rpyn
MOPIBHSAHHS.

BucHosku. Y BMA wwypis 3 IL|B BBeAEHHAM KONXiLMHY NOPIBHSHO 3 TBAPMHAMM 3 rpyn NOPIBHAHHS (IHTAKTHUX Ta
XW6HOOMEPOBaHMX) BCTAHOBMNEHO CTATUCTNYHO GinbLunin nokasHuk CTCF AnnV*-, ane He p53*- kniTuH Ta Bipo-
rigHo GinbLuy KinbkicTb p53*- i AnnV*-HelpoHiB y 3pisi. Y TBapuH Ha choHi ILIB BBeAEHHS KONXiLMHY NOPIBHAHO
3 iHTaKTHUMK Ta ncesgoonepoBaHnMi y BMA p53*-nosnTuBHI KNiTUHM XapakTepuayBanucs BUALMM CTYNEHEM
Konokanisauii imyHopeakTuBHoro matepiany 3 DAPI. B ekcnepumeHTanbHux wwypiB Ha doHi ILB BBegeHHs
KonxiumHy B HelpoHax BM# He BUSIBNEHO 3aneXHOCTi NoKasHuKa iHTEHCUBHOCTI dhyopecueHuii AnnV*-kniTuH
Bif cTyneHs konokanisauii DAPI 3 p53.

CyuacHi meanuHi TexHonorii. 2025. T. 17, Ne 3(66). C. 163-169

Analysis of apoptosis-associated proteins expression
in the basal magnocellular nucleus of rats
under experimental neurodegeneration

M. V. Danukalo, Yu. M. Kolesnyk

The aim. To expand current understanding of the expression characteristics of p53 and Annexin A5, as well as
the nature of their correlations in the basal magnocellular nucleus (BMN) of rats undergoing colchicine-induced
neurodegeneration.

Materials and methods. This study was conducted on 30 male Wistar rats. Neurodegeneration was induced in
the group of animals (n = 10) via intracerebroventricular administration of colchicine. The comparison groups
included intact rats (n = 10) and sham-operated rats (n = 10), the latter receiving an intracerebroventricular
injection of 0.9 % NaCl instead of colchicine. Subsequently, the animals were euthanized with sodium thiopental,
and their brains were collected for immunofluorescent analysis of p53 and Annexin A5 expression. The data
obtained were analyzed statistically.
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Results. The intensity of p53-positive cell fluorescence within the studied brain structure did not significantly
differ between experimental groups. In contrast, the corrected total cell fluorescence of Annexin A5-positive
cells in the BMN was significantly higher in colchicine-treated rats — by 24.2 % and 46.9 % — compared to intact
and sham-operated animals, respectively. Evaluation of the colocalization degree between p53 and Annexin A5
immunoreactive materials with the nuclear stain DAPI in BMN cells demonstrated a low level of colocalization
for both markers. However, compared to the neurodegeneration group, the intact and sham-operated animals
showed statistically significant differences in this parameter for both p53-positive and Annexin A5-positive cells.
Assessing the number of immunopositive cells, colchicine administration resulted in nearly a threefold increase
in p53* cells compared to intact animals and an approximately two-and-a-half-fold increase compared to sh-
am-operated animals. Regarding Annexin A5* cells, their number nearly doubled compared to both comparison
groups. Colchicine treatment also led to a nearly threefold increase in p53* cells and a twofold increase in
Annexin A5* cells compared to controls.

Conclusions. In the basal magnocellular nucleus of rats subjected to intracerebroventricular colchicine admin-
istration, a statistically significant increase in corrected total cell fluorescence values for Annexin A5-positive
cells — but not for p53-positive cells —was observed compared to intact and sham-operated animals. Additionally,
there was a significant increase in the number of both p53-positive and Annexin A5-positive neurons. Moreover,
p53-positive cells in the BMN of colchicine-treated rats exhibited a higher degree of colocalization with DAPI
compared to the comparison groups. Importantly, no correlation was found between the fluorescence intensity
of Annexin A5-positive cells and the degree of DAPI colocalization with p53 in the neurons of the BMN under

conditions of colchicine-induced neurodegeneration.

Modern medical technology. 2025;17(3):163-169

basantHe marHouentonsipHe sapo (BMA), abo sppo Mei-
HepTa — KracTep XOMiHepriyHuX HenpoHiB GasanbHux Bigainie
nepeaHboro Mosky (rpymu Ch4), wo 3abesnevye Hacamnepen
aLETMNXONIHOBY iHHEpBALit0 KOpY FONIOBHOTO MO3KY Ta amuraa-
nm [1,2]. OoBeneHo, Lo Lina rpyna HempoaereHepaTMBHUX 3a-
XBOPIOBAHb, Ha NEPLUNIA NOrNSA ETIONATOrEHETUYHO PI3HUX, SK-0T
xBopoba Anbureiimepa [3], xeopoba MapkiHcoHa [4], aemeHLis 3
TinbuamMu Jlesi [5], XpoHiyHa TpaBMaTyHa eHuedanonaris [6],
acoLitoETLCS 3 BUpaXeHoto 3arnbennto HerpoHis y BM{A. BHac-
NifoK Lboro hopMyeTLCA BUCXIAHA XoniHepriYHa feadepeHTauis
KOPY FONOBHOrO MO3KY 3 MOTiPLUEHHSIM KOrHITUBHUX OYHKLIii, LU0 €
O[IHi€H0 3 03HaK MPOrPeCcyBaHHs HasBaHX XBopoO. ToMy akTyarb-
HUM 3anULIAETLCS OOCNIMKEHHS MEXaHI3MIB i LNAXiB 3arvbeni
HenpoHiB y BMA Ak NOTeHLiHNX TepaneBTUYHIX MilLeHe Ans
BiOTEPMiIHOBYBaHHSI PO3BUTKY rMIMGOKOO KOrHITUBHOIO AeiLmTY.

BcraHoBneHo, LLO CinbHO prCOto Ha3BaHWX HepoaereHe-
paTUBHUX XBOPOO € YpaKeHHS LIUTOCKENETa HENPOHIB i3 CynyTHIM
MOPYLUEHHSIM aKCOHAMNbHOTO TPAHCNOPTY. 3rigHO 3 BUCHOBKaMM,
o 3pobunm E. G. Jorda et al., natoximiuHi Lnsixu, 3anyyeHi oo
3arnbeni Umx KniTvH, BUBYEHO HedocTaTHbO. OOHiet 3 NPUYMH
LIbOr0, Ha IyMKY aBTOpIB, € BiACYTHICTb EKCNIEpUMEHTaNbHIX MO-
Jenen, siki jaBanm 6 3mory 3ailicHI0BaTy BignOBIAHI AOCTIMKEHHS.
Tomy HayKOBLi 3anpOnOHyBanu BUKOPUCTOBYBATW AMS LbOro
KOMXILIMH — TOKCUH, LLIO MPU3BOANTb [0 YLUKOPKEHHS LIMTOCKeNeTa
Ta iHiLitoe npouec HenpoanonTosy [7].

3ayBaxumo, L0 3ararioM MOMEKYNSPHI LISXM LbOro BUaY
KNiTUHHOI 3arnbeni 4OBONMI AeTanbHO OMKUCAHO B HAyKOBIN Ii-
Tepartypi, @ OTKe BXe CHOPMOBaHO NEBHI YABMEHHS NPO MOro
iHiLiauito, nepedir i 3aBepLUeHHS. Y HW3Li aHaniTUYHUX Npaub
BWCBITIIEHO YMCNEHHI MDKMONEKYNSPHI B3aeMogii npoanonToTny-
Hux (BIM, PUMA, BID, BMF, BAD, HRK, BIK, NOXA, kacnasu
3,7,8,9) Ta aHTnanontotuuHmx (BCL-2, BCL-XL, MCL-1, BCL-W,
A1/BFL1) 6inkis. Lle cBigunTb Npo Haa3BuyaiHy CKNagHIiCTb
peaniaauii Liboro npouecy i B pasi NpupoaHOi 3armbeni «KIitTnHu,
LLO BignpaLtoBanay, i B pasi il Ha 300poBY KITUHY NOLUKOKY-
BasbHOro haktopa cybnetansHoi iHTEHCMBHOCTI [8].

BogHouac ans okpemux haktopis, Wwo 6epyTb yyacTb B
anonTos3i HeMPoHiB, 3okpeMa p53 Ta aHekcuH A5 (AnnV), migTeep-
[DKEHO HeiponpPOTEKTUBHY Porb. Tak, GoyHKLUii p53 BUXOASATL 3a
Mexi perynswii KniTMHHOro LMKy 1 iHiujauii anonToay. Lien 6inok
K paKTOp TPAHCKPUILLT MOXe peryrntoBaTi eKCrPECiio YACTIEHHUX
reHiB, Lo 6epyThb y4acTb Y PisHMX KIITWHHWX NpoLiecax, 30Kkpema
BigHoBneHHi AHK i ayTodparii [9,10,11].

[ns AnnV Takox onmcaHo HeponpoOTEKTUBHY BNACTUBICTb,
Ky LOCTIAHVKV NOB'A3Y10Tb 3 aHTUKOAryMSHTHO Ai€t0 (LLMSIXOM
3B'A3yBaHHA POCGaTMAUICEPUHY 3 HACTYMHUM 3anobiraHHAM
MDKKIITUHHIN agresii) [12], a Takox npoTu3ananbHi 1 aHTUOKCK-
[aHTHi epekTI (Yepes NpUrHiHeHHs nonspuaaLii MikporniansHMX
M1 KniTWH | cTumynaLii aHTMokeuaaHTHoro wnsxy Nrf2/HO-1).
Kpim Toro, ans usoro Binka BCTAHOBMNEHO B3aEMOAjt0 3 amino-
iQOreHHUMM Binkamu, Lo 3HKYBAMNO iIXHI TOKCUYHICTb Mpw
HeyipofereHepaTBHUX 3axBoptoBaHHsX [13]. PyHKUiOHaNbHa
CNPSIMOBAHICTb i p53, i AnnV iCTOTHO 3anexuTb Bif iXHbOI
CcyOKNiTMHHOI Nnokanisaji. ba Ginblue, nokasaHo, Lo shepHa
TpaHCNOoKaLlis aHEKCYHIB MOXeE NPWU3BOAUTM [0 IXHBOI B3aEMOg;i 3
sOepHM p53 sk kodhakTop Ta iHiLitoBaTh anonTo3. Hagani BcTa-
HOBMINK, LLIO OKPEMI @HEKCWUHM MOXYTb CneLmdivHO 3B'A3yBaTucs
3 p53-acouiioBaHNMM CalTamm BHYTPILLHBOMO BXO4y pubocom
(IRES), peryntotoun B Takuin cnoci6 TpaHcnsLito Lboro binka [14].

3ayBaxumo, Lo npobrema B3aemogii Lmx Baxnueux Gin-
KiB-pETyNATOPIB KMITUHHOTO LWKITY 3aNMLIAETLCS NPELMETOM
GaraTbOx JocnimKeHb, WO AafyTb 3MOTy BiAKPWUTW OLATKOBI
thapmakonoriyHi MilleHi Ans kopekuii HermpogereHepaTMBHNX
3aXBOPIOBaHb.

Merta pobotu

Po3wmpunTi cyyacHi ysiBneHHs Npo 0cobnmBocCTi excrpecii
p53 Ta aHekcuHy A5 i xapaKTep iXHiX KOPENsLiiHNX 3B'3KiB Yy
6asanbHOMY MarHoLEemtonsapHoOMy Sapi LypiB Ha ¢oHi konxi-
LMH-IHOYKOBaHOI HepoaereHepaLyii.
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Puc. 1. Au3aiH AOCAIAKEHHS.

Marepianun i meToAM AOCAIAKEHHSA

[ns ekcnepumeHTy BigibpaHo rpyny 3 30 camuiB LypiB
niHil Wistar Bikom 11-12 micsuis, maca Tina — 250-350 r.
TBapuH yTpuMyBanu B CTaHOAPTHUX YMOBaX BiBapito Hae4arb-
HO-HaYKOBOr0 MEAMKO-N1abopaTopHOro LIEHTPY 3anopisbkoro
LepxaBHOro MeauKo-hapMaLieBTUYHOMO yHiBepcUTeTy. Takum
YMHOM 3abEe3MeYeHO KOHTPOMb LIOAO 30BHILLHIX (haKTOpIB, LU0
Morv © BNAMHYTU Ha pesynbTaTy JOCHMKEHHS. YCi npouenypu
3AiNCHWNW BiANOBIAHO 4O NOKANBbHWX | MiXXKHAPOAHMX NPOTOKOMIB
3 BioeTuKu, SIK-0T «3aranbHUX ETUYHUX NPUHLMNIB NPOBEAEHHS
eKcnepuMeHTiB Ha TBapuHax» (YkpaiHa, 2001 pik), Lo y3romkeHi
3 [Inpektusoto 2010/63 €C E€Bponeiicbkoro napnaMeHTy Ta Pagm
«[po 3axuCT NpaB TBAPUH, LLO BUKOPUCTOBYIOTLCS B HAYKOBKX
uinsx» Big 22 BepecHs 2010 poky). Komicist 3 nuTaHb BioeTnkm
3anopisbkoro fepxaBHOr0 MeauKo-thapMaLeBTUYHOMO YHiBEp-
CWTETY Aana Ao3Bin Ha 34iNCHEHHS LOCMMKEHHS (MPOTOKON Bif
15 6epe3aHs 2023 poky Ne 2).

EkcnepumeHTanbHuX TBApWH Noginunv Ha 2 rpynu. Y nepLin
rpyni — 10 iHTakTHWX TBapuH. Opyry rpyny (n = 20) noginunu Ha
2 nigrpynu: 2a (n = 10) — rpyna KOHTPOIH, SKUM Mif aHECTESIE
«Tenasonomy iHTpaLepebpoBeHTprKynapHo (ILIB) BBogumm disi-
onorivHui posamH NaCl (37 °C), 26 (n = 10), akum nig Takum ca-
MUM Hapko3om ILLB BBogmnm po3unH konxiuuHy (37 °C) (puc. 1).

Uepes 14 gHiB TBAPUH BUBELAEHO 3 EKCMIEPUMEHTY LUMSXOM
OJHOMOMEHTHOI AekaniTauii nig 3HebontoBaHHAM «TioneHTa-
nom» (Tionentan Hatpito 120 Mr/Kr BHYTPILUHLOYEPEBUHHO).
[ns HacTynHOro ricTONOriYHOrO OLHIOBaHHS MO30K (ikcyBanu,
[JerigpatyBanu B Cepil CupTiB KOHLEHTpaLT, L0 3pocTae, NoTiM
nepeknagan nocrnigoBHO B CyMill CMPTY Ta Xnopogopmy,
YyucTun xnopodopm i xnopodgopm 3 napannactom. [llicns
uporo npenapatn sanueany B napannact (MkCormick, CLLIA).
CepiiiHi 3pi3n 3aBTOBLUKM 5 MKM OTPUMMAHO Ha MiKpPOTOMi
Microm-325 (MicromCorp., HimeuuunHa). TonorpacpivHy opieH-
Taljto 3pi3iB 3AIMCHEHO 3a CTEPEOTAKCUYHUM aTnacoM MO3KY
wypa (puc. 2) [15].

OcobnuBocTi ekcnpecii p53 i AnnV y HeipoHax BMSA
BMBYEHO iMyHODNyOpECLEHTHUM METOAOM. [N LbOro ricTo-
noriyHi 3piav genapadiHysanu, perigpysanu Ta iemackysanu B
PT-moayni (ThermoScientific, CLUA) y uutpatHomy 6ycdbepHomy
posunHi (pH = 6,0) (ThermoScientific, CLUA), iHkybyBanu B
Brnokytodomy Bydepi (SantaCruz Biotechnology, USA). Micns
LIbOr0 HaHECEHO BiAMOBIAHI MOHOKMOHAIbHI MULLAYi aHTUTINa,
koH'toroBaHi 3 FITC (SantaCruz Biotechnology, USA) Bigno-
BiIHO A0 IHCTPYKUii BUpoOHuKa [16]. [ns dnyopecueHTHOI
Bidyanisavii agep knitud BMA 3actocoaHo DAPI (SantaCruz
Biotechnology, USA).

IMyHOGryopecLEeHTHE AOCTIMKEHHS 34iACHWMN B yNbTpadi-
OreTOBOMY CrekTpi 30ymkeHHs Ha mikpockoni Axiolmager-M2
(«Carl Zeiss», HimewunHa) 3 kamepoto AxioCam-ERc 5s («Carl
Zeissy, Himeuwunna). MikpodoTtorpadii npoaHanisoBaHo B
ImageJ, oBpaxoBaHO Taki NoKasHKM:

— CKOpUroBaHy 3aranbHy KIiTUHHY dhnyopecLieHLito (corrected
total cell fluorescence, CTCF), Lo xapaktepn3ysana BMIiCT iMyHO-
peakTuBHoro martepiany (IPM)y kniTuHi. Liei nokasHuk HaBegeHo
B YMOBHIX OMHMLAX iMyHOnyopecLeHLi (Og, q)), obpaxoBaHo
3a coopmyrioto: CTCF = ID, - (S x ID,), ge ID, — nokasHuk iH-
TErpoBaHOI LLNIbHOCTI iIMYHONO3UTUBHOI KNITUHK, 0BpaxoBaHMi
MpOorpamor aBTOMaTUYHO, S — NOLLA iIMyHOMO3UTUBHOI KITITUHW,
ID,— NoKa3HMK IHTErPOBAHOI LLiNBHOCTI OOHY (KMITUHK, WO He
Manu BUAMMOI pryopecLeHLi);

— KiNbKIiCTb IMYHOMO3WUTUBHUX KIITUH Y 3pi3i MO3KY B 30Hi
iHTepecy.

Konokanisauito IPM go p53 ta AnnV 3 DAPI Takox oLiHEHO
3a gonomoroto nporpamu Imaged Ha nnariHi JACOP 3 Bu3Ha-
YeHHaM koedpillieHTa kopensuii MNipcoHa (r), Wo xapakTepnaye
CTYNiHb NiHIAHOT 3aNEXHOCTI MiX IHTEHCUBHICTIO CUrHaniB y ABOX
306paeHHsIX. 3HayeHHs koedilieHTa, 6rmabki 4o +1, cBiguaTb
MpO BUCOKWIA CTYMiHb KOrokanisadii, a 3Ha4eHHs, Lo 6nmsbki 1o
-1 abo 0, Bka3ykTb Ha BiACYTHICTb abo HeraTuBHY KOpensLito
BignosigHo [17].
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Puc. 2. TonorpadiyHe posrallyBaHHA HEWPOHIB y BMA Mo3ky Liypa.

A: GparMeHT CTePEOTaKCUUHOTO atAacy MoKy Liypa [15]; B: opuriHanbHe ¢poTo, 3abapBaeHHs 3a Hicaem; NBM: 6a3anbHe MarHOLEAOASIP-
He AaApo (nucleus basalis magnocellularis); IC: BHyTpilIHS KancyAa (internal capsule); st: kiHueBa cMmyxka (stria terminalis); LV: 6iuHui

LUAYHOYOK (lateral ventricle).

EkcnepumeHTanbHi AaHi onpauboBaHO 3 BUKOPUCTAHHAM
nakeTa NpuKnagHuX i ctaTucTnyHmx nporpam Statistica (niueHsis
Ne JPZ8041382130ARCN10-J) i Microsoft Excel 10.0 (Microsoft
Corp., CWA). BignoBigHicTb faHux i3 BUGipkn 3akoHy Hop-
ManbHOro po3noAiny nepesipeHo 3a kputepiem LLanipo-Binka.
[ns ouiHoBaHHSA JOCTOBIPHOCTI BiAMIHHOCTEN MOKa3HWKIB, IO
BCTAHOBIeEHi B KCMepUMeHTanbHUX rpynax Lypie Ta Bigno-
Biganu 3akoHy HOPManbHOTO PO3NOAiNy JaHWX, BUKOPUCTAHO
koedbiLieHT CTbtoaeHTa (t); SKLLO po3nofin AaHuX He BignoBinaB
HOpMarbHOMY 3aKOHY, 3aCTOCOBaHO kpuTtepin ManHa—BiTHi (U).
[ns kopensuinHoro aHanisy 0bpaxoBaHo KoediLlieHT kopensuii
Kengana. [locToBipHiMu BBaxanw BigMiHHOCTI npu p < 0,05.

Pe3yabTati

Y pesynbrati JOCHIMKEHHS! BU3HAYEHO OCOONMBOCTI eKC-
npecii p53 Ta AnnV B HelpoHax BM{A Ha ¢hoHi ILIB BBeaeHHS
KONXiLHy. Tak, BCTaHOBIMEHO, LLO IHTEHCWBHICTb onyopecLeHLji
p53*- KNITWH Y CTPYKTYpi FOSIOBHOMO MO3KY, SIKY BUBYanW, BiporigHoO
He Bigpi3HAnach Y LUypiB ekcrnepuMeHTanbH1X rpyn. MokasHuk
CTCF AnnV*-knituH y BMA wypis 3 ILIB BBEAEHHAM KOMXILMHY
BipOrigHO MepeByLLyBaB BignoBigHWA NapaMeTp iHTaKTHUX i
XMBHOONEPOBAHMX EKCTIEPUMEHTANbHUX TBAPWUH — Ha 24,2 %
Ta 46,9 % Bigno.igHO. 3ayBaXnMO, LU0 CTAaTUCTUYHO 3HaYyLL
BIiMIHHOCTi MiX iHTAKTHUMK | XMOHOONEPOBaHUMM TBaPUHAMM
3a LM MOKa3HWKOM He 3adpikcoBaHo (mabii. 1).

Y pesynbTaTi OLUiHIOBaHHA CTyneHs konokanisadii IPM
po p53 1a AnnV i3 sgepHum b6apsHukom DAPI B knituHax
BM{A ekcnepumeHTanbHUX LLYpiB BCTAHOBMEHO AOCTOBIPHO
BULLY MefiaHy KoediuieHTa kopensuii lNipcoHa i By p53*, i B
AnnV*-knituHax BM{A TBapuH 3 ILIB BBEAEHHSIM KONXILWHY LWOAO
iHTaKTHMX | XMOHOONEPOBaHMX LLypiB. Pa3oMm i3 TUM, iHTaKTHI i
XMBHOONEPOBAHI LLLypU 3a LiIM NOKa3HWUKOM CTaTUCTUYHO Bipo-

rgHO He BiApisHAnuMcs. B iMmyHono3uTueHUX knitnHax BMA Ha
(hOHi BBEAEHHs KOnXiunHy piBeHb konokanisavii DAPI i3 [PM
[0 p53 Habrmkascs 40 cepeaHboro, a Ans AnnV 3anuiiascst
HU3bKUM (mabri. 2).

[opnatkoBo 3AiliCHEHO KOPEeNALIMHWA aHani3 y rpyni TBapuH 3
ILIB BBEOEHHSM KOMXiLWMHY — MiX nokasHukom CTCF AnnV*-kni-
TUH i cTyneHeM konokanisavii DAPI 3 IPM go p53 (r). Liei aHanis
30IMCHEHO A5 OLiHIOBAHHS MOXMMBOCTI BNAMBY 3MiHW CyOKri-
TUHHOI Nnokanisaviji p53 Ha cTyniHb ekcnpecii AnnV y HelmpoHax
BMSA umx wypis. OfHak LOCTOBIPHWIA 3B'30K He BUSIBNEHO (AaHi
He HaBefeHo).

OuiHtoBaHHs KinbkocTi p53*- Ta AnnV*-knitnH y BMA y
3pi3i rOMOBHOMO MO3KY LUYPIB €KCMEPUMEHTANBHIX rPyn Aano
3MOry BCTAHOBWTY TXHIO BIpOTigHO BifbLUy KifbKICTb Y LUYpIB 3
ILIB BBEAEHHAM KOMXiLMHY MOPIBHAHO 3 iHTAKTHUMM Ta XUOHO-
OnepoBaHNMK TBapuHamu. BusHaueHo Maiixe BTpudi Ginblue
p53*-KNITUH NOPIBHAHO 3 IHTAKTHUMM | Malxe Y 2,5 pasa Lwono
XnbHOOMepoBaHUX TBapUH. 3adhikCOBaHO TakoX Marixe ABopa-
30Be 30inbLUeHHs ANNV*-KIiTUH LWOA0 060X rpyn MOPIBHSIHHS.
3ayBaXuMO, L0 KIMbKICTb iMYHOMO3UTMBHUX KMITMH 40 000X
nenTuaiB y rpynax iHTakTy Ta XubHOOMepoBaHuX LLypiB 3iCTaBHa,
CTaTUCTUYHO He BigpisHanacs (mabn. 3).

06roBopeHHsA

Y pesynbrari JocnimKeHHs BcTaHOBMeHo BnnvB ILIB BeseH-
HS1 KOMXILWHY Ha eKCrpecito anonTo3-acoLinoBaHmx binkis (pS3 Ta
AnnV) y BMA ekcneprmMeHTanbHuX Lypis. Y nonepeaHix gocni-
[DKEHHSX, Lo 3AiiicHei E. G. Jorda et al., nokasaHo ocobnueicTb
BMAMBY KOMXILMHY HA HENPOHU, 30KpeMa Te, LUO LIl TOKCUH He
nowwkomkye [HK, a oTxe He CnpuynHSIE MOBTOPHOO BXOLKEHHS
B KMITUHHWUIA LWKI, He NoTpebye NpsIMOT aKTUBaLii penapaTuBHNX
MPOLECIB i MOB'S3aHMX i3 HAMM GinkiB, y TOMy yncni i pS3 [7].
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Tabaunuga 1. MokasHuku CTCF KAITUH, iIMyHONO3UTUBHIX AO anonTo3-acoLlinoaHux 6inkis, y BMA ronoBHoro Mo3ky Liypis, Me [Q1; Q4]

EkcnepumeHnTanbHa rpyna

p53*-Kknitnhu, Og, o

AnnV*=knitunm, Og, o

[HTakTHi TBAapWHK, N = 10

6137,47 [4251,36; 7880,03]

3239,50 [1889,31; 4900,34]

XubHooneposaHi TBapuHM, n = 10

4860,98 [3065,88; 7309,35]

2739,18 [1956,03; 3902,76]

Tsapuhu 3 ILIB BBeOeHHAM KonxiuuHy, n = 10

5212,23 [3134,24; 7777 14]

4024,89 [2694,63; 6374,05]'?

1: BiporizHi BiAMIHHOCTI nokasHmKiB (p,, < 0,05) W[ rpynk iHTaKTHUX TBAPUH; 2: BIPOTifHi BIAMIHHOCTI MokasHmKiB (p, < 0,05) Wono rpyn xuBHOOMEepOBaHNX TBapHH.

Tabaunuga 2. CtyniHb Konokanisauii DAPI 3 IPM a0 p53 1a AnnV B iMyHONO3UTUBHKX KAITMHaX BMS roA0BHOMO MO3KY LLPIB eKCIepUMEHTAABHUX TPy,

Me [Q1; Q4]

ExkcnepumeHTanbHa rpyna

p53*-KniTUHK, I

AnnV *-kniTuHn, r

[HTakTHi TBApWHM, N = 10

0,27 [0,15: 0,46]

0,1310,09; 0,22]

XubHoonepoBaHi TBapuHu, n = 10

0,37 [0,25: 0,48]

0,16 [0,08; 0,29]

Tsapuhu 3 ILB BBEAeHHAM KonxiumHy, n = 10

0,45[0,28; 0,57] 12

0,22[0,10; 0,41]'

1. BiporiaHi BIMIHHOCTI MokasHKiB (p,, < 0,05) WO rpyni IHTAKTHUX TBapWH; 2: BIPOTiAHI BIAMIHHOCTI MokasHKB (p,, < 0,05) WwWopo rpynn xubHooNepoBaHNX TBApKH.

Tabauusa 3. KinbKicTb KAITUH, IMyHOMO3WTHBHWX AO anonTo3-acouiioBaHux Binkis y 3pisi BMA ronoBHOro Mo3ky Liypis, Me [Q1; Q4]

EkcnepumeHTanbsHa rpyna p53*-KniTUHK AnnV*-KniTUHK
[HTakTHI TBAPWHKM, N = 10 3[3; 4] 3,5[3; 4]
XubHoonepoBaHi TBapuHmK, n = 10 412; 5] 3[2,5;4,5]
Tsapuhu 3 ILB BBEAEHHAM KOMXiUmMHy, n = 10 10 [8; 14]'? 6[4; 13]'?

1: BiporigHi BAMIHHOCTI NokasHmKiB (p,, < 0,05) Wo[o rpynk IHTAKTHUX TBAPMH; 2: BIPOTiAHi BIAMIHHOCTI MokasHKKiB (p, < 0,05) Woao rpynk XuBHOOMEepOBaHIX TBapHH.

Lle cnocTepexeHHs nigTBepmKeHo TUM, WO iHribitopn PARP-1
(Poly(ADP-ribose) polymerase 1) — 6inka, Lo akTUBYETLCS NpU
nowkomkeHHi AHK, — maibke He Manu Bnnuey Ha nepebir korxi-
LIMH-IHAYKOBAHOTO anonTo3y B KYMbTYPi rpaHyNspHUX HENPOHIB
Mo30uKa [7].

Xoua Ui iaHi NOSICHIoKTb, YOMY Mif Yac HALLIOro JOCHIMKEHHS
HE BWSIBIMEHO CTaTUCTUYHI BigMiHHOCTI 3a mokasHukom CTCF
p53*-knitnH y BMA Mix TBapuMHaMK i3 rpyn NOPIBHSAHHS Ta Micns
IL|B BBEOEHHS KOMXILWMHY, BCE X HE MOXHA NOBHICTHO BigK1AATK
ponb p53 y KonXiLmMH-iHAYKOBaHI HeMpogecTpyKLii. 3ayBaxumo,
Lo nonepeaHi eKCnepuMeHTH 34IMCHEHO Ha YUCTUX HeWpo-
HanbHUX KynbTypax, ae He 6yno GFAP*-knituH (Mapkep, Lo
€KCNPeCcyeTbCA NePEBaKHO aCTPOrTIiEl0), a OTxke Byro BUKITHOYEHO
MOXTWBY pONb aKTUBOBAHWX acTPOLWMTIB, SIKi MPOAYKYOTb Liiny
HU3KY PEYOBUH (AKTWUBHI (hOPMM KUCHIO, OKCWT, a30TY, MaTPUYHI
METanonpoTeiHasm, a TaKoX LMTOKIHK, SIK-OT (hakTop HEKPO3Yy MyX-
TVH ), i OKPEMi 3 HUX MOXYTb aKTUBYBaTH p53 y HerMpoHax [18].

[HWKMIA haKT, WO CBIAYMTL NPO 3anyyeHicTb p53 [0 Konxi-
LIH-IHAYKOBAHOI HEMPOLECTPYKLT, — perynsLis akTBHOCTI LibOro
npoTeiHa pisHAMM NOCTTPaHCALIMHAMY MoaudikaLismy, | knto-
4oBa 3 HUX — POCHOPUNIOBaHHS, Lo 3anobirae yOikBITYBAHHIO
uboro 6Ginka, cnpusie ioro cTabinisauii Ta HaCTYMHIN SaepHin
TpaHcnokaduii [11].

[NokasaHo, LU0 BNAMB KOMXILMHY Ha HEMPOHWU NPU3BOAUTH
[0 aKTuBaLji LukniH-3anexHoi kiHasu (cdkb), wo bepe yyacTb
y npouecax rinepdocopuntoBaHHs, 3okpema i pd3 [7,11]. 3a-
YBaXUMO, LU0 akTUBHICTb Cdk5 3anexuTb Bif KOHLEHTPALLT 1OHIB
KarnbLito B KniTWHi [19], i Ue We pa3 akUeHTye Ha BaXnMBOCTI

BpaxyBaHHs pori MIKPOOTOYEHHS Ta €KCATOTOKCUYHOCTI Mif
4ac BUBYEHHS KONXILMH-IHAYKOBAHOI HEMPOAECTPYKLIT, a Takox
BU3HAYae 0OMEXEHHS!, 3 AKMMI acoLiioBaHi in Vitro AOCNImKEHHS!
y ubomMy Hanpsivi. OTxe, OTpUMaHi B pe3ynbTaTi AOCTiHKEHHS
[aHi nokasanu, Lo KONXIiUWMH BCE X BNNWBAaE Ha aKTUBHICTb
p53 B eKcnepuMeHTax in vivo, pasom i3 TUM 3MIHIOOUM 10r0
BHYTPILUHBOKMITUHHY Mokanisawito B HerpoHax BM{A ekcnepu-
MeHTarbHMX LLYpiB.

Kpim TOro, BCTAaHOBMNEHO, L0 3MiHa CyOKMITMHHOI NoKani-
3auii p53 He BNNMBae Ha CTyniHb ekcnpecii AnnV 'y HelpoHax
BM ekcnepumeHTanbHKX LypiB 3 ILLB BBEAEHHSAM KOMXILMHY.
MoxnmBo, (hyHKLiOHamNbHa 3aNeXHICTb MiX pS3 Ta aHeKCUHamMu
XapakTepHa Ans KMiTUH i3 HEeCTabiNbHUM KMITUHHUM LiMKIIOM
(ockinbku BracHe i byna onucaHa Ans KMiTMHHOI NiHii a549
afieHokapLuMHoMu neredb noanHmn) [14]. Mpu uboMy cTyniHb
konokanisauii IPM go AnnV i3 DAPI y HeiipoHax BMA y TBa-
PUH Ha (hOHI BHYTPILUHBOLLTYHOYKOBOTO BBEAEHHS KOMXILMHY
3anNLWaBCs HU3bKUM.

BTiMm, 36irbLLEHHS! KiNbKOCTi iMYHOMO3UTUBHUX 40 ANNV KITiTWH
Ha choHi ekcnpecii Lporo Ginka, Lo nepeBaxana, B HEMpoHax
BMA y X TBapWH NOPIBHSAHO 3i LLypaMK 3 rpyn NOPIBHAHHS MOXe
CBIUNTY MPO Te, L0 BBEOEHHS HENPOTOKCUHY NPWU3BOAMUTL [0
3arnbeni HEMPOHIB LLMSIXOM He TifbKy anonTo3y, ane i HeKpo3y.
Tak, anst AnnV onucaHo 30aTHICTb 3B’A3yBaTUCS 3 HEKPOTU30BA-
HAMY KniTuHamm [20].

LLle paniwwe K. Sennvik et al. Ha nepBIHHIN KynbTYpi HEMPOHIB
KOpW TFOMOBHOIO MO3KY LLYpiB Mokasanu, Lo Yepe3 foby nicns
[ofaBaHHs [0 KyNbTypU KOMXILMHY KiNbKICTb anonTOTUYHUX
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HEWPOHIB NepeBaxana Haf HEKPOTU30BaHUMK, a Yepe3 48 roauH
nonynsALis HENPOHIB, Ki 3arUHYIN LLNSXOM anomnTo3y Ta HEKPO3Y,
BUpiBHIOBanack [21].

OTxe, Ha niacTaBi pe3ynbTaTiB JOCMILKEHHS MPUMYCKaemo,
wo BHacnigok ILUB BBefeHHs konxiumHy B BMA dopmyeTbes
reTepOreHHWA Nyn KNiTuH, SKi ekcnpecyotb p53 ta AnnV. Le
NiZTBEPMKEHO BiACYTHICTIO KOPENALINHMX 3B'A3KIB MiX MOKa3HU-
Kamu ekCnpecii X MapkepiB, a Takox GeanocepeHb0 pisHUM
XapaKTepPOM iXHbOoi ekcripecii. MoxmnnBo, Lie MOB’S3aHO 3 PisHUMM
chopmamu kniTUHHOI 3arnbeni, Lo BUHKKAE B HeiipoHax BM{A Ha
(pOHi BBEJEHHS HEMPOTOKCUHY 3 HACTYMHUM NOPYLUEHHSM FiCTO-
APXITEKTOHIKM, BUSIBIEHE B NONEPEAHiX AOCTIMKEHHsIX [22,23].

BucHoBKHU

1.'Y 6a3anbHOMy MarHOLEenonspHOMYy sapi LypiB 3 iHTpa-
LepebpOBEHTPUKYNSPHUM BBEAEHHAM KOMXILMHY MOPIBHSHO
3 TBapUHaMK 3 pyn MOPIBHSAHHS (IHTaKTHUMMK Ta XxnbHoonepo-
BaHMMW) BCTAHOBMEHO CTATUCTWUYHO Ginblumin nokasHuk CTCF
AnnV*-kniTuH (ane He p53*-KkniTuH) i BiporigHO BinbLUy KiNbKICTb
p53*-, i AnnV*-HelpoHiB y 3pisi.

2.Y TBapvH Ha GhOHi iHTpaLepebpOBEHTPUKYISIPHOTO BBEAEH-
HS KOMXILMHY NOPIBHSHO 3 iHTAKTHUMM Ta NCEBA00NEPOBAHUMM
Lypamu y 6asarnbHOMY MarHoLentonspHoMy sapi p53*-no3nTHBHI
KIITVHW XapakTepuayloTbCs BinbLUMM CTyneHeM Korokanisawji
iMyHOpeakTuBHoro matepiany 3 DAPI.

3. B ekcnepumMeHTanbHKX LWypiB Ha oHI iHTpaLepebpo-
BEHTPUMKYNSPHOTO BBEAEHHS KOMXILWHY B HeWipoHax 6asanbHoro
MarHoLernionspHoro sapa He BUSBMEHO 3aNeXHICTb NOKasHMKa
iHTEHCWBHOCTI cpriyopecueHLii AnnV *-kniTWH Big CTyneHs komno-
kanisauii DAPI 3 p53.
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I. M. Todurov@®AEF 0. 0. Kalashnikov®8C¢P V., P, Yushchenko®”€, A, A. Hrynevych®PE

State Scientific Institution “Center for Innovative Medical Technologies of the National Academy of Sciences of Ukraine”, Kyiv

A - research concept and design; B - collection and/or assembly of data; C - data analysis and interpretation; D - writing the article;
E - critical revision of the article; F - final approval of the article

Keywords:

obesity, bariatric surgery,
sleeve gastrectomy,
biliopancreatic bypass with
duodenal switch, X-ray
densitometry, calcium
metabolism disorders.

KatouoBi cnoBa:

OXMPiHHS, bapiaTpuuHa
Xipyprisi, pykaBHa pe3ekuin
LWAYHKa, BinionaHkpeaTuHe
LYHTYBaHHS 3 BUKAKOUEHHAM
ABaHaALATMNAAOI

KULLKK, PEHTTEHIBCbKa
AEHCUTOMETPIS, NOPYLIEHHA
KanbLliEBOTO 0OMiHy.

Haaifwwaa po pepaxuii /
Received: 30.04.2025

Micas poonpaLtoBaHHs /
Revised: 23.06.2025

CxBaneHo A0 APYKY /
Accepted: 27.06.2025

KoHOAiKT iHTepeciB:
BIACYTHIM.

Conflicts of interest:
authors have no conflict
of interest to declare.

© The Author(s) 2025
This is an open access
article under the
Creative Commons

CC BY-NC 4.0 license

Obesity and bariatric surgery are global medical challenges; however, they are associated with the risk of
developing calcium metabolism disorders, which may lead to osteopathies and fractures. Dual-energy X-ray
absorptiometry (DXA) plays a key role in the detection of such disorders.

Aim: to analyze the role of X-ray densitometry in diagnosing calcium metabolism disorders in patients after
bariatric surgery.

Materials and methods. A retrospective study was conducted on 31 obese patients after bariatric surgery: sleeve
gastrectomy (SG) (n = 14) and biliopancreatic diversion with duodenal switch (BPD-DS) (n = 17). Anthropomet-
ric data, levels of ionized calcium, 25(OH)D, and parathyroid hormone (PTH), as well as bone mineral density
indicators assessed by DXA, were evaluated. Statistical analysis was performed using SPSS version 23.

Results. At an average of 40.7 + 11.4 months postoperatively, all patients were found to have vitamin D deficiency and
secondary hyperparathyroidism. The T-score in the BPD-DS group (-1.77 + 0.9) was significantly lower than in the SG
group (0.47 + 1.26) (p < 0.001). Osteopathies were more frequently observed after BPD-DS: osteopenia was found
in 58.8 % of patients and osteoporosis in 17.6 %. A strong inverse correlation was identified between PTH levels and
T-score (rs=-0.71, p =0.001), highlighting the influence of hyperparathyroidism on the reduction of bone mineral density.

Conclusions. DXAis a highly effective method for diagnosing calcium metabolism disorders after bariatric surgery,
enabling the detection of early forms of osteopathies. Patients after BPD-DS have a higher risk of osteopenia
and osteoporosis compared to patients after SG. X-ray densitometry combined with laboratory monitoring of
calcium-phosphorus metabolism should become a standard part of follow-up to ensure timely detection and
prevention of complications.

Modern medical technology. 2025;17(3):170-177

PoAb peHTreHiBCbKOi AGHCUTOMETPIi B AiarHOCTHULI NOpyLUEeHb KaAbLiEBOro 06miHy
B NaLi€eHTiB nicAa 6apiaTpuuHuX onepawii

I. M. Topypos, 0. 0. KanawHikos, B. M. FOweHko, A. A. [puHeBUY

OxwpiHHs Ta GapiaTpuyHi onepalii € rmobanbHOK MeanyHoK Npobnemot, 0AHaK BOHW CynpPOBOMXKYHOTHCS
PU3VKOM PO3BUTKY MOPYLLEHb KanbLieBOro 06MiHy, L0 MOXe NpU3BECTM A0 ocTeonarin i nepenomis. Ocobnusy
oMb Yy BUSIBMIEHHI Takix NOPYLUEHb BiAirpae peHTreHiBcbka geHcntometpis (DXA).

Merta po60T1 — NpoaHaniayBaTv porb PEHTTEHIBCHKOI lEHCUTOMETPIT B AiarHOCTML NOpYLUEHb KamnbLieBOro 06miHy
y naujieHTis nicns GapiaTpuyHux onepawii.

Marepianu i MeToau. 3AiiCHANM PETPOCMEKTVBHE AOCTimKEHHS 31 navjeHTa 3 OXKvpiHHAM nicns GapiaTpuyHux one-
pauiin: pykaBHoi pesekuii lwnyHka (PPLL) (n = 14) Ta GinionaHkpeaTyHoro wyHTyBaHHs (BIMLL) (n = 17). OuiHioBanmu
QHTPOMOMETPWYHI AaHi, PiBHI iOHI30BaHOrO kanbLito, 25(0OH)D Ta napaTropMoHa, a Takox MoKa3HWKA MiHEPanbHOI
LLINbHOCT KiICTKOBOI TKaHMHY 3a Aonomoroto DXA. CTaTucTuHWiA aHaria BUKOHaM 3a 4OMoMOororo nporpamm SPSS 23.

Pe3yabtatn. Yepes 40,7 + 11,4 micsaus nicns onepaLii B yCix naLieHTiB BUSBNEHO rinosiTamiHo3 D i BTOpUHHMIA
rinepnapatupeos. BcTaHOBMN 3HAYHO HVK4MIA nokasHuk T-score y rpyni BILW (-1,77 £ 0,9), Hix y rpyni PPLL
(0,47 £1,26)—p <0,001. Ocreonarii yacrilue Bu3Hayany nicns BrLL: octeoneHito —y 58,8 % nauieHTis, octeono-
po3—y 17,6 %. BctaHoBneHo cunbHuil 06epHeHuin kopensauiHmin 38’330k Mix piBHem MMTI Ta T-score (rs =-0,71,
p =0,001), LwWo niaTBEPIKYE BNMB rinepnapaTMpeody Ha 3HMKEHHS MiHEPaIbHOI LLiNbHOCTI KICTKOBOI TKAHWHMW.

BucHoBku. DXA € BUCOKOE(EKTUBHAM METOLOM [iarHOCTVKW MOpYyLLEHb KanbLiesoro 06miHy nicns 6apiatpuy-
HWX onepauji, Lo Aae 3Mory BUSBAATU paHHi hopmu ocTeonartin. MadienTu nicns BILL matoTb AWM prank
OCTeOreHii Ta 0cTeonopo3y NopiBHAHO 3 nauieHTamu nicnsa PPLU. PeHTreHiBCbka AeHCUTOMETPIS Y NOEAHAHHI 3
NabopaTopH1M MOHITOPUHIOM KarbLieBo-hocchopHoro 06MiHy Mae cTaTi CTaHAapTOM 0BCTEXEHHS Ans CBOE-
4aCHOro BUSIBNEHHS Ta NMPOINaKTUKKA YCKNaAHEHD.
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Obesity has become a global pandemic in recent decades.
Globally, more than 650 million people are obese, a staggering
13 % of the adult population, and more than 400 million have
diabetes. The impact of these diseases on morbidity, mortality,
quality of life, and healthcare costs is well documented in the
current literature [1].

Obesity is a chronic metabolic disease that causes numerous
systemic consequences and poses a serious threat to public
health on a global scale. Pathophysiological changes that occur
with excessive accumulation of adipose tissue affect most organs
and systems of the body. One of the key mechanisms is the de-
velopment of insulin resistance, but this is only part of a broader
problem — metabolic dysregulation [1].

Obesity significantly increases the risk of developing car-
diovascular diseases, including hypertension, coronary heart
disease, heart failure, and various types of arrhythmias. Fatty
deposits, especially visceral fat, contribute to chronic systemic
inflammation, increased levels of atherogenic lipids, and activation
of the renin-angiotensin-aldosterone system, which ultimately
leads to vascular dysfunction [1].

Numerous meta-analyses confirm that bariatric surgery is
more effective than conservative methods of treating obesity.
Bariatric surgery is classified into three main methods: restrictive,
malabsorptive, and combined. The technique depends on the
extent to which the stomach volume changes and whether small
intestine bypass surgery is planned. After surgery, it is possible
to achieve a stable long-term reduction in overweight, as well as
to compensate for the comorbidities associated with obesity [2].

However, despite the significant positive impact of surgery on
body weight and obesity-related diseases, vitamin and mineral
deficiencies may develop in the long-term postoperative period.
This is especially true for malabsorptive and combined methods.
Most often, there is a lack of calcium, vitamin D, vitamin B12,
iron, folic acid, copper, selenium, and zinc. Deficiencies of these
substances can cause serious metabolic disorders, which can
further lead to irreversible changes in the body [3].

Itis known that obesity itself is associated with an imbalance
of certain micronutrients and hormones, including vitamin D,
calcium, and parathyroid hormone (PTH). In addition, weight
loss is a risk factor for bone loss, which significantly increases
the likelihood of pathological fractures [4].

Researchers have studied the relationship between bariatric
surgery and the development of secondary hyperparathyroidism
(SHPT), which, according to one theory, occurs as a result of
impaired calcium absorption. For example, 40 % of patients af-
ter Roux-en-Y gastric bypass (RYGB) develop SHPT, and after
biliopancreatic bypass, this figure can reach 100 % [5].

Secondary hyperparathyroidism leads to increased calcium
resorption from bones, which can eventually cause osteopenia,
osteoporosis, and osteomalacia. This is especially dangerous
for overweight patients, as a decrease in bone density increases
the risk of pathological fractures, which, in turn, contributes to an
increase in the level of disability of such patients [6,7].

Modern osteodensitometry, in particular dual-energy X-ray
absorptiometry (DXA), is much better than the old methods of
assessing bone density. It is accurate, gives a very low radia-
tion dose, and helps to detect osteoporosis at an early stage.

Unlike older X-rays and ultrasound, DXA shows bone health in
important areas such as the lower back, hip, and forearm, which
helps predict the risk of fractures. Ultrasound is less accurate,
especially when it comes to tracking changes over time. Modern
DXA devices have programs that calculate density indicators
themselves, which makes diagnostics more convenient for the
doctor [8,9].

Of particular relevance to this study is the in-depth study of
calcium metabolism disorders in patients after bariatric surgery,
who have changes in bone metabolism due to rapid weight loss
and impaired absorption of calcium and vitamin D.

Aim
To analyze the role of X-ray densitometry in diagnosing
calcium metabolism disorders in patients after bariatric surgery.

Materials and methods

This retrospective study was based on the analysis of the
treatment outcomes of 31 obese patients who underwent bari-
atric surgery.

This study was approved by the Commission on Compliance
with Bioethics in conducting experimental and clinical research
at the State Scientific Institution “Centre of Innovative Medical
Technologies of the National Academy of Sciences of Ukraine”
(protocol No. 1 dated March 26, 2025). All studies used the
Declaration of Helsinki (6th edition, revised 2008, Seoul) and
the Universal Declaration of Bioethics and Human Rights (2006).

Prior to the start of the study, written informed consent was
obtained from all participants for voluntary participation and the
processing of personal data.

The inclusion criteria were: age of patients from 19 to 70
years; body mass index (BMI) from 35 to 70 kg/m?; preoperative
levels of vitamin D, ionized calcium and parathyroid hormone
within normal limits; absence of organic pathology according
to ultrasound of the parathyroid glands; patients who were di-
agnosed with SHPT in the postoperative period; postoperative
period of more than 36 months; written consent for the processing
of personal data was obtained.

Exclusion criteria: patients who had a preoperative abnor-
mality of one of the indicators (vitamin D, ionized calcium, or
parathyroid hormone; concomitant pathology that could affect
calcium-phosphorus metabolism, including chronic kidney dis-
ease and type 2 diabetes mellitus; postmenopausal women;
complications that occurred in the early postoperative period.

The patients included in this study were divided into 2 groups
depending on the type of surgery. Thus, the first group of the study
included 14 patients who underwent sleeve gastrectomy (SG),
and the second group included 17 patients who underwent
biliopancreatic bypass with duodenal switch according to Hess—
Marceau (BPB).

The data assessed (in addition to age and sex) included: pre-
operative body weight, BMI, and excessive body weight (EBW);
postoperative body weight, BMI, and percentage of excessive
body weight loss (%EBWL). Body weight and overweight were
measured in kilograms (kg), BMI in kg/m? and %EBWL in percent.
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Laboratory parameters analyzed in this study were ionized
calcium (Ca?, mmol/L), 25-hydroxycalciferol (25(OH)D, ng/mL),
and PTH (pg/mL).

Laboratory tests were performed on an EasyLyte Calcium
biochemical analyzer (Medica, USA) and a CL-1000i chemilu-
minescence analyzer (Mindray, China).

The diagnosis of secondary hyperparathyroidism (SHPT)
was made in the case of elevated PTH levels above 88 pg/mL.
Vitamin D hypovitaminosis was diagnosed in case of 25-hydro-
xycalciferol decrease below 20 ng/ml. The normal level of ionized
calcium was in the range of 1.11-1.33 mmol/L.

X-ray densitometry, namely dual-energy X-ray absorptiome-
try (DXA), was performed on a FDX Visionary-DR, Fuiifilm. Data
that were evaluated — T-score.

Normal T-score according to the WHO (World Health Orga-
nization): normal — from +1.0 to -1.0; osteopenia (reduced bone
density, risk of osteoporosis) —-1.1 to -2.4; osteoporosis — £-2.5;
severe osteoporosis (with fractures) — <-2.5 with one or more
fractures caused by bone fragility.

Indicators assessed after the surgery: anthropometric (weight,
BMI), percentage of excessive body weight loss (%EBWL)),
laboratory ionized calcium (iCa?"), 25(0OH)D and PTH.

Statistical processing of the data was carried out using the
methods of variation and descriptive statistics with the help of the
statistical analysis package SPSS Statistics: an IBM Company,
version 23. Before starting the data analysis, all indicators were
checked for normality of distribution using the Shapiro—Wilcoxon
test and for equality of variances using the Levene’s criterion.
The statistical indicators of descriptive statistics used in the study
were mean (M) and standard deviation (SD). The assessment of
statistically significant differences in relative indicators was carried
out using the criterion x? Pearson’s square with Yates' correction.
To evaluate statistically significant differences in the mean values
of quantitative attributes subject to the law of normal distribution,
parametric methods of evaluation in independent groups were
used (Student’s t-test). The Spearman’s rank correlation coeffi-
cient (rs) was used to assess the degree of dependence between
variables. Differences in the results were considered statistically
significant at p < 0.05, which provides a 95 % probability level.

Results

The average age of all patients was 43.8 + 11.6 years, rang-
ing from 24 to 67 years. Patients of the first group were slightly
younger compared to patients of the second group, 42.1 + 12.6
years and 45.2 + 8.5 years, respectively, but this difference did
not reach statistical significance (t = 0.6, p = 0.5).

The ratio of men to women was almost the same, with 7/7
in the first group and 9/8 in the second group. Both groups
were comparable in terms of frequency distribution by gender
(x?=0.04, p=0.94).

The preoperative body weight of all patients included in
this study ranged from 106 kg to 215 kg, with a mean val-
ue of 150.7 + 29.3 kg. Accordingly, the average BMI was
50.5 + 8.6 kg/m2 Patients of the second group were slightly
heavier before the operation, so the average BMI in the first group
was 46.8 + 4.6 kg/m?, and in the second — 53.6 £ 9.9 kg/m?. As

a result, the average value of overweight in the first group was
lower compared to the same indicator in the second group,
72.8 £ 14.1 kg and 92.9 £ 27.8 kg, respectively. This difference
between the groups reached statistical significance (p < 0.05).

All patients had normal calcium metabolism (Ca%, 25(OH)D
and PTH) before surgery. As a result, when comparing the mean
values between the groups, no statistically significant difference
was recorded in any case (p > 0.05).

Despite the fact that the patients of the first group were young-
er than the patients of the second group, there was no statistically
significant difference between the groups after analyzing the
frequency distribution of patients by the nature of concomitant
pathology (p > 0.05).

The average postoperative period for all patients, when
X-ray densitometry and laboratory control were performed, was
40.7 £ 11.4 months.

Table 1 shows the indicators that were recorded in the post-
operative period. Thus, the average value of body weight and
BMI in the first group was slightly higher compared to the same
indicators in the second group (p < 0.05). As a result, patients
after biliopancreatic shunting with duodenal switch according to
Hess-Marceau showed a statistically significant greater loss of
excess body weight, with the average value in the first group
being 57.1 + 16.9 % versus 79.2 + 11.1 % in the second group
(t=4.2,p=0.0004).

The present study included patients who were diagnosed
with SHPT after surgery. Therefore, as a result, all patients had
hypovitaminosis of vitamin D and hyperparathyroidism in labo-
ratory results. At the same time, almost all patients had normal
calcium levels. Hypocalcemia was noted in only 6 patients after
surgery (3 patients from each group).

When comparing the laboratory parameters of calcium me-
tabolism between the groups, a statistically significant difference
was found only in the level of PTH. Thus, in the first group, the
mean value was 102.4 + 7.1 pg/mL, and in the second group —
167.5+37.5 pg/mL, respectively (t="7.1, p=0.0001). There was
no statistically significant difference between the mean values of
Ca? and 25(0OH)D (p > 0.05).

Dual-energy X-ray absorptiometry (DXA) is a non-invasive
method used to measure bone mineral density. The procedure
takes about 10-20 minutes and does not require any special
preparation. The patient lies down on the scanner table, and the
movable “arm” of the device slowly moves over the body, simul-
taneously directing low-energy X-rays from two sources. Based
on the absorption of these rays by bones and soft tissues, the
computer calculates the exact values of bone mineral density in
key areas of the skeleton, usually in the lumbar spine, femoral
neck, or forearm. One of the main parameters obtained during
the DXA analysis is the T-Score, which compares the patient’s
bone mineral density to the average of healthy young adults. The
lower the score, the higher the risk of fractures. Fig. 1 shows a
dual-energy X-ray absorptiometry report performed on a patient
after biliopancreatic bypass with duodenal switch according to
Hess-Marceau on the FDX Visionary-DR, Fuiifilm.

After analyzing the data obtained after DXA, it was found
that the T-score values in the group of patients after BPB were
significantly lower compared to those in the group of patients after
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1b

Fig. 1. Conclusion of dual-energy X-ray absorptiometry performed on a patient after biliopancreatic bypass with duodenal switch according

to Hess-Marceau on the FDX Visionary-DR device, Fujifilm.
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Fig. 2. Graphical representation of the relationship between T-score and PTH and vitamin D levels after surgery.

SG. Thus, the mean T-score in the group of patients after BPB
was -1.77 £ 0.9, and in the group after SG — 0.47 + 1.26. These
findings indicate a statistically significant lower bone mineral
density in patients after BPB (t = 5.6, p = 0.0001).

Osteopathy was detected in 15 (48.4 %) patients included in
this study, with the majority of cases — 13 (86.7 %) — in patients of
the second group. Calcium metabolism disorders in the form of
osteopenia were recorded in 2 (14.3 %) patients of the first group
and 10 (58.8 %) patients of the second group. Osteoporosis was

diagnosed in only 3 (17.6 %) patients of the second group. The
difference in the frequency distribution of osteoporosis cases
between the groups reached a statistically significant difference
(x?=12.2, p =0.0023).

Spearman’s correlation analysis revealed a statistically
significant relationship between the T-score and one of the bio-
chemical parameters.

The strongest significant inverse relationship was observed
between T-score and postoperative parathyroid hormone levels
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Table 1. Anthropometric and clinical laboratory parameters after surgery, M + SD

Parameter, units of measurement Group 1 SG, n=14 Group 2 BPB, n =17 p*

Body weight, kg 95.4+47 86.9+12.1 t=2.70,p=0.014
BMI, kg/m? 325+34 289+3.1 t=3.10, p=0.005
%EBWL, % 57.1+16.9 79.2+11.1 t=4.20, p=0.0004
Ca?*, mmol/L 116+0.1 117+0.2 t=0.23,p=038
25(0H)D, ng/mL 11.2+19 11.9+3.9 t=0.80, p = 0.4
PTH, pg/mL 1024+7.1 167.5+37.5 t=7.10, p = 0.0001
T-score, points 0.47+1.26 -1.77+09 t=5.60, p=0.0001

*: by Student's t-test.

(rs = 0.71, p = 0.001), indicating the potential impact of hyper-
parathyroidism on bone mineral density reduction. The level of
vitamin D after surgery did not demonstrate a statistically signifi-
cant relationship with the T-score (rs = 0.1, p = 0.58), which may
indicate an indirect effect of this biomarker through the regulation
of PTH secretion (Fig. 2).

Discussion

Secondary hyperparathyroidism is one of the most prevalent
and clinically significant metabolic complications following bari-
atric surgery, especially after procedures with a malabsorptive
component such as Roux-en-Y gastric bypass or biliopancreatic
diversion (BPB). The underlying mechanism involves impaired
calcium and vitamin D absorption due to bypassing the du-
odenum and proximal jejunum, which are essential sites for
active calcium uptake and the initiation of vitamin D-dependent
calcium transport. This reduced calcium bioavailability triggers
compensatory hypersecretion of PTH, aiming to restore normal
serum calcium levels by increasing bone resorption, enhancing
renal calcium reabsorption, and stimulating the conversion of
25-hydroxyvitamin D to its active form. However, this adap-
tation comes at the cost of compromised bone integrity, with
prolonged PTH elevation leading to cortical bone thinning,
trabecular microarchitectural damage, and increased fracture
risk. Importantly, the severity and speed of SHPT onset can vary
depending on individual patient factors, including preoperative
vitamin D status, dietary calcium intake, baseline bone mass,
and the specific type of surgical procedure performed. Several
studies have shown that in addition to mechanical unloading
and hormonal changes, the direct loss of intestinal calcium ab-
sorption capacity creates a chronic, low-grade negative calcium
balance, further driving PTH hypersecretion and impairing bone
mineralization over time [5,6,10].

While SG is often considered less disruptive to mineral me-
tabolism because it does not bypass intestinal absorption sites,
emerging evidence suggests it also carries a risk for BMD loss.
A large cohort study tracking 241 patients after laparoscopic
SG showed a significant decline in BMD as early as six months
post-surgery, with men exhibiting a sharper reduction compared
to women [11]. This sex difference in bone response highlights
the need for gender-specific monitoring protocols.

Acomparative randomized trial in patients with type 2 diabetes
mellitus further demonstrated that lumbar spine BMD declined
significantly more in the RYGB group than in SG or greater
curvature plication after one year [12]. This supports the concept
that malabsorptive procedures exert a disproportionately higher
skeletal burden, underlining the importance of differentiating
surgical technique impacts on bone health.

Despite its status as the gold standard, dual-energy X-ray
absorptiometry (DXA) has notable limitations when assessing
BMD after bariatric surgery, particularly due to soft tissue and body
composition artifacts following rapid weight loss. A prospective
study using both DXA and quantitative computed tomography
(QCT) found that while DXA detected an 8.9 % decline in total
hip areal BMD after RYGB, QCT found no significant change in
volumetric BMD (vBMD), revealing potential overestimation of
bone loss by DXA in certain skeletal sites [9].

Meta-analytic evidence further supports that RYGB induces
marked vBMD deterioration across multiple skeletal sites, includ-
ing the lumbar spine, radius, and tibia, detectable by advanced
imaging modalities like QCT and high-resolution peripheral QCT
(HR-pQCT). These three-dimensional methods offer valuable
insights into bone microarchitecture, which cannot be adequately
captured by conventional DXA scans [10].

Biochemical markers of bone metabolism, such as PINP
(a bone formation marker) and C-terminal telopeptide (CTX, a
bone resorption marker), are consistently elevated after bari-
atric surgery, reflecting active bone remodelling despite stable
serum calcium and vitamin D levels [9]. More recent studies
published after 2019 have provided even deeper insights: for
example, A. Hernandez-Martinez et al. demonstrated through
meta-analysis that CTX levels increase by up to 200 % within
the first 6 months post-RYGB, and P1NP shows a rise of ap-
proximately 80-100 % compared to baseline, indicating a sharp
imbalance favouring bone resorption [10]. Similarly, E. Malinici
et al. reported that after sleeve gastrectomy, although calcium
and vitamin D supplementation is routinely prescribed, bone
turnover markers remain elevated, suggesting persistent
underlying metabolic bone stress [11]. Moreover, a study by
J. Sivakumar et al. showed that elevated CTX levels were
significantly correlated with reductions in lumbar spine BMD,
providing evidence that biochemical shifts translate into meas-
urable bone mass loss [13]. These post-2019 findings confirm
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that laboratory markers should not be interpreted in isolation
but rather in conjunction with imaging findings like DXA or QCT
to provide a complete, multidimensional picture of bone health
status and to guide timely clinical interventions.

Additionally, the influence of gastrointestinal hormones on
bone metabolism has been explored, with evidence indicating that
changes in ghrelin, glucagon-like peptide-1 (GLP-1), and peptide
YY (PYY) after surgery may play secondary roles in modulating
skeletal outcomes [12]. However, multivariate analysis suggests
that the type of surgery remains the dominant predictor of BMD
loss, independent of these hormonal shifts.

Body composition changes after bariatric surgery, particularly
reductions in lean body mass (LBM), also contribute significantly
to bone health dynamics. A detailed prospective observational
study comparing SG and RYGB included 45 patients, with 30
undergoing SG and 15 undergoing RYGB [13]. This study me-
ticulously tracked body composition changes at 1, 6, 12, 18, and
24 months post-surgery using DXA. Over 12 months, the mean
total weight loss (%TWL) was 26.94 + 8.86 %, and the mean BMI
reduction was 11.12 + 3.70 kg/m?2. Importantly, LBM accounted for
17.8 % of the total weight loss over the first year, demonstrating
a pronounced early-phase decline that plateaued by 6 months.
Both surgical groups exhibited similar patterns in fat mass (FM)
and LBM reduction, but RYGB showed a slightly higher LBM
loss (0.06 kg more) compared to SG, which was statistically
significant. These findings highlight that while both procedures
effectively reduce weight, they simultaneously reduce LBM, po-
tentially altering skeletal loading, muscle-bone interactions, and
bone remodeling processes. This quantitative data emphasizes
the need for targeted interventions, such as resistance training
and nutritional support, to mitigate muscle and bone loss after
bariatric surgery [13].

Guidelines from the American Society for Metabolic and
Bariatric Surgery recommend baseline DXA assessments before
bariatric surgery, followed by repeat measurements at 1-2 years
postoperatively and every 2-3 years thereafter, depending on
individual risk profiles [14]. However, recent publications after
2019 emphasize that this is only a starting point, and a more
detailed, individualized follow-up is essential, particularly for
patients undergoing malabsorptive procedures. For example,
A. Hernandez-Martinez et al. suggest that patients with elevated
PTH or persistent hypovitaminosis D after surgery should undergo
more frequent bone density evaluations, possibly even annually,
given the rapid bone turnover observed in the first 6-12 months
postoperatively [10].

Additionally, new recommendations advocate combining
DXA scans with biochemical markers (such as PINP, CTX,
and 25(0OH)D) and, where possible, using QCT or HR-pQCT to
detect early changes in bone microarchitecture. These updated
strategies aim to personalize patient care, ensuring that high-risk
individuals are identified promptly and receive tailored interven-
tions, such as intensified calcium and vitamin D supplementation,
pharmacotherapy with bisphosphonates or denosumab, and
structured exercise programs targeting bone strength and muscle
mass preservation [11,13]. This integrated monitoring approach,
combining state-of-the-art imaging and detailed laboratory
surveillance, represents the most comprehensive and effective

framework for early detection and management of metabolic bone
disease in bariatric patients.

Overall, the integration of laboratory markers, DXA densi-
tometry, and advanced three-dimensional imaging forms the
cornerstone of optimal postoperative care for bariatric patients.
In the aspect of multidisciplinary management, great attention
should be paid to the relationship between laboratory parameters
and densitometry results. Among the main biochemical markers,
itis crucial to highlight serum 25-hydroxyvitamin D (25(OH)D) as
a marker of vitamin D status, ionized calcium, and PTH, since
numerous studies have documented direct or inverse correlations
between these markers and BMD measured by DXA[10]. In our
study, a significant inverse correlation was found between the
postoperative T-score and PTH levels (rs = 0.71, p = 0.001),
underscoring the potential impact of hyperparathyroidism on
bone density, while vitamin D levels did not show a statistically
significant direct relationship with the T-score (rs = 0.1, p = 0.58),
suggesting that its effect may be mediated indirectly through PTH
regulation. International publications confirm that elevated PTH
levels are strongly linked with decreased BMD, especially in
the lumbar spine and femoral neck, particularly in patients after
malabsorptive bariatric surgeries [11,12].

Itis also known that low 25(OH)D levels combined with normal
or elevated PTH levels often signal active bone resorption, even
before BMD falls to osteopenic or osteoporotic thresholds. In
these cases, laboratory diagnostics may serve as a more sensitive
early risk indicator and provide the basis for preventive or correc-
tive treatment, though final decisions must rely on densitometry
data. Furthermore, clinicians should remember that DXA results
do not always fully capture changes in bone microarchitecture.
Therefore, the combination of laboratory screening and imaging
assessment represents the most optimal strategy to monitor the
bone system, ensuring early detection of deficiency states and
improving the effectiveness of interventions to prevent osteo-
porotic complications.

Recent literature published after 2019 has significantly
enriched our understanding of post-bariatric bone health. For
example, recent meta-analyses by A. Hernandez-Martinez et al.
and systematic reviews by S. Suresh et al. have emphasized that
not only malabsorptive surgeries like RYGB but also restrictive
procedures like SG can cause pronounced bone metabolism
changes, often underestimated in daily practice [10].

Recent clinical evidence indicates that effective preservation
of bone mass after bariatric surgery requires a comprehensive,
multidisciplinary approach. In a randomized controlled trial,
I. H. Murai et al. demonstrated that participation in a structured
6-month exercise program following Roux-en-Y gastric bypass
significantly attenuated reductions in areal bone mineral density
(aBMD) at the femoral neck (-2.9 %), total hip (-2.3 %), and
distal radius (-1.9 %), while also lowering circulating, PANP, and
sclerostin levels [15].

Similarly, F. Diniz-Sousa et al. confirmed that an 11-month,
multicomponent supervised exercise program increased lumbar
spine aBMD (+0.024 g/cm?), improved radial BMD, and augment-
ed lean body mass by +1.5 kg compared with controls — a clear
indication of the osteoprotective potential of structured physical
activity in the postoperative phase [16].
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The BABS trial by C. Muschitz et al. further demonstrated that
a combination of high-dose vitamin D loading (28,000 1U/week
preoperatively followed by 16,000 U/week postoperatively), calci-
um supplementation, BMI-adjusted protein intake, and structured
exercise significantly mitigated losses in aBMD and lean mass
while attenuating increases in bone turnover markers compared
with standard care [17].

Meta-analytic evidence from R. K. Saad et al. identified a 45 %
increased overall fracture risk following malabsorptive bariatric
surgery such as Roux-en-Y gastric bypass, whereas restrictive
surgery did not significantly elevate fractures incidence [18].
Similarly, population-based cohort analyses by J. Paccou et al.
confirmed that the risk of major osteoporotic fractures increases
after RYGB but not after SG, highlighting the necessity for pro-
cedure-specific skeletal monitoring protocols [19].

In a retrospective cohort study, R. Suthakaran et al. reported
that serum PTH levels remain persistently elevated after RYGB
compared with SG, indicating the need for tailored micronutrient
and supplementation strategies based on surgery type [20].

Karam L. & Paccou J. recently outlined updated evi-
dence-bhased protocols for managing adverse skeletal outcomes
after bariatric surgery, including the careful use of antiresorptive
therapies such as zoledronic acid and denosumab in high bone
turnover states, thereby introducing a pharmacologic aspect to
skeletal protection [21].

Lespessailles E. & Paccou J., through meta-analysis, identi-
fied low BMI combined with absolute or relative loss of lean mass
after bariatric surgery as strong predictors of elevated fracture
risk, especially in patients undergoing malabsorptive surgery [22].

Moreover, a comprehensive review by Y. B. Hadi confirmed
that metabolic bone disease, along with a higher prevalence of
osteoporosis and osteoporotic fractures, is more common after
RYGB than SG - confirming the need for differentiated postop-
erative care strategies [23].

Additional analyses, including those conducted by C. Rous-
seau et al. [24] and the ECTS position statement by J. Paccou
et al. [25], provide critical epidemiologic context and consen-
sus-driven clinical guidance for bone health surveillance and
intervention in this patient population.

Taken together, this evidence supports a model of postopera-
tive skeletal care that includes structured exercise, individualized
nutritional supplementation, precise biochemical monitoring,
procedure-specific risk stratification, and, when appropriate,
pharmacologic therapy. Such an integrated strategy maximiz-
es opportunities for early detection, targeted intervention, and
long-term prevention of osteoporosis and fractures in patients
after bariatric surgery.

Conclusions

1. Dual-energy X-ray absorptiometry has demonstrated high
diagnostic value in identifying calcium metabolism disorders in pa-
tients after bariatric surgery. Specifically, it allowed the detection of
subclinical osteopathies: in this cohort, 48.4 % of patients showed
bone pathology, with osteopenia in 38.7 % and osteoporosis in
9.7 % of all cases. This underscores DXA's superiority over routine
biochemical screening for early identification of skeletal risks.

2. Patients undergoing biliopancreatic diversion with duodenal
switch are at significantly higher risk for bone mineral density
loss compared to sleeve gastrectomy. The mean T-score was
significantly lower in the BPD-DS group (-1.77 + 0.9) versus the
SG group (0.47 + 1.26, p = 0.0001), and osteopenia / osteopo-
rosis was found in 76.4 % of BPD-DS patients versus 14.3 % of
SG patients (p = 0.0023). These findings highlight the need for
differential risk stratification based on surgical type.

3. Parathyroid hormone levels serve as a strong inverse pre-
dictor of bone mineral status in postoperative patients (rs =-0.71,
p = 0.001), whereas vitamin D levels did not show a statistically
significant correlation with T-score (rs = 0.1, p = 0.58). This sug-
gests that monitoring PTH may offer greater predictive value for
bone health than vitamin D alone.

4. The integration of dual-energy X-ray absorptiometry with
laboratory monitoring provides a comprehensive and personal-
ized management approach for preventing osteomineral com-
plications after bariatric surgery. Based on these results, regular
postoperative dual-energy X-ray absorptiometry assessments
(especially in high-risk BPD-DS patients), combined with para-
thyroid hormone monitoring, should become standard practice
to enable timely therapeutic interventions.

Perspectives for further research. Further studies should
be aimed at studying the dynamics of changes in bone mineral
density in patients after different types of bariatric interventions
with long-term follow-up. Another promising direction is the
development of screening protocols that combine biochemical
markers and modern imaging data (DXA, QCT) for more accurate
prediction of osteoporosis risk.
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OuiHloBaHHA npodecitHMX PU3UKIB BiA BNIAMBY
3Ba)XK€HMX YALTPAAUCTIEPCHUX YaCTUHOK MPOMMUCAOBOr0 aepo30AL0
ANA NPaLiBHUKIB METaAyprikHOro niAnpMemcrTBa
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MerTa po60Tu — OLHIOBaHHS NPOMECIHNX PUMKIB Bif, BNMUBY 3BaXEHUX YNbTPaANCIEPCHUX YAaCTUHOK MPOMMC-
NOBOTO aepo301to 1151 MPaLiBHWKIB METANYprifiHOrO NiANPUEMCTBA.

Martepianu i MeToau. [JoCnifKeHHS BMICTY 3BaXKEHWX YACTUHOK 34INCHUMM Ha pobo4mMX MicLsiX NpaLiBHUKIB Me-
TanypriiHoro BMpobHMLTBA. 3acTocyBanu NopTaTMBHUIA ckaHyBanbHuii cnektpomeTp Nanoscan 3910 (CLUA).
XiMiYHMI cknag QOCMIMKEHO METOLOM OMTUKO-EMICIAHOT CNEKTPOMETPIi 3 iHAYKTUBHO 3B’SI3aHOK MNa3MOK0
(OEC-I3M) Ha npunagi «Optima 2100 DV» BupobHuuTea komnaHii «PerkinElmer» (CLUA). Ha nigcrasi ganux,
LLIO OTpUManM, oBpaxyBani KaHLEepOreHHMI i HeKaHLEPOreHHWIA PU3NKM.

Pe3yabtati. BCTaHOBMEHO, L0 Y NOBITPI pO6040T 30HM CTaneBapa MapTeHIBCLKOI Mevi 3aranbHa YncenbHa KOH-
LieHTpaLlist 3BaXeHWX YacTMHOK cTaHoBuna 6,9 x 104 (4,0 x 104 8,0 x 10%) yacTuHoK/cM?®, y NOBITPi po6o4oi 30HK
rOpPHOBOTO JOMEHHOI nevi — 5,1 x 10* (4,5 x 10% 7,8 x 10*), y noBiTpi poboyoi 30HM arnomepatHuka — 2,4 x 10*
(2,1 x 10% 5,1 x 10). Yci nokasHMKM NepeBuLLyBany 3ararnbHy YMCemnbHY KOHLEHTPALl0 3BaXEHNX YaCTUHOK
npaLiBHUKIB KOHTPOIHO | BynK CTAaTUCTUYHO LOCTOBIPHO BULmMK (p < 0,001). 3BaxeHi yacTuHkM MicTunm Si, Al
P, Fe, Ca, Mg, Cr Ta Ni, L0 3yMOBNEHO BMAOM TEXHOMOMYHOrO NpoLecy. MepeBnLLEHHS 3HAYEHb TiriEHIYHIX
HopmaTwBiB BcTaHoBNeHo Ans P, Cr ta Ni. O6paxoBaHi NokasH1KW KaHLEPOreHHOro pu3unKy Ans NpawiBHVKIB Bif
BNIMBY XPOMY Ta HIKeMNto Manu BUCOKi pisHi. KoediLlieHTn Hebeaneku Bif BNNMBY 3BaXEHWX YACTUHOK 3i LLINBHICTIO
enemeHTiB >6 kr/m® Ta <6 kr/m® ans cTaneBapa MapTeHiBCbKoi nevi ctaHoBunn HQ = 3,15 Ta HQ = 1,57, ans
rOPHOBOrO AOMeHHOI nevi— HQ = 2,54 Ta HQ = 1,27, ons arnomepatHuka — HQ = 3,15 Ta HQ = 1,57 BignosigHo.
HanbinbLunin HeKaHLEPOreHHNIA PU3MK Ma YaCTUHKI PO3MIPOM A0 64 HM. KpaTHICTb NepeBULLEHHS pU3NKY Ha
poboyomy MicLli cTaneBapa MapTEHIBCbKOI Meyi MOPIBHSHO 3 MOKA3HMKOM, L0 BCTAHOBMEHMI ANs NpauiBHUKIB
KOHTPOMbHOI rpynu, ctaHoBuna 224,8 pasa, Ha poboyomy MicLi ropHOBOro JOMeHHOoI nevi — 61,9 pasa, Ha po-
6o4omy micui arnomepatHuka — 12,9 pasa.

BucHoBku. [1ig Yac BUroTOBNEHHS arnomepary, YaByHy Ta CTani Ha pobounx MicLsX NpaLiBHUKIB yTBOPIOOTLCS
3BaXEHi YaCTMHKM 3 KOMBIHOBaHUM XiMiYHUM Cknafom. BcTaHoBNEHi BENMUYMHU KaHLIEPOreHHOTO PU3KKY Bif
BMMBY XPOMY Ta HIKENIO 1151 BCiX NpaLiBHWKIB Manu BUCOKWIA piBeHb. KoedilieHTn Hebeaneku Big BNnnBy 3Ba-
KEHWX YACTUHOK Maiixe [s BCIX NPaLiBHUKIB NEPEBULLYBANM OOMHULIO, LLIO MOXHA BUSHAYUTH SIK HEMPUMYCTUMI.
HanbinbLumii pu3aiik (3anexHo Bif po3Mipy) ANs BCiX MPaLiBHUKIB Masi YaCTUHKM HAMEHLLIOTO po3Mipy (<64 Hm).

CyuacHi meauuHi TexHoAorii. 2025. T. 17, Ne 3(66). C. 178-187

Assessment of occupational risks from exposure
to suspended ultrafine particles of industrial aerosol for workers
of a metallurgical enterprise

L. P. Sharavara, N. M. Dmytrukha, I. M. Andrusyshyna

Aim. To assess occupational risks from exposure to suspended ultrafine particles of industrial aerosol for workers
of a metallurgical enterprise.

Materials and methods. The study of the content of suspended particles was carried out at the workplaces of
metallurgical production workers using a portable scanning spectrometer Nanoscan 3910 (USA). Their chemical
composition was studied by optical emission spectrometry with inductively coupled plasma (OES-ICP) on the
device “Optima 2100 DV” manufactured by “PerkinElmer” (USA). Based on the results obtained, carcinogenic
and non-carcinogenic risks were calculated.

Results. It was established, that in the air of the working area of the open-hearth furnace steelworker, the total
numerical concentration of suspended particles was 6.9 x 10 (4.0 x 104 8.0 x 10%) particles/cm?, in the air of
the working area of the blast furnace — 5.1 x 104 (4.5 x 10% 7.8 x 10%), in the air of the sinter plant working
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area—2.4 x 10* (2.1 x 104; 5.1 x 10*). All indicators exceeded the total numerical concentration of suspended
particles of control workers and were statistically significantly higher (p < 0.001). The composition of suspended
particles included Si, Al, P, Fe, Ca, Mg, Cr and Ni, which is due to the type of technological process. Exceed-
ances of hygienic standards was observed for P, Cr and Ni. The calculated carcinogenic risk indicators for
workers from exposure to chromium and nickel were high. The hazard coefficients from exposure to suspended
particles with element densities >6 kg/m® and <6 kg/m? for an open-hearth furnace steelworker were HQ = 3.15
and HQ = 1.57, for a blast furnace worker — HQ = 2.54 and HQ = 1.27, for a sinter plant worker — HQ = 3.15
and HQ = 1.57, respectively. The greatest non-carcinogenic risk was caused by particles up to 64 nm in size.
The risk excess factor at the workplace of an open-hearth furnace steelworker, compared with workers in the
control group, was 224.8 times, at the workplace of a blast furnace worker — 61.9 times, and at the workplace
of a sinter plant worker — 12.9 times.

Conclusions. During the production of sinter, cast iron and steel, suspended particles of combined chemical
composition are formed at the workplaces of workers. The obtained carcinogenic risk values from exposure to
chromium and nickel for all workers were high. The hazard coefficients from exposure to suspended particles
for almost all workers exceeded unit, that can be considered unacceptable. The greatest risk, depending on the

size, for all workers was posed by the smallest particles (<64 nm).

Modern medical technology. 2025;17(3):178-187

MetanypriinHa ranysb € OLHi€l0 3 KITIOYOBMX ranysel
NPOMWCAOBOCTI, Y SKill NPaLIOE 3Ha4YHa YacTUHA HacemneHHs!
YkpaiHu. YMOBY npaLli pobiTHUKIB LT rany3i xapakTepuayoTses
BUCOKVMM PIBHSIMW NPOECINHNX PU3IKIB, LLIO 3yMOBMEHO BUKO-
PUCTaHHAM 3acCTapinux TEXHOMOTiN y BUPOBHULITBI, 3HOLLIEHICTHO
BUPOBHMYOro 06nagHaHHs, BUKOPUCTaHHAM obriagHaHHs, ske
He BigMoBigae cyyacHumM ctaHgapTam Gesneku 1 ekonorii,
0COoBNMBOCTAMM TEXHOMOTIYHMX NPOLIECIB HA Pi3HNX eTanax
BUPOBHMLTBA TOLO [1,2].

3-nomix OCHOBHWX (PaKTOpIB BMPOBHMYOTO CepeaoBuLLa,
AKi (DOPMYIOTb HECTIPUATMBI YMOBW Mpali, PO3pPi3HATb
HECnpPUATIMBI MIKPOKIIMATUYHI YMOBM Ta BUCOKI piBHi iHdpa-
YEPBOHOIO BUMPOMIHIOBaHHS, BUCOKI KOHLEHTpaLii B NOBITpi
po6o4oi 30HM (MP3) BUPOBHUYOTO NKITY Ta LUKIGMBKX XiMIYHNX
PEYOBWH, IHTEHCUBHI PiBHI WYMy Ta BibpaLlii, 3HauHi ¢i3nyHi
HaBaHTaXEHHS, BUCOKUA PU3NK BUPOBHNYOrO TpaBMaTusmy.
HasBaHi B1poBHUYi (hakTopy CNPUUMHAITL LKIANMBI Ta HEOEe3-
MeyHi yMoBM npaLli, 0coBIMBO B OCHOBHMX Liexax MeTanypriiHoi
ranysi, Wo 3agisHi y BUpOOHMULTBI arnmomepary, YaByHy, cTani
Ta npokarty [3,4,5]. OcobnmBOCTi TEXHOMOTIYHMX NpOLECIB Y
Lin ranysi He 4alTb 3MOTW MOBHICTIO YCYHYTH BMNMB Hebes-
NeYHNX pakTopiB BUPOBHMYOTO CEpeaoBuLLa Ha NepcoHar, i
TOMY MpaLiBHUKA METanyprinHoi ranysi Hanexatb 4O rpynu
niABULLEHOrO NPOMECIAHOTO PU3MKY.

AHani3 npodeciiHoi 3aXBOPIOBAHOCTI Y METanyprilHii ranyai
[aB 3MOry BCTaHOBMTH, LLO OJHI€0 3 MPOBIgHMX HO30MOMYHUX
thopm y CTPYKTYpi NpOcheciiHOi naTonorii npaLiBHMKIB € XBOpoou
OpraHiB anxaHHs [2,3] ik HAaCiZOK BNIMBY BUCOKMX KOHLIEHTpaLLii
BUPOBHMYOTO NIy Ta XiMIYHUX PEHOBUH, L0 MicTATbCs y MP3.
Uepes Lie akTyanbHUMM 3an1LLa0TLCA JOCTIIKEHHS Gi3nKo-Xi-
Mi4YHWMX XapaKTEpUCTWK MPOMMUCIIOBOMO aepo3osio, 0cobnmeo
4aCTUHOK yNbTpaancnepcHoro dianasoHy [6,7], Sk BBaXar0Tb
OLHUM i3 (haKTOPIB PU3NKY PO3BUTKY 3aXBOPHOBAHb JlEreHb Y
npauisHukis [8,9,10].

OTxe, BOCNImMKEHHS BMICTY 3BaXKEHMX YaCTUHOK (34) ynbTpa-
JMCnepcHOro NpomucioBoro aepo3onto B NP3, a Takox obpaxy-
HOK Ta OLLiHIOBaHHS PU3WKIB iXHBOrO BMAMBY Ha NPaLiBHUKIB Mae
BaXIMBE 3HAYEHHS Ans 30epexeHHs 300POB’S Ta NiABMLLEHHS!
Be3neku npaLi B MeTanypriitHin ranysi.

Merta pobotu

OuiHoBaHHS MPOECIAHNX PU3KKIB Bif, BMIIMBY 3BAXEHNX
YNbTPaANCMEPCHNX YaCTUHOK MPOMWCIIOBOTO aepo3onto Ans
npaLiBHUKIB METanypriiHoro nignpuemMcTaa.

Marepianu i meToAM AOCAIAKEHHA

[JocnimkeHHs BMICTY KinbKicHOT KOHLEHTpaLii (YacTuHKW/CM®)
Ta MacoBOi KOHLIEHTpALLii (MKT/M®) 3BaXKEHMWX YNETPaAMCNEPCHIUX
yacTuHok (YY) 3piiicHunmu 3a 4ONOMOroK NOPTaTUBHONO CKa-
HyBanbHoro cnektpometpa Nanoscan 3910 (CLUA), skui pae
3MOry BUMIpSTY HeobXiagHI nokasHuky y AianasoHi Big 10 HM Ao
400 Hm. BmicT Y[ Bu3Havanu Ha pobounx micusx (PM) npauis-
HWKIB METanyprinHoro nignpuemcTBa: cTanesapa MapTeHIBCLKOI
neuvi (n = 390), ropHOBOrO OMEHHOI nevi (n = 312), arnomepar-
HWKa arnomepaLiiHoro BigainexHs (n = 221). Ha ubomy nignpu-
€MCTBI /151 BEJeHHS TEXHOMOMYHOrO MPOLIECY Y MaPTEHIBCHKOMY
Liexy 3agisHo 37 ctaneBapiB MapTEHIBCbKOI nevi, Y JOMEHHOMY
Liexy — 77 TOpHOBMX JOMEHHOI Mevi, B arnoMepaLiiHoMy Liexy
— 44 arnomeparHuKK.

XimiuHun cknag 3BaxeHux Y[OM, wo mictunucs B npo-
MWCNOBOMY aepo30ri, OLiHIOBaNW 3 BUKOPUCTaHHAM Npunagy
«Optima 2100 DV» («PerkinElmer», CLLA) 3a gonomoroto meTogy
OMTUKO-EMICIlIHOT CTIEKTPOMETPIi 3 iHOYKTUBHO 3B'3aHOH NIa3MOoto
(OEC-I31M). Pesynbratyt onpaLboBaHi 3a AOMOMOTOH MPOrpamMHoro
3abesnevenHs npunagy OEC-I3MM WinLab32 B onepaliiHin cuc-
Temi Windows XP prof. OuiHtoBaHHS OTpUMaHUX AaHUX MacoBOi
KOHLIeHTpaUii XiMIiYHVX PEYOBMH 3MIACHIN LLISIXOM NOPIBHAHHS iX
i3 rpaHW4HO AonycTuMUMM kKoHUeHTpauiamu (TOK) ans NP3 npais-
HWKiB BiANOBIAHO 40 «[lepaBHUX MEOUKO-CaHITapHUX HOPMATUBIB
[OMyCTMOrO BMICTY XiMIMHWX PEYOBUH Y MOBITPi POOOUOI 30HM»
(Haka3 MO3 Ykpainu Big 09.07.2024 p. Ne 1194) [11].

[MOKa3HMKM KaHLEPOreHHOro Ta HEKAHLLEPOTEHHOTO PU3MKY
obpaxoByBan i OLiHOBaNN 3@ METOAUYHUMI PEKOMEHAALISIMM
«OujiHka pu3KiB 4515 300POB’S NPALBHUKIB Bif 3a0pyaHEHHS No-
BITPSA p0B0Y0I 30HM XiMiYHUMK pevoBmHamMu» (Hakasz MO3 Ykpa-
it Big 02.03.2024 p. Ne 358) [12].

[ns ouiHIOBaHHA KaHLEPOreHHOro pU3uKy 34iCHWUNN
obpaxyHok iHaMBiAyanbHOro kaHueporeHHoro pusuky (ICR) 3
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BUKOPUCTaHHSIM (haKTopiB KaHLieporeHHoro noteHujany (SF) ans
KaHLeporeHiB, Lo HaseHi y NP3 npaviBHukiB, 3a (hopMyroto:

ICR = LADD x SF, (1)

ge ICR — iHauBigyanbHUN KaHLEPOreHHWA PU3MK Ans Ha-
CereHHst mpoTarom ycboro xuTTs (70 pokie); LADD — cepenHs
[o00Ba [103a KaHLeporeHy, Mr/(Kr X JeHb).

CepepnHto [oO0BY [03y KaHLEPOTEHY, LU0 YCcepeaHeHa 3a
nepio BNNMBY XiMIYHOT pevoBMHM, 06paxoBaHo 3a HOPMYmoH:

LADD = [C x CR x ED x EF] / [BW x AT x 365], 2)

ae C — koHueHTpauist pevoBuHy B MP3, mr/m®; CR — cepenHs
BEMMYMHA NereHeBoi BEHTUIIALT 3a pobody 3MmiHy (8 roguH),
M®/neHb; ED — TpuBanicTs BnnmBy, pokm, (30 pokis); EF —vacTota
BNNWBY, AHIB/piK (251 feHb); BW — cepeaHst maca Tina nioguHu,
kr (70 kr); AT — nepiog ycepeaHeHHs ekcrnoauLii (4ns KaHuepo-
reni AT = 70 pokis); 365 — kinbkicTb gHiB y poui; SF — daktop
KaHLieporeHHoro noTeHujany (3rigHo 3 6asoro aaHux United States
Environmental Protection Agency, US EPA).

OBpaxyHok cymapHoro kaHLeporeHHoro pusuky (R, ) Ans
BCIX KaHLepOreHHUX peyoBuH, Lo HaseHi B NP3, 3aiiicHunm 3a
thopmynoto:

Roa =R *R*...R, (3)

total

Ae R, — CyMapHUi kaHLepOreHHuIA pU3nK Ans npaLyiBHIKiB
npy iHranauinHoMy LWNsXy HaaXomKeHHs kaHueporeHis; R,,
R, R, — KaHUEPOreHH!I  pu3uK Big KOXHOI OKPEMOI PEYOBUHM
(kaHueporeny) y MP3.

[ns OUiHIOBAHHSA HEKaHLEPOreHHOro pu3nKy o64mcnmnm
koediuieHTn Hebesnekn (HQ), WO BPaxoByKOTb NEPEBULLEHHS
BUMIPSIHWX YNCENbHIUX KOHLEHTpaLii (KinbKicTb/CM®) 3BaeHMX
Y04 Ha PM npauiBHUKIB 3 OpIEHTOBHO GE3MEYHMMM PIBHSMM
HaHOYaCTUHOK, ki pekoMeHZ0BaHi dhaxiBuamm IHCTUTYTY npode-
CiiHoi 6e3neku Ta 30opor’st Himeyunnu (IFA) Ta HauioHanbHoro
iHcTUTyTy oxopoHw npaui CLUA (NIOSH). daxiBLi pekoMeHaytoTb
OpIEHTOBHO G€3MeyHi piBHI ANs HAHOYACTUHOK METAaiB, OKCUAIB
MeTaniB Ta iHWMX HaHoMaTepianiB 3i WiNbHICTIO enemMeHTIB
>6 kr/M® BiU3HaYaTV Npu He GinbLue Hix 20 000 yacTuHoOK/CcM®, Anst
HaHoMaTepianiB 3i LWiNbHICTIO eneMeHTiB <6 kr/M? — He Ginblue
Hixk 40 000 yacTuHok/cm®. KoedilieHTn Hebeanekn obpaxoBaHo
3a (hopMynoko:

HQ =C/RfC, (@)

ae C — koHueHTpauis peyvoBuHu y MNP3; RfC — BesneyHa
KOHLIEHTpaLjist ab0 OpiEHTOBHO 6e3MeyHi piBHi.

OBumncneHi koedillieHTV Hebeanekm ouiHoBany Tak: npu HQ
>1 € pU3nK BUHVKHEHHS! HeKaHLeporeHHux edpekTis, npu HQ <1
piBEHb BMANBY JOMYCTUMUIA, IMOBIPHICTb BUHUKHEHHS HETaTUBHIX
e(eKTiB HU3bkKa.

Mwu 3anponoHyBanu HoBy MeTOAVKY 06paxyHKy 1 OLIHIOBaHHS!
HEeKaHLIepOreHHOro PU3uKy, BpaxoByoumn po3mip 3BaxeHux Y4,
wo mictatbes y MP3. Ls metoguka nependadae OLiHIOBaHHS
HaZMLLKOBOTO XMTTEBOTO HekaHLeporeHHoro pusnky (ELNCR,
Excess lifetime non-cancer risk) 3a moguchikoBaHoo hopmyrnoto;

ELNCR =LADD,x HQ K x K, (5)

Ae LADD, - cepennst no6osa f03a HaaxomkeHHs 34 piaHoro
po3mipy, Mkr/(krxaeHb); HQi — koedbiLieHT Hebe3neku, obumncne-
HI Ana pisHx 3a poamipom 34; K. — koediLjieHT Token4HoCTi
3anexHo Big poamipy 3Y4; Kp— koediLjieHT pO3MiPHOCTI YaCTUHOK
3anexHo Big poamipy 34.

MokasHuk cepeaHboi A060BOI 103K HapxomkeHHs LADD.
3BaxeHnx YOY obpaxoBaHo 3a hopmynoio (2), koedilieHT
Hebe3nekn — 3a chopmynoto (4), BiANOBIAHO JO METOLUYHMX
pekoMeHaauii «OuiHka py3nKiB Ans 300pOB’st NPALIiBHUKIB Bif
3a0pyAHEHHs! NOBITPS1 POBOYOT 30HW XIMIYHUMU PEYOBUHAMMY.
TakoX 3a 3anponOHOBaHOK METOAMKO 06paxoBaHO YacTKy
(Fraction, F) 34 okpemux poamipie (C,) y ckriagi saranbHoi Maco-
BOI KoHUeHTpaii 34 (C,_,.,) MpoMKMCIIoBoro aeposorio, BUMIPAHOMo
Ha PM npaujiBHuka 3a hopmynamu:

Fi = Ci / Ctota\ (6)

n Fi=1. (7)
HexaHLieporeHHmit puavik (R ) OLIHEHO, BPaXoByto4i MOKa3HM-

KW HAANWLLKOBOIO XMTTEBOTO HEKAHLIEPOTEHHOTO PUSMKY PI3HNX
3a poamipom yacTuHok (ELNCR)) Ta yactku (F ) 34 pisHux pos-

MipiB y cknagi 3aranbHoi MacoBOi KOHLIEHTPaLLii 3a (hopMymoo:
R=ELNCR x F.. (8)

3araribHuii NMoKasHUK HekaHLeporeHHoro puamky (R ) Bu-
3HAYEHO LLIMAXOM MifCYMOBYBaHHS iIHAMBIAYamnbHIX pUankis (R),
06paxoBaHuMX Ans KoxHoi dopakuii 34 pizHnx po3mipis. [4ns Liboro
BUKOpUCTanu hopmyny:

R R )

=5
total =1

Ha 3aBepLuanbHOMY eTani OLiHIOBaHHS HEKaHLEPOreHHOro
py3iKy 3anpornoHoBaHo obpaxosyBaTu BigHOCHWI pu3uk (RR) 3a
chopmyroio (10), SKkuin Aae 3MOry KinbKICHO BUSHAYNTK, Y CKiflbKU
pasiB HekaHLeporeHHuin pusnk Ha PM npauisHuka (R, ) ne-
peBWLLYE (HOHOBUI PiBEHb, XapakTEpHUI ANt YMOB, A€ HEMae
xepen yTBopeHHs YU (R

i Kourponb)'

RR=R _../R (10)

i Ha PM i KOHTpONb

CTaTUCTMYHWI aHani3 JaHuX 34IMCHUNW 3 BUKOPUCTAH-
HSIM NiLeH3iltHoro nporpamHoro naketa Statistica Bepcis
13 (Copyright 19842018 TIBCO Software Inc., niueHsis
Ne JPZ8041382130ARCN10-J). inst nepe.ipku BignoBigHoCTi
3aKOHY HOPMaIbHOTO PO3NOAINY KinbKICHNX MOKa3HWKIB 3aCTOCO-
BaHo kpuTepint LLlanipo-Binka. Ockinbkv po3noAin ycix nokasHukis
He BigNoOBIgaB HOPMaribHOMY 3aKOHY, OMUCOBY CTATUCTUKY HaBe-
[EHO Sk MefjiaHy Ta MikkapTUNbHUIA poamax — Me (Q25; Q75).
CTaTUCTUYHY 3HaYYLLiCTb BiAMIHHOCTEN MiX rpynamu, Lo no-
piBHIOBanNK, oLiHeHO 3a gonomoroto U-kputepito MaHHa—BiTHi.
BiporigHnmu BBaxxanu BigMiHHOCTI npw piBHi 3HavyLwocTi p < 0,05.

Pe3yabtatu

Y pesynbtari JoCnimKeHHs BMICTY 3BaxeHux YOY y NP3 npa-
LiBHVKIB METanypriiHOro NigNPUEMCTBA BOHW BU3HAYEHI Y PI3HNX
KiNbKICHWX KOHLIEHTPaLisiX. Tak, Ha PM cTaneBapa MapTeHiBCbKOi
neui KinbkicHa KOHLEHTPaLis 3BaxeHux Y4 ctaHosuna 6,9 x 10*
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Tabauus 1. XimiuHuit ckaap 3BaxeHnx YA y NP3 npaviBHWUKIB METAAYPriMHOTO MIAMPUEMCTBA Ha Pi3HUX AINTHKaX

Ximiyuit | CTaneBap MapTeHiBCLKOI nevi [opHOBMIA [OMEHHOI nevi ArnomepaTtHuk raK
eriemMeHT
Min / max Me Min / max Me Min / max Me

(Q25; Q75) (Q25; Q75) (Q25; Q75)

Al 0,0006/0,0050 |0,0020 0,0093/0,0007 |0,0038 0,0007/0,0060 |0,004 6,0
(0,0012; 0,0035) (0,0013; 0,0075) (0,001; 0,006)

Ca 0,003 /0,004 0,0040 - - - - 1,0
(0,0039; 0,0040)

Fe - - 0,007 /0,010 0,007 0,0017/0,0043 {0,003 6,0

(0,007; 0,008) (0,002; 0,004)

Mg 0,002/0,007 0,0029 0,002 /0,009 0,006 0,0011/0,0030 0,0020 4,0
(0,002; 0,005) (0,005; 0,007) (0,0017; 0,0020)

Si 0,26/0,50 0,38 0,590/0,799 0,640 - - 1,0
(0,34; 0,44) (0,620; 0,699)

P - - 0,10/0,53 0,18 0,39/0,64 0,49 0,2

(0,14, 0,38) (0,42; 0,58)

Cr 1,61/2,25 1,72 1,12/1,89 1,36 1,30/2,24 1,77 1,0
(1,66; 1,88) (1,33;1,81) (1,32; 2,21)

Ni 0,80/2,94 1,14 0,88/2,54 1,55 3,40/3,64 3,52 0,05
(0,99; 1,64) (1,12; 1,60) (3,44; 3,61)

FOK: 3rigHo 3 «[lepaBHUMU MeaMKO-CaHITapHUMI HopMaTUBamu AONYCTUMOTO BMICTY XiMiYHMX PEYOBMH Y MOBITPI poBo40i 30HWY, WO 3aTBepmiXeHi Hakasom

MO3 Ykpaitu sin 09.07.2024 p. Ne 1194,

(4,0x10% 8,0 x 10%), gianasoH —Big 1,7 x 10* o 2,6 x 10° yactu-
Hok/cm®. Y TIP3 ropHOBOTO IOMEHHOI Mevi KiNlbKiCHa KOHLIEHTpaLLis
craHoBuna 5,1 x 104 (4,5 x 104 7,8 x 10%) 3 konuBaHHAM y Mexax
Big 3,9 x 10* mo 2,2 x 10% yacTuHok/cm®. [Ins arnomeparHuka
arnoMepaLifnHoro Liexy KirbkicHa KoHLeHTpaLis 3BaxeHux Y4
HalMeHLua, cTaHoBuna 2,4 x 104 (2,1 x 10% 5,1 x 10*), gianasoH
—-Bin 2,1 x 10* o 7,6 x 10* yacTuHok/cm®. 3aranbHi NOKa3HUKM
KinbKiCHOT KOHLieHTpalLlii 3BaxeHux Y4 ycix npauiBHukiB nepe-
BULLLYBan¥ BiANOBIAHWIA NokasHWK Ans PM npaLiBHUKIB KOHTPOMIO
1,5 x 104 (1,45 x 10% 1,6 x 10*): y 4,6 pa3a (p < 0,001) — ons
PM cranesapa mapTeHiscbkol nevi; y 3,4 pasa (p < 0,001) — ans
PM ropHoBoro gomMeHHoi nevi; B 1,6 pasa (p < 0,001) — ana PM
arnomeparHuka. lNMopiBHSHO 3 KOHTPONEM CTATUCTUYHO BIPOriAHO
OinbLwot Ans BCix NpauiBHUKIB Oyna KinbkicHa KOHLEHTpaLlist
3saxeHnx Y4 poamipom 11-154 Hm (p < 0,05), YactuHku Ginb-
LLIOrO PO3MIpY He Manu CTaTUCTUYHO BipOrigHUX BiAMIHHOCTEN.

Y pesynbrati JOCNIIKEHHS XIMIYHOMO CKNagy 3BaXeHUX
(3aBucnunx) Y4 npoMm1cnoBoro aepo3orio BCTAHOBMEHO, L0
[0 cknady 34 Bxomunun pisHi XiMiuHi pedosuHN (mabn. 1). Ix
BMICT OLjiHIOBanM 3rigHo 3 «[lepXaBH1MU MeANKO-CaHITapHUMK
HopMaTBaMmm JOMyCTUMOrO BMICTY XiMIYHUX PEYOBMH Y MOBITPI
poboyoi 30HMY, ski 3aTBepmKeHi Hakazom MO3 Ykpainu Bia
09.07.2024 p. Ne 1194.

BcraHoBneHo, wo nepesuierHs MK y NP3 BusHaveHo
3a BMicToM pocchopy Ha PM arnomepatHuka — y 2,45 pasa;
3a BMicTOM xpoMy Ha PM cTanesapa MapTeHIBCbKOI nevi — B
1,72 pasa, Ha PM ropHoBoro JomMeHHoi nevi — B 1,36 pasa, Ha
PM arnomepatHuka — B 1,77 pasa; 3a BMICTOM Hikeno Ha PM
CTaneBapa MapTeHiBCbKoi nevi — y 22,8 pasa, Ha PM ropHoBoro
JoMeHHoi nevi —y 31 pas, Ha PM arnomepatHuka —y 70 pasis.
[HLLi XimMivHi enemeHTK, BusiBneHi B NP3, He Manu nepeBuLLEHHS

I'OK Ta BianoBiganu ririeHiYHMM BUMOram BifnoBIAHO 0 YMHHUX
HopmaTyBiB. BTiM, 3ayBaxMMO, LLIO BU3HAYEHI XIMIYHI pE4OBUHM
MictaTbes y NP3 y HaHOPO3MIpHOMY [ianasoHi, i Le nigsuiLye
PW3VK PO3BUTKY HEFATUBHWX HACMiAKiB HABITb O3 NepeByLLEHHS!
roK.

Haronocumo, wwo y NP3 npaLisHukiB MeTanypriiHoro nignpu-
€MCTBA MICTATbCS KaHLEPOreHHi PEYOBMHM, LLO, 3a AaHUMKU Mix-
HapoaHoI areHLi 3 BuB4eHHs paky (MABP), Hanexatb o nepLuol
rpynu (6e3yMOBHO KaHLiEpPOreHHi 4151 IIOAUHM) — XPOM, @ Takox
apyroi rpynu A (MMOBIPHO, KaHLepOreHHi AN MOANHM) — HiKenb.

Y pesynsrati 0bpaxyHKy KaHLEPOreHHOTO pU3VKy BU3HAYEHO
CEPEIHH0 KOHLIEHTPALIit0 XpOMY 32 BECh Mepios YCepeaHEHHS BMu-
BY ANs CTaneBapa MapTeHIBCLKOI Mevi Ha pobo4oMy MarnaaHumMKy
nig vac nnaenerHs ctani — LADD = 7,24 x 102 mr/(kr x goby); ans
arnoMeparHuka arnomepawinHoi mawunHu Ne 1y nyneti ynpas-
niHHA Nig Yac cnikaHHs armomepary — 7,22 x 102mr/(kr x gody),
LS arnoMepaTHKa Y roroBHil YacTuHI arnoMepaLliiHOT MaLLUHW
Ne 1 npu 3aBaHTaXyBaHHi WnXTV — 5,22 x 102mr/(kr x goby); Ans
arnoMeparHuka y XBOCTOBI YaCTUHI arnomepaLiiHoi MaLlnHK
Ne 1 — 4,69 x 102 mr/(kr x goby); ANs rOPHOBOrO JOMEHHOI
nevi Nig Yac NNaBNeHHs! YaByHy Ha NIMBApPHOMY MaiLaH4uKy —
5,73 x 102 mr/(kr x poby).

BenuuuHa iHguBigyansHoro kaHueporeHHoro pusiky (ICR)
B} BNIMBY XpOMY, LU0 0BpaxyBanu, CTaHOBWNa 4151 cTanesapa
MapTeHiBCbKOT nevi 3,04 (BUCOKMI piBEHb PU3KKY), ANst arriome-
paTHWKa B NynbTi ynpaeniHHA nig yac cnikaHHs arnomepaty — 3,03
(BMCOKMI piBEHb PU3WKY), A5 arrIOMEPaTHUKA Y FOMOBHIIN YaCTUHI
arnomepadinHoi MaLumHy Ne 1 npu 3aBaHTaxyBaHHi LUMXTM—2,19
(BMCOKMI piBEHb PU3MKY), ANS arMOMepaTHIKa Y XBOCTOBIN YacTu-
Hi arnomepaLliiHoi MaLLmHm Ne 1 — 1,97 (BUCOKUiA piBEHb PU3KKY ),
[Nsi FOPHOBOrO JOMEHHOI nevi — 2,40 (BUCOKUIA PiBEHb PU3MKY).
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B ArnomepaTHuK ® KoHTponb

Puc. 1. KoeoiuieHTv Hebesneku (HQ) Bia BnAuBY 3BaxeHKx YAY Ha PM npaLliBHUKIB METaAYPriiHOTO NiANPUEMCTBA.

Y pesynsrati 0bpaxyHKy KaHLEPOreHHOTO pU3yKy BU3HAYEHO
CepefHio KOHLEHTPaLito HIKENO 3a BECb Mepiog YCepeaHeHHs
BMMBY ANsi CTanesapa Ha pobo4oMy MaiaaHuMKy MapTeHIBCHKOI
nevi nig yac nnaenexHs ctani — LADD = 4,81 x 102 mr/(kr x goby);
[ns arnomeparHuka arnoMepaLlinHol MatlmHu Ne 1'y nynsTi ynpas-
niHHA Nig Yac cnikaHHs arnomeparty — 5,84 x 102 mr/(kr x 4oby);
LS arnoMepaTHuKa Y roroBHil YacTuHI arnomMepaLliiHol MaLLUHI
Ne 1 npu 3aBaHTaxyBaHHi LwuxTvi — 1,03 x 10" mr/(kr x £oby); Ans
arnoMeparHuka y XBOCTOBI YaCTUHI arnomepaLiiHoi MaLUnHK
Ne 1 - 7,40 x 102 wmr/(kr x goby); Ansi ropHOBOTO LOMEHHOI
nevi Nig Yyac NnaBneHHs YaByHY Ha NMBApHOMY MaiiLaH4uKy —
6,48 x 102 mr/(kr x po6y).

BenuuwnHa iHgmBigyansHoro kaHueporeHHoro puauky (ICR)
BiJ BNNWBY HIKENO CTaHOBMNA 151 CTaneBapa MapTEHIBCLKOI nevi
4,38 x 102 (BICOKIIA piBEHb PU3KKY); ANS aroMepaTHyIKa B NyribTi
ynpaBniHHs Nig Yac cnikaHHs arnomepary — 5,31 x 102 (Bucokui
piBEHb PU3WKY); ANS arMOMepaTHUKa Y FOMOBHIN YaCTWHI armome-
pauiiHoi MaLuHm Ne 1 npu 3aBaHTaxyBaHHi WXt — 9,41 x 102
(BMCOKMI piBEHb PU3NKY); ANS armomMepaTHUKa Y XBOCTOBIN
yacTuHi arnomepadinHoi MawwmHu Ne 1 — 6,73 x 102 (Bucokuin
piBEHb PU3MKY); AN FOPHOBOMO AOMEHHOI meyi — 5,90 x 107
(BMCOKMIA piBEHb PU3NKY).

PaHxXyBaHHS CyMapHUX KaHLEpOreHHWX puauki Take: PM
arriomeparHuka B nynbti ynpasnitHa (R . = 3,09) Ta PM cra-
neeapa MapTeHiBcbKoi nevi (R = 3,09) > PM arnomepatHuka

total

Y TOMOBHIi YacTuHi arnomepauiintoi MawmHn (R =2,29) > PM
FOPHOBOrO JOMeHHoi nevi (R, = 2,46) > PM arnomepathuka y
XBOCTOBI YaCTuHi arnomepaviiiHoi Mawmnm (R = 2,04).

OBumcneHi koedillieHTn Hebeanekn ans 3BaxeHnx Y4 Ha
PM npauiBHuKiB MeTanyprinHoro nignpuMeMCTBa HaBedeHo Ha
puc. 1. BcTaHOBNEHO, LU0 BCi 064mMcneHi koedilieHTy Hebeanekw
nepesuLLyBany gonyctumi (HQ 21) piBHi pu3mky, kpim npaLiBHuKiB
KOHTPOMBHOI rPynK, siKi HEe Manu [kepen YTBOPEHHS 3BAKEHNX
YO4 Ha PM. [Ina arnmomepaTtHuKIB koedillieHT Hebeaneku ans

34, 110 MiCTATb XiMiYHI eneMeHTH 3i LMNbHICTIO <6 Kr/M®, Takox
He NepeBuLLYyBaB JOMYCTUMUIA PIBEHb PU3VKY.

3a MeTOaMKOM, L0 3anponoHyBarnu, 064MUCIIEHO NOKa3HKKM
HeKaHLIepOreHHOro py3unKy Ans CTaneBapa MapTeHIBCbKOI nevi.
Pesynbrati HaBefeHo B mabnuyj 2.

Y pe3ynbraTi OLiHIBaHHS HEKaHLEPOreHHOro puanky Ha PM
cTaneBapa MapTeHIBCbKOI Medi BCTAHOBMEHO, L0 HanbinbLLMIA
BIOHOCHWIA PU3WK — Bif, YaCTUHOK po3MipoM Big 36 HM o 115 Hw;
MaKCUMasbHy KpaTHICTb NEPEBMLLEHHS Marni YacTVHKY PO3MIpOM
68 Hm (y 3120 pasis) Ta 48 HM (y 2366 pasis) (puc. 2). 34 iHwmx
PO3MIpIB Masny NEepeBULLEHHS PU3MKY NOPIBHSHO 3 KOHTPONEM
y mexax Big 12 go 98 pasis. 3saxeHi YOY 6inbLioro posmipy
(>205 Hm), 3a pesynbratamu gocnigkenHs NP3 ctanesapa
MapTEHIBCLKOI Mevi, He BU3HAYEHO.

3ararbHuit NOKasHUK HekaHUeporeHHoro puanky (R )
ans 3saxeHux Y4 npomucnoBoro aepo3onio, Lo MIiCTUTLCS
y NP3 cTaneeapa mapTeHiBcbkoi nevi, craHosus 3,29 x 107
MKr/(kr x po0y); 3ararnbHuiA piBeHb HEKAHLEPOreHHOTo pu3n-
Ky (R,,) 4nA NpauiBHUKIB KOHTPONbHOI rpynu — 1,34 x 107
MK/(Kr X Bo0Y); KpaTHICTb NEPEBULLIEHHS PIBHS PU3KKY Ha LIbOMY
PM nopiBHSIHO 3 kOHTporeM — Yy 2248 pasa.

OBumcneHi NoKasHUKM HEKaHLLEPOreHHOro PU3MKY 3anexHo
Bif, PO3MIpY 3BXKEHMX YACTUHOK A4S FOPHOBOTO AOMEHHOI nevi
HaBeneHo B mabnuui 3.

Ha PM ropHoBOro JOMEHHOI nevi Haibinblui piBHI pu3mkiB
BCTAHOBIMEHI AN YaCTMHOK po3MipoM 11 HM (KpaTHiCTb nepe-
BULLEHHS — y 1335,9 pasa), 15 HM (KpaTHICTb NePeBULLEHHS —
624,4 pa3a), 48 HM (kpaTHICTb NepeBuLLEHHS — y 666,3 pa3a) Ta
YaCTMHOK PO3MipoM 64 HM (KpaTHiCTb nepeBuLLeHHs — y 401,0
pasa) (puc. 3). 34 po3mipom 273 Hm i 365 HM Ha PM ropHoBoro
JIOMEHHOI Nevi nif, Yac JOCNiAKEHHS HE BU3HAYEHO.

3aranbHui MokasHuK HekaHueporeHHoro pusnky (R, .)
ansa 3saxeHux Y4 npommucroBoro aeposonto, Lo BCTaHOB-
nenuit y NP3 ropHoBoro fomMeHHoI nevi, ctaHosms 8,33 x 107
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Tabauus 2. MoKa3HUKKM HEKAHLEPOTEHHOTO PU3NKY AN CTaneBapa MapTEHIBCbKOI Nevi 3aAeXHO Bia po3Mipy 3BaxeHnx YAY npoMMCAOBOro

aepo30A0

Poamip, HM LADD, mkr/(kr x go6y) ELNCR, mkr/(kr x no6y) R, mkr/(kr x Bo6y) RR
CraneBap KoHTponb CraneBap KoHTtponb CraneBap KoHTponb

1" 0,000115 1,38 x 10° 4,46 x 10 1,86 x 10° 1,82 x 10° 1,85 x 10 98,4
15 0,000367 8,71 x10° 7,51 x 102 1,06 x 10 9,80 x 10 6,70 x 107 14,6
20 0,000980 0,000247 6,76 x 10 1,07 x 10 2,36 x 10% 1,93 x 10°® 12,2
27 0,005719 0,000820 3,87 x 10" 1,99 x 10 7,88 x 10 1,18 x 10° 66,6
36 0,026796 0,001730 1,50 1,57 x 102 1,43 x 10 1,97 x 10° 7294
48 0,085896 0,003747 1,60 7,60 x 103 4,88 x 10? 2,06 x 10° 2366,2
64 0,258266 0,010276 6,43 x 10" 2,54 x10° 5,91 x 10?2 1,89 x 10° 3120,2
86 0,569409 0,034805 5,44 x 10 5,08 x 103 1,10 x 10" 1,28 x 10 860,7
115 0,916459 0,051728 2,46 x 101 3,63 x 103 8,01 x 10? 2,52 x 104 3184
154 0,946299 0,103444 4,65 x 10 2,60 x 10° 1,57 x 10 3,65 x 10 42,9
205 - 0,206801 - 1,43 x10° - 3,11 x10* 0
273 - 0,413354 - 5,93 x 10+ - 1,52 x 10 0
365 - 0,825888 - 2,27 x 10* - 6,36 x 10° 0
3aranbHuit 2,81 1,65 1,77 x 10 1,32 x 102 3,29 x 10 1,34 x 10" 2248

Tabauusa 3. MoKasHUKKM HEKAHLIEPOTEHHOTO PU3MKY AAS TOPHOBOMO AOMEHHOT Nyl 3aAeXHO BiA PO3MipY 3BaxeHnx YAY NpoMUCAOBOTO aepO30AKD

Po3wmip, HM LADD, mkr/(kr x nooy) ELNCR, mkr/(kr x no6y) R, mkr/(kr x noGy) RR
[opHoBMIA KoHTponb FopHoBMIA KonTponb FopHoBui KoHTponb
" 0,000269 1,38 x 10° 2,47 x 101 1,86 x 10° 247 x10° 1,85 x 10 1335,9
15 0,001260 8,71 x10% 8,92 x 10" 1,06 x 10 418 x 104 6,70 x 107 6244
20 0,002595 0,000247 4,73 x 101 1,07 x 10? 4,56 x 104 1,93 x 10°® 2371
27 0,006647 0,000820 5,23 x 10" 1,99 x 102 1,29 x 108 1,18 x 10° 109,5
36 0,019587 0,001730 8,04 x 10 1,57 x 10?2 5,86 x 10° 1,97 x 10° 2978
48 0,055472 0,003747 6,66 x 10 7,60 x 103 1,37 x 10 2,06 x 10° 666,3
64 0,128422 0,010276 1,59 x 10 2,54 x10° 7,59 x 10° 1,89 x 10° 401,0
86 0,296896 0,034805 1,48 x 10 5,08 x 103 1,63 x 10 1,28 x 10 127,5
115 0,598136 0,051728 1,05 x 10 3,63 %103 2,33 x10? 2,52 x 104 92,5
154 0,877691 0,103444 4,00 x 10 2,60 x 10° 1,31 x 10 3,65 x 10 358
205 0,701298 0,206801 4,53 x10° 1,43 x10° 1,18 x 10 3,11 x10* 38
273 - 0,413354 - 5,93 x 10+ - 1,52 x 10 -
365 - 0,825888 - 2,27 x 10* - 6,36 x 10° -
3aranbHuit 2,69 1,65 1,50 x 10 1,32 x 10? 8,33 x 10 1,34 x 10" 61,9

MKr/(kr x noby), 3aranbHuiA piBEHb HEKAHLIEPOTEHHOro pU3m-
KY (R, AN NpauiBHNKIB KOHTPONbHOI rpynu — 1,34 x 107
MKT/(Kr % OBY); KpaTHICTb NEPEBULLEHHS] PIBHS PU3NKY Ha LIbOMY
pobo4omy MicLi NOPIBHAHO 3 KOHTPONeM —y 61,9 pasa.

Pesynbratit OUiHKOBaHHS HEKaHLIEPOreHHOro puaunky ans PM
arnomeparHuka HaBefeHo B mabnuui 4.

Ha PM arnomeparHuka B arnomepauitHomy Liexy Hainbinb-
Li PiBHI PU3MKIB BCTAHOBMEHO AN YaCTUHOK po3mipoM 11 HM
(kpaTHiCcTb NepeBuLLEHHS — Y 57 pasiB) Ta 34 poamipom 36 HM
(kpaTHicTb nepeuLLeHHs —y 118,9 pasa), 48 HM (kpaTHicTb nepe-
BULLEHHS — Y 331,2 pa3a) Ta 64 HM (KpaTHICTb NEPEBULLEHHS — Y
1574 pasa) (puc. 4). 34 po3mipom 273 Hm Ha PM arnomepatHuka
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Puc. 2. BipHocHMI pu3nk (RR) abo KpaTHiCTb NEPEBULLEHHA 3BaxeHKx YAY pisHoro po3mipy Ha PM craneBapa MapTeHiBCbKOI nevi
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Puc. 3. BiaHocHuMI puamnk (RR) abo KpaTHicTb NepeBULLEHHS 3BaxeHWx YAY pi3Horo po3mipy Ha PM ropHOBOro AOMeHOI neyi nopiBHAHO
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Puc. 4. BiaHocHuI pu3unk (RR) abo KpaTHICTb NepeBuLLEHHS 3BaxeHKx YAY pidHoro poamipy Ha PM arnomepaTHUKa MopiBHSHO 3 KOHTPOAEM.
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TabAnus 4. MoKa3HUKI HEKAHLIEPOreHHOTO PU3MKY AASl aTAOMEPATHMKA 3AAEXHO BiA PO3MIpY 3BaXeHWX YAY NpOMUCAOBOMO aepO30AID

Poamip, HM LADD, mkr/(kr x go6y) ELNCR, mkr/(kr x no6y) R, mkr/(kr x no6y) RR
Arnomepathuk | KoHtponb ArnomepatHuk | KoHTponb Arnomepathuk | KoHtponb
1" 5,61 x10° 1,38 x 10° 1,63 x 102 1,86 x 10° 1,06 x 10 1,85 x 10° 57,0
15 0,000192 8,71 x10° 3,02 x 102 1,06 x 102 6,70 x 10 6,70 x 107 99
20 0,000369 0,000247 1,35 x 10 1,07 x 10 5,75 x 10% 1,93 x 10°® 29
27 0,002053 0,000820 7,14 x 102 1,99 x 10 1,69 x 10 1,18 x 10° 14,3
36 0,008785 0,001730 2,31E-01 1,57 x 102 2,34 x10° 1,97 x 10° 118,9
48 0,026764 0,003747 2,21E-01 7,60 x 103 6,83 x 10° 2,06 x 10° 3312
64 0,057258 0,010276 451 x10? 2,54 x10° 2,98 x10° 1,89 x 10° 157,4
86 0,105339 0,034805 2,66 x 10 5,08 x 103 3,23 x 103 1,28 x 10 252
115 0,148823 0,051728 9,26 x 103 3,63 x 103 1,59 x 108 2,52 x 104 6,3
154 0,142477 0,103444 1,51 x10° 2,60 x 10° 247 x10* 3,65 x 10 0,7
205 0,045617 0,206801 2,74 x 10% 1,43 x 10° 1,44 x 10°® 3,11 x10* 0,004
273 - 0,413354 - 5,93 x 10+ - 1,52 x 10 -
365 0,329778 0,825888 4,43 x10° 2,27 x 10* 1,68 x 10° 6,36 x 10° 0,3
3aranbHuit 0,86 1,65 2,01 x 102 1,32 x 10?2 1,74 x 107 1,34 x 10" 12,9

nig Yac JOCNiMKeHHS He BU3HayeHo. 34 iHWMX po3mipiB manu
HesHauHi nepesuLLeHHs (Big 0,004 go 25,2 pasa).

3ararnbHIi NokasHuK HexkaHLeporeHHoro puanky (R ) Ans
3saxeHnx Y4 npomucrioBoro aepo3onto, o mictutses y NP3
arnomeparHuka, ctaHoBus 1,74 x 102 mkr/(kr x goby), 3ararb-
HUA piBeHb HekaHLeporeHHoro puanky (R ) Anst npaisHukis
KOHTpOnbHOI rpynn — 1,34 x 10" mkr/(kr x goby); KpaTHiCTb
NepeBULLEHHS PIBHA pU3MKY Ha LbOMY PM MOPIBHAHO 3 KOHT-
ponem -y 12,9 pasa.

06roBopeHHA

Pesynbratin SOCTIMKEHHS MiATBEPIKYIOTH HASIBHICTb 3BaXeE-
Hux YOY 'y NP3 npauiBHukiB MeTanypriitHoro nignpuemcTaa nig
yac BUCOKOTEPMIYHMX MPOLIECIB 3 BUrOTOBMEHHS arnoMepary,
yaByHy Ta cTani. Lli gaHi 3GiratoTbCst 3 pesynsratamu, siki BCTaHOB-
NeHi nig vac nonepeaHix jocnimxeHs [7,13]. BctaHoBNeHO BUCOKY
KinbKiCHY KOHLeHTpauito 34 ynbTpagucnepcHoro fianasoHy y
MP3 npauiBHUKIB Mig Yac NUTTS Ta NNaBNeHHs MeTany; Ui AaHi
MiATBEPAKEHO 3a JaHUMM HALIOTO AOCAimXeHHs. [ocnigHuku
BCTaHOBWIH, LLIO Cepen MeTanis, siki Bxogunm o cknaagy 34, — Fe,
Zn, MniPb, gewo meHwwe —Al, Cu, Ni. Y Hawwomy gocnimkenHi 34
mictunn Cr, Ni, Si Ta P y HanbinbLimx koHueHTpauisx, Al, Ca, Fe
Ta Mg —y MeHLumx. Taki BigMiHHOCTI XiMiYHOTO ckragy 34 MoXyTb
3anexaru Bif TEXHOMOMYHOM NPOLIECY, & TAKOX TWM, LLO AOCTi-
[PKEHHS 30iMCHEHO Mif Yac Pi3HNX eTaniB BUPOOHUYOTO LMKAY.

Y pocnimkenHi R. Jan et al. [14] obpaxoBaHo koediLlieHTH
Hebe3nekm Ta kaHLEPOreHHi pU3nKk1 Ans HaCeneHHs Meranonicy
Bifi BNNMBY 3BaXEHIX YaCTUHOK dppakLiieto PM, . Ta PM, i3 pisHum
XiMIYHUM CKMaZoM, LLO YTBOPIOKTLCS Nif, Yac BUKWAIB NpoMuc-
NOBMX NiANPUEMCTB, CNanoBaHHs BYrinns, poboTu TpaHCnopTy
ToLO. BcTaHoBMeEHo, Lo koedillieHT Hebe3nekm Ansi pisHX 3a

XiMiYHMM cknagom 34 nepeBuLLyBany OAUHULO, @ 06paxoBaHi
KaHLEepOoreHi puankv Manm nepesnLLEHHS ONYCTUMMX piBHIB. g
yac Halloro JocnimkeHHs 0bpaxoBaHo koedilieHT Hebeanekm
Ta KaHUeporeHi pusvku ans 3saxernx YOY (HaHoposmipHMi
JianasoH) Ha PM npauiBHWKIB MeTanypriiHoro BUpoOHWLTBA,
ki nepebysaioTb y 6e3nocepenHin 6rM3bkoCTi Big mxepen ix
yTBOPEHHS. Lli koedbiLlieHTn Hebe3nekm nepeBuLLYBan OQUHULI,
a OTXe € 3aBNUCOKMMMU.

Mig yac gocnimkeHHs, Wwo 3gincHnmm S. Jena at al. [15], oui-
HIOBAmNW KaHLIePOreHHi pU3nku y ripHU40a0BYBHIl MPOMUCIIOBOCTI.
Y pesynbTati BCTaHOBMEHO BUCOKI PiBHI PU3VKIB 415 MpaLiBHVKIB
Liei ranys3i. MokasHuky, Lo BCTAHOBMEHI MiJ Yac HaLoro Jocni-
[PKEeHHs, o0 KaHueporeHHux puawkis ans Cr 1a Ni, Tak camo,
K i B npaui [15], manwn BUCOKi piBHI ANst BCIX NpaLjiBHUKIB.

KaHueporeHHi Ta HeKaHLePOreHHi pU3VKW Anst OKPEMMX XiMiy-
HWX peyoBuH y NP3 MeTanypriiHoro nignpueMcTea 0bpaxoBaHo
y npaui R. Esmaeili et al. [16]. ABTopu BCTaHOBUMM, LIO ANS
ornepaTopiB JOMEHHOI Nedi piBeHb KaHLeporeHHoro puanky Ni
NPUAHSTHUIA, a BiANOBIAHWIA NOKa3HWK Ans Cr — HENPUAHATHWIA.
Kpim Toro, y GinbLocTi onepaTtopiB BU3HAYEHO BUCOKMIA PiBEHb
HekaHLeporeHHoro pusuky Mn ta Fe. JocnimxeHHs, ske mMu
3AINCHUNK, BIOPISHAETHCSA TUM, LLO BU3HAYEHO HEKAHLIEPOreHHi
puavkn ons 3saxeHnx YOY komBiHOBaHOMO XiMiYHOMO cknagy
came Y HaHOPO3MiPHOMY AjanasoHi.

KaHLeporeHHi puayiki OKpeEMO ANst PiHUX KaHLEPOTEHIB, L0
mictaTbes y MP3 npauiBHuKiB, 3anponoHOBaHO 0bpaxoByBaTH
3 BUKOPUCTaHHAM KoedpilieHTa poamipy Y4 Ta koediuieHTa
TOKCWYHOCTI [17]. Y HalloMy JoCMimKeHHi, Ha BigMIHY Bif LibO-
ro, 3anpOMOHOBAHO OLiHIOBATU HEKAHLEPOTEHHI PU3NKN AN
3BaxeHnx Y4 komBiHOBaHOro XiMiYHOMO cknady Ans pisHuMX 3a
po3mipom 34 3 BU3HaUYeHHAM HanbinbLL HebesneyHyx. 3a JaHnMm
¢haxoBoi nitepatypu [8,9,10], soBeaeHo: came po3mip 34 Bnnu-
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BA€ Ha PiBEHb iXHbOI TOKCUMYHOCTI. [1ig Yac HaLOro AOoCnimKeHHs
064MCnEHO i BCTAHOBNEHO KPATHICTb MEPEBULLEHHS 3aranbHOI
KinbKiCHOI KOHLeHTpaUii 3BaxeHux Y4 Ha PM npaujBHukiB Ha
Pi3HMX AinsHKax MeTanyprinHoro nignpueMcTBa NopiBHAHO 3
KOHTpOIbHO rpynot. Kpim Toro, Bu3HaveHo po3mip 34, wo
MatoTb HaMBULLIMI PiBEHb PU3VKY ANS NPaLiBHUKIB.

3ayBaxmmo, LLIO Lit0 METOAMKY MOXHa BUKOPUCTOBYBATH ANS
00paxyHKy 1 OLiHtOBaHHs praukiB Ha ogHoMy PM nig vac pisHux
TEXHOMOrYHMX onepaLin, Ha pisHux PM 3 yTBOpEHHSIM npomuc-
NOBOr0 aep030nto KOHAEHCALLiT 1M AesiHTerpaLii 45 BU3Ha4YeHHS
BinbL HebesnewHnx PM yu TexHonoriyHmx npovecis. OTpumMaHi
[aHi Hagani MOXHa BMKOPUCTOBYBATW B CUCTEMI YnpaBniHHS
npocecitHUMM pu3nkamu Big BNAuBY yrnstpagucnepcHnx 34 Ha
MignpUeEMCTBax MeTanypriiHoi Ta iHLWKX ray3ei NpOMUCIOBOCTI.

OTxe, 3a pesynsratamu JOCHIMKEHHS!, BU3HAYEHHS pO3Mipy
34 Ta ixHboro ximivHoro ckrnagy Tpeba BBaxatu HeobXigHUM
€TanoMm Ans oLiHoBaHHS NPOGECIHOTO PU3VKY Ha MPOMICIIOBMX
nianpuemMCTBax, Ae € TEXHOMOrYHi yMOBU ANS iX YTBOPEHHS. Lle
[acTb 3MOry OTpUMaTh HeoOXiaHY iHpOPMALLtO LLIOAO MOXITMBIX
PU3MKIB A5 300POB’S NPaLiBHUKIB.

BucHoBKkH

1. Mig Yac BMroTOBREHHS arfiomeparty, YaByHy Ta cTani B
NP3 BMBINbHAETLCA 3HAYHA KiNbKICTb 3BaxeHUx Y. 3aransHa
KinbKicTb 3BaxeHnx Y4 nig yac BMpoGHMUTBA arnomepary,
YaByHy Ta CTani CTaTUCTUYHO AO0CTOBIpHO Ginbwa (p < 0,001)
MOPIBHSIHO 3 MOKa3HMKamM, Lo BCTaHOBMeEHi Ha PM npauiBHukiB
KOHTPOIBHOI rPyNit; CTaTUCTUYHO BIPOTiAHY PI3HULIEO BCTAHOBMEHO
ans 34 poamipom Big 11 HM Ao 154 Hwm.

2. 3BaxeHi YO, wo mictunuca B NP3, Bknovanu Taki Xi-
miuHi enemenTu: Al, Fe, Mg, Si, P, Ca, Cr Ta Ni. Lle 3ymoBneHo
0COBMMBOCTAMM TEXHOMOMYHOTO MPOLIECY Ha Pi3HMX AinsHKax
BUpoOHMLTBA. 3HauHi nepesuweHHs TOK 'y MP3 Beix npaviBHukiB
Manm XiMi4Hi pe4OBWHU, L0 HanexaTb A0 kaHueporeHis (Cr ta Ni).

3. OBunCNEHO NOKA3HMKN KaHLLEPOTEHHOTO PU3KKY Bif
BNAMBY XPOMY Ta HiKENK ANns CTanesapa MapTEHiBCbKOI Nevi
(ICR,=4,38x10%ICR = 3,04), arnomeparHuka Ha AinaHLi cni-
kaHHs arnomepary (ICR , =5,31x102-9,41x 107 ICR ,=1,97-
3,03) Ta ropHoBoro gomeHHoi nedi (ICR. = 5,90 x 107
ICR,; =2,40). Ha niacTasi umx AaH1X BU3HA4YEHO BUCOKUN piBEHb
PU3NKY.

4. KoediuieHTn Hebesnekn (HQ) Big Bnnmsy 3BaxeHux Y4
3i LWiNbHICTIO eneMeHTiB >6 kr/m® Ta <6 Kkr/m® maitxe Ans BCiX
MpaLiBHWKIB NEPEBULLYBaNM OOVHWLIO, IO € HEenpumycTUMUM
(P¥3UK BUHUKHEHHS! HEKaHLIEpOreHHUX eqoekTiB): cTanesap Map-
TeHiBcbkoi nevi — HQ = 3,15 ta HQ = 1,57; ropHOBWi AOMEHHOI
nevi — HQ = 2,54 ta HQ = 1,27; arnomepatHuk — HQ = 3,15 Ta
HQ = 1,57 BignosigHo.

5. HanbinbLumin pusnk Ha PM ctaneBapa MapTeHiBCbKOI nevi
(3anexHo Big poamipy 3axeHux YIH) craHonsTs 34 poamipamm
48 HM i 68 HM; ropHOBOrO JOMEHHOI nevi — 11 UM i 15 HM; arno-
MepaTHuka — 36 HM, 48 HM i 64 HM. KpaTHICTb nepeBuLLEeHHS
3BaxeHuX Y4 nopiBHSHO 3 NpawiBHUKaMM KOHTPOMBHOI rpynu
Ha PM cTaneBapa MapTeHiBCbKOI nevi cTaHoBuna 224,8 pasa,
Ha PM ropHoBoro gomeHHoi nedi — 61,9 pasa, Ha PM arnome-
patHuka — 12,9 pasa.
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Aim: to assess the efficacy and safety of apixaban in preventing thromboembolic complications in patients with
nephrotic syndrome (NS) due to primary glomerulonephritis, and to investigate its potential anti-inflammatory
and antifibrotic effects.

Materials and methods. A prospective longitudinal cohort study included 85 adult patients with newly diagnosed
NS and estimated glomerular filtration rate >60 mL/min/1.73 m?. Patients were divided into two groups: 42 re-
ceived warfarin and 43 received apixaban (5 mg twice daily). The follow-up period was 6 months. IL-6, TNFa,
and TGF-B1 were measured in serum and urine at baseline, 1 month, and 6 months.

Results. No thromboembolic events occurred in either group. Minor bleeding events were significantly more
common in the warfarin group (p = 0.01), confirming apixaban’s better safety profile. After 6 months, the apixaban
group showed a more pronounced decrease in IL-6, TNFa, and TGF-81 levels in both serum and urine compared
to the warfarin group (p < 0.05), suggesting anti-inflammatory and antifibrotic effects potentially associated with
protease-activated receptor pathway modulation.

Conclusions. Apixaban ensures safe and effective thromboprophylaxis in NS with possible additional benefits
in reducing inflammation and fibrosis. Further studies are needed to confirm these effects and define its role
in nephrology.

Modern medical technology. 2025;17(3):188-194

Ponb anikcabaHy y 3ano6iraHHi Tpom603y Ta MmoayAsLji
3ananeHHA npu rhomepyroHeppuTi 3 HeGPOTUUHUM CUHAPOMOM:
pe3yAbTaTH NPOCNEKTUBHOIO NOB3AOBXXHLOTO KOTOPTHOTO AOCAIAXKEHHSA

I. C. Muxanoviko, P. I. Auuwmn, H. B. UepHiok,
B. fl. KamiHcbkuii, M. f. TymeHIok

Merta po60oTu — OLiHNTY eeKTUBHICTb i Be3neky anikcabaHy B npodinakTuui TpomboeMboniYHNX yCKNagHeHb y
navuieHTiB i3 HechpoTU4HMM cHapomom (HC), Lo cnpryrHeHui nepBUHHUM rnomepynoHedputom (TH), a Takox
BMBYMTW 110T0 NOTEHLLiVHI NpOTKU3ananbHi Ta aHTUIOPOTUYHI edpekTn.

Marepianu i meToau. 3iliCHUNM NPOCNEKTUBHE MOB3AOBXKHE KOrOPTHE AOCTIMKEHHS 3@ yyacTio 85 aopocnmx
nauieHTiB i3 Bnepwe AiarHoctoBaHuM HC i weuakicTio kny6oukosoi dinstpauii (LK) >60 mn/xe/1,73 m2
YyacHukiB noginunu Ha Agi rpynu: 42 ocobw otpumysanu BapdapuH, 43 — anikcabaH y 4o3i 5 mr ggivi Ha fo0y.
lMepiop cnoctepexeHHs cTaHoBWB 6 MicauiB. PiBHi IL-6, TNFa i TGF-B1 Bu3HayeHo B cupoBaTLi KpoBi Ta cevi
Ha noyartky, yepes 1i 6 micauis.

Pesyabratu. TpomMB0oeMO0niuHi ycknagHeHHs He 3achikcoBaHO B KOAHIN i3 rpyn AocnimkeHHs. HeTskki kpoBoTedi
yacrilLe BUHMKanu B rpyni BapcapuHy (p = 0,01), o niaTBepmxye kpaluuii npodins 6e3neku anikcabary. Yepes
6 micsiuiB y rpyni anikcabaHy Bu3HaueHo GinbLu BUpaxeHe 3HkeHHs piBHiB IL-6, TNFa i TGF-B1 y cuposartui Ta
cevi nopiBHsIHO 3 BapchapuHoM (p < 0,05). Lle cBigunTs Npo MoxXnuBi npoTu3anarnsHi Ta aHTudiOpoTuyHi ecbexTy,
IMOBIPHO, NOB’A3aHi 3 MOAYNALIEK CUrHAMNBHKX LUNSXIB, aKTUBOBAHUX NpOTeasamMm.

BucHoBku. AnikcabaH 3abe3nevye edekTBHy Ta GeaneyHy TpombonpodinakTuky y nauienTis i3 HC i moxe
[OOATKOBO 3MeHLUYBaTK 3ananeHHs Ta ibpo3. HeobxigHi HAacTynHi JOCRimKEHHS ANS NiATBEPMKEHHS LUX
e(ekTiB Ta BU3HAYEHHS NOro poni B Hedhpororii.

CyuacHi MeanuHi TexHonorii. 2025. T. 17, Ne 3(66). C. 188-194
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Nephrotic syndrome (NS), commonly resulting from primary
glomerulonephritis (GN), is marked by significant protein loss with
the urine, low serum albumin levels, edema, and elevated blood
lipids [1]. A major and potentially life-threatening complication of
NS is the occurrence of thromboembolic events — such as venous
thrombosis, pulmonary embolism, and renal vein thrombosis —
which may affect up to 44 % of patients, particularly those with
membranous nephropathy [2,3]. The underlying mechanisms of
thrombophilia in NS involve the urinary loss of natural anticoag-
ulants (like antithrombin Ill and protein C), elevated levels of pro-
thrombotic factors (such as fibrinogen and factor VIlI), increased
platelet activity, and endothelial dysfunction [4].

Hypoalbuminemia is recognized as an independent predictor
of thrombotic risk. Nevertheless, the most effective prophylactic
approach for managing this risk remains uncertain [5]. Although
current KDIGO guidelines recommend considering anticoagulation
in patients with marked hypoalbuminemia, robust clinical evidence
regarding its safety and therapeutic benefit is still insufficient [6].

Traditional anticoagulants, such as warfarin and low-molecu-
lar-weight heparins (LMWHSs), pose several challenges in patients
with NS. Warfarin requires regular international normalized ratio (INR)
monitoring and is affected by dietary vitamin K and drug interactions,
complicating its use. In nephrotic patients, protein loss and impaired
renal function can alter drug metabolism, increasing bleeding risk.
LMWHs also accumulate in renal insufficiency, further elevating the
risk of hemorrhage. Moreover, LMWHs may be less effective in NS
due to the urinary loss of antithrombin |, a critical cofactor for their an-
ticoagulant action. These limitations underscore the need for safer and
more manageable anticoagulation strategies in this population [7,8].

In this context, direct oral anticoagulants (DOACs), particu-
larly apixaban — a selective inhibitor of factor Xa — have become
increasingly favored due to their stable pharmacokinetic profiles,
fixed dosing regimens, and the absence of a need for routine
coagulation monitoring [9]. Apixaban’s low dependence on renal
excretion makes it especially suitable for patients with compro-
mised kidney function. Despite these advantages, data on its
efficacy and safety in individuals with NS, especially those with
marked hypoalbuminemia, is still scarce [10,11].

Beyond their primary anticoagulant activity, DOACs possess
pleiotropic effects — including anti-inflammatory, antifibrotic, and
antioxidant actions — that may hold therapeutic potential in GN
and the progression of chronic kidney disease. Factor Xa and
thrombin can activate protease-activated receptors (PAR-1 and
PAR-2), which play key roles in mediating inflammation, fibrosis,
cell proliferation, and tissue remodeling [12].

In vitro and in vivo studies indicate that apixaban can sup-
press the expression of adhesion molecules such as vascular
cell adhesion molecule-1 (VCAM-1) and intercellular adhesion
molecule-1 (ICAM-1), as well as pro-inflammatory cytokines in-
cluding interleukin-6 (IL-6) and tumor necrosis factor-a (TNF-a). It
also helps restore mitogen-activated protein kinase / extracellular
signal-regulated kinase signaling balance, reduces the generation
of reactive oxygen species (ROS), and influences transforming
growth factor-8 (TGF-B)-mediated fibrotic pathways [13]. Addition-
ally, in experimental models of nephropathy, factor Xa inhibitors
have demonstrated the ability to reduce glomerular fibrosis and
crescent formation by blocking PAR-2 signaling mechanisms [14].

Therefore, apixaban may have a dual role — reducing the
risk of thromboembolic complications while also influencing renal
inflammation and fibrosis. This supports the scientific basis for
investigating its effectiveness, safety, and potential nephroprotec-
tive benefits in patients with NS caused by primary GN.

Aim
To evaluate the efficacy and safety of apixaban in the pre-
vention of thromboembolic complications in patients with NS due

to primary GN, to investigate its potential anti-inflammatory and
antifibrotic effects.

Materials and methods

This prospective longitudinal cohort study was conducted
from 2022 to 2025 at the Ivano-Frankivsk Regional Clinical
Hospital (Ukraine). A total of 85 patients with NS secondary to
biopsy-proven primary GN were enrolled.

The study complied with international ethical standards,
including the WMA Declaration of Helsinki and the UNESCO Uni-
versal Declaration on Bioethics and Human Rights. The study pro-
tocol was approved by the Ethics Committee of Ivano-Frankivsk
National Medical University (Protocol No. 125/13 dated June 23,
2025), and all participants provided written informed consent.

A total of 85 patients were examined, including 68 men
(80.0 %; 95 % Cl: 71.5-88.5) and 17 women (20.0 %; 95 %
Cl: 12.5-28.5). The median age of the patients was 45 years,
with an interquartile range (IQR) of 41 to 49 years.

Inclusion criteria: patients aged 18 years and older, with
newly diagnosed nephrotic syndrome within the previous month
and an estimated glomerular filtration rate (eGFR) greater than
60 mL/min/1.73 m2,

Exclusion criteria included individuals younger than 18 years,
those who refused to participate, or those with systemic connec-
tive tissue diseases, vasculitis, type 1 or type 2 diabetes mellitus,
a history of cardiovascular events, chronic heart failure of New
York Heart Association (NYHA) class IlI-IV, acute infections,
malignancies, liver failure, or psychiatric illnesses.

The diagnoses of GN and NS were established based on
standard clinical criteria in accordance with the KDIGO 2021
guidelines [6]. All patients underwent comprehensive clinical and
laboratory evaluation, along with relevant imaging and diagnostic
procedures. The histological subtypes of GN included: membra-
nous GN — 24 patients (28.2 %; 95 % CI: 19.3-38.6 %), mesan-
gioproliferative GN — 19 patients (22.4 %; 95 % CI: 14.2-32.3 %),
focal segmental glomerulosclerosis — 17 patients (20.0 %; 95 %
Cl: 12.1-29.9 %), minimal change disease — 13 patients (15.3 %;
95 % Cl: 8.4-24.8 %), membranoproliferative GN — 12 patients
(14.1 %; 95 % ClI: 7.5-23.3 %).

Treatment selection was based on the histological subtype
of GN and included immunosuppressive therapy, as well as an-
giotensin-converting enzyme inhibitors or angiotensin Il receptor
blockers. Additionally, 56 patients (65.9 %; 95 % Cl: 55.0-75.6 %)
received sodium-glucose cotransporter-2 inhibitors.

Prophylactic anticoagulation was carried out in line with
KDIGO guidelines and the algorithm by R. Lin et al., which con-
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Table 1. Baseline characteristics of the studied groups

Parameter, units of measurement Group I, n =42 Group Il, n =43 p-value
Age, years, Me (Q25; Q75) 43 (37, 48) 46 (40; 51) 0.378
Sex, male, (%; 95 % Cl) 83.3(69.8-91.5) 76.7 (62.8-87.0) 0.589
Sex, female, (%; 95 % Cl) 16.7 (8.4-30.7) 23.3(13.1-37.6) 0.589
Membranous GN, (%; 95 % Cl) 28.6 (17.5-43.3) 27.9(17.042.2) 0.875
Mesangioproliferative GN, (%; 95 % Cl) 21.4 (11.7-35.9) 23.3(13.1-37.6) 0.764
Focal segmental glomerulosclerosis, (%; 95 % CI) 21.4 (11.7-35.9) 18.6 (9.7-32.6) 0.683
GN with minimal changes, (%; 95 % ClI) 14.3 (6.7-28.7) 16.2 (7.8-30.5) 0.742
Mesangiocapillary GN, (%; 95 % Cl) 14.3 (6.7-28.7) 14.0 (6.2-27.9) 0.893
Creatinine, ymol/L, Me (Q25; Q75) 97.5 (73.6; 111.6) 94.3 (72.1; 109,8) 0.746
Urea, mmol/L, Me (Q25; Q75) 7.8(5.6;8.4) 74 (54;8.5) 0.856
Total cholesterol, mmol/L, Me (Q25; Q75) 7.7(6.8;8.9) 7.4 (6.2;8.5) 0.787
Serum albumin, g/L, Me (Q25; Q75) 22 (19; 25) 23 (18; 25) 0.812
eGFR, mL/min/1.73 m?, Me (Q25; Q75) 75 (61; 92) 76 (63; 96) 0.754
DPE, g/day, Me (Q25; Q75) 5.2 (4.4;6.5) 6.2(5.1;7.6) 0.576
D-dimer, mg/L, Me (Q25; Q75) 1.25(0.95; 1.65) 1.32 (0.87; 1.74) 0.267
Platelet count (x10°/L), Me (Q25; Q75) 214 (179; 263) 246 (194; 305) 0.342
INR, Me (Q25; Q75) 0.9(0.8; 1.0) 1.0(0.9; 1.1) 0.925
APTT, s, Me (Q25; Q75) 43 (34; 52) 46 (39; 53) 0.769
PT, s, Me (Q25; Q75) 12 (11;13) 12 (11;14) 0.945
Fibrinogen (g/L), Me (Q25; Q75) 5.8(4.1;6.2) 6.2(4.57.1) 0.574

Cl: confidence interval; DPE: daily protein excretion; APTT: activated partial thromboplastin time; PT: prothrombin time.

sider serum albumin concentration and bleeding risk (evaluated
via the HAS-BLED score) [15]. Anticoagulant therapy was initiated
in patients with low to moderate bleeding risk and serum albumin
level below 25 g/L.

Patients were divided into two groups: Group | (n = 42)
received warfarin with regular INR monitoring; Group Il (n = 43)
received apixaban at a dose of 5 mg twice daily; for patients
weighing <60 kg, the dose was reduced to 2.5 mg twice daily.

A control group consisting of 20 healthy individuals was also
included to establish reference values. The follow-up lasted 6
months from the initiation of treatment.

Markers of inflammation and fibrosis were measured in
both serum and urine at three time points: at baseline, after 1
month, and after 6 months. The inflammatory markers analyzed
included IL-6 and TNF-a, while TGF-B1 served as the indicator
of antifibrotic activity. The concentration of human IL6 was
quantified using a sandwich ELISA kit (MyBioSource, USA)
with a detection range of 7.8-500.0 pg/mL and a sensitivity of
less than 2.9 pg/mL. The concentration of human TNF-a was
determined using a sandwich ELISA kit (MyBioSource, USA)
with a detection range of 15.6-1000.0 pg/mL and a sensitivity of
less than 7 pg/mL. The concentration of TGFf1 was measured
using a sandwich ELISAkit (MyBioSource, USA) with a detection
range of 31.25-2000.00 pg/mL and a sensitivity of 18.75 pg/mL.

The primary endpoints of the study were the rates of throm-
boembolic events, including deep vein thrombosis, pulmonary

embolism, and ischemic stroke, along with the incidence of
clinically significant bleeding. Secondary endpoints involved
monitoring dynamic changes in inflammatory biomarkers (IL-6,
TNF-a) and the fibrotic marker TGF-B1 in both serum and urine.
Renal function was also evaluated throughout the follow-up
period by assessing changes in eGFR and levels of proteinuria.

Data analysis was performed using the Statistica 8 software
package (StatSoft, license STA862D175437Q). Categorical va-
riables were presented as absolute and relative frequencies with
95 % confidence intervals. The distribution of continuous variables
was assessed for normality using the Shapiro-Wilk test. Normally
distributed data were expressed as mean + standard deviation
(M £ SD), while non-normally distributed data were presented as
median and interquartile range Me (Q25; Q75). Intergroup com-
parisons were performed using the following methods: Student’s
t-test for normally distributed variables; Mann-Whitney U test for
non-normally distributed variables; Fisher’s exact test for catego-
rical variables. Differences were considered statistically significant
atp <0.05. In addition, odds ratios with 95 % confidence intervals
were calculated to assess intergroup differences.

Results

The essential demographic, clinical, and laboratory charac-
teristics of the patient cohort are summarized in Table 1.
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Table 2. Baseline levels of inflammatory and fibrotic markers of the studied groups, Me (Q25; Q75)

Parameter, units of measurement Control group, n =20 Group |, n =42 Group Il, n =43
IL-6 in serum, pg/mL 23.1(18.3; 29.6) 87.2(68.4;112.7) 98.6 (75.9; 124.3)
p=0.012 p =0.008; p,=0.573
IL-6 in urine, pg/mL 8.3(7.1;9.5) 56.3 (39.1; 74.5) 61.4 (43.8; 87.5)
p <0.001 p<0.001;p,=0.738

TNF-a in serum, pg/mL

27.8(25.3;29.7)

1235 (93.1; 137.6)
p < 0.001

118.4 (88.2; 127.5)
p <0.001; p,=0.312

TNF-a in urine, pg/mL

16.6 (15.1; 19.3)

47.9(37.0;52.3)
p=0.023

53.6 (39.8; 58.5)
p=0.016; p,= 0475

TGF-B1 in serum, pg/mL

68.4 (51.7; 75.9)

265.3 (245.1; 312.6)
p <0.001

283.7 (251.1; 347.8)
p <0.001; p,=0.147

TGF-B1 in urine, pg/mL

35.8 (31.5; 38.4)

894.6 (729.7; 932.6)
p <0.001

925.3 (798.7; 1032.2)
p <0.001; p,=0.324

p: statistical significance of the difference between Group | and Group Il in comparison with the control group; p1: statistical significance of the difference between

Group Il in comparison with Group .

As shown in Table 1, there were no statistically significant
differences in baseline demographic and clinical characteristics
between the two groups.

Baseline concentrations of key inflammatory markers (IL-6,
TNF-0a) and the fibrotic marker TGF-f1 in serum and urine sam-
ples from the patients are summarized in Table 2.

As shown in Table 2 both group | and group Il demonstrated
significantly elevated concentrations of all evaluated biomarkersin
comparison with the control group, indicating a pronounced sys-
temic and local inflammatory response. Specifically, serum IL-6
levels were significantly higher in Group | (p = 0.012) and Group
Il (p =0.008) compared to the control group. A similar pattern was
observed for urinary IL6 (p < 0.001 for both groups). For TNFa,
significant differences were found in both serum (p < 0.001 for
both groups) and urine (p = 0.023 and p = 0.016) compared to the
control group. Likewise, levels of TGF-B1 were elevated in both
serum (p < 0.001 for both groups) and urine (p < 0.001 for both
groups)in Group | and Group Il, respectively, compared to control.

In contrast, the comparison between Group | and Group Il re-
vealed no statistically significant differences for any of the assessed
parameters, with all p, values exceeding 0.05. This indicates
that, despite individual differences, both groups of patients had
comparable baseline profiles of inflammatory and fibrotic activity.

The duration of prophylactic anticoagulation therapy ranged
from 1 to 6 months, depending on the time needed to achieve
remission of NS. The mean duration was 134 days (98-165) in
Group | and 117 days (82-147) in Group Il, with no statistically
significant difference between the groups (p = 0.365).

No thromboembolic events were observed in either of the
study groups during the observation period. However, bleeding
episodes were reported in 12 patients (28.6 %; 95 % Cl: 17.5—-
43.3) in the Group | and 3 patients (7.0 %; 95 % Cl: 2.4-18.6) in
the Group 1, with a statistically significant difference between the
groups (p =0.01). The odds of bleeding events were significantly
higher in the warfarin group compared to the apixaban group.
Specifically, the odds of bleeding in the warfarin group were
calculated to be 0.40, while in the apixaban group, the odds were

0.075. The resulting odds ratio was 5.33 (95 % CI: 1.32-21.48;
p = 0.018), indicating that patients receiving warfarin were ap-
proximately 5.33 times more likely to experience a bleeding event
compared to those receiving apixaban. All bleeding episodes
observed during the study were categorized as minor based on
the International Society on Thrombosis and Haemostasis criteria.
These included instances of nosebleeds, gum bleeding, heavy
menstrual bleeding, and subcutaneous bruising. Notably, none
of the events required medical treatment or led to the discontin-
uation of anticoagulant therapy. Additionally, no deaths among
participants were reported during the follow-up period.

In order to investigate the pleiotropic effects of apixaban,
we analyzed inflammatory and fibrotic biomarkers at both 1 and
6 months of follow-up in both patient groups. This assessment
aimed to evaluate potential non-anticoagulant effects of apixaban,
including its influence on systemic inflammation and tissue re-
modeling processes.

In the course of the study, the dynamics of inflammatory (IL-6,
TNFa) and fibrotic (TGF-B1) biomarker levels in blood serum
and urine were analyzed in both patient groups after 1 and 6
months of treatment. IL-6 levels decreased in both serum and
urine in both groups; however, by the 6-month follow-up, Group Il
exhibited significantly lower values compared to Group | (serum:
p,=0.012; urine: p,= 0.033). A similar trend was observed for
TNFa and TGF-B1 levels. Both biomarkers showed a consistent
and statistically significant decline in serum and urine in both
groups. However, the reduction was more pronounced in Group |l
at 6 months. For TNFa, Group Il demonstrated significantly
lower levels compared to group | by the end of the observation
period (serum: p,=0.038; urine: p,= 0.028), indicating a stronger
anti-inflammatory response. For TGF-$1, which reflects fibrotic
activity, Group Il also achieved significantly lower concentrations
at6 months (serum: p,= 0.035; urine: p,= 0.028). These findings
suggest that the more pronounced reduction in both inflammatory
and fibrotic biomarkers observed in Group Il may be related to the
pleiotropic effects of apixaban, beyond its primary anticoagulant
action.
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Table 3. Dynamics of inflammatory and fibrotic biomarkers in serum and urine at 1 and 6 months of follow-up in both studied groups,

Me (Q25; Q75)

Treatment group

Baseline

1 month

6 months

IL-6 in serum, pg/mL

Group |, n = 42 87.2 (68.4; 112.7) 734 (57.2;96.4) 61.2 (43.2; 77.4)
p=0.143 p=0.042; p, = 0.041

Group Il, n =43 98.6 (75.9; 124.3) 486 (35.8; 54.6) 275 (18.7; 38.1)
p=0.016 p=0.001; p,=0.025; p,= 0.012

IL-6 in urine, pg/mL

Group |, n = 42 56.3 (39.1; 74.5) 45,6 (31.7; 62.6) 314 (25.2; 42.3)
p=0.376 p=0.031; p,=0.154

Group Il, n = 43 61.4 (43.8; 87.5) 32.6 (24.9; 47.6) 145(9.8;21.7)
p=0.016 p=0.001; p,=0.024; p,=0.033

TNF-a in serum, pg/mL

Group |, n = 42 123.5(93.1; 137.6) 88.3 (63.5; 102.5) 58.4 (35.4; 75.3)
p=0.047 p=0.012; p,=0.031
Group Il, n = 43 118.4 (88.2; 127.5) 67.4 (48.5;81.6) 29.7 (18.4; 35.5)
p =0.026 p=0.001; p,=0.027; p,= 0.038

TNF-« in urine, pg/mL

Group |, n = 42 47.9(37.0;52.3) 32.6 (27.8; 45.4) 276 (21.2; 33.5)
p=0.247 p=0.042; p,=0.071
Group II, n = 43 53.6 (39.8; 58.5) 28.2 (195, 36.6) 17.8 (12.3; 24.5)
p=0.027 p=0.002; p,=0.035; p,=0.028

TGF-B1 in serum, pg/mL

Group |, n = 42 265.3 (245.1; 312.6) 187.4 (164.5; 212.7) 114.7 (96.8; 137.8)
p =0.045 p=0.001; p,=0.021
Group II, n = 43 283.7 (251.1; 347.8) 135.8 (105.7; 157.9) 74.9 (58.2; 97.4)

p=0.028

p=0.001; p,=0.018; p,= 0.035

TGF-B1 in urine, pg/mL

Group I, n = 42 894.6 (729.7; 932.6) 436.2 (316.5; 545.7) 132.5 (89.6; 193.5)
p=0.016 p=0.001; p,=0.001
Group Il, n = 43 925.3 (798.7; 1032.2) 367.3 (294.3; 475.2) 56.5 (38.9; 98.3) p = 0.001

p = 0.001 p,=0.001; p,=0.028

p: statistical significance of the difference between indicators before treatment and 1 and 6 months after treatment; p,: statistical significance of the difference between
indicators after 1 month and after 6 months after treatment; p,: statistical significance of the difference between indicators after 6 months of treatment in Group I

compared to Group .

Discussion

In this prospective cohort study, we not only demonstrated
the efficacy of apixaban in preventing thromboembolic complica-
tions in patients with nephrotic syndrome but also confirmed its
potential pleiotropic properties, particularly its anti-inflammatory
and antifibrotic effects.

Patients in the apixaban group showed a more pronounced
reduction in IL-6, TNFa, and TGF-B1 levels in both serum and
urine by the 6-month follow-up compared to those receiving
warfarin. These differences reached statistical significance
(p,< 0.05), suggesting that apixaban may influence PAR-1 and
PAR-2 signaling pathways involved in inflammation, fibrosis, and
oxidative stress [16,17].

Moreover, the incidence of bleeding episodes was signif-
icantly lower in the apixaban group compared to the warfarin
group (p = 0.01), further confirming its safer profile in this high-
risk group. All recorded bleeding events were minor and did not
require discontinuation of therapy. No thromboembolic events
were reported in either group, indicating that both anticoagulation
regimens were effective in preventing thrombosis.

These findings are consistent with growing evidence that
apixaban may exert pleiotropic effects by modulating inflamma-
tory pathways, particularly through PAR-1 and PAR-2 signaling.
Experimental studies have demonstrated that apixaban reduces
the expression of VCAM-1, ICAM-1, TNF-a, IL-6, and markers
of oxidative stress. Although the ARISTOTLE trial reported
minimal impact on inflammatory biomarkers in patients with
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atrial fibrillation, other condition-specific studies suggest that
the anti-inflammatory potential of apixaban may depend on the
clinical context [18,19].

Notably, S. Torramade-Moix et al. evaluated the effect of
apixaban in vitro model of uremia-induced endothelial dysfunction.
Exposure to uremic serum led to endothelial activation, charac-
terized by increased VCAM1, ICAM1, and ROS levels, along
with decreased nitric oxide synthase 3 and von Willebrand factor
expression, platelet adhesion. Apixaban effectively reversed
all these changes, demonstrating its ability to counteract ure-
mia-induced vascular inflammation and oxidative stress. These
results confirm the view that apixaban, beyond its anticoagulant
activity, may act as an anti-inflammatory and antioxidant agent,
providing additional benefits for patients with chronic kidney
disease [20,21].

Overall, our results support the hypothesis that apixaban
might be a safer alternative to warfarin with extra anti-inflamma-
tory and antifibrotic properties — effects that could be clinically
beneficial in slowing the progression of chronic kidney disease
in GN.

Conclusions

1. Apixaban is an effective and safe alternative to warfarin in
patients with NS due to primary GN, providing reliable prevention
of thromboembolic events with a lower incidence of bleeding
complications.

2. Apixaban demonstrated potential pleiotropic effects,
including significant reductions in serum and urinary levels of
inflammatory (IL-6, TNFa) and fibrotic (TGF-B1) biomarkers,
which may reflect its anti-inflammatory and antifibrotic properties.

3. The dual action of apixaban — anticoagulant and anti-in-
flammatory / antifibrotic — may offer additional clinical benefits,
potentially contributing to the slowing of chronic kidney disease
progression in GN.

Prospects for further research. Future studies should aim to
confirm the pleiotropic effects of apixaban in larger, multicenter
trials with extended follow-up to evaluate its long-term impact on
renal function and disease progression in nephrotic syndrome.
Mechanistic research is needed to clarify the underlying path-
ways, including PAR signaling and inflammation modulation.
The use of biomarker profiling and metabolomics could enhance
understanding of its potential nephroprotective role. Comparative
studies with other DOACs may also help determine whether
these benefits are unique to apixaban or represent a class effect.

Limitations

This single-center study included a relatively small sample size, which may
limit the generalizability of the results. The 6-month follow-up period was
also relatively short and may not reflect long-term outcomes such as late
thromboembolic events or bleeding complications. Additionally, the study
lacked direct mechanistic investigations to confirm the pleiotropic effects of
apixaban. Future multicenter trials with larger cohorts, longer follow-up, and
molecular analyses are needed to validate and expand upon these findings.
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KapgioreHHuin LWOK mpyn rocTpoMy iHdapkTi Miokapaa — HebesneyHuii Ans XUTTs CUHAPOM, O XapaKTepnay-
€TbCS CUCTEMHOHO rinonepdyasieto, sika MOXe LWBMAKO MPOrpecyBaTt 40 NoniopraHHOi HEAOCTATHOCTI Ta CMepTi.
Po3pobneHo pisHi npucTpoi Ta koHdirypauii 4 MexaHiyHoro 3abe3neyeHHst KpoBoODIry y NaLieHTIB, KOXEH i3
AKUX Ma€ YHikanbHi naTogisionoriyHi xapakTepucTukm.

Merta po6oti — JOCRIAMTY NUTaHHS €DEKTUBHOCTI Ta NPUYMHW HECTIPUSTIIMBIX PE3yNbTaTiB BUKOPUCTAHHS
ekcTpakopnopanbHoi MembpaHHoi okcurenawi (EKMO) nig yac nikysaHHs naLieHTiB i3 Kap4ioreHHUM LLOKOM.

Marepiaau Ta metoaun. Ha 6a3i KHIN «KoBenbcbke MicbkpalioHHe TepuTopianbHe MeanyHe 06’eqHaHHs Koserb-
Ccbkoi Micbkoi paau BonuHcbkoi obnacTi» y nepiog Bif ciuHs fo rpyaHs 2024 poky npouesypy BeHo-apTepianbHoi
ekcTpakopnopansHoi MembpaHnHoi okcureHauii (BA-EKMO) nepeHecny 11 nawieHTiB y CTaHi KapaireHHOro LLIOKY.

Pesynbratu. PiBeHb BuxvBaHocTi ctaHoBus 72,0 % (8 nauieHTi). PiBeHb ycniwHoi kaHonauii — 100 %. CepeaHs
TpuBanicTb kaHtonauii craHosuna 15 xeunuH. CepepHin yac 1o EKMO — 54 xsununn. CepeaHili Bik navieHTis
craHoBuB 50 pokis, 100 % — vonosiku.

BucHoBKU. 3aBAsKN 3aCTOCYBaHHIO TMMYAcOBOI MexaHivHoOi MmiaTpumMku kpoBoobiry BA-EKMO y naujeHTis i3
KapaioreHHUM LwokoM y 72,0 % BuUNagkax 4OCATHYTO MO3UTUBHOTO pesynbrary.

CyuacHi meanuHi TexHonorii. 2025. T. 17, Ne 3(66). C. 195-198

Mechanical circulatory support in patients in cardiogenenic shock
V. H. Tanskyi

Cardiogenic shock in acute myocardial infarction is a life-threatening syndrome characterized by systemic
hypoperfusion that can rapidly progress to multiple organ failure and death. There are various mechanical cir-
culatory support devices and configurations available to support patients, each with unique pathophysiological
characteristics.

The aim. To investigate the effectiveness and causes of adverse outcomes of extracorporeal membrane oxy-
genation in the treatment of patients with cardiogenic shock.

Materials and methods. Between January 2024 and December 2024, 11 patients underwent venous-arterial
extracorporeal membrane oxygenation in the state of cardiogenic shock at the Kovel-ECMO hospital district.

Results The survival rate was 72.0 % (8 patients). The successful cannulation rate was 100 %. The median can-
nulation time was 15 minutes. The median time before extracorporeal membrane oxygenation was 54 minutes.
The median age was 50 years, and 100 % were male.

Conclusions. When using temporary mechanical circulatory support in patients with cardiogenic shock, a positive
result was obtained in 72.0 % of patients.

Modern medical technology. 2025;17(3):195-198

BeHo-apTepianbHa ekcTpakopnopanbHa
membpaHHa okcureHauist (BA-EKMO) crana
CTaHZApTOM NiKyBaHHS TSHKKOMO KapgioreHHoro
LLIOKY, pecppaKTEPHOI 3ynMHKM CepLst i MOB'S3aHOI
3 Her noniopraHHoi HeOCTaTHOCTI, L0 PO3BU-
BaeTbeA [1,2].

Llen cknagHuin TUMYacoBUIA METOZ, NiATPUM-
KW KPOBOOBIY LUMPOKO 3aCTOCOBYIOTh Y KITiHIYHil
npakTuLli, xo4a y cyyacHin (axosin nitepatypi
Joci Opakye [OKa30BMX JaHUX LLOAO HbOTO
[3,4]. Lle MOXHa NpuHaiMHI NoYacTit NOSACHUTY

yCKnagHeHHsIMK, Wo nos’sizaHi 3 BA-EKMO Ta
MOXYTb CYTTEBO BMAMHYTMU Ha KNiHIYHWIA pesysib-
Tat. [Ing TOro, Wob MakcumarnbHO OOMEXUTH
HecnpusaTnuei edektn BA-EKMO, kputuuHo
BaXNMBUM € rnnMboKe pPO3yMiHHSA CKNagHoi
isionorii nauieHTiB nig Yac kapgioreHHoro
LLIOKY 3 EKCTpakopnoparbHoto nigTpumkoto. Lie
3abe3neyye HagiliHy OCHOBY AN MEAWUYHNX
npaviBHUKiB, sIKi 6epyTb y4acTb y LWOAEHHOMY
BeAEHHI MaLieHTIB, XUTTEAIANbHICTb SKMX Nia-
TpumytoTb 3a gonomoroto BA-EKMO Ta y akux
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[iarHoCTOBAaHO KpioreHHWi LWok abo 3ynuHKy cepus, norniopratx-
HY HeOCTaTHICTb, Lo po3BMBaeTLEA [1,2].

Konu 3a gonomoroto 6a30Boi cepLieBO-NereHeBoi peaHi-
maLii He BAAETLCS BiAHOBUTM CMOHTAHHMI KPOBOODIr, MoYaTok
BA-EKMO nig yac pechpakTepHOi 3ynuHK1 cepust, BigoOMOI 5K
eKcTpakoprnopanbHa ceplieBo-nereHeBa peatimadis (EKJP),
MOXe BiJHOBUTW KPOBOOGIT Ta aflekBaTHY OKCUreHaLlito TKaHWUH
[5,6]. EKJITP moxe cyTTeBO MOKpaLLMTY BUXWUBAHICTb 3i CPUST-
NMBUM OyHKLIOHAMNBHAM BiZHOBMEHHSM [6,7].

OpHak cknagHiCTb i YacoBUIA XapaKTep BTPyYaHHs, BUCOK
BWTPaTW, BUMOTW 0O PECYPCIB, 3HAYHI PU3NKW 1A YCKMaOHEHHS
obmexytoTb gocTynHicTb EKTIP. Bik XBoporo Ta cynyTHi 3axBopto-
BaHHS, cBoevacHa 1 edpektusHa EKJIP, a Takox yac go EKJIP €
OCHOBHVMY hakTopamu, LU0 BNMMBAOTL Ha Pe3ynbTarT NikyBaHHS
nauieHTis [8,9].

OcHogHoto MeToto EKJIP € noBHe ofyxaHHs naujeHTa, ane
B OKpPEMWX Bunagkax nepexia 4O TPUBAroro 3aCToCyBaHHS
[OMOMDKHOMO MPUCTPOID ANS WyHOYKiB abo TpaHCcnnaHTauis
cepus MOXyTb OyTU [OLATKOBMMU BapiaHTaMy MOMIMLUEHHS!
BIKMBaHHS [2,10].

CyuacHi gocnigxeHHst cipsiMOoBaHi Ha OL|iHKOBaHHS eheKTB-
HocTi EKJP i BCTaHOBNEHHS KNIOYOBMX NPOrHOCTUYHIX NMOKa3HM-
kiB[1,2,5,6]. Kpim TOro, 4OCi 0CTaTO4HO HE BCTAHOBNEHO NPUYMHIA
HEeCpUSTIIBIX pe3ynbTarTie BukopuctaHHs BA-EKMO sk meTogy
TMMYaCOBOI MexaHiYHOT NATPUMKYM KpOBOOBIrY Mif Yac NikyBaHHS
XBOPWX i3 pepaKkTepHOI0 3yNMMHKOLO KPOBOOBIrY.

Merta poboTtu

Jocnigntv nutaHHs eheKTUBHOCTI Ta NPUYMHN HECTIPUST-
NMBKX Pe3ynbTaTiB BUKOPUCTaHHS eKCTpaKoproparnbHOi Memo-
paHHOI oKcureHawii nig Yac nikyBaHHs NaLieHTIB i3 kapgioreHHUM
LLIOKOM.

Marepianun i meToAU AOCAIAKEHHA

JocnimkeHHs 3pincHnnu Ha 6asi KHI «Kosenbcbke Mich-
KpalioHHe TepuTopiarnbHe MeanyHe 00’efHaHHs KoBenbCbKoi
MiCbKOT paay BonmHcbkoi obnacTi» B kapaioxipypriyHOMY LIEHTI.

[ig vac focnimKeHHs 4OTPUMYBANUCS CTaHAAPTIB HaNeXHOI
kniHivHoi npakTuku (Good Clinical Practice) i npuHuwmnis, wwo
BUKNageHi B [enbCiHebKil Aeknapauii. [JocnimkeHHs cxBaneHo
Kowicieto 3 nuTaHb GIOTUYHOI EKCNEPTU3N Ta ETUKM HAYKOBWX
pocnimkeHb KniHivHoi nikapHi «®eodanis» [lepxasHoro ynpas-
niHHe cnpaBamm (npotokon Big 15.05.2025 poky Ne 38/25). Yci
nawjeHTV Haganm NUCLMOBY iHGOPMOBaHY 3rofly Ha y4acTb.

o pocnimxkenHs 3anyyeHo 11 nauieHTis, ski nepebysany
Ha nikyaHHi B KHI «KoBenbCbke MicbkpalioHHE TepuTopiansHe
MeanyHe 06’efHaHHS KoBenbCbkoi Micbkoi pagn BonmHebkoi
obnacri» Big ciyHs o rpyaHs 2024 poky. Yci nauieHTy 3 rocTpoto
CepLIeBOI0 HeocTaTHiCTIo Bynm nigkntoyeHi Ha BA-EKMO, nepe-
ByBanu B CTaHi kpioreHHoro Lwoky. [1ns peanisauii EKIP kaxtoni
BEMNMKOro AiameTpa BBOAMIM 3a Metoaukoto CenbaunHrepa abo
yepes BigKpUTWIA CyAMHHUIA JOCTYN Yepe3 3ararnbHy CTErHoBy
BEHy (TMNoBui giameTp kaHtoni —21-25 Fr) Ta 3ararnbHy CTerHoBy
apTepito (TunoBwuiA ajiameTp KaHwoni — 1319 Fr). ductanbHum
KIHYMK BEHO3HOI PEHAXHOI KaHioni po3TalloByBanu y BepXHin

MOPOXHMCTIN BEHi ab0 NpaBoOMY NepeLcepsi, a AUCTamNbHUN KiH-
UMK apTepianbHOi 3BOPOTHOI KaHHoni — y Bidhypkadlii aoptn abo B
3aranbHil knybosii apTepil.

Mig yac BA-EKMO kpoB BigkauytoTh i3 LeHTpanbHOi BeHn abo
npaBoro nNepeacepas Ta nogatoTb Yepes Hacoc A0 MembpaHm.
KuceHb foaatoThb, a Byrnekucnnii ra3 BUaansTh, NepLU Hix KpoB
MOBEPTaETLCA B apTepianbHuiA KpoBOOOIr mauieHTa. B Takui
cnocit BA-EKMO 3abe3sneuyye ekcTpakopnopasnbHuii ra3o00MiH i
MexaHiuHy nigTpUMKy KpoBoobiry Ans LepebparbHOro Ta cucTem-
HOrO KpOBOOGiry, CTBOPHOIOYM YMOBW 1151 YCYHEHHSI OCHOBHOTO
3aXBOPHOBaHHS, LLO NpM3Beno Ao 3ynuHku cepus [1,2].

MapameTpyn npogykTueHocTi BA-EKMO ctaHoBunu Big
3,7 n/x8 Ha eTani nigkmtodeHHs, 70610 90,0 % xBuUnnHHOTO 06’eMy
kpoBooGiry. Mpouenypy BA-EKMO BrkoHaHo Ha cricTemi Rotaflow
[l Getting, EXO-KI™ Ha GE LOGIO-E. BioximiuHi Mapkepu BU3Ha-
yeHo 3a gonomoroto Cobas Erba XL 1000,Viva Diag.

CTaTUCTUYHWIA aHani3 BUKOHaMNW, BUKOPUCTABLUM TOYHUIA
kpuTepin MaHHa—BiTHi um dilwepa. 3HauyLLWin Nopir BCTAHOBMNEHO
Ha piBHi 0,05.

Pe3yabtatu

[o pocnimkeHHs 3anydyeHo 11 oci6 i3 pedpakTepHOIO 3ynuH-
KOt KpOBOODIry — kapgioreHHUM LUOKOM. TpuBanictb nepedy-
BaHHs Ha BA-EKMO ctaHosuna Big 5 1o 7 ai6. MpogyKTUBHICTL
BA-EKMO nounHanacs 3 3,7 n/xB Ha eTani EKJIP, Ha eTani Bia-
krtoyeHHs Big BA-EKMO npogykTuBHiCTb cTaHOBUNA 2,7 11/XB.
Y 7 (64,0 %) nauienTie nigknoveHHs go BA-EKMO sinbyeanocs
B cath lab nig koHTponewm pentreny; 3 (36,0 %) xBopux Gynu
nigkntoyeHi 4o BA-EKMO vy BigaineHHi aHecTesionorii Ta iHTeH-
CVBHOI Tepanii nig Yac peaHiMauiiHnX 3axogiB pedpakTepHol
3ynuHkn cepus; 2 (20 %) nauieHTiB ynu NigKnoYeHi B iHLUIA
nikapHi MeanyHoro 06’egHaHHs JTyLbkoi MiCbKoT TepUTOpiansHoI
rpomaay B cath lab. Yac go nigkntoveHHs xeoporo Ha BA-EKMO
craHoBuB g0 150 xBunuH. Lle BigkpmBae LWmpoki nepcnekTvam
ans po3suTky nporpamu EKMO He nuwe y BonnHeskii obnacri,
ane 1 B YkpaiHi 3aranom.

OnuH i3 BaXNMBKX pe3yrbTaTiB MeXaHivyHOI MigTPUMKN Kpo-
BOODiry — CTBOPEHHsI YMOB /11 PEMOLENOBaHHs! Miokapaa Ha
(POHI MexaHIYHOro po3BaHTaXeHHs cepus. i Yac focnimkeHHs
BM3HAYeHO 3MEHLUEHHS KiHLEeBO-fiacToniyHoro o6’emy niBoro
wnyHouka — 3 174 mn 8o 152 mn (p < 0001). 3mMeHLweHHs KiHLe-
BO-CUCTONIYHOMO 06’eMy NiBOrO LUIyHOYKa CTaHOBWIO 3 88 Mn 1o
75 mn (p < 0001). Hopmanisauijto po3mipiB npaBoro LUAyHO4Ka
3acpikcoBaHo 3 3,2 cm 10 2,6 cm (p < 0001).

[OnHamika CTPYKTYPHO-(DyHKLIOHANBHUX MOKa3HWKIB MiBOTO
i NpaBoro LUMyHOUKIB y naujeHTiB Ha BA-EKMO cBigumna npo
LUBMAKE BiHOBNEHHS HACOCHOT oyHKLT cepus. Mu BU3Hauunu
HOpMarni3aLito Ha TPETiin — YeTBEPTUI AeHb nepebyBaHHs navi-
eHTa Ha BA-EKMO.

MMig yac pocnimkeHHs OUiHIOBaNM AMHaMIKy Mapkepis no-
LUKOLDKEHHS MioKapaa Y XBOPWX Y CTaHi KPIOreHHOro LLIOKY. Tak,
BCTAHOBINEHO 3HAYHE MiABMLLEHHS PiBHS kKpeaTUHAOCHOKIHA3M
— Ha pieHi 8900 Og/n (p < 0001) — Mac1BHe YLLKOMKEHHS Mio-
kapga. B-tun HatpiypetuaHoro nentuay (NT-pro-BNP) sHauyLo
NiABMLLMBCA B NALIEHTIB i3 CUMMNTOMATWUYHOLO NiBOLLMYHOYKOBOH)
ancdyHKuieto. 36inbLueHHs BinbyBaeTbCS MPONOPLIAHO 0 TSXK-
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kocTi cepLieBoi HegocTaTHocTi: 4o BA-EKMO piseHb NT-pro-BNP
craHoBuB 12 094 nr/nn, Ha BA-EKMO - 4169 nr/nn (p < 0001).

NetanbHicTb cranosuna 27,0 % (3 nauieHT), piBeHb BUXMBa-
HocTi— 73,0 % (8 naujieHTis). MpnymnHa neTanbHOCTI — Nporpecy-
BaHHS CepLIEBOI HEAOCTATHOCTI. XBOPI TPVBanuii Yac nepebysanu
Ha BA-EKMO 3 npogyKTuBHicTIo 3,7 1/XB; M1 He 3MOrmnmn 4OCSI T
cTabinisauii nauieHTiB BHACMiAOK NPOrpecyBaHHs CepLeBol
HeJoCTaTHOCTI, 36iNbLUEHHs PO3MIpIB NPaBOro LUMyHOYKA Ha
BA-EKMO, nigsniwieHHs piHst NT-pro-BNP go 10 000 nr/nn ta
kpeatuHdocokiHasn fo 1100 O/n. Lii unHHMKM npussenmn go
cmepTi xBopnx Ha BA-EKMO.

06roBopeHHA

TumyacoBa MexaHiyHa MigTpUMKa KpoBoobiry Aae 3Mory
cTabinizyBaTy naLieHTiB, 3abe3neunTu nepexia Ao BiAHOBMEHHS,
CrpVsie KOMMeEHcaLji Ta nonerye 0CTaTouHy 3aMiCHy Tepanito
cepust [1,2,3,5,6].

[o opHoueHTpoBoro gocnimkeHHs Advanced Reperfusion
Strategies for Patients with Out-of-Hospital Cardiac Arrest and
Refractory Ventricular Fibrilation (ARREST) 3anyyeHo nauieHTiB
3 (hibpunsALieto WMyHOUKIB, SiKi OynM pe3nCTEHTHUMM A0 LLOHaN-
MeHLLE TpbOoX po3psais [9]. MavieHTiB 3anyyanu 40 JOCTIMKEHHS
Ta paHAoMi3yBanu Micns HaAXOMKEHHS [0 NiKapHi, AKLLO B HUX
He Oyno JOCATHYTO BifHOBNEHHS COHTAHHOTO kKpoBoobiry. Jocni-
[DKEHHS JOCTPOKOBO NMPUNUHEHO Micns 3anyveHHs 30 naujieHTis
yepes nepesary EKJIP Hag cepLieBo-nereHeBo peaHimaLlieto.
Mpu 3actocyeanHi EKIP go Bunmcku 3 nikapHi goxunu 6 (43 %)
i3 14 nauieHTiB NopiBHAHO nuwwe 3 ogHUM (7 %) i3 15 navjeHTiB
Ha cTaHgapTHin Tepanii [9].

OpHoueHTpoBe gocnimkeHHs (OHCA) y IMpasi Ta bararto-
LIEHTPOBE AOCTIMKEHHS «PaHHIN NOYaTOK eKCTpakoproparbHOi
MIATPUMKN XUTTS NPU pedpakTepHin no3anikapHsHIA 3ynuHL;
cepust» (INCEPTION) Bkntoyany navieHTis Heaossi nicns OHCA
[0 HaOXOMKEHHS 40 mikapHi. MauieHTn, BUNagKkoBUM YMHOM
obpaHi ans nikyBaHHs 3 BukopuctaHHam EKIP, mormm gocsartu
BiZJHOBMEHHSI CMOHTAHHOrO KpoBOOBIry 40 novatky KaHtonsvii.
Kpim TOro, ByB MOXNMBMIA NEPEXid i3 KOHTPOMBHOI rpynu 40
rpynu EKJIP (o670 6ynu nauieHTy, Skux BUNaakoBo BKIHOYEHO
[0 KOHTpOIbHOI rpynu i siki Bce x oTpumysanu EKJIP) [5,6]. 3a
pesyrnsTaTaMi BTOPUHHOIO aHanisy faHux, LLO OTPUMaHi nig vac
pocnipkeHHs Prague OHCA (3a gaHumu nikyBaHHs), EKIP 6yna
noB’i3aHa 3 nokpaLleHHam 180-4eHHOT HEBPOIOriYHOI CrpUAT-
nueoi BuxueaHocTi. JocnimkeHHs INCEPTION nokasano nuiwe
YMCMOBY Ta CTaTUCTMYHO 3Hadywly nepesary EKJIP nopisHsHO
3 CepLEeBO-TereHeBol peaHiMallieto, ane KinbKicTb NaujieHTiB,
3any4yeHux Ans LUboro aHaniay, HegocTaths [5].

CrocTepexeHHs Micrs 3ynuHKW CepLst, BKIKOUYAK0UM KOMMIIEKC
BTPYYaHb, SKi 34iIKCHIOTL 0Apa3sy Micns novatky npouesypu
BA-EKMO, € BupiLuanbHuM KOMMOHEHTOM Byab-aKoi yCmilHOi
nporpamu BA-EKMO i Mmoxe cnpusit NoKpaLLeHHio pesynsTaTia
nikyBaHHs. OfHaK y PYTWHHINA KMiHIYHIA npakTuui cTparerii Ta
CTaHAapTW BeEHHS NauieHTiB JOCi He YHichikoBaHO, a Jokasu,
SAKUMM KepylTbCs Nig Yac cnoctepexeHHs nicns BA-EKMO,
HegocTtarHi [10,11].

lNokasaHo, Lo apTepianbHUi KaTeTep CIif BCTaHOBMIOBATH
Ha npaBy PyKY sik 3aMiHHUK KOPOHAPHOI Ta LiepebpanbHoi oKcu-

reHavii Ans TUTpyBaHHS Ba3onpecopiB i MOHITOPUHIY NOABIMHOTO
KpoBOOGiIry. YnbTpa3eykoBe AOCMIMKEHHS Bing nikka Moxe
OyTI BUKOHAHE [N151 NEPEBIPKN NOMOXEHHS KaHHONMi, BUSIBNIEHHS!
ycknagHeHb MexaHiyHoi BA-EKMO abo kaHionsuii, a Takox
A5 OLiHIOBaHHS KOMMETEHTHOCTI KnanaHa Ta pO3TArHeHHs
nigoro wnyHouka. LlinboBi 3HaYeHHs1 apTepianbHOro TUCKY Ta
apTepianbHOMO NapuianbHOro0 TUCKY KWUCHIO Ta BYIMEKWCIIOro
rasy MatoTb Binosigatv pekomeHdalism Ans nauieHTis nicns
npouenypn BA-EKMO, ockinbku goci Hemae pesynsratiB paH-
[.OMi30BaHMX KOHTPOSbOBaHWX AOCAIIKEH CaMe Ans NaLjeHTiB
nicns BA-EKMO [7,8,12].

Ockinbku nig yac Binbopy nauiexTis ans BA-EKMO vy Ginb-
LIOCTi 3aknagiB npiopuTeT Big4aloTb XBOPWUM i3 NEPBUHHOLD
CEpLEBOI0 MPUYMHOI0 3yNUHKK cepus, Y naujieHTiB Ha BA-EKMO
Oyne LWBMAKO OLiHEHa MOXNUBICTb 3LINCHEHHSI KOPOHAPHOI
aHriorpadii [1,2,9].

EKITP moxe 6yTn epeKTBHUM BapiaHTOM NikyBaHHS naLlieH-
TiB i3 pedppakTepHOL0 3ynuHkoto cepuis. Akwo EKIP aaiicHiooTs
y pobpe CTpyKTypoBaHuX, GaratonpodinbHux cuctemax (i B
nikapHi, i Ha gorocniTansbHOMy eTani), BOHa MOXeE NOKPaLLMTM BY-
XMBaHHS NS PETENbHO BigibpaHMx NaLieHTiB Nicns BHyTPILLHBLO-
MO3KOBOi abo napaniyHoi 3ynuHkm cepug [13]. Xoua HasBHi AaHi
He niaTBepmKytoTb BUKopucTaHHs EKJIP sk ctaHgapty gornsaay,
3rigHo 3 pekomeHaauismu, EKIIP moxnvee y mexax anroputmy
BELEHHS NaLlieHTiB, xo4a i1 He € permameHToBaHum [5,8,12].

Bwcoki BuTpaTy Ta BUMOMU O peCypciB, HaB4aHHS Ta AOCBIA,
HeobXiAHi 4Ns YCMiLLHOrO BPOBaKEHHS, 0BMEXYIOTb LUIMPOKY
JOCTYMHICTb Lboro BTpyYaHHs. Tomy BA-EKMO HuHi cnig Bu-
3HayaT nuLle K J04aTKOBUA METOA Y By3bKOCTeLianiaoBaHux
ymoBax [8,10,12]. Y pekomeHAaaLjisix HaBeAEHO Krto4oBi hakTopw,
ki cnig 6patv o ysarv npu BUOOpI nawieHTiB. BTim noTpibHi
[00AaTKOBI IOKa3W Ans KPaLLoro BUSHAYEHHS nokasaHb, NpoTy-
nokasaHb, Yacy Ta au3aliHy cuctemu [7,8,12).

BeneHHs nawjeHTiB nicns ycniLLHOro BNPOBaKeHHs nporpa-
Mu BA-EKMO € cknagHum, ToMy nocTpeaHimMawinHe NikyBaHHS
cnig Hapaeath y keanicikoBaHux LeHTpax EKIP. TexHonorii
EKIP nocTitHo po3BuBatoThbCs, i Lie 006rpYHTOBYE OOLIMbHICTL
NPOJOBXKYBATU AOCTIMKEHHS Y LIbOMY Hanpsmi Ans agantavii
[0 il MOCTIHOrO BAOCKOHANEHHs Ta 3MiH yMoB. [oganbiui gocni-
[PKEHHS! MatoTb BTV CNPSIMOBaHi Ha OL|iHIOBaHHS €)eKTUBHOCTI
Ta pesynbratusHocTi EKJP,

OpnHak i3 HayKOBOI Ta ETUMHOI NO3NLLiN A0Ci Bpakye J0Ka30BKX
JaHnx Wwopo pouinbHocTi 3actocyBaHHa EKJIIP y nauieHTis i3
pedhpaKkTepPHOH 3yMIHKO CEpLIst, TOMY BKpai HeobxiaHi fobpe
CNPOEKTOBAHI Ta [OCTATHLO MACLUTAOHI KNiHiYHi BUNPOOYBaHHS!
A5 OLiHIOBaHHS il NOTEHLiHOT KopucTi [5,6,12].

BucHoBKU

1. 3aBASKM 3aCTOCYBAHHIO TUMYACOBOT MEXaHIYHOI nigTpuM-
kn kpoBoobiry BA-EKMO y nauieHTiB i3 kapgioreHHNM LLOKOM Y
72,0 % BMnagKkax [OCArHYTO MO3UTUBHOTO pesynbrary. Bukopu-
craHHs BA-EKMO moxe crnpusiTi 3MEHLLEHHIO 4acToTyh neTarnb-
HWX HACIiAKIB | NOKPALLEHHIO pe3ynbTaTiB NikyBaHHs NaLlieHTiB i3
TepMiHarbHO CcTafieto CepLeBoi HeQOCTaTHOCTI.

2. CTaHpapTHe 3acTOCyBaHHS TUMYaCOBOI MeXaHiuHoI nig-
TpuMKM kpoBoobiry BA-EKMO y navieHTiB i3 kapaioreHH1M LLOKOM
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y 27 % Bunagkax € HeeeKTUBHUM Yepe3 HEKOMMEHCOBaHy
cepLeBy HegocTaTHiCTb. [ins LMX XBOpUX HEODXigHNM € CBOE-
YacHe BUKOPUCTaHHS CUCTEM TPMUBAmOi MeXaHiYHOI NiATPUMKM
KpoBOOGIry Ha OCHOBI MPUCTPOIB JONOMIXHOTO KPOBOOGiry NiBOro
LUSTYHOYKa.

lMepcnekTMBM NOAAABLLIMX AOCAIAKEHB MONSATaoTh Y BUBYEHHI
CTaHiB, Nif vac sk1X cnig 3anpoBakyBaTh TUMYACOBY MEXaHIUHY
MigTPUMKY KPOBOOBIrY, LLO 3aneXuTh Bif, reogiHaMivHOrO CTaTycy
navieHTa, CynyTHiX 3aXBOpIoBaHb, BiKy Ta cniabkocTi. 3ailicHeHa
poboTa 3acBigvye aKTyanbHiCTb BUBYEHHSI METOZIB TpUBanoi
MexaHi4HOI MigTPUMKI KPOBOODIrY.

diHaHcyBaHHA
[ocnimxeHHs aaiiicHeHo 6e3 iHAHCOBOI MIATPUMKN.
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Aim: to analyze the pharmacological features and updated evidence-based medicine data of Class IC antiarrhyth-
mic drug (AAD) ethacizine compared to propafenone to optimize the choice of treatment for cardiac arrhythmias
in patients without structural heart disease.

Materials and methods. According to the purpose, a search was conducted for available scientific literature with
an emphasis on publications of the last 5 years. We also analyzed scientific information on scientific platforms
of the European Society of Cardiology (ESC 365) and the Association of Cardiologists of Ukraine.

Results. At first glance, Class IC AADs seem to be identical in the mechanism of action, which creates certain
difficulties for practicing physicians when choosing AAD of this class for the treatment of arrhythmias in each
specific case. Ethacizine and propafenone were chosen for comparison as the most frequently used Class IC
AADs in our country. We presented data from studies comparing the efficacy and safety of the selected AADs
with an emphasis on recent studies of ethacizine, as a less well-known AAD in Europe and globally. In addition,
this article includes the main design features of new studies on real-world clinical use of Class IC AADs, including
use as a “pill-in-the-pocket” for restoring sinus rhythm in patients with atrial fibrillation (ETERNITY study) and
comparing the efficacy of propafenone and ethacizine in maintaining sinus rhythm in patients with paroxysmal
and persistent forms of atrial fibrillation.

Conclusions. Propafenone and ethacizine have significant differences in pharmacological properties, specific
contraindications, drug interactions, and evidence base, which can be considered to determine the optimal
agent for a particular patient. The choice of the optimal Class IC AAD will depend on the presence and type of
dysautonomia of the patient.

Modern medical technology. 2025;17(3):199-204

Bubip aHTHapuTMiuHoro npenapary IC Kaacy AAA AiKyBaHHA NaLUi€HTIB
6€e3 CTPYKTYPHUX 3MiH cepua: KAIHIUHi nepeBarM HaunonyAApHiWKX 3aco6is
(orasp Aitepatypm)

H. M. Cupoposa, M. H0. KonecHuk

Merta po6oTu - npoaHanisyBaTti hapmMakonoriyHi 0coBnMBOCTI i OHOBMEHI JaHi JOKa30BOi MEAMLIMHM LLOAO aH-
TuapuTmMiyHoro npenapary (AAI) IC knacy eTauuauHy NopiBHSHO 3 Nponad)eHOHOM AN ONTUMI3aLlii NikyBaHHS
nopyLUEeHb CEPLIEBOr0 PUTMY Y NaLieHTiB 6e3 CTPYKTYPHOTO YpaeHHs cepLs.

Martepianu i meToau. 30iNCHWNM NOLLYK HAYKOBOI MiTepaTypu 3 BiAKPUTAM LOCTYNOM, nepeayciM [0 aHanisy
3anyyanu nybnikauii 3a octanHi 5 pokis. Kpim Toro, BUB4EHO MaTtepiany, Lo NPeACTaBneHi Ha HayKoBMX Mnat-
opmax Eponeiicbkoro ToBapuctea kapaionoris (ESC 365) Ta BeeykpaiHebkoi acouiavii kapaionoris YkpaiHu.

Pesyasrau. [penapatu |C knacy, Ha nepLuni normsg, € OAHAKOBMMM 38 MEXaHI3MOM Aji, LI CTBOPIOE NEBHI TPYAHOLL
[Ans nikapiB-nNpakTVKIB Nig Yac npusHayeHHs AATT Lboro knacy Ans nikyBaHHS apuTMIil y KOXXHOMY KOHKPETHOMY
Bunaaky. [1ns nopisHsHHA 0bpaHo eTaumanH i nponadeHoH sk AAT IC knacy, Lo HaltyacTile 3aCTOCOBYHTL B
YkpaiHi. HaBegeHo pesynsraTi 4oChimkeHb LLOAO0 NOPIBHAHHS edheKTMBHOCTI Ta 6e3nekun obpaHnx AAT 3 akueH-
TOM Ha OCTaHHiX pO3BiKaXx 3 BUBYEHHS eTaLM3nHy Sk MeHLU Bigomoro B €Bponi Ta caiTi AAlN. HaBeneHO 0CHOBHI
no3uwjii An3arHy HOBUX JOCIMKEHD, LLO NPUCBAYEHI BUBYEHHIO PeanbHOI KIHIYHOT NpakTuki 3acTtocyBaHHs AAT
IC knacy, 3okpema sk «TabneTku B KWLLEHi» AN BiGHOBMNEHHS CUHYCOBOrO puTMy npu cibpunsuii nepencepab
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(oocnimkenHs ETERNITY), Ta nopiBHAHHS echeKTUBHOCTI NponageHoHy Ta eTaumnauHy y NigTpUMaHHi CUHYCOBOrO
pUTMY Y NaLiEHTIB i3 NapOKCKU3ManbHOI0 Ta NepeUcTEHTHOK dopmamu ibpunsuii nepeascepab.

BucHoBKHU. [ponaceHoH Ta eTaumanH MatoTb 0COBNMBOCTI (hapMakonoriYHux BNacTMBOCTEN, cneumndiuHmx
NpOoTUNOKa3aHb, NiKapCbkyX B3aeMOAil i Aoka3oBoi 6asn. BpaxyBaHHS LMX JaHUX CMPUSIE BU3HAYEHHIO ONTU-
ManbHoro 3acoby Ans KOHKpeTHOro nauieHTa. Bubip ontumansHoro AAI IC knacy Hacamnepes 3anexaruve
Bif} HASIBHOCTI Ta TUNY AUCaBTOHOMII NaLieHTa.

CyuacHi MeanuHi TexHonorii. 2025. T. 17, Ne 3(66). C. 199-204

Treatment of heart rhythm disorders in young individuals, as
well as those without significant cardiovascular disease, remains
arelevant challenge in contemporary medicine. In managing such
patients, it is essential to balance the safety and efficacy of anti-
arrhythmic drugs (AADs) or interventions, while also accounting
for the potential presence of genetically determined causes of
arrhythmia or dysautonomia. In younger patients without structural
heart disease, heart rhythm disorders are often associated with
conditions that result in dysautonomia. Therefore, treatment in-
cludes restoring the balanced functioning of the autonomic nervous
system, which explains the frequent use of Class IIAAADs under
the new classification (i. e., beta-adrenergic blockers), Class IC
AADs, and, to some extent, non-dihydropyridine calcium channel
blockers (Class IVA AADs) as antiarrhythmic agents [1,2].

Beta-adrenergic blockers have a broad application profile, with
indications encompassing nearly all clinical conditions associated
with cardiovascular disease, including atherosclerotic coronary
artery disease, acute coronary syndromes, hypertension, and
heart failure [3]. This drug class has demonstrated high efficacy in
treating functional cardiac rhythm disorders, particularly in cases
of sympathicotonia [2,3,4,5]. However, their use may be limited by
their effects on blood pressure and heart rate (a consideration that
also applies to calcium channel blockers), which can prevent the
administration of doses sufficient to achieve a full antiarrhythmic
effect.

There are also restrictions on the use of beta-adrenergic block-
ers and non-dihydropyridine calcium channel blockers in patients
with accessory pathways [6,7]. Furthermore, the issue of mem-
brane-stabilizing properties arises, as the absence of this effect
in certain beta-blockers results in a lack of labeling for arrhythmia
treatment in some members of this class [2,3,4,5].

Consequently, the use of beta-adrenergic blockers as mono-
therapy for rhythm disorders may not always be effective or ade-
quate to ensure a complete antiarrhythmic response. Drugs with
membrane-stabilizing properties are typically classified as Class |
AADs, while beta-blockers are generally recommended as adjunctive
therapy in patients with atrial fibrillation (AF) receiving propafenone
or flecainide, to prevent the conversion of AF into atrial flutter with
1: 1 atrioventricular conduction [3,8]. Thus, in clinical practice, when
Class ICAAD therapy is considered for the treatment of AF, dual ther-
apy with a Class IC AAD and a beta-blocker is frequently employed.

Accordingly, Table 1 presents the main differences among
Class IC, IIA, and IVA AADs, as defined by the new classifica-
tion [1], which are commonly used in patients without significant
structural heart disease.

In Ukraine, the most commonly used Class IC AADs are
ethacizine and propafenone [9,10]. Flecainide is associated with
physician concern due to findings from the Cardiac Arrhythmia

Suppression Trial (CAST), in which flecainide, along with en-
cainide, was shown to negatively affect the prognosis of patients
with a history of myocardial infarction [11,12,13]. Furthermore,
flecainide has notable limitations in the treatment of ventricular
arrhythmias, being recommended only for severe cases and not
for mild, asymptomatic, or non-life-threatening rhythm disorders.
Its use is also complicated by numerous drug interactions, which
require close monitoring of the patient’s overall pharmacotherapy
regimen [9,10]. Consequently, when a Class IC AAD is indicated,
clinicians most often choose between propafenone and ethacizine.
In such cases, it is critically important to consider the specific phar-
macological and clinical characteristics of each agent to optimize
treatment outcomes.

Aim

The objective of this review is to analyze the pharmacological
features and updated evidence-based medicine data of Class IC
antiarrhythmic drug ethacizine compared to propafenone to opti-

mize the choice of treatment for cardiac arrhythmias in patients
without structural heart disease.

Materials and methods

To achieve the stated objective, we conducted an analysis of
sources in the PubMed, EMBASE, and Google Scholar databases
using keyword searches in various combinations: “antiarrhythmic
drugs”, “Class IC", “ethacizine”, “propafenone”, “comparative
characteristics”, “features of antiarrhythmic drugs”, “arrhythmias
without structural heart disease”, “dysautonomia”, “atrial fibrillation”,
“ventricular rhythm disorders”.

Additionally, we performed a review of the latest European
guidelines on the management of heart rhythm disorders, along
with an analysis of presentations at European congresses of ar-
rhythmologists and cardiologists organized by the ESC (scientific
platform ESC 365), and at National Congresses of Cardiologists
of Ukraine (scientific platform of the All-Ukrainian Association of
Cardiologists of Ukraine), published since 2019.

Publications from Russian and Soviet periodicals were ex-
cluded during the literature search. The review includes several
historically important early publications on AADs of interest in
foreign journals, as well as publications from the CAST trial to

provide basic necessary background information.

Results

Ethacizine is an w-aminoacy! derivative of phenothiazine that
was developed in the early 1980s. Initial research on this novel
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Table 1. Clinical characteristics of AADs most commonly prescribed for patients without severe structural heart disease or heart failure

Usage feature Class IC AADs (propafenone,

flecainide, ethacizine)

Class IIA AADs
(beta-adrenergic blockers)

Class IVA AADs
(diltiazem and verapamil)

manifest heart failure with reduced
left ventricular ejection fraction

Sinus rhythm restoration therapy Yes No No

in AF

Sinus rhythm maintenance therapy | Yes Mostly in combination with other | Yes, but better when there are

in AF AADs additional indications (e. g.,
vasospastic angina, hypertension);
overall efficacy is not high

Control of ventricular rate in No Yes, but more often in No if AF is associated with heart

permanent AF combination with other drugs failure

Possibility of use in clinically No Yes No

Effect on the sympathetic nervous | Propafenone — weak beta-

Yes, beta-blockade

Unlike dihydropyridines, do not cause

accessory pathways

system blockade reflex tachycardia
Effect on the parasympathetic Ethacizine — anticholinergic No No

nervous system effect

Indicated for ventricular extrasystole | Yes Yes, but officially not all agents | No

AF or atrial flutter in the presence of | Preferred Not recommended Contraindicated

compound was primarily conducted in the former USSR [14,15,16].
In addition to its properties characteristic of Class IC antiarrhythmic
drugs (AADs), ethacizine has been shown to block slow calcium
channels [17,18] and to exert anticholinergic effects [9,10,19].
Consequently, ethacizine influences multiple components of
the physiological substrate involved in arrhythmogenesis, which
may account for its high efficacy in both the suppression and
prevention of supraventricular and ventricular arrhythmias. Table
2 summarizes the key clinical differences and shared features of
ethacizine and propafenone based on current drug labeling and
the references cited above.

In recent years, ethacizine has experienced a research renais-
sance, with several high-quality clinical trials conducted; however,
their geographic scope remains limited to Eastern European coun-
tries where the drug is authorized [9,19]. The National Guideline
of Latvia officially recommends ethacizine for maintaining sinus
rhythm following its restoration in patients with paroxysmal and
persistent atrial fibrillation (AF), as well as for pharmacological
cardioversion in these settings. In Ukraine, until recently, etha-
cizine was recommended exclusively for maintaining sinus rhythm
in patients with vagally mediated paroxysmal and persistent AF.
However, beginning in 2024, a resolution issued by the Ukrainian
Association of Arrhythmologists recommends its use for rhythm
restoration using the “pill-in-the-pocket” approach [19].

The additional anticholinergic effect of this AAD makes it unique,
as currently no other AADs with such properties are authorised in
Ukraine. At the same time, vagally-mediated heart rhythm disorders,
particularly AF, present a substantial challenge in clinical practice,
prompting the development of new agents (e. g. GIRK1 and GIRK4
channel blockers (l,..) — mediator-dependent potassium channel
blockers) and invasive interventions such as cardioneuroabla-
tion [22,23,24,25,26]. Unfortunately, although research into new

AADs that target vagally mediated arrhythmias is promising, such
agents are stillin the experimental stage [22,23]. Given the increasing
prevalence of obstructive sleep apnoea among patients — which in
turn is a risk factor for many cardiovascular events [27], including
arrhythmias, especially vagally-mediated ones — the search for
pharmacological agents that are effective in such contexts remains
arelevant task and may help improve treatment outcomes for many
patients.

However, up-to-date research on ethacizine is not limited to
establishing its anticholinergic properties. For example, a study
by B. Kokina et al. [28], conducted in Latvia, investigated the
ability of different AADs to maintain sinus rhythm in patients with
paroxysmal AF after electrical cardioversion. Authors evaluated the
efficacy both by class and specifically for ethacizine in comparison
to amiodarone, with all patients receiving ethacizine also receiving
a beta-blocker. In this study, Class IC AADs (nearly three-quarters
of patients received ethacizine; the rest — propafenone) were not
inferior to Class Ill AADs (most patients received amiodarone)
for maintaining sinus rhythm over 6 months (53.8 % vs. 63.0 %,
p = 0.346). Similar results for sinus rhythm maintenance were
observed in a direct comparison between amiodarone and etha-
cizine (64.1%vs. 58.6 %, p = 0.616) [28]. These rather bold results
demonstrating the high efficacy of ethacizine in the management
of AF were also confirmed in other small studies [29,30].

In the prospective study conducted at the Pauls Stradins Clin-
ical University Hospital (Latvia) 20 patients after electrical cardio-
version for persistent form of AF received ethacizine (50 mg daily)
and 15 patients — propafenone (300 mg daily) [29]. Their data on
the safety and results of bicycle stress test were analyzed pooled
and there weren't any deterioration in performed safety tests for the
studied group. Initiation of therapy for the studied group had very
low rate of proarrhythmogenic events without any such side effects

ISSN 2072-9367

CyyacHi MeanyHi TexHoAorii. T. 17, Ne 3(66), avneHb - BepeceHb 2025 p.

201



Orasp aitepatypu / Reviews of literature

Table 2. Practical aspects of the use of ethacizine and propafenone for the treatment of heart rhythm disorders in patients without severe

structural heart disease

pregnancy, and breastfeeding

Parameter Ethacizine Propafenone
CAST trials Neither drug was studied in these trials
Slow calcium channel blockade | Yes

Beta-blocking effect No Weak
Anticholinergic effect Yes No
Indications across age groups, | Similar

DC index, cited from [19]

Efficacy increases

More effective when DC <4 ms (sympathicotonia)

22-fold when

DC >5.9 ms (vagotonia)
Elimination half-life, hours 25 Depends on metabolizer type: 2-32 hours
Dosing frequency per day 2-3 3

Notable interactions

Contraindicated with
monoamine oxidase
inhibitors and alcohol

Warfarin dose should be reduced when co-administered; drugs metabolized

via CYP2D6, CYP1A2, and CYP3A4 (e. g. ketoconazole, cimetidine, quinidine,
erythromycin, grapefruit juice), rifampicin, as well as selective serotonin reuptake
inhibitors increase propafenone concentration; contraindicated with ritonavir

Additional contraindications
beyond typical ones of Class IC
AADs

With caution in angle-
closure glaucoma,
benign prostatic
hyperplasia

Severe obstructive pulmonary disease, Brugada syndrome, myasthenia gravis

Use as a “pill-in-the-pocket”
approach for sinus rhythm
restoration in AF

Limited evidence;
approved in Latvia and
Ukraine

Recognized and approved worldwide

Inclusion in ESC
guidelines [8,20,21]

Not included

Atrial fibrillation (in the absence of severe structural heart disease or severe
coronary artery disease):

— option for pharmacological cardioversion of recent-onset AF (Class |, Level A);

— for facilitation of electrical cardioversion (Class lla, Level B);

—as “pill in the pocket” strategy in selected patients with rare and recent-onset AF
(Class lla, Level B);

— for long-term therapy as rhythm control strategy (Class I, Level A).
Supraventricular arrhythmias:

— option for therapy of focal atrial tachycardia (Class Ilb, Level C for acute therapy,
Class lla, Level C for chronic therapy);

— atrioventricular re-entrant tachycardia as a result of manifest or concealed
accessory pathways (Class lla, Level B for acute therapy of antidromic type, Class
b, Level B for chronic therapy).

Ventricular arrhythmias:

— option for several ventricular arrhythmias, but absence of severe structural heart
disease is still obligatory for such prescription.

DC: deceleration capacity.

during the study. The mean value of bicycle stress test duration
positively changed from 5.52 to 6.04 minutes (p = 0.005) [29].
Another study from the same institution [30] included patients
after electrical cardioversion for persistent form of AF. In this study,
both Class IC AADs ethacizine and propafenone didn’t result in
negative impact on inotropic function of myocardium, but patients
from the ethacizine group had numerically better (lower) AF re-
currence rate compared with such in the propafenone group [30].
During the ESC Congress of Cardiologists in 2024, results of
a study on the effects of ethacizine on supraventricular and ven-
tricular premature contractions were presented [31]. In this study,

ethacizine was administered at a dose of 50 mg twice daily in cases
where previous AADs (bisoprolol, metoprolol, sotalol, verapamil,
amiodarone, propafenone) were ineffective (i. e. the number of
premature contractions remained more than 1000 per 24 hours).
The administration of ethacizine resulted in a 9-fold reduction in
the mean number of supraventricular premature contractions in the
early treatment phase (to 761 per day, p <0.001), and nearly a 12-
fold reduction in the long-term phase (to 574 per day, p < 0.001).
As for ventricular premature contractions, the reduction was 5.8-
fold in the early phase (to 550 per day, p < 0.001), and 6.5-fold in
the long-term phase (to 490 per day, p < 0.001). Adverse effects
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of ethacizine therapy were observed in 4 out of 98 examined pa-
tients: one case each of Mobitz | atrioventricular block, sustained
ventricular tachycardia, asymptomatic nonsustained polymorphic
ventricular tachycardia, and asymptomatic transient ST segment
elevation detected during 24-hour Holter ECG monitoring [31].

In autumn 2024, at the XXV National Congress of Cardiolo-
gists of Ukraine, results of a retrospective study were presented,
conducted at the National Scientific Center “M. D. Strazhesko
Institute of Cardiology, Clinical and Regenerative Medicine” of
the National Academy of Medical Sciences of Ukraine, evaluating
the efficacy and safety of ethacizine in patients with AF, including
its use for pharmacological cardioversion (‘Assessment of the
efficacy and safety of ethacizine for relapse-prevention therapy
and rhythm restoration in a “pill-in-the-pocket” approach in patients
with hypertension and paroxysmal atrial fibrillation” [32]). This study
revealed that the sinus rhythm restoration rate with ethacizine use
as a “pill-in-the-pocket” in paroxysmal AF was 61.1-63.7 %.

Thus, compared to the efficacy of other Class IC AADs rec-
ommended for “pill-in-the-pocket” strategy use [8], ethacizine is
generally not inferior to propafenone and flecainide. The ques-
tions raised in this study formed the basis for the rationale of a
national survey of clinicians (Ethacizine evaluation for acute and
chronic treatment of atrial fibrillation in real practice: Ukrainian
national survey —ETERNITY) [33], aimed at assessing real clinical
practice conditions for the use of ethacizine in maintaining and
restoring sinus rhythm in patients with paroxysmal and persistent
AF in Ukraine. Preliminary results have already been obtained
and are scheduled for presentation at the European Congress of
Arrhythmologists [19].

Another direct comparison study of propafenone and etha-
cizine in the management of patients with AF is planned and is
currently in the final stages of planning and approval [19]. This will
be an international, multicentre, open-label, randomized clinical
trial involving 144 patients with paroxysmal / persistent AF, with a
180-day follow-up period, in which the study drugs will be used to
maintain sinus rhythm.

The efficacy and safety of ethacizine in maintaining sinus
rhythm in patients with AF was also discussed at the most recent
European Congress of Arrhythmologists (EHRA 2025) held in
spring 2025 in Vienna [34]. The presentation featured extended
results from an open-label, single-centre, prospective study by the
Latvian Centre of Cardiology, in which patients with persistent AF
received either propafenone (600 mg daily) or ethacizine (100 mg
daily) for 6 months following electrical cardioversion and restoration
of sinus rhythm. Atotal of 57 patients completed the study protocol
(mean age 62.6 + 6.8 years, 36.8 % male). The rate of AF recur-
rence in the ethacizine group showed a near-statistically signifi-
cant advantage over the propafenone group (55.6 % vs. 72.5 %;
p =0.05). None of the patients in either group experienced serious
adverse events, nor were there significant changes in blood test
results, biochemical markers, ECG parameters, stress test resullts,
or Holter ECG monitoring findings, including left ventricular ejection
fraction. The authors concluded that ethacizine did not affect QT
interval duration on ECG or myocardial inotropic function and may
potentially be administered immediately after sinus rhythm resto-
ration. They titled their presentation with a rhetorical and timely
question for all currently available Class IC AADs: “The many

NO'’s to the use of class | antiarrhythmics: does this also apply to
ethacizinum?” [34].

Conclusions

1. Thus, among Class IC AADs available in Ukraine, the main
“players” —especially in terms of wide application including benign
ventricular arrhythmias — are currently propafenone and ethacizine.
These agents are not associated with negative outcomes in the
CAST trials, and each has the potential to influence dysautonomia
in its own way.

2. The specific contraindications and drug interactions of
propafenone and ethacizine allow physicians to choose the safer
and more effective option based on the patient's individual char-
acteristics.

3. Ethacizine has in recent years accumulated new evidences
from well-designed studies under up-to-date patient management
approaches. The results of these studies are now being presented
at high-level international scientific events, consistently creating the
evidence basis for its broader recognition.

Prospects for further research. The literature and scientific
data analysed justify the planning of new studies on Class IC
AADs, particularly propafenone and ethacizine, under contempo-
rary conditions of managing patients with heart rhythm disorders,
with special attention to dysautonomia as a factor influencing
arrhythmogenesis. Such studies are already planned and are at
various stages of implementation. Their results are expected to be
presented at the European Congress of Arrhythmologists and the
National Congress of Cardiologists of Ukraine.
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Merta poboTi — 3a pe3ynbTatamm aHanidy pesynsraTiB ekCriepyuMeHTanbHNX BOCTIGXKEHb i KNiHIYHWX crocTepe-
XEHb CUCTEMATIN3YBaTH Cy4aCHi YSIBNEHHS 1 ONKUCATU KIIOYOBI NATOreHETUYHI BapiaHTW (hopMyBaHHS napuHro-
thapuHreansHoro pedntokcy.

Marepianu i meToau. [poaHarnizoBaHo NaToreHeTUYHi BapiaHTV (pOPMYyBaHHS NapuHrothapyHrearnbHOro pedriokey
(N®P) i3 3acToCyBaHHAM METOAIB aHani3y, CUHTE3Y I y3aranbHEHHS HaYKOBUX AaHuX. IHbopMaLliiHa 6asa chop-
MOBaHa LLISXOM CUCTEMATUYHOTO MOLLYKY NybnikaLliin y MkHapoaHUX HayKOMETPpUYHIX 6asax AaHux, 3okpema
PubMed, Scopus, Web of Science Ta Google Scholar. ins ananisy o6paxo 90 axxepen BignosigHo [0 KpUTEPIiB
HaYKOBOI 3Ha4yLLOCTi (BUCOKUIA KBAPTMIb XypHany, h-iHAeKC aBTopiB, CTaTUCTMYHA 0B pyHTOBaHICTL). CTparteris
noLLyky nepegbayana eTanu BU3HAYEHHs akTyarnbHOCTI NpobremaTiki, hopMyBaHHS PENEBaHTHWX 3anuTiB
(laryngopharyngeal reflux, vagus reflex, autonomic nervous system ToLL0), KpUTUYHE OLLIHIOBAHHS AOCTOBIPHOCTI
[PKeper, MOPIBHAHHSA pe3ynbTaTiB, O OTPUMaHI B Pi3HUX JOCMIMKEHHSX, Ta y3aranbHEeHHs OTPUMaHUX SaHuX.

Pesyabtaty. 3a pesynsratamuy ornsgy Haykosoi niteparypu, lIOP € 6aratoakTopHuM, CKNagHUM i HeoCTaTHLO
CTaHOapTM30BaHUM CUHAPOMOM i3 LUMPOKUM CMEKTPOM HecneundiqHnx CUMNTOMIB. 34iNCHEHO TEOPETUYHMIA
aHania OCHOBHUX MAaTOrEHETUYHUX MexaHi3MiB dopmyBaHHs JIOP i BU3HA4YEHO YOTUPU OCHOBHI: XiMiYHWIA
(mikpoacnipallist N MOWKOMKEHHS CrM30BOI 0DOMOHKM), HEMPOPENEKTOPHMIA (FiNepceHcMTM3aLis), M'a30BUiA
(nepeHaBaHTaXeHHs ropTaHi) Ta iMyHoBionorivHuiA (XpoHiYHe 3ananeHHs Ta nopyleHHs bioueHoay). Bera-
HOBMEHO, LWo JI®P moxe dopmyBaTnca BHACNI[OK NOpPYLLEHb MOTOPUKW CTPaBOXOAY, ANCYHKLIT cdiHKTepiB,
HEeNpOIMYHHWX i NCUXOBEreTaTMBHWX 3MiH. BaxnnBy pomb y XpoHisauii npouecy BiAirpaloTh LieHTpanbHa i
nepueprniHa CEHCUTU3aLlS, CTPEC, FeHETWUYHI Ta NOBEIHKOBI (PaKTOPW, BKITIOHAKOUM OXUPIHHS, KYPIHHS, OiETY
Ta NpuiMaHHs nikis. BctaHoBNeEHo, WO yHiBepcanbHOro AiarHocTuyHoro ctangapty JIOP Hemae — cyvacHui
[iarHOCTUYHUI NPOLIEC € CKNagHUM i (oparMeHTOBaHUM, I'DYHTYETLCS NEePeAyCiM Ha BUKITIOYEHHI iHLLMX MaTororii
Ta eMnipuyHOMY NiKyBaHHi.

BucHoBku. CknaZiHuii posranyxeHuii naToreHe3 napuHroapuHreanbHOro pedniokCy NOSICHIOE 3HAYHY Ba-
piabenbHiCTb CUMNTOMAaTUKM, @ BULINEHHS OKPEMUX NaTOTeHETUYHUX BapiaHTiB abo TUNOBKX DEHOTUNIB 3i
cneumgiyHMMmM Knactepamm MOpPOMOriYHMX, CTPYKTYPHUX, (YHKLIOHANbHMX, GIOXiMIYHWX, IHCTPYMEHTANBHMX
i ICUXOMETPUYHNX XapaKTEPUCTUK CpusiTUME po3pobLii BUCOKOEMEKTUBHMX iHTErpaTBHUX hapMakomnoriyHnX
nigxoaiB A0 NiKyBaHHS.

CyuacHi meauuHi TexHoAorii. 2025. T. 17, Ne 3(66). C. 205-216

Laryngopharyngeal reflux: current perspectives and controversies
V. M. Kryshtal, O. V. Melnikova, O. V. Khorolets, O. V. Hancheva

The aim of this study is to systematize current concepts and describe key pathogenetic variants of laryngopharyn-
geal reflux formation based on the analysis of recent experimental research and clinical observations.

Materials and methods. The study examined pathogenetic mechanisms of laryngopharyngeal reflux (LPR)
formation using methods of analysis, synthesis, and generalization of scientific data. The information base was
formed through a systematic literature search in international scientometric databases, in particular PubMed,
Scopus, Web of Science, and Google Scholar. A total of 90 sources were selected for further analysis according
to criteria of scientific significance (high journal quartile, authors’ h-index, and statistical validity). The search
strategy included the identification of the topic’s relevance, formulation of appropriate queries (laryngopharyngeal
reflux, vagus reflex, autonomic nervous system, etc.), critically assessing the reliability of sources, comparing
results between studies, and summarizing the data obtained.

Results. The literature review revealed that LPR is a multifactorial, complex, and poorly standardized syndrome
with a wide range of nonspecific symptoms. Theoretical analysis identified four principal pathogenetic mechanisms
of LPR: chemical (microaspiration and mucosal damage), neuro-reflex (hypersensitivity), muscular (laryngeal
overload), and immunobiological (chronic inflammation and microbiota imbalance). LPR may result from eso-
phageal motility disorders, sphincter dysfunction, neuroimmune and psychovegetative disturbances while its
chronicity is promoted by central and peripheral sensitization, stress, genetic predisposition, and behavioral
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factors including obesity, smoking, diet, and medication. It was established that there is no universal diagnostic
standard for LPR, and current diagnostic approaches remain complex and fragmented, relying largely on the
exclusion of other pathologies and empirical treatment.

Conclusions. The complex and heterogeneous pathogenesis of laryngopharyngeal reflux accounts for its
symptoms variability. Identification of distinct pathogenetic variants or typical phenotypes with specific clusters
of morphological, structural, functional, biochemical, instrumental, and psychometric features will facilitate the
development of highly effective integrative pharmacological treatment approaches.

Modern medical technology. 2025;17(3):205-216

NapuHrocapuHreansHuin pedoritoke (JTOP) — oguH i3 Han-
MOLIMPEHIWMX i HanbinbWw AncKyTabenbHUX HeiHeKLinHNX
CUHZPOMIB, LLIO NOB'si3aHMIA i3 NpsiMuM Ta/abo onocepeaKoBaHUM
BM/IMBOM racTPOZYOLEHamNbHOM BMICTY Ha Crn30BY 06GOMOHKY
BEPXHIX BiAAinis TpaBHOro Ta AuxanbHux wnsxis (W), wo
cnpuamHae MopdodyHKLIOHamNbHI NOPYLLEHHS B HUX.

MowwpeHicTb JIOP y cBiTi ctaHoBuTs Big 7,1 % go 30,0 %
nauieHTiB, sIKi HanpaBneHi 4O OTONAPUHIONOTIYHOI KMiHikK, Le
Ginblue Hix 1 BUNaaoK 3axXBOPHOBAHOCTI Ha KoxHi 10 ocib, ane
TOYHa CTATUCTUKA 3arMLLAETLCS HEBIAOMOK | MaE BiAMIHHOCTI B
pisHKX kpaiHax [1,2]. CyyacHi KniHiYHi nigxoawm Ao AiarHoCTVKM Ta
NiKyBaHHs He MatoTb CTaHAapTu3aLi. LLopiyHi BUTpaTy OLiHIOKTL
y noHag 50 Mnpa Aonapis Ha pik, i3 HAX Ha OAHOTO NaLieHTa npu-
nagae 5154 ponapw, a 3aranbHi BUTpaTH Ha iHriBITOPW MPOTOHHOI
nomnu (IM) craHoBnsTb 52 % [3].

NOP moxe maTu rocTpui, peumanBHiii abo XpOHIYHNNA
nepebir. [oCcTpi BUNagku 3a3BuYan He BUKMWKaOTb Npobrem
LOAO AiarHOCTMKM, a nauieHT 3a3Buyan fobpe BignosigaoTb
Ha nikyBaHHs. XPOHIYHI BUNaOKK XapaKTepu3yTbCs TpUBanum
nepebiroM, KOMBiHyBaHHAM CUMMTOMIB NPOTArOM BinbLue Hix 3
MiCsiLiB, acOLLiioBaHi 3 HU3bKUM TepaneBTUYHUM edhekToM [4].

PaHilue BBaxanu, Lo JIOP BuHMKae nuLLe 3a yMOBY KUCIIOTO
pedbriiokTary, ane, 3a pesyrsraraMmu HalHOBILLKX CMOCTEPEXEHD,
MOLUMPEHICTb HEKMCIOTHOI Ta 3MilLaHoi (hopm JIPO cTaHoBUTbL
25,4 % T1a 35,5 % Bunagkis BianosiaHo [5]. Y AOCMImKEHHI
J. S. Lee et al. 3achikcoBaHO cynepeunusi pesynsratit 24-ro-
JWHHOTO BaraTokaHanbHOrO BHYTPILLHEONPOCBITHOMO iMneaaHc
pH-MoHiTOpUHry: y 41 % BUNagKiB BUSBNEHO HEKUCAOTHUIA
pecrtoke, y 59 % — amiluanuit. OTxe, XOAEH i3 NaLlieHTiB He MaB
N1LLIEe KMCIIOTHOTO PedITioKCY, NPU LIbOMY KMiHIYHO L rpynu He
BiPI3HANNCh, ane KinbKiCTb MPOKCUManbHUX PEOIFOKCHUX NOAIN
y rpyni HeknucrnoTHoro pedpritokcy Ha 50 % meHLwa [6].

HeaBaxatoum Ha 3Ha4YHy MOLLMPEHICTb L€l XBOpoOM ceper
HaCemneHHs Ta HaBaHTAKEHHS] HA OXOPOHY 30OPOB’Sl, MUTaHHS!
Lofo natoreHesy Ta eTionorii IOP 3anuwatotbes BigkputumMi.
Tak, HuHi B3aemo3B’130k Mix JIOP i ractpoesodareansHo
pedntokcHoto xBopoboto (TEPX) 3anunwaeTbest AUCKYCIMHAM:
iX BU3HAYAKOTb SK OKPEMi 3aXBOPHOBAHHS, X04a BOHU MOXYTb
iCHyBaTW 0fHOYaCHO [7,8].

3ananeHHs TkaHuH npu JIOP BinbLicTs HaykoBLiB Bu-
3HavalTb K HagcTpasoxigHy dopmy MEPX, wo cnpuymnHeHa
Hacamnepes HeJoCTaTHICTIO aHTMpedoKCHUX 6ap’epis y
CTPaBOXiQHO-LLUMYHKOBOMY NEPEXOLi Ta NPSMUM NOAPA3HEHHSAM
LUNYHKOBO-AYOAeHarnbHUM BMicToM. OTxe, NaToreHeTU4Hui
MexaHi3m ToToxXHUMI Takomy ansa EPX. IHwa rpyna gocnigHukis
npUNycTUna HasiBHICTb KiNbKOX OMOCepeaKoBaHUX MeXaHi3miB
BUHUKHeHHS JTOP, amxe € naujieHtn 3 JIOP, aki He MatoTb Takux

TUMOBWX CUMMTOMIB KUCNIOTHOMO pedhriiokey, SIK nedist Ta perypri-
Tauis, xsopoba B H1X MOXe ByT He noB'sa3aHa 3 MEPX, a Tepanis
IM He cnpusie ogyxaHHto [7,9].

Tak, y pesynbrati gocnimxeHHsi, ske 3gicHunm C. Shilpa
et al., cepeqn 82 nauieHTiB BU3HAYEHO MOLLMPEHICTb i30MbOBa-
Horo JI®P - 18,86 % Bunazkis, isonsosaHoi MIEPX — 15,58 %,
kombBiHaii JTOP i TEPX - 32,8 % [10]. Y pocnimkenHi Y. Wu et al.
Ha nigcTasi JaHUX MOHITOPUHTY pH BCTaHOBMEHO, LU0 YacToTa
BUHUKHEHHS yCKNafHeHHs, a came JIOP npu MEPX craHosuna
46,3 % BuNaaKis, a IMOBIPHICTb NoeaHaHHs FEPX i JIOP - 52,7 %.
ABTOpW AIMLLNW BICHOBKY, LLIO B Pa3i KOMOPOIOHOCTI X CTaHIB
CTYMiHb TSHKKOCTi BULLMI MOPIBHSIHO 3 i30M1bOBaHMM nepebirom
NoP [7].

3ayBaXxunmo, L0 LOCi HEMAE YiTKVX AiarHOCTUYHMX KPUTEPIIB
ans IOP, piarHocTvky 3giricHiooTb noaibHo go MEPX, cnvpa-
t0YUCb Ha OLHIOBAHHA CUMMTOMIB Ta E€HAOCKOMIYHUX O3HaK.
3okpema, HaNMOLIMPEHILUMMI IHCTPYMEHTaMI € ONUTYBaIbHUK
«IHgekc cumntomie pecpntokcy» — RSI (P. C. Belafsky et al.,
2002) Ta enpockoniyHa Lukana «OujHka 03Hak pedpritokcy» — RSA
(J. R. Lechien et al., 2019), ane uj iHCTPYMEHTM BKIIOYaIOTb i
HecrewundiYHi NposiBu, WO MOXYTb BYTU CNPUYUHEHI iHLLMMK
YMHHWKaMW: KyPIHHAM, BXVBAHHSIM ankoromnto TOLLO.

OnTumarnbsHOK0 HUHI BBaXaOTb AiarHOCTWKY 3@ HasIBHICTHO
MerncuHy y poTOBIiA PiuHi Ta 3a AaHUMW 24-TOAWHHOTO rinodapyH-
reanbHO-CTPaBOXiAHOMO baraTokaHanbHOro iHTpastoMiHanbHOro
iMnegaHcHoro pH-MoHiTopuHry. MepLunii MeTog Habys 3Ha4HOTO
MOLLMPEHHS, € MiHIMarnbHO IHBA3UBHUM, EKOHOMIYHUM | 3pY4HUM,
arne He € JOCTaTHbO TOYHUM Yepes LUMPOKWIA diana3oH KOHLEH-
TpaLlii NeNcuHy, L0 BU3HaYatoTb NPOTATOM 24 rofuH, BiiCYTHICTb
[0CTEMEHHO BCTAHOBIMEHWX FPaHUYHIX 3HAYEHb (Y TOMY Y1CHi Ye-
pe3 3HauyHy BapiabenbHICTb Y Pi3HNX BOCTIIKEHHSX) | HEOOXigHOI
KinbKOCTi 3paskiB. [JoBoni BUCOKOIHDOPMATMBHUIA pH-MOHITOPUHT
Mae 0BMeXeHe KITiHiYHe 3acTOCyBaHHs Yepes AMCKoMAOPT AN
nawieHTa i BACOKY BapTiCTb, a MOro KOHTPOMbHI 3Ha4YEHHS Le ne-
pernsigatotb [11,12]. Ak nepcnekTuBHI giarHOCTUYHI Giomapkepu
N®P i TEPX HuWHi BMBYalOTb MATPUKCHY MeTanonpoTteiHasy-9
(MMP-9), 6inok TennoBoro wwoky-70 (Hsp-70), 3gincHIOKTL TeC-
TYBaHHS LiniCHOCTi cnn3oBoi 06onoxku (MIT).

HactynHa kniniyHa gunema JIOP — po3pobneHHst yHidikosa-
HWX KMiHIYHWX pekomeHaauin. CyvacHi meToam nikysaHHs JIOP
BKMIOYaOTb 3aCTOCYBaHHSA (papMakonoriyHux 3acobis, 3MiHy
Cnocoby XWUTTS Ta XapyoBWX 3BWUYOK, KOrHITUBHO-MOBEAIHKOBY
Tepanito, noronegito, YepesLUKipHy enekTpUYHy akynyHKTYpHY
CTUMYISILLiFO, 3aCTOCYBAHHS KOMMPECINHUX MPUCTPOIB | BUKOHAH-
HS XipypriuHuX BTPYyYaHb, 30Kkpema bapiaTpuyHmx.

HainowumpeHiwmm i HanepLuMm MeToaoM nikyeaHHs JTOP
HUHI € npuaHaveHHs [N, Wwo NpurHivyTL NPOAYKYBaHHS
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LUNYHKOBOI KUCMOTU SIK OCHOBHOTO KOPO3IMHOrO KOMMOHEHTa.
MigkpecneHo HeobXiaHICTL 4OBOMI TPUBANOTO NikyBaHHS (GinbLue
HiX 6 MicsLB) Ta BUKOPUCTAHHS BUCOKMX 103 (40 Mr oguH pa3
uu ABivi Ha [o0y). 3ayBaxuMo, L0 B OKPEMUX MALiEHTIB Niky-
BaHHS 1M1 BU3HAYEHO SK NULLIE YaCTKOBO e(heKTUBHE UM HaBiTh
HeedbeKTMBHE Yy pasi HekucnoTHUX dopm JIOP abo 3a yyacTi
KOBYHMX KMCIIOT, LLIO aKTWBHI NP1 BUCOKOMY pH i He HerTpaniay-
totbest 1M [13]. HegocTaTHio edheKTUBHICTL (hapMakoKopeKLil
BHacnigok npuimanns 1M nigTBepmkeHo y pesynbrati focni-
pxeHHs M. Duricek et al. [14]. ABTopu 3adpikcyBarnu noKpaLLeHHs
CUMNTOMIB, NOB’A3aHuX i3 JIOP, nicns nikysaHHA IMM1 Tinbku Ha
50 %. Kpim Toro, 3aBasikm 24-roguHHomMy pH-iMneaaHc mMoHiTo-
PUHTY TROTKW Ta AMCTasbHOMO BigAiny CTPaBOXo4y AOCHiAHWKM
BUSIBAMK, WO NpuiaManHs [T He 3MEeHLUMAO KinbKiCTb enisoais
thapuHreansHoro pedntokcy abo TpuBanicTb BNMBY hapuHre-
anbHOi kKMenoTu 3a Byab-sKoro piBHs pH.

CknagHicTb, MOXnMBY KOMOPOIaHICTb naTogisionoriyHmnx
mexaHiamiB JIOP i HeobXigHICTb X PO3yMiHHS MiATBEPAKEHO 3a
JaHUMK JocnimKreHHs, wo 3aincHmnm H. C. Lien et al. [9]. 3rigHo 3
pesynsratamu, y Maixe 40 % nauieHTiB 3 i3011b0B8aHO0 POPMOLD
JIOP nikyBaHHs 3 BukopuctaHHam MM He Mano NO3WUTMBHOIO
edekty. Taky pesuctenTHicTb Jo M aBTopy NoB’sa3yBanu 3
iHLLOKO NaTodisionorieto, TOBTO 3 HAsBHICTIO HENPSIMOTO Baro-Ba-
rycHoro pechnekcy [9].

JouinbHicTb 0BMexeHHs1 HeobI'PyHTOBAHOMO MPU3HAYEHHS
[N nokasaHo Takox y GaraToLEHTPOBOMY NOABIMHOMY cRinomy
paH4OMi30BaHOMY nnaLeb0-KOHTPONbOBAHOMY [LOCHIZKEHHI.
ABTOpYK [0BENM, LU0 NaHCOMPa3on He Mae nepesar NopiBHSHO
3 nnauebo y nauieHTiB 3i ckapramu, WO noB'sa3aHi 3 JIOP; npu
LIbOMY YYaCHUKH, SiKi OTpUMyBanu nnavuebo, Bigvysanu binbLue
MOKPALLEHHS CUMMTOMIB, HiX Ti, XTO npuimMany npenapart [15].
3 iHworo 6oky, W. H. Tseng et al. nos’ssyBan pecpakTepHi Ao
ITMN napwHreansHi cuMnTomm 30eBinbLLOrO i3 CymyTHIMK NCUXO-
NOriYHNMM 3aXBOPIOBAHHAMM Ta NOpPYyLLEHHsAMM CHY [16]. Lii gaHi
BiOKPMBAIOTb HOBY NMATOrEHETUYHY NCUXOCOMATUYHY napagurmy.
[MigBULLEHI PiBHI HACTOPOXEHOCTI Y navjeHTiB i3 JIOP ceigyath
npo chidioncyxonoriyHy B3aEMOLi0 (PaKTopiB, LLO MOAYMIOKTL
CUMMTOMaTMYHE HABaAHTAXeEHHS!, Ta MIATBEPAXKYIOTb NOTEHLjan
iHTErpaTMBHUX NigXodiB [0 NiKyBaHHS, KpiM LinboBOi Tepanii
pedriokey [16,17].

[NonieTionoriYHicTb, 3B'A30K i3 3ananbHAMK Ta 3MNOSKICHK-
Mu 3axsoptoBaHHAMK [LU, He[OCTaTHBO BUMBYEHUI E€AMHUN
naToqi3ioNnorivyHMn MEXaHiaM BUHWUKHEHHST JIOP, HecnewundivHi
CYMNTOMM, LLO BU3HAYaOTb Ha (POHI Pi3HUX JTAPUHIOCKOMIYHIX i
racTPOCKOMIYHMX O3HAK, YCKMaAHIOTb 06'EKTUBHY AiarHOCTUKY
Ta KniHiYHe OLiHIOBaHHSA CTYNeHs 3aXBoptoBaHHs. Lie cnpuimnHse
[LiarHoCTUYHY HEOHO3HAYHICTb, Noninparmasito, nisHio AiarHocTu-
Ky, HeOOL|iNbHI NikapChKi MPU3HAYEHHS, @ OTXKE PU3VIK NTiKapCbKOi
B3aemopii abo nobivHoi Aii npenaparis.

[eTanbHuit aHanis cy4acHx ysBreHb i HaykoBux 3000yTkiB
LLOAO MEXaHi3MiB BUHUKHEHHS, nepebiry Ta NporpecyBaHHs
3aXBOPIOBAHHS, BPAXOBYHOUM OCHOBHUIN ETIONOMYHUA YUHHUK,
[aCTb 3MOTy BU3HAYMTV PaHHi AiarHOCTUYHI O3HaKM Ta CipusTyh-
Me po3pOobNeHHI0 CTaH4APTU30BaHVX MigXOMiB 4O AiarHOCTUKMA
Vi niKyBaHHs.

Merta pobotu

3a pesynbratamMu aHanisy pesynsratia eKCrnepUMEHTamNbHNUX
JOCTIDKEHb i KNiHIYHUX COCTEPEXeHb CUCTEMATI3YBATH Cy4acHi
YABIMEHHS 1 OMKCATU KITHOYOBI NaTOrEHETUYHI BapiaHTu hopmy-
BaHHS NlapuHrohapuHreansHOro pedrokey.

Marepianu i MeToAU AOCAIAKEHHA

O6’ekT poCnimXeHHsl, a caMe NaTOreHeTUYHi BapiaHTu
opmyBanHs JIOP, BuBYanM meTogamu aHanidy Ta CUHTe3y,
Hapani ysaranbHWUnW AaHi, Wwo otpumani. Haykosy iHchopmaliio
OTPWUMaHO Nicns OrMsAY HaBINbLL LIUTOBAHWX HAYKOBMX KEPEN
3 aHaToMmil, naTodi3ionorii, OTOPUHONAPMHIONOriT, FACTPOEHTEPO-
norii, L0 iHAEKCyTLCS B HayKOMeTpriHKX Basax aaHnx PubMed,
Scopus, Web of Sciences ta Google Scholar.

lMpoaHanisoBaHO 268 HaykoBuMX Npalb, WO onybnikoBaHi
y nepiog 3 2017 po 2025 poky; 90 i3 HUX 0bpaHo Ha MigcTaBi
BMCOKOrO KBapTUHO XypHany Ta h-iHaekcy aBTopis.

Crpareris iHhopmaLiiHOTO OHManH-noLwykKy nepenbayana
BW3HAYEHHS aKTyanbHOCTI Npobnemu, nowyk iHpopmauii Ta
06pobKy, cuHTE3 AaHWX. OCHOBHWIA NPUHLMN iHGOpMAaLLiAHOrO
noLuyky — Binbip peneBaHTHOI HayKoBOi NiTepaTypy. [Ans Lboro
noLUyK 3A4iMCHUK 3a Takumun 3anutamu: laryngopharyngeal
reflux, gastroesophageal reflux disease, autonomic nervous
system, esophageal bronchial reflux, vagus reflex, esophageal
hypomotility. [1ns Bubopy akTyanbHWUx Matepianis, OLHIOBaHHS
HaAiNHOCTi HAYKOBOIO [Kepera Ta JOCTOBIPHOCTi ony6nikoBaHoi
iHcbopMaLlii 3GINCHUN NOPIBHSHHSA 3 IHLUMMKU HAYKOBUM [Ke-
penamu, 0bpaHo TiNbKy MOBHOTEKCTOBI NybnikaLji, Ae aBTopu
BMKOHANM CTaTUCTUYHE ONPaLItOBaHHS 1 aHani3 JaHuX.

Y pesyneTati petensHoro 1o60py HaykoBUX AaHuX, aHaniay
Ta CUHTE3Y OTPUMAHOI HayKoBOI IHOpMaLlii, NepPEOCMUCTIEHHS
nepeoBKX HayKOBUX JOCHIMKEHb | BNACHUX MipKyBaHb Chop-
MOBAHO YSIBMEHHSI NPO KITO40Bi naToreHeTuyHi BapiaHTu JIOP. Lle
[acTb 3MOry BU3HAYMTM PaHHi iarHOCTUYHI KpuTepii XBopobu Ta
CNPUSITUME PO3POBIEHHIO TAPTETHUX MiKyBaNbHO-AiarHOCTUYHIX
anropuTMmiB.

Pe3yabtatu

Ornsp cyqacHUX HaykoBuX Mxepen nigTeepams, Lwo JIOP —
MYyNBTUEAKTOPHUI CUHOPOM, KU XapakTepu3yeTbes KIiHIYHUM
CMMMTOMOKOMMNIIEKCOM Pi3HMX CTYMEHIB BUPAXEHOCTI Ta HA3KO
HecneundivHNX cKkapr, KOTpi BiH CNpUYnHSE. HannoLumpeHiLmmm
nosactpasoxigHumu cumnTomamm JIOP y nauieHTiB € BiguyTTS
CTUCKaHHS! («Kry6Kay) B ropni, NpoYnLLEHHs ropna (pedpritokCHMIA
KaLLenb), 3axpunicTb (PeqMIOKCHWA NTAPUHIT), HAZMMLLIOK CIu3y
B ropsi, CUHAPOM NOCTHa3arnbHoOro 3atikaHHs Towo [18,19,20].
[o HecneumivHMX («PO3MUTUX») CKAPT, LLO aCOLilTHCS 3
NTOP i pisHnMK 3aXBOPIOBAHHAMM BEPXHIX i HXKHIX ANXanbHUX
WNAXiB (XPOHIYHUM PapUHTITOM, NAPUHFITOM, KOHTAKTHOK
rpaHynbLOMOI0 ropTaHi, nenkonnakieto, acTMoto, igionaTtuyH1M
NHEeBMOMDIOPO30M, CEpenHiM OTUTOM, PUHOCUHYCUTOM, CUHAPO-
MOM OBCTPYKTMBHOIO anHoe TOLLO), HanexaTb XpunoTa, BToma
ronocy, AnccoHisi, cyxicTb abo nevis y ropni, ranitos, Aucdaris,
Oinb y rpyasx, nopyLwexHs cHy [3,10,18,19,20].
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IMYHOBIOAOIYHE
MOLUKOAXKEHHSA

(XpOHiuHe 3ananeHHs,
nopyLueHHA bioueHo3y
rOpTaHOTAOTKH)

M'A30BE
HABAHTAXKEHHSA

(TpUBane Ta HapMipHe
HaBaHTaXX€HHA M'A3iB
ropTaHi Ta roTKK)

Puc. 1. ETionatoreHeTWYHi BapiaHTV MexaHi3miB popmyBaHHA ADP.

LLIMpoKMiA cnekTp HecrneumivHUX CKapr, WO CNpUYUHEH]
YPaXeHHsIM TPaBHOI Ta AUXarnbHOI CUCTEM, YCKMAZHIOE AiarHoc-
TUYHWIA NOLLYK | BCTAHOBMEHHS YiTKOrO fiarHo3y. ToMy CiMenHuMi
nikap MOXe HanpaBWTW NalieHTa 4O OTOMapuHronora, racTpo-
eHTeporiora, MynbMOHOIIOora, HEeBporora, neuxiatpa, neuxorora.
[oBoni YacTo 40 BCTAHOBMEHHS NPABUBHOIO AiarHo3y XBOPUiA
mae y cepeaHsomy 10 Bi3uTiB 4O BY3bKVX CNeLianiCTiB, a cepeaHs
KINMbKICTb AiarHOCTUYHWX TECTIB HA OHOrO NallieHTa CTaHOBUTb
6 i GinbLUe Ha pik, WO 3yMOBMIOE 3HAYHE HABAHTAXEHHS ANS
CUCTEMW OXOPOHW 300POB’S 3aranom Ta CNPUYNHSE (DIHAHCOBI
BUTPaTK ANs nauieHTa [3].

TpuBanuit Yac sk ronoBHy NPUYMHY CKapr navieHTis i3 JTOP
BusHavanu [EPX. OpHak y pesynsrari KniHiYHUX CrocTepexeHb
BCTaHOBMEHO, L0 noHapA 75 % nauieHTis i3 no3acTpaBoXigHUMM
CAMNTOMaMM He MatoTb TUNoBMX cumnTomiB MEPX (nipos, peryp-
riTallisi) Ta He MatoTb EHAOCKOMIYHMUX 03HAK YPAXKEHHS CIIM30BOI
06onoHkK [19,21]. Came Ans Takux CTaHiB BBEAEHO TePMiH JTOP,
KU BUKOPUCTOBYIOTb YOKE MOHAL [Ba AecAaTunitTs [22].

BBeneHHs L€l HoBoi TepMiHonorii Ha noyatky XXI ctonitTs
HEe CNpWANO BUPILLEHHIO NUTaHHS LWOAO 3B’A3KY MiX nosa-
CTPaBOXiZHUM CUMMTOMOKOMMNAeKcoM ckapr i JIOP, He gano
YiTKOro pO3yMiHHS naToreHedy XBopobu. BTim, KOHCTaTyeEMO, LLO
BinbLLiCTb HAyKOBLIB MigTPUMYIOTb ysBneHHs npo JIOP sk npo
CKMagHWi NPoLEC, LU0 BKMtOYaE i pedbntokCHi, i pednekTopHi
MexaHiamu, ane 6e3 YiTKoro po3yMiHHs ix CniBBIHOLLEHHS Ta
B3aemogii [9,14,16,18,23].

3rigHo 3 pe3ynbratamn SOCTIMKEHD | 32 AaHUMM KNiHIYHNX
CnocTepexeHb, aiarHoctuka JIOP e nocutb cknagHo. Hesgaxa-
F04M Ha TBEPIKEHHS, LLIO LIE OKpeMe 3aXBOPIOBaHHS, ke BiapisHs-
€Tbcs Bia MEPX, BusiBNeHi Mmexaniamu nowkomkeHHs AL matotb
Bararo cninsHoro. MpunyLerHs, wo JTOP dopmyeTbCs He Tinbku
Yepes 3BOPOTHWM MOTiK BMICTY LLNYHKY Ta/abo ABaHaauATMnanoi

NEPUOEPUYHA
TA/ABO LEHTPAABHA
TINEPCEHCUTU3ALIA

(rinepuyTAMBICTb 3 peanisauieto
HEeUPOHHO-0NOCEPEAKOBAHUX
pednekci)

XIMIYHUHA BNAUB

i3 NOPYLIEHHAM MOTOPUKM
CTpaBoXoAy

(pedAOKC AUXaAbHUX LIASIXIB
Ta Mikpoacnipauii)

KULLUKW BWLLE Bif PiBHS BEPXHbLOrO CTPaBOXiOHOrO CiHKTEpa
(BCC), ane 1 BHacnigok cnabLuoro 3axmcTy Crn3oBoi 0B0MOHKM
JLU, ne ximivyHe 3ananeHHs crm3oBux 06OMOHOK BigbyBaeThbCS
3i 3HAYHO MEHLLOHKO KIMbKICTIO eni3odiB PedniokCy Ta HUKYO
KWCIOTHICTIO, TPaHCOPMYBanocs y poaranyxeHy nartoreHe-
TUYHY MOAENb Pi3HUX (PEHOTUNIB 3 YHIKaNbHUMK KohakTopamm
cxunbHocTi [4,9,16,19,24,25].

lNpoaHanidyBaBLwM AaHi GaraTb0X AOCMimKEHb, PO3PIi3HS-
€MO YOTUPY OCHOBHI ETIONATOrEHETNYHI BapiaHTV MexaHi3MiB,
3a SKMMM YacTile po3suBacTbes JIOP: nepwmin — XimiyHui i3
MOpYLLUEHHSIM MOTOPUKI CTPABOXOAY, NOB’SI3aHNIA i3 pedhritokCom
BMICTY LUMYyHKa B CTPABOXiA, BKMOYaoUM NpsiMe nofpasHeHHs!
ropTaHi Ta rmoTkM BMICTOM LunyHka (Teopis pedntokcy AL i
Mikpoacnipauii); apyrun — nepudepuyHoi abo LieHTpanbHoi
rinepceHcuTU3aLii (pedrnekTopHa TEOpis Yepes MiaBNLLEHY
YyTAMBICTb [0 KaLMK 3 peanisaLietd HePOHHO-0NocepeaKo-
BaHUX pepreKciB); TPETIi — M’A30BUIN NepeHaBaHTaXyBanbHUI
(TpuBane Ta HagMipHe HaBaHTaXEHHS M'A3iB rOpTaHi Ta rMoTKK);
YeTBEPTUI — iIMyHOBIONOTYHIIA (XPOHIYHE 3anarneHHs!, MOPYLLIEHHS
GioLIeHO3Y ropTaHOMOTKY). 3ayBaXMMO, LLIO KOXEH i3 MexaHi3MiB
MoXxe ByTw i i30MbOBaHUM, i TOEAHYBATUCA 3 iHLWMMK (puc. 1).

MexaHi3aMm nolkoakeHHs cnu3osoi obononkn AL, wo
MOB’si3aHMNIA i3 NPOKCUMarbHUM pedrtokcoM i Mikpoacnipaujieto,
[o6pe gocnigeHo. 3rigHo 3 HAM, CTUMYT, LU0 iHAYKYE KaLlenb,
BMHMKae BHACNi#oK npsiMoro noapasHeHHs AL mikpoacnipaLlisivmm
yepes pedrioke i3 NPOKCUMAnbHOro Bigainy crtpasoxogy [26].
3a pesynsratamu gocnigxerns J. A. Koufman (1991), cnusosa
060r0oHKa CTpaBoxoay Moxe npotuctosT 50 noTeHuinHAM eni-
300am pedbriokCy Ha AeHb Be3 MOLLKOMKEHHS TKaHWH, a Crin3oBa
000nOHKa ropTaHi Ta rmoTkv Moxe OyTu MOLUKOKeHa YoT1pMa
enisogamu pedrtokcy Ha o0y, N OCKiNbKW HEMAE 3aXMCHOrO
MexaHi3aMy NpOoTU LLUMYHKOBOrO Ta yoAeHarbHOro BMICTY, pU3uk
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| TXKICTb MOLLUKOMKEHHS 3pOCTa0Th Y Pa3u 3a KOPOTKUI NEPIOS.
Mpu ubomy BigbyBaeTbCst 6e3nocepeHe KUCMOTHO-NENTUYHE
ypaxeHHs cnn3oBux 06onoHok AL wnyHKoBUM BMICTOM, LUO
CKMaAaeTbCA i3 COMAHOI KUCMOTU, NENCUHY, B OKPEMUX BUMaA-
KaXx — JKOBYHMX KMCIOT i )XOBYHWX COMeii pasom i3 Baktepisimu,
IO MICTATBCS Yy WIyHKOBO-KMLLkoBoMy TpakTi (LLKT). Mpsime
noppasHeHHs crmaoBmx 060noHok [LL wnyHKoBo-ayoneHansHUM
BMICTOM MPW3BOAUTb A0 ICTOTHUX Makpo- Ta MIKPOCKOMIYHUX
riCTOMNOriYHMX 3MiH Y CrK30BiA 060noHLi [23,27,28]. Y LboMy
BapiaHTi 4O OCHOBHWX (PaKTOpPIB, LU0 BMAMBAKTL HA TSKKICTb
JIOP, HanexaTb cknag pedntokcaty, TpMBanicTb MOro ekcrnosuuii
Ta YacToTa perypritawii.

OpnHWM i3 ronoBHNX KOMMOHEHTIB pedprtoKTaTy, IKU Bigirpae
NPOBIgHY POSb Y 3ananbHOMY Ta KaHLEPOreHHOMY MPOLEC,
€ MencuH — npoTeasa, Lo JOCArae ropTaHi Npu 3HaYeHHsX
>210 Hr/mn. Bigomo, Wwo noBHa iHakTMBaLis hepMeHTy Bigby-
BaeTbCs Npu pH 6,5. MencuH, xou i He € akTmeBHUM npu pH 7,0,
3arnMLIAETLCA CTAbINbHAM NPOTArOM LLOHAWMEHLLE 24 rofuH Npu
37 °C, cnpuymHsie akTvBaLito cneumdidHnX OHKOreHiB, KMiHiYHO
MOB’SI3aHWX i3 NIMOCKOKMITUHHUM pakoM ronosw Ta wui [29,30,31].
KpiM npsiMOro NOLLKOKEHHS!, NENCUH NPU3BOAUTL 10 NOPYLLIEHHS!
3aXMCHUX MexaHiamiB BepxHix [LL — 3HxeHHs piBHs Ginka Sep70
(Binok cTpecy Nnockoro enitenito), KU PErymoe NPOXOMKEHHS!
iHWw¥X BinkiB Yepes bioTpaHchopmalito i3odepmeHTy kapboaH-
rinpaam lll, sika B HopMi Npu3BoamMTL A0 kapboaHrigpasa-ll-ono-
cepenkoBaHoi Ae3akTtueaLi nencuny [30,32,33]. B eniteniansbHux
knituHax OW nencuH nigsuwye pisHi MPHK myuuHy SAC Ta
rnikonporeiHis 3aBagsakm MMP-9 i sgepHoMy TpaHCKpUNLiAHOMY
thaktopy NF-kB, y Takuii Cnoci6 cnpuimHsitoum rinepcekpeLio
€13y Ta NoTeHUitoo4K 3ananbHuia npouec y AW [31,34].

Bnnus consHoi KMCMOTW (OpYroro MoCTiMHOrO KOMMOHEHTa
pecntokTaty) Ha JLLl xapakTepuayeTbCst NOLKOMKYBAIbHO A€t
Ha eKCrpecito TpaHcMeMBpaHHoro rmikonpoTeiHy E-kaarepuHy B
enitenianbHin TkaHuHi. Bigomo, Lo consiHa K1cnoTa CnpuymnHse
NigBULLEHY MDKKNITWHHY NMPOHMKHICTb i nocnabnioe 6ap’epHy
(hyHKLito crm3oBoi 060M0HKM ropna [35].

JKoBYHi KMCOTY NpW pedpritoKCi AyoaeHarnbHO-LLUTYHKOBOMO
BMICTY 3yMOBITIOIOTb 3anarneHHs Ta KaHLEepOoreHes i Mpy K1CIomy,
i npy NyxHoMy pH. 2Kosd iHOyKye eniTeniansbHo-Me3eHXiMarnbHuii
nepexia y KniThHax Ta ekcrpecito TpaHchopMyBanbHOro (hakTopa
pocTy-B1, 3yMOBMIOKYM 3HIKEHHs! E-kagrepuHy, 30inbLueHHs!
MMP-9 i hibpOHEKTMHY, L0 NPU3BOANTL A0 YTBOPEHHS pyOLiB
y ropTaHi, pemogentoBanHs [ILL i kaHueporeHe3y [36]. AkTuBaLis
NF-kB cnpuuntsie nowkomkenHst JHK/PHK, aHomanbHy ekcnpe-
Cit0 MYXINMHHUX (haKTOPIB i CENEKTUBHI KaHLiepOreHHi epeKkTh Ha
Cn13oBY 00ONOHKY rinodapuHreancHoi AinsHkK [37].

Ponb tpuncuHy B natoreHesi IOP 3ymoBneHa Hacamnepeq,
aKTVBaLjieto nNpoTeiHas-akTneoBaHoro peuentopa-2 (PAR-2),
KW BNIAMBAE Ha perynsiLLito HYKHBOTO CTPABOXIAHOMO CiHKTepa
(HCC), nepenycim 4epes CUCTONIYHWIA | 4iaCTOMNIYHNIA MEXaHI3MM
B LIMPKYNSPHIN rnagkin Myckynatypi cTpaBoxofdy. Takum YUHOM
TpuncuH cnpuuintsie gucdyHkuito HCC [38]. TpuncuH iHaykye iH-
TepnewkiH-8 i cekpeLlito TPaH3UTOPHOTO PeLLenTOPHOrO NoTeHLjia-
ny BaHinoigy (TRPV), Lo 3yMOoBntoe AMCHyHKLO eniTenianbHoro
Bap’epa BepxHix AL [39].

3ayBaxumo, wo npu JIOP mikpoacnipayii wiyHkoBUM abo
KULLKOBMM BMICTOM 3AINCHIOIOTBCS Yepes perypritawiio 4o cTpa-

BOXOZY i3 HACTYMHWUM HaOXOMKEHHAM Y BEPXHi Ta HuxHi [LL, a
Lie HeMOXIBO 6e3 NOPyLUEHHS! MOTOPYKM CTPaBOXOLY.

TpaouuiiiHo BBaXatoTb, LLO CTPABOXIA — Lie CKnagHa M's30Ba
TpyOKa, Sika BUKOPUCTOBYE CKOOPAMHOBaHY MepuCTanbTuKy Ta
[ernoTytode po3cnabneHHs BEPXHbOTO Ta HUKHBOTO CTPaBo-
XiOHWMX CiHKTEpIB A1 TPAHCMOPTYBaHHSA 6OMCy 3 IMOTKM A0
wnyHka. CTpasoxia MoanHW ChopMOBaHUIA ABOMA JinsiHKaMu:
BEPXHbLOIO (LUMIAHOI) YaCTVHOH, LLO CKIaAaETbCS MEPEBAXKHO 3
nonepevHo-CMyracTx M's3iB, Ta HKHBO10 (TPYAHOI0), LLO CKa-
[aeTbes 3 rmaakux M'asiB. OTxe, HEPBOBO-M'S130Ba OpraHisaLlis
i MexaHiaM NepucTansTUYHUX CKOPOUEHb Y LiMX ABOX YacTUHaxX
iCTOTHO Bippi3HSAETLCS. [OpYLLIEHHS KOOPAMHOBAHOI NEpUCTarb-
TUKW Tina cTpaBoxody abo kosTanbHoro poscnabneqHs HCC
MOXe NpU3BECTM 10 OBCTPYKTUBHUX CUMMTOMIB: Aucdarii, 6onto
B rPyAsiX HEKapaioNnoriYHOro NOXokeHHs Ta perypritawii [40,41].

Y HopMasbHOMY i3ionoriYHOMY CTaHi NPOTUAIE peryp-
riTauii € aHTMPEMNIOKCHNA MeXaHi3M (BHYTPILLHIA i 30BHILLHN
pedhrtokcHUA Gap’ep) sk CknagHa B3aeMOpist Mixk aHAaTOMiYHOK
CTpyKkTypoto Ta dpisionorieto. Bin Bkniovae BCC, HCC, kyT lMca,
HiXKy giadbparmu, giacdparmansHO-CTPaBOXIaHY 383Ky, KOOp-
JVMHOBaHY NepucTansTyKy CTPaBoXozay (MOB’Si3aHy 3 KOBTAHHSM),
KMCMOTOCTINKICTb | O4MCHY 3AATHICTb CRM30BOI 0OOMOHKK CTpa-
Boxoay [42,43].

lMpoBigHa ponb y CKMafHii B3aemMogii aHaTomo-ahisionoriy-
HOro aHTupedpriokcHoro 6ap’epa B CTPaBOXIAHO-LLMYHKOBOMY
nepexopi Hanexuts HCC, sknid nigTpuMye MOCTIMHWIA TUCK,
He3Ba)xatou Ha 3MiHM NOMNOXeHHs Tina abo KONMMBaHHS BHYTPILL-
HbOYEPEBHOTO TUCKY. TpaH3uTOpHe po3crabnenHs HCC, ske
HWHI BU3HaYaloTb SIK OCHOBHY NnpuyuHy MEPX, Moxe BUHUKaTY i
y 300poBux 0cib i3 HopmanbHum Tuckom HCC, ane Ha BigMiHy
Biz (i3ioNOriyHMX YMOB, KOMMW PECOITIOKC BUSBNSIETLCS NEPEBAXHO
ra3oBMM BMICTOM i 30€0inbLIOr0 He Mae OY4EBUIHNUX CUMMTOMIB,
3a NaTororiyHMx yMoB, a came npy 3BinbLUEHHI KinbkocTi Ta/
ab0 TpMBAnoCTi eni3oAiB, BiH YACTILLE XapakTepu3yeTbes came
KUCAOTHUM BMICTOM. Lle 11 cnpuynHsie CUMNTOMaTKY «TUMOBOrO
pechntokcHoro cuHapomy» npu JIOP [43,44]. OcTanHii eTan npo-
TUAIT pedrrokcy WnyHkoBoro BMicTy 4o [ILL nonsrae y cknagHin
B3aemogii M'a3iB BCC i guctanbHoro Bigginy rmoTku, Lo B HOPMi
BiAKPMBAKOTLCA NULLE Nif Yac KoBTaHHs. LLogo natoreHesy NTOP,
TO, 32 HaWHOBILLMMKU AaHUMK, NPOBIAHY POfb Bidirpae came
nopyLuenHs yHkuii BCC, a ockinbku M0ro Takox KOHTPOIoe
Brykatounit Heps, sik i HCC, To ancdyHKList aBTOHOMHOI HEPBOBOIT
CUCTEMU MOXE CMPUYMHATW MOPYLUEHHS Perynauii LnyHKOBOI
nepucTansTUKKA N (OYHKLA CTpaBOXigHWX CiHKTepiB [23,45,46].

3B’a30Kk Mix JIOP i3 nopyweHHamu BCC i moTopukoto
CTpaBOXoay AaB 3MOry AOCIAHMKAM Mif Yac CTPaBOXiAHOI Ma-
HOMeTpii BUCOKOT po3AinbHoi 3aaTtHocTi (HREM) To4HO ouiHuTy
CTaH cchiHKTEpPa Ta (PyHKLt0 cTpaBoxoady. MopyLLeHHs dyHKLii
CTPaBOXOAY BU3HAYEHO Y TPETMHI NaLlieHTiB i3 JTPP abo MEPX,
Y SKUX [OBEAEHO HAsIBHICTb aHATOMIYHMX | MaHOMETPUYHUX
aHomanin [47,48).

Onwcytoun gpyruii eTionaToreHeTUYHNIA MexaHisM opmy-
BaHHs JTOP nepudepuyHoi abo LeHTpanbHoI rinepceHcuTuaai
3 MigBMLLEHOK YYTNMBICTIO CrM30BMX ODOMOHOK i peanisaLieto
HepOHHO-0NocepeIKoBaHUX pedekcis, Crig roBopuTU Npo
Teopito e3oaroTpaxeobpoHxianbHMX pedinekcis. 3rigHo 3 Heto,
3aKVCHEHHS AUCTarnbHOTO BiAAiNy CTPABOXOZY MOXE CTIPUYMHSTM
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cumToMOoKoMMIeKe JTOP yepes npsiMui BNNWB Ha BEPXHIO YacTu-
Hy CTPaBOXOfy Ta rOPTaHOITIOTKOBI AiNsHKY abo onocepenkoBaHo
— LWAIAIXOM CTUMYnsLi Briykatodoro Hepea Yepes Mikpoacnipavii
LUSTYHKOBOTO BMICTY Ha HVXKHIO YaCTVHY CTPaBOXOLY, 3amyCKatouy
BarycHui pecnekc [6,49].

MiaTBEPMXEHO, WO CTPaBOXiAHe Ta BpoHXianbHe AepeBa
MatoTb CninbHe eMOpioHaNbHE NOXOMKEHHS], @ OT)XE MK HUMM €
CRINbHWIA BaryCHUI pedhnekTopHMI Wwisx. ToMy Teopis nonsrae
B TOMY, LLO pedritoKcaT CTUMYIMIOE AUCTanbHi XeMopeLenTopu
Cnn30BOi 0OOMOHKM CTPaBOXOAY, WO Y BiAMOBiAb aKTMBYHOTb
MeziaTopu 3ananeHHsl, eepeHTHi HEPBOBI 3aKiHYEHHS BUBIMb-
HSItOTb CyOCTaHLito P, NOB'A3aHNI i3 reHOM KanbLMTOHIHY NenTug
Ta iHLi HerMponenTuau, BHACTIZOK LbOro pednekc Brykaodoro
HepBa 3yMOBIOE N03aCTPaBOXigHi NposiBu. NokasaHo, Lo op-
MyBaHHS! LiMx pedpnekcis BinOyBaeTbCS Y 3B'A3KY 3 «MOCUIEHUM»
CNpUHATTAM Bomto yepes nepudepuyHy Ta/abo LeHTpanbHy
rinepceHcuTm3aLito [6,50]. Ak oguH 3 T MexaHiaMiB BU3Ha4atoTb
aKTWBALLH0 YYTMBKX HEPBIB XiMIYHUMU pevoBMHaMu. [JoBeseHo
ponb peuentopis TRPV1, TRPA1, TRPV4, P2X3, 1o 3anyyeHi
[0 nepudepuyHoi Ta LieHTparnbHOi CEHCOPHOI nepeaaui, ix
BBaXatoTb KIHOYOBUMU B PO3BUTKY KalLMbOBOFO 1 ropTaHoro
rineppedonekcis [51,52). MokasaHo Takox, Lo 6rokatopn P2X3
3Ha4HO 3MEHLLYIOTb YacTOTy Hanagis y nauieHTiB i3 pedpak-
TEPHUM KaLLfeM, | TOMY AL BUCHOBKY NMPO CEHCOPHE MOX0-
[PKEHHS| CUMNTOMIB.

OTKe, XpOHiYHWUIA CUMMTOMOKOMMIIEKC ckapr npu JIOP MoxHa
BW3HAYMTU SIK MEBHOK Mipoto NepebinbLueHy 3aX1CHy peakwito
Cnn30B0i 0OOMOHKM TNOTKM Ta roprna, Ha BigMiHy Bid 3BUYali-
HOrO FOCTPOTO KaLuUIto, SIKMIA caM No cobi € OAHUM i3 FONOBHMX
3aXUCHWX pedrekciB auxarnbHUX WIsXis, WO CPAMOBaHWA Ha
3anobiraHHs BMMBY LUKIANMBWX areHTiB Ha CriM3oBy ODOMOHKY.
Y pasi nogpasHeHb, L0 TPMBAKOTb AOBrO Ta HAAMIPHO, BUHWKAE
MOPYLUEHHS perynsuii, 3anyckaeTbCsl He TiMbK1 KallrbOBUM
pednekc, ane 1 BinbyBa€eTbCS aHOMasbHa aKTVBaLlist KOMMTEKCy
3axXMCHUX NapuHrogapuHreanbHUX pedorekcis, SK-0T 3aKpUTTS
ropTaHi, napuHrocnasm, anHoe, pedinekc Buanxy ta pedrexc
KOBTaHHS, LU0 3HA4YHO OOTSIKYE CTaH MaujeHTa Ta yCKNagHe
nepebir xsopobu [53].

HaykoBLji HaronoLLYHTb, LLIO HEraTUBHI HaB'S3MMBI CUMMTOMM,
Lo 0bTsKyOTb Nepebir Xxeopobu y nauieHTiB i3 JIOP, rpyHTy-
t0TbCS B TOMY YMCAi N Ha (i3ioNOriYHMX 3aXUCHUX pednekcax,
sKi 32 HOPMaIbHUX YMOB Yepe3 NoApasHEHHs CEHCUTU30BaHNX
HEPBOBYX PELLeNTOPIB IMOTKM KUCIIMMU PEYOBUHAMM 3anyCKaK0Th
TEPMIHOBI 3aXMCHI MexXaHi3M1 Ha 3aKpuTTa ropTaHi (pednekc
afnykTopa), KawnsoBuin pedpriekc, GpoHxocnaam, rinepcekpeLito
Crn3y, M MOBINbHE KOBTaHHs [25]. Came Ha MmiacTaBi X faHnx
MOSICHIOIOTb JOBOMi YaCTWI CUMMTOMOKOMIIEKC KALLIKO Ta NpoYm-
LLIEHHS ropria N5 3MeHLLEeHHs! AMCkoMdopTy B naLieHTiB i3 JIOP.
OptHak Ui A, WO TpuBaoTb OBMO Ta CTalOTb CTEPEOTUNHUMM,
MOCUIIOKTL HABPSK | MOLUKOMKEHHS crn3oBoi obonoHku. Lle
NPU3BOAUTbL O CEHCOPHUX MOPYLLEHb, 3anyckae NOpPoYHe KOro
XPOHIYHMX CKapr, NoB's3aHuX i3 JIOP, cnpuunHse opmyBaHHs
napuHroapuHrearnsHOi CEHCOMOTOPHOT ANCAYHKL.

M’s130BWiA NepeHaBaHTaxyBanbHWUIA MAaTOreHETUYHNIA Ba-
piaHT popmyBaHHs JIOP cnpuymnHeHnit Kinbkoma daktopamu:
HagMIpHUM TPVUBAMM HaBAHTAKEHHSIM, LLO YaCcTo NOB'A3aHe 3
npochecinHoio AiSnbHICTIO (CniBaku, NeKTopy, BYATENI TOLLO), Ta

MexXaHiYHUM 3BY)XEHHSIM MPOCBITY CTPABOXOAY ab0 NOPYLUEHHSIM
/ioro penakcadi, sii oB’s3aHi 3 ranbMyBaHHSIM KOBTaHHS (SIK-OT
Mpw riNOMOTUNBHOCTI CTPABOXOAY, — HanNpuKknaz, Npu axanasii,
ckrepoaepMii abo igionaTuyHin HeedheKTUBHIN NepucTansTuL),
Lo nocnabnoe ouncHy yHKLito cTpasoxopy [47,48,54,55].
[MpunycKaroTb, LLO Lii po3naam NoB's3aHi 3 rineptpodieto Ta rinep-
CKOPOT/MBICTIO [MaaK1X M'A3iB, sika BUHUKAE Lie [0 0BCTpyKLji
Ta 3yMOBMIEHA MEXaHIYHUM HaBaHTaXEHHAM Ha HuX. MexaHo-
CTPECOBaHi rMajKi M’'31 BUBINbHAKTb LIMTOKIHM Ta iHLLI MOMeKy-
nW, WO MOXYTb 3anyyaty Ta MiKponokasiayBaTth Ty4Hi KniTUHW
[0 NyYKiB rnagkux M’s3iB, i iXHi NPOAYKTW NOTEHLHOOTh At OAMH
oaHoro. [litouv napakpuHHO, Npo3anasibHi MegiaTopy Ta LUTOKIHW
iHOYKYIOTb FEHETWUYHI Ta enireHETUYHI 3MiHW B rNajkux M'a3ax, Lo
MpW3BOAUTL A0 riNepPCKOPOTIIMBOCTI, MiNepTpodii Ta NOpPYyLLEHHS!
penakcadii [56,57]. Y npaui J. R. Lechien et al. onucaHo nowum-
peHicTb 03Hak JIOP cepep cnisakis: 18,1-73,4 % B 06CTEXEHNX
Ges ckapr, 18,1-73,4 % cepeg TUX, XTO MaB CKaprt Ha ANCAOHito,
kaLuenb, amckomadopT («knyGok») y ropni Towo [58].

[iNOTOHIYHO-FINOTPOMIYHMIA BapiaHT opmyBaHHS JIOP
MOB'SA3AHNIA 3i 3HIMKEHHSIM TOHYCY Ta CKOPOT/IMBOI 3A4aTHOCTI
M's13iB CTPABOXOAY SIK HACMiBOK CUCTEMHUX abo MeTaboniuHmx
3aXBOPIOBaHb, L0 CMPUYMHSIIOTL AereHepauito abo gyHKLio-
HanbHy cnabkicTb M'I30BKX BOSIOKOH, 30KpeMa Mpu MiacTeHii,
3anisogediunTHin aHeMii, xBopobi KyLLnHra Ta iHLKX naTonorisix,
SIKi acoLLiioBaHi 3 rinoTPogietd M’I30B0T TKAHWHMW.

IMyHHe 3ananeHHs BU3HaYaloTb SIK BEXIBY MPUYMHY CTPUK-
Typ CTPaBOXoAy, rinepceHcuTesaLlii crm3oBoi 000MoHkKM Ta BTpaty
ranbMIBHOI HermpoTpaHeMicii. KpiM TpaguuiiHoi napagmrvu nps-
MO0 XiMi4HOrO BrMBY LLIMYHKOBOTO BMICTY Ha CIIM30BY 0BOMOHKY
AW npwn JIOP, BMBYaKOTL KOHLENLt0 iMyHOMOrYHOI BignoBiAi.
BoHa nonsrae B Tomy, L0 pedhritokc-e30¢hariT BUHUKAE He Yepes
MOLUKOZKYBAbHY Ait0 KUCMOTU Ta PEPMEHTY, a came vepes
LIMTOKIH-onocepeakoBaHe 3anarneHHs, ae nimgounTapHa iHgins-
Tpauis B Nigcnm13oBii 0BonoHLi BiAOyBaETbLCA 3HAYHO paHille,
HiX epo3is NOBEpPXHEBMX eniTenianbHUX KNiTWH. Lie BU3HavaoTb
AK NOYaTKOBY MOZt0 Ta NEPBUHHUIA MEXaHi3M, i KMoYOBUMM NPy
ubomy € curHanbHuin wnsx NLRP3/IL-1B Ta dakTop-2 anba
(HIF-2a), ingykoBaHi rinokcieto [59]. LLlogo imyHonoriyHmux acnek-
TiB BNAMBY, TO HUHI NiATBEPIKEHO NOPYLUEHHS perynsLii imyHHOI
cucTemy cnm3oBoi 06onoHkK BepxHix [LU y BignoBige Ha JTOP.
3MiHW Gap’epHOi dhyHKLi crn3oBoi 060M10HKM, iHdinsTpaLio CD8*
T-knitvHamu, aktveauito kniti CD1d/NKT i BUCOKY eKcrpecito
TNF-a, IL-6 Ta IL-8 B13Ha4atoTb Npy 3ananbHWX npouecax, Lo
cnpuunHeni JIOP [60].

Pedpntokc 6e3nivi ractpopyofneHansHUX hepMeHTiB npu-
3BOANTH LUE M O iCTOTHUX 3MiH MikpoBiomy BepxHix ALU. Tak,
Mikpochnopa nauieHTis i3 JIOP icTOTHO Bifpi3HAETLCA Bif Takol y
300poBYX Ntoged. 3rigHo 3 pesynsratamu gocnimkenHs H. Chen
et al. mikpobioTy focnigHoi rpynu cTaHosunm Streptococcus, Pre-
votella, Haemophilus, Neisseria, Actinobacillus, Fusobacterium
Ta Porphyromonas [61]. B iHLLOMY KniHIYHOMY CMOCTEpEXeHHI,
LLIO 3 ACHEHO 3a Y4acTio AiTen JOLKINBHOrO Biky 3 Ha3ohapuH-
reanbHUMn nposisamn MEPX, koHTamiHaLjto cr3oBux 060MOHOK
3iBy Ta Hocy Mikpobriopoto BusiBneHo y 95,5 % Bunagkis i3
npesantoBaHHsM Haemophilus influenzae. ba GinbLue, y 63,6 %
AiTen uiei rpynu BuciBany GinbLue HiX ABa MIKPOOPraHi3mu, Lo
MOXe CBIiJYWTW NPO iCTOTHE NOPYLUEHHS CTaHy KOMOHi3aLinHoi
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Hepeosa IMYHOBIONOTIYHE
ABTOHOMHA NOLIKOAKEHHS
Avcperyaauis (xpoHiuHe 3ananeHka,

nopyLeHHs 6ioLeHo3Y
ropTaHor/\omw)

HecnpuATAMBI

YUHHUKHK
M'A30BE

HABAHTAKEHHSA

(tpuBane 1@ HapMipHe
HaBaHTaXeHHA M'A3iB

TyMOpanbHO- ropraHi Ta MoTKH)

NEPHOEPNUHA

TA/ABO Il.EHTPAAbHA
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Puc. 2. Cxema eTionatoreHeTMYHUX KOMNOHEHTIB GOpMyBaHHS XpOHiYHOro ADP.

PE3NCTEHTHOCTI B Ha30(hapyHrearnbHil 30Hi Ta arpecuBHWN BB
Kucnoro pedriokcaty Ha crnnaoBy 060onoHKy [62].

HaBepeHi Ha puc. 1 4OTMPU WMOBIPHUX BapiaHTX MOLLKO-
[PKEHHS ONUCYHOTb TiNlbkW MEXaHi3mMm anstepallii, 663 NoSICHEHHS
MPUYKMH XPOHi3aLii npouecy, kUi BnacHe 1 ropmye cknagHy
naToreHeTUYHy MaTtpuuo XxBopobu, pisHoi 3a ceHoTUnoMm, 3
YHiKanbHUMK KOhakTopamu CXunbHOCTI. HacTynHe aetanbHe
JocnigxeHHs eTionatoreHesy JIOP gano amory okpecnuTu wu-
PLUY KOHLEMLO 11010 hopMyBaHHS, LLO AOLINbHO PO3rMsAaTh Sk
KOMBiHaLito Pi3HMX YMHHIKIB, Siki 6e3n0cepenHbO MOLLKOMKYOTH
cnnsoy obononky [LL, HepsoBy (aBTOHOMHY) AMCPerynsLio
3 rymopanbsHo-meTaboniyHumm 3cyBamn Ha (hoHi acouiadlii 3
HECTIPUATIIMBAMW YWHHUKaMK (MoniMopdiam reHis, Bik, CTaTb,
LUKIZMBI 3BMYKM TOLLO) (puc. 2).

HuHi nigTBEpmXEHO B3aemogito GaraToakTopHUX nato-
cpisionoriyHmnx mexaHiamis, o 6epyTb y4acTb y POpMyBaHHi
(pYHKLOHaAMBHMX LLIMYHKOBO-KULLKOBWX PO3nagis, 3okpema i JIOP.
Pumcbkuii koHceHcyc 1V, onybnikoBaHuii y TpasHi 2016 poky,
BW3HAYMB iX SK rpyny po3nagiB, KnacuikoBaHuX 3a LUYyHKO-
BO-KVLLKOBUMY CUMMTOMaMW, LIO NOB's3aHi 3 Byab-AKOK KOM-
BiHaui€eto nopyLLeHb MOTOPUKK, BiCLepanbHOi rinepyyTnmnBoCTi,
3MiHeHOi (yHKLUii cnn3oBoi 060NOHKK Ta IMYHHOI cucTemu,
KuLKOBOI MikpobioTu Ta/abo 06pobkm iHthopmaLii LIEHTpanbHOK
HEPBOBOIO CUCTEMOI. BaxnmBmM CTano BUOKPEMITEHHS pO3ainy
3 «bioncyxocouianbHUMK acnektTamu (yHKLOHanbHYX po3nagis
LUMYHKOBO-KULLKOBOIO TpakTy» [63].

Beaxatotb, wo WKT iHHepBYeTHCS BHYTPILIHBOK (EHTE-
parnbHOI0) KWLIKOBOK HEPBOBOK CMCTEMOIKO Ta 30BHILLIHBOK
BEreTaT!BHOK (aBTOHOMHOK) HEPBOBOK CMCTEMOH. Xo4a Ans
yHkuin LUKT xapakTepHUM € iCTOTHWIA aBTOMaTW3M, KOOpau-
HOBaHW eHTepanbHOK HEPBOBOK CUCTEMOI, LieHTparnbHa
HepBOBa cucTeMa 3abe3neyye 30BHILLHI HENPOHHI BXOAM, B3a-

EMO/LiI0YM 3 EHTEPANBHOK Yepes BereTaTuBHy iHHepBaLlito Ans
perynoBaHHs, MoaynsLii Ta KoHTponto doyHKuiv LLUKT. OucdyHkuii
napacuMnaTYHOI, CUMNATUYHOI HepBOBOI cucTeM abo 0box
pasoM 3yMOBIIIOIOTb MOPYLLEHHS KOMYHIKALT MK KULLEYHUKOM
i MO3KOM, i Lie MOXe CrpUYUHUTK (PYHKLIOHAmNbHI po3naau, 30-
kpema i JIOP [64,65].

CninbHa BarycHa iHHepBaujs ctpasoxogy Ta [LLU, koHBep-
reHUis napacymnaTuyHMX acepeHTHUX WnsxiB y CToBOYpi
MO3Ky 3a0e3nedytoTb MexaHiam, Yepe3 Sk pedhrTioKCHI SBMLL,
00MeXeHi CTPaBOXOZOM, MOXYTb ClIPUYMHATY Taki peakuii AL,
sk OpoHxocnasm i kawenb. OTxe, cydacHa KOHLenLis naTore-
Hesy JIOP crtae cknagHoto i baratorpaHHolo. BeaxaroTb, W0
LieHTparbHa Ta neputeprnyiHa CeHcUTU3aLis HEPBOBOI CHCTEMY
Mae BUpiLLarbHe 3Ha4eHHs Ans XpOHisaLi npoLecy, i NopyLIeHHs
OMpaLOBaHHS CUrHasiB MPU3BOAUTL A0 MOCUIEHOTO CIPUAHSTTS
pedntokcHMX nogin. MNeyxonorivHi akTopy, SK-0T TpMBora Ta
CTpeC, NOCUMIOKTL CIPUNHSATTS CUMMTOMIB i TICHO NOB'A3aHi 3
noyaTkoM i nepcucTyBaHHaM JTOP, ockinbku hopMyeTHCS BULLMIA
piBEHb BiCLieparnbHOI rinepyyTINBOCTI, TPUBOT Ta Aenpecii npu
€HOOCKOMIYHO HeraTBHUX heHoTunax pedntokey [66,67].

Y pesynbrati eKCrnepuMeHTarnbHIUX JOCTiQKEHb NaToreHesy
BNMMBiB cTpecy Ha dyHkuji LUKT noBegeHo: BinbyBaeTbcs He
TinbkuW 3viHa 6anaHcy BereTaTuBHOI perynsLii, ane 6esnocepes-
He 30iNbLUEHHS! MPOHWKHOCTI CM30BOI ODOMOHKM CTPABOXOAY.
BrsiBnieHo 38’30K Mix CTPECOM i BNAMBOM KUCTIOTHOIO NENCUHY
Ha cnu3oBy 060MoHKy BepxHix AL, wo 3ymoBntoe nigsuLLeHy
MPOHUKHICTb i POSLLMPEHHS MiXKNITUHHWX NpoCTOpiB [68].

CeHcopHy iHHepBaLito €r130B0i 0BOMOHKM CTpaBOXoay
3abe3neyytoTh i Orykaroui, i cniHanbHi WIsSXK; CNIMHHOMO3KOBI
aEepEHTHI HEPBM BU3HAYEHO K KPUTUYHO BAXKIMBI ANS HOLW-
Lenwii y BignoBiab Ha KUCNOTHWIA pedbriioke Ta ceHembinisaLito,
CNpUYMHEHY 3ananeHHsM. Bigomo, o BarycHi acepeHTHi Bo-
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IOKHa MOXYTb BifirpaBaTit NeBHy porb y Mogynsuii 60nboBoro
curHany [69], iMoBipHO, Yepes NpoekLii 3 nucleus tractus solitarius
(NTS), wo Bepe yyacTb y LeHTpanbHin 06pobui 6onto [70].
MoneKynsipHi MexaHi3Mu, Siki nexaTb B OCHOBI L€l ceHcubinisa-
LiT, HUHI BUBYAIOTb; NPUMYCKatoTb, LLIO HEMPOIMYHHI MeXaHi3mm
BiZirpatoTb BaXIMBY POrib, SIK i iHLWI BicLepanbHi 60mnboBi cTa-
Hu [71,72,73]. Omxe, MEPX i [IOP nos’a3ytoTb 3 aBTOHOMHOK
(BereTaTMBHO) ANCAYHKLIEID, Ky MOXHA ineHTUikyBaTh 3a
[OMOMOTOK MOHITOPUHTY BapiabenbHOCTI CepLEeBoro putmy Ta
NiKyBaTK, BiJHOBIOKMY BETETATUBHY AMCDYHKLO 3a JONOMOroH
Heipomogynauii [74].

Wopo HecnpuATAMBKX hakTopiB, SKi B pisHKUX BapiaHTax
koMOiHytOTbCS Y naLlieHTis i3 IOP, BapTo npoaHanisysaT Hanvac-
TiLLi 3 HKX, SIKi 3HAYHO OOTSKYHOTD 1oro nepedir. Tak, 3a AaHUMK
Bararbox gocnigHukis, TEPX / IOP yacrille 3yMOBMEHi HU3KOH
thakTopiB, nogekonm — kombiHaLjieto akTopis, ane i3onboBaHO
BOHW HE MOXYTb CTaTl OCHOBHWUM ETIONOMYHUM YUHHUKOM XpPO-
Hisauii Hosonorii [20,49,75].

[oBeneHo, Lo reHeTUyHi hakTopu BidirpaTb BaxXIMBY
ponb y possutky MEPX i JIOP, ixHix cumnTomiB Ta ycknagHeHb
(cTpaBoxig bappetTa, ageHokapLMHOMa CTpaBoxoay); 3a OLiH-
Kamu, cnagkoBicTb cTaHoBUTb 31-43 %. BusiBNeHO YnCneHHi
reHeTnyHi nokycu, 3okpema FOXF1, MHC, CCND1 Ta iHLi, wo
acouiroTbes 3 MiasuLLeHUM pusnkom MEPX. BusHayeHo Takox
CNiNbHi reHeTUYHi MexaHismu ans FEPX i meTaboniyHoro cuH-
Zpomy, 3okpeMa BnnvBs nonimopdiamis rs 10419226, rs2687201,
rs10852151 ta rs520525, Lo nigTBEpIXYE NONIreHHy npupoay
3axBOpKOBaHHS [75,76]. BcTaHoBNEHO, WO NOMIMOPGi3M reHa
CYP2C19 RM (wauaki metabonizatopy) Ta UM (ynbTpalusuaki
meTabonisaTopu) 3yMOBMHE 3HWKEHHS YyTnmBocTi fo MM i e
(hakTopoM cxunbHOCTI A0 pedhpaktepHoi [EPX. Y Takux navieHTis
BI3HAYaloTb BinbLL BUpaxeHe 3anarneHHs Crim3oBoi 060MOHKM
CTpaBoxoay M eHOO0CKOMIYHO, i FICTONONYHO, @ TaKOoX YacTilumm
€ TiNOTOHIYHMIA 6a3anbHu Tuck HCC, wo notpebye iHavBinyans-
HOro nigxopy 3 ouiHIBaHHAM 403yBaHHs 1M1, Lo opieHToBaHMI
Ha reHotun CYP2C19, sk cTaHgapTy nikyBaHHs [77].

BinminnocTi JIOP i TEPX 3anexHo Big cTaTi nauieHTiB
MOB’AA3aHi 3i 3MIHHOK PeaKTUBHICTIO eniTenito CTpaBoxoay [0
racTpodyoAeHarnbHOro BMICTY, BNMBOM FOPMOHIB i 3anexars Bif
hisionoriyHnx 0cobnmMBOCTEN OpraHismy. Bigomo, Lo ecTporeH,
AKWIA perynioe cekpeliio wapy bikapboxary (HCO,’) cnusosol
060MOHKM LLUMYHKA, BiAirpae KIo4voBy porb Y MigTpUMLI LinicHo-
CTi LUNYHKOBO-KMLLKOBOTO eniTeniansHoro Gap’epa, 3MeHLEHHI
3anarnbHKX peakuii i 3MiLHeHHI (hisionoriyHmx 6ap’epis. Bigo-
MO, LU0 B XIHOK YacTille BW3HA4aloTb Mevilo, perypritauio Ta
N03acTPaBOXiAHI CUMMTOMM, SKi CUSbHILLE BNNWMBAKOTL Ha SKICTb
xutTa [78,79]. KniniyHo rpuxy CTpaBOXigHOMO OTBOPY YacTille
BWSIBMAIIOTH Y XIHOK, 8 BUpa3koBa XBopoba, 3ananeHHs LuyHKka
4n ABaHaAUATMNANOI KMLLKK, iHdbekuis Helicobacter pylori BinbLu
noLumpeHi cepeq vosnosikis [80].

NTOP piarHocTyI0Th y NaLieHTIB YCiX BIKOBWX rpyn, ane 1oro
yacToTa Ta NposiBY 3MIHIOKTLCS 3aeXHO Big BiKY. Y Aiten
paHHbOro Biky po3suTok JIOP nos’a3aHuii i3 He3pinicTio M’a3iB
ctpaeoxogy (Hespinictto BCC i HCC), MeHLIO BiACTaHHIO Bif
LWITYHKa [0 ropfia Ta 4acTUM FOPU3OHTaNbHAM MONOXKEHHSAM
Tina, WO Npu3BoauTb A0 pedoritokey Ta 3puryBaHHs [63,81]. Y
Jopocnux JIOP 3a3Buyali acoLitoeTbCs 3 TakuMu haktopamu,

K OXMPIHHS, CTPEC, KYPIHHSA, aHAaTOMiYHi aHOMarnii Ta pO3BUTKOM
rpwi cTpaBoxiaHoro oteopy Aiadpparmu [20,42,78,82]. KinbkicTb
eni3oAiB rinogapuHreansHOro NPOKCUMAnsHONO Ta AUCTanbHOro
KMCMOTHOTO pedhIiioKCy CTPaBOXOAY 3HaYHO GinbLua B 0cib noxu-
noro BiKY, OCKiNbKM Yy CTapLuomy BiLli pusuk JTOP nigeuiLyeThes
yepes ocrnabneHHss TOHyCy M'sisiB CTPaBOXOAY, 3MiHU B MO0
CTPYKTYPI, CynyTHi 3aXBOPIOBaHHs Ta 306irbLLUEHHS AIMOBIPHOCTI
BUHVKHEHHS yCKnaaHeHb [24,83]. ToMmy Bik € BXNUBUM YUHHK-
KoM, sikviA cnig BpaTu Jo yBarw nig vac giarHocTvku JIOP i Bubopy
nNiKyBanbHOI TaKTHKK.

KypiHHS TIOTIOHY Ta BXWBAHHS arnkoronto — BaXNuBI He-
CnpusTIBI Ta 00TsKYBanbHi hakTopy po3suTKy JTOP, ockinbku
BNNMBaloTb Ha yHKUioHyBaHHS HCC i MOTOPHY (DyHKLiO
LUKT. JdoBeneHo, WO KYPiHHSA CTIPUUMHSIE 3HKEHHS M'SI30BOTO
ToHycy HCC 4epes GriokyBaHHS XOniHEPTiYHUX PELLENTOPIB Hiko-
TMHOM i po3cnabneHHs MOro KPYroBrX M'SI30BMX BOIOKOH. Kpim
TOrO, KYPiHHS 3MEHLLYE CekpeLito cnvHm, Gararoi GikapboHaTamu,
LLIO B CTPABOXOMi € KITIO4YOBMM YMHHWKOM HerTpanisadii Ta ouu-
LLIEHHS Bif KUCMOTU. BXMBaHHS arnkorornio, SiK i KypiHHs1, 3HKYE
Tuck HCC y cTaHi cnokoto, nopyLye eqeKTUBHICTb nepucTanb-
TUKU CTPaBOXOZY, CTUMYITIOE CEKPELLito LLMYHKOBOI KUCNOTU Ta
YWMHUTB MPAMUIA YLLKOMKYBANbHWA BB Ha Crin30By 060MOHKY
CTPaBOX0LY, 3yMOBITIOOUM KACIIOTHE YPKEHHS Ta MOCUIHOKYM
pecntoke [81].

NP moxe 6yTn onocepeaKkoBaHO CNPUYMHEHNIA YK MoCKe-
HWIA NEBHUMM MIKAPCbKUMI 3aC06aMM — YepPEe3 HKEHHS TOHYCY
HCC, Bnnv“B Ha MOTOPWKY TPaBHOTO TPakTy abo MOCUIEHHS
ceKpeLii LWnyHKoBoI kucnoTu. [lo Takux npenapariB Hanexarb
aHTMXoniHepriyHi 3acobu, 6eHaoaiaseniHuy, KanbLIEBi aHTArOHICTK,
HeCTepoiaHi NpoTM3ananbHi 3acobu, omioign Ta ropMOHarbHi
npenapaTtyt Ha OCHOBI NPOrecTepoHy. [MpUAMaHHS LyX NikiB MOXe
noripwysatyt cumntomn JIOP, migBuLLyoum pusnk pedoiokey
LUNYyHKOBOrO BMICTY. Lle Bax1BO BpaxoByBaTH, OLHKOKYM MO-
TEHLiIiHWA BNYB NPU3HAYEHNX MEAVKAMEHTIB, | 38 He0OXiaHOCTI
KopuryBaTtu Tepanito.

[lieta Ta xap4oBi 3BU4KY BifirparTb BaXNMBY posib y naTore-
Hesi TEPX i JTOP. Tak, cnoxuBaHHS NpoAyKTiB i3 BUCOKUM BMiC-
TOM XMPpIB, PepMEHTOBAHIX ONiro-, An-, MOHOCaxapuais i/abo
nonionis (FODMAP), ankoronto, KogeiHy, Lokonagy, rocTpuXx i
KMCIMX CTPaB, a TaKOX Mi3Hi NPUAOMY iXXi Ta NepeiaaHHa MOXYTb
CMPUYMHATM TpaH3nTOpHe po3cnabnenHs HCC, BnnveaTu Ha
pH wrnyHka 1 nocunioBat cuMnToMK pedntokey. Hagite 6e3
thapmakonoriyHux BTpydaHb MogudikaLis ieTu Ta XapyoBux
3BUYOK, AOTPUMAHHS HU3bKOKUCITOTHOI JIETU, YHUKHEHHS BXN-
BaHHs FODMAP, razoBaHux HanoiB, LWTPYCOBWX i NPOAYKTIB
i3 BUCOKMM BMICTOM XMPY MOXYTb CTIPUSITU 3HIKEHHIO PU3NKY
i 3MEHLLEHHIO CUMNTOMIB Yy nauieHTis i3 JIOP abo y xBopux,
peancteHTHMX o IMM. Omxe, moaudikalis gieTv i xapuoBux
3BMYOK € OHUM i3 KMIOYOBMX KOMMOHEHTIB Y NpodhinakTuui Ta
nikyBaHHi JIOP [84].

OxwpiHHA Ta HagMipHa Maca Tifia — BaxnuBi hakTopy hopmy-
BaHHs1 Ta nporpecyBanHs JIOP i TEPX. HalHoilwi focnimkeHHs
Janu nigcrasy 3poOMTY BUCHOBOK, LU0 OXVPIHHS € HE3aNEXHUM
(hakTOpOM PU3MKY, | IMOBIPHICTb PO3BUTKY 3aXBOPHOBAHHS 3pO-
cTae 3i 3binbLieHHsM iHgekcy macu Tina [20,42,85,86,87,88].
Mauientn 3 JIOP Ta 0OXMpiHHAM YacTille MatoTb TshKKUiA nepebir
3axBOptoBaHHst 3 GinbLuoto yacTkot MEPX i kucnotHoi dhopmm
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JIOP, wo moxe notpebysatu iHTeHcuBHoi Tepanii M. Matodi-
3i0N0riYHi MEXaHi3MK, LU0 MOSICHIOKTL 3B'SI30K MiXK HagMiPHOH
macoto Tina, JIOP i FEPX;, cynepeunusi, ane HainoLUMpeHiLLoto
€ MexaHivHa rinotesa: BicLiepasibHe OXWPIHHSA Ta HOCIHHS TICHOMO
onsry (3okpema, NOsICHOTO PEMEHS!) CIPUUMHSIOTh MiABULLEHHS
BHYTPILUHLOYEPEBHOTO Ta BHYTPILLUHBOLLITYHKOBOTO TUCKY. Lle nig-
BULLIYE PU3NK PO3BUTKY FpUXi CTPABOXIZHOMO OTBOPY Aiachparmm
Ta nposiBy MEPX. IHLWi rinoTean noB’s3aHi 3i 30inbLLEHHSM YacToTy
i TpuBanocTi cnoHTaHHKx penakcauin HCC y nauieHTis i3 Hag-
MipHOIO Macoto Tina, a Moro HU3bKWIA TOHYC Pa3oM i3 MOTOPHOH
BUCEYHKLIEO LLINYHKa MOXYTb YTV NOB’A3aHi 3 AUCperynsLieto
ABTOHOMHOI HEPBOBOI CUCTEMMN.

BariTHicTb Mae nopibHMiA [0 BiCLEpanbHOrO OXMUPIHHS Me-
XaHi3M BHACIIAOK NigBULLEHHS BHYTPILLHEOYEPEBHOMO TUCKY 3i
3pocTaHHAM nnoga. Kpim Toro, ropmoHarbHi 3MiHu, 30kpema
MiABULLEHHS PIBHIB €CTPOrEHY Ta NPOreCTEPOHY, TaKOX 3HUXKY-
toTb ToHyc HCC, 3yMOBIio04M PEITIOKC LLMYHKOBOTO BMICTY B
CTpaBoxig i ropTaHb [89].

JIOP Takox Moxe 6yTy NOB'A3aHNN i3 Pi3HAMM MELNHHUMN
CTaHamu Ta MOBEAIHKOBUMW pakTopamu, SIK-OT CUHLPOMOM
3onniHrepa—EnnicoHa (xapakTepu3yeTbcsl HaAMIpHOK cekpe-
LIIEH LLMTYHKOBOI KMCMOTW BHACTIZOK rinepnpoayKuii racTpuHy),
po3nagamm CrosyqHoi TKaHUHK (MOXYTb nocrabniosatit M'sa3u
CTPaBOXOAY, HaNPVIKMag, NPy CKIepoaepMii), XiaTasbHOK IPUKEH0
(konu BepxHs YacTWHa LUMyHKa BUCTYMae Yepes Aiacparmy B
TPYAHY NOPOXHWHY), MOMOXEHHAM Tina (nepebyBaHHS B ropu-
30HTarIbHOMY NONOXeEHHI NICNS iA1 MOXeE CNPUYMHSATU PECPIOKC
yepes 3HmkeHHs Torycy HCC) Towwo [90].

OTxe, poci Hemae 30M10TOr0 AiarHOCTUYHOMO CTaHZapTy
ANs nigTBepmKeHHa po3suTky JIOP abo uitkoi amdepeHuiauii
10ro Bif iHLUMX NPUYUH pecrnipaTopHUX CUMATOMIB. HalvacTilwe
OCHOBOK CYYaCHOrO [iarHOCTUYHOMO MPOLECY 3anmLIaeTbes
BUSIBMNEHHS XapaKTePHUX KMiHIYHUX O3HaK Ta emMnipuyHe [o-
CIiMKEHHS ePEeKTUBHOCTI aHTUPEdIFOKCHWX npenapartis. [oci
He C(HOPMOBAHO CTaHZAPTN30BaHi NPOTOKONW [iarHOCTUKA UM
NiKyBaHHS. PekomMeHA0BaHi AiarHOCTUYHI MigX0AM BKIOYaKTb
JyXe BENWKY KirbKiCTb HU3bKO- Ta BUCOKOIHBA3WBHUX METOAIB,
SIK-OT BU3HAY€eHHs! BikapboHaTiB CrinHK, hocdarty, HeopraHiuHMX
aHionis (CL-,NO,,NO,", SO,, SCN'), opraHi4HIx aHioHiB (aLeTar,
ByTupar), piBHS NENCUHY B CTIWHI, TAPUHIOCKOMIYHE AOCIMKEHHS,
BaratokaHanbHy BHYTPILLHEOMPOCBITHY iMnenaHcHy pH-MeTpito
(HEMII-pH), MaHOMETPit0, 24-roauHHUIA MOHITOPUHT pedhrTtoKey Ta
BesnocepenHe BUMIpHOBaHHS pH, BU3HaYeHHS cknagly aepo3onto
PiOVH y rIOTUi 38 4ONOMOTOK MasioiHBa3MBHOTO 30HAA, aHKETY-
BaHHSI, JOCTIKeHHs! BapiabenbHOCTI CEpLIEBOro pUTMY, aHania
iMyHorpamu ToLo. BTiM, yBeChb Uit CKNagHWiA AiarHOCTUYHMIA
KOMMNMEKC He AaE 3MOry YiTKO BCTAHOBMTM JjarHo3 Ta obparu
eeKTUBHUI KITiHIYHWIA NPOTOKON.

BigmiHHocTi choeHoTumnis JIOP, Lo BKNtoYatoTh HeBepUdikoBaHi
XPOHIYHI CUMMTOMY ropna, A5 KNiHILMCTIB 3anuwaloTbCs aune-
MOI0, OCKiflbKW Ha NpakTuui thaxiBLi MatoTb cnpasy 3 KMiHIYHO
HEOOHO3HAYHICTIO Ta HEYITKMM HanpsiMamm nikyBaHHs1. ETionoris
Ta narodisionoris JIPP, HeaBaxaroum Ha NOrMMONEHHS 3HaHb MPO
Lielt CTaH, K i paHille mMaloTb HeBWMpILLEHi KniHiYHi kopensuii.
CyyacHi gocnimkeHHs YacTille nonspusytoTb, a He 00'eHyI0Tb,
a BMCHOBKM MOAEKoNW cynepevaTb KNiHIYHUM TaKCOHOMIAM i
cneLiani3oBaHUM KOHLIENLSAM.

OTxe, 3a pesynsraTamy aHaniay BiAOMOCTEN HayKOBOI niTe-
paTypu, HeLOCTATHICTb 3HaHb NPO NaToreHe3 opmyBaHHs JTOP,
YrMana KinbKicTb haKTopiB PU3MKY, Pi3HOMAHITHICTb CUMMTOMIB Ta
03HaK, 0OMEXEHICTb Cy4aCHUX [jarHOCTUYHUX METOZB i BIACYTHICTb
knacuaikaLlii Lboro CTaHy ik OKPeMOro 3axXBOPHOBaHHS 3anuLua-
t0TbCS1 OCHOBHOK NPOGIEMOLO Mg Yac Po3pobneHHs MPUHLMNIB
0ro paHHbOI AiarHOCTMKK Ta nikyBaHHS. KniHiuHy gunemy JIOP
HWHI PO3IMSAAlTb He TiMbKW B MEXax OKPEMOro CUHOPOMY 3
BrIaCHOK0 NaToi3ionorieto Ta yHikanbHUMM KIiHIYHUMI NposiBamu
—y BiNbLUIOCTI HayKOBLYB CKIAAAETLCS KAPTUHA NATOrEeHETUYHUX
BapiaHTiB abo TMMOBMX (hEHOTUMIB XBOPODH, Y SKMX BinbLU-MEHLL
nopibHi komGiHaLji cmnTomiB (atunosa MEPX, acTMa, XpOHivHWiA
CMHOPOM Kalumno y BepxHix JLL Towo) cynpoBomKytoTbCst iHOA
JiaMeTpanbHO pisHUMK pesyrnsTatamu NabopaTtopHMX Ta iHCTpY-
MeHTabHUX 00CTEXeEHD, acoLiaLliiMy 3 iHLLMMI 3aXBOPHOBAHHAMM
Ta 6aratodakTopHUMKM BioncMxocoLianbHUMI BMBaMU.

BBaxaemo, L0 YiTke pPO3pi3HEHHS OKPEMIX MaTOTEHETUYHUX
BapiaHTiB JI®P, o matumyTh BcokocneLmiuHi MopdororivHi,
CTPYKTYPHI, pyHKLiOHambHi, GioXiMiuHi, IHCTpYMEHTanbHi Ta ncu-
XOMETPWYHI XapaKTEPUCTVKW, CIPUSTUME PO3POBIEHHIO HOBUX
iHTErpaTMBHUX Ta eeKTUBHUX hapMaKomnorivyHMX Migxoais Ao
niKyBaHHs1, KpiM LinboBOI Tepanii pedontokcy.

BucHoBKH

1. JIOP € oaHieto 3 HalcknagHiLLmX i couianbHo HalakTyarb-
HilMX Npobnem cyyacHoi MeauumHW. 3HauHa BapiabenbHicTb
YMHHWKIB po3BUTKY JIOP He fae 3moru cdopMmyBaTi €QMHUIA
JiarHOCTUYHWIA anropuTM, a CKMagHuiA po3ranyKeHuii narore-
He3 0BI'pyHTOBYE [OLMBHICTL iHAMBIZYani3oBaHOrO Migxogy 40
nporpamu nikyBaHHs.

2. Po3pi3HeHHs] OKpEMMX MaTOreHETUYHIX BapiaHTiB abo
TunoBux cheHotunia JIOP 3i cneundiyHrmn knactepamm mop-
bonoriyHux, CTPYKTYpHUX, (DyHKUiIOHANbHWX, BioXiMiYHKX, iH-
CTPYMEHTamNbHUX i NCUXOMETPUYHUX XapaKTEPUCTUK CpUATIME
PO3pOONEHHI0 BUCOKOEEKTUBHIX IHTETPATUBHIX (hapMaKosio-
MYHMX NigX0AIB 4O MiKyBaHHS.

MepcneKTBM NOAANBLUNX AOCAIAKEHD MONArAITH Y PO3POOLL
anropuTMIB AiarHOCTWKM, WO I'PYHTYBATUMYTLCA Ha PeHOTUMI
napuHroareansHoro pediriokcy Ta BpaxoByBaTUMYTb iHAW-
BilyanbHi 0COBNMBOCTI NaLjieHTIB (FEHETUYHI MapKepw, CTaH
ABTOHOMHOI HEPBOBOI CUCTEMM Ta MOKA3HUKU KUCAOTHOTO i
HEKMCIIOTHOTO pedbITioKey).
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Hypertensive disorders during pregnancy remain a leading cause of maternal and perinatal morbidity and mortality
worldwide and represent a significant challenge in contemporary obstetrics. Despite advances in diagnostics,
treatment, and screening programs, their prevalence continues to rise, driven by sociodemographic and medical
factors such as higher maternal age and increasing rates of comorbidities.

Aim: to analyze current scientific literature on the prevalence short-term and long-term outcomes of hypertensive
disorders during pregnancy, with a particular focus on preeclampsia, and to identify promising strategies for
prevention and postpartum follow-up in women affected by these complications.

Materials and methods. A literature search was conducted in PubMed, Scopus, Web of Science, Medline, and
UpToDate using the keywords: hypertensive disorders in pregnancy, gestational hypertension, preeclampsia,
eclampsia, long-term outcomes, short-term outcomes, maternal cardiovascular risk, offspring, neurodevelop-
ment, postpartum follow-up, cardiovascular prevention. Publications from 2020-2025 were prioritized. The
review included systematic reviews, meta-analyses, cohort studies, and clinical guidelines. After exclusions, 70
publications meeting the criteria for relevance, evidence level, and clinical significance were analysed.

Results. The review summarizes the main clinical forms of hypertensive disorders during pregnancy — gesta-
tional hypertension, preeclampsia, and eclampsia — and highlights an upward trend in prevalence, particularly
for gestational hypertension. The impact of the COVID-19 pandemic on incidence patterns is noted. Reported
long-term maternal consequences — including cardiovascular, metabolic, and neurological disorders — as well
as for their children, who may experience neurodevelopmental and psycho-emotional disturbances.

Conclusions. Hypertensive disorders during pregnancy carry substantial short- and long-term health risks for
both mother and child. Women with a history of these conditions require structured postpartum follow-up and
targeted preventive measures. Children born from such pregnancies may face elevated cardiovascular and
neurodevelopmental risks, warranting ongoing monitoring. Implementation of early risk identification, patient
education, and a multidisciplinary preventive approach is essential for reducing adverse outcomes.

Modern medical technology. 2025;17(3):217-223

FinepTeH3MBHI po3AaaM Mip yac BaritTHOCTI: aKTyaAbHi AaHi, KOPOTKOCTPOKOBI
Ta BipAaneHi HacAipKU

I. 1O. Fanxwun, B. A. Bisip, 0. B. AemipeHko, H. 0. BorycnaBcbka, 0. M. KyukoBcbkuii

linepTeH3BHI po3naay y BariTHUX — 0AHa 3 HalkaKTyanbHiLLMX NPO6neM Cy4acHOoro akyLwepcTBa, OCKINbKM BOHN
3anuLLIAKTLCS OAHIE 3 NPOBIAHWX MPUYNH MATEPUHCBKOI Ta NepUHaTanbHOI 3aXBOPIOBAHOCTI 11 CMEPTHOCTI Y CBITi.
He3Baxatoun Ha BOOCKOHANEHHS AiarHOCTUKM Ta NiKyBaHHS, ONTUMI3aLlito CKPUHIHIOBWX Nporpam, NOLUMPEHIiCTb
UMX CTaHiB 36iMbLUYETHCS, WO 3YMOBMEHO COLianbHO-AemMorpadiyHumMmn 3MiHaMu, NigBULLEHHAM CEPERHbOro
BiKY BariTHUX, 3pOCTaHHAM MOLUMPEHOCTI OXWPIHHS, METaboNIYHOro CUHAPOMY Ta iHLIMX KOMOPBIAHNX CTaHIB.

Merta poboTu - npoaHanisyBaTy BiJOMOCTi Cy4acHOi HayKOBOI NiTepaTypy LLOAO NOLWMPEHOCTi KOPOTKOCTPOKO-
BWX i BiJaneHnX HacniaKiB rinepTeH3MBHWX pO3najiB y BariTHWX, 30Kpema npeeknamncii, a Takox BU3HAYUTL
nepcnekTUBHI HanpsiMu NPOMINaKkTUKK Ta MICASNONOroBOro0 CNOCTEPEXEHHS.

Martepianu i metoam. [MoLuyk mxepen 3aiicHeHo y 6azax PubMed, Scopus, Web of Science, Medline Ta UpToDate
3a kntoyoBumu crioamu: hypertensive disorders in pregnancy, gestational hypertension, preeclampsia, eclampsia,
long-term outcomes, short-term outcomes, maternal cardiovascular risk, offspring, neurodevelopment, postpartum
follow-up, cardiovascular prevention. [lo aHaniay BkmtoueHo 70 ny6nikauinn (2020-2025 pp.), cepen Hux — cuc-
TeMaTW4Hi Ornsan, MeTaaHaniaun, KOropTHi JOCMIMmKEHHS Ta KNiHIYHI pekomeHaaLii.

Pesyabtati. PO3rMsiHYTO OCHOBHI (DOPMY FiNepTEH3WBHOI MaTONOrii Nif Yac BariTHOCTI, 30Kpema recTaviiiHy ri-
nepTeH3ito, Npeeknamncito, eknamncito. B octaHHe AeCATUNITTS BCTAHOBNEHO TeHAEHL;to 40 30iNbLUEHHS iXHBOT
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noLUMpeHocTi, 0cobnmMBO recTauiHoi rineptenaii. Okpemy yBary npugineHo nnuey naHgemii COVID-19 Ha
AVHaMiKy rinepTeH3NBHUX YCKNaaHEeHb. Y3aranbHeHo AaHi Npo BigAaneHi Hacniaky Ans XiHOK, SK-0T Npo nigsu-
LLEHHS PU3KKY XPOHIYHOT apTepianbHoi rinepTeHsii, iLuemiyHoi XBopobu cepLst, iHCyLTY, CepLIEBOT HEAOCTATHOCTI,
MeTaboniyHUX i HEBPONOriYHMX po3nagis. Y AiTell, HApPOMKEHWX Bif TaKUX BariTHOCTEN, BCTAHOBMEHO BinbLuy
MIMOBIPHICTb BUHWKHEHHS! CEPLIEBO-CYAUHHOI NaTOoNorii, NopyLLEHb HEMPOPO3BMTKY Ta NCUXOEMOLINHOTO CTaHy.

BucHoBku. [iNepTeH3nBHI po3naay nig Yac BariTHOCTi aCOLIOI0OTLCS 3 BUCOKUM PIBHEM YCKNAAHEHb Y KOPOTKO-
CTPOKOBIl Ta BigAaneHit NnepcnekTuBi 4ns maTepi Ta AUTUHW. [icnsanonorose CNOCTEPEKEHHS!, PAHHE BUSIBIIEHHS!
PU3VKIB, iH(DOPMYBAHHS NALIEHTOK i MXAUCLMNNIHAPHUIA NiAXi4 A0 NPOMINaKTUKN € KIOYOBUMM 4115 3HUKEHHS
HeraTWBHUX HacniaKiB i NOKPALLEHHS MPOrHO3Y.

CyuacHi MeanuHi TexHonorii. 2025. T. 17, Ne 3(66). C. 217-223

Hypertensive disorders (HDs) during pregnancy represent a
significant challenge in modern obstetrics, remaining one of the
leading causes of maternal and perinatal morbidity and mortality.
This group includes gestational hypertension, preeclampsia (PE),
eclampsia, chronic arterial hypertension, and HELLP (Hemolysis,
Elevated Liver enzymes, and Low Platelet count) syndrome.
Despite advances in medicine, the incidence of these conditions
has been increasing over the past three decades, which may
be associated with various factors, including the rising average
maternal age, increased prevalence of obesity, metabolic syn-
drome, diabetes, and other endocrine disorders [1,2,3,4]. Adverse
outcomes include maternal complications such as liver rupture,
stroke, pulmonary edema, and acute kidney injury, as well as
stillbirth, fetal growth restriction, and iatrogenic preterm birth [5].

HDs are diagnosed in approximately 5 % to 15 % of all
pregnancies [6,7,8,9,10]. According to a global epidemiological
analysis conducted within the framework of the Global Burden of
Disease Study, the estimated number of HDs cases worldwide
increased from 31.3 million in 1990 to 36.1 million in 2021, cor-
responding to a 15.2 % relative increase. The age-standardized
incidence rate (ASIR) rose from 15662.9 to 18050.1 per 100 000
pregnancies over the same period. Particularly notable is the sub-
stantial rise in the prevalence of gestational hypertension, which
grew from 6.15 million to 36.1 million cases over the past three
decades. However, despite this significant increase in absolute
numbers, the overall trend demonstrates an annual net decrease
in the growth rate (net drift: 0.755 % per year) [11,12].

The geographic distribution of HDs shows considerable varia-
tion. In countries with a high Social Demographic Index (SDI), the
prevalence of HDs is approximately 1200-1400 per 100,000 preg-
nancies, whereas in regions with a low SDI — such as South Asia,
Sub-Saharan Africa, and Latin America — it can reach up to 13,000
cases. At the same time, many countries with medium to high SDI
levels have demonstrated stabilization or even a slight decline in
prevalence over recent decades, largely due to the implementation
of screening programs and early intervention strategies [11].

A detailed analysis of trends in the prevalence of hyperten-
sive complications in recent years is particularly noteworthy.
According to a study conducted in the United States, the rate of
HDs increased from 13.0 % in 2017 to 16.3 % in 2019, reaching
17.6 % by 2021. The authors attribute this rise to multiple factors,
including increasing maternal age, more frequent detection of ear-
ly forms of HDs, and the impact of the COVID-19 pandemic [13].

Undoubtedly, the COVID-19 pandemic has had a signifi-
cant impact on the dynamics of HDs prevalence. While large
prospective studies (e. g., an analysis of 22,438 pregnancies in

2021) did not confirm a direct increase in the risk of HDs among
pregnant women with SARS-CoV-2 infection [14], several other
studies point to an association between severe COVID-19 and
an elevated risk of developing PE and HELLP syndrome. Inflam-
matory changes, hypercoagulation, and endothelial dysfunction
are considered key pathophysiological links between COVID-19
and hypertensive complications [15,16].

The group of HDs encompasses several clinically distinct
conditions. One of these is gestational hypertension, defined as
elevated blood pressure diagnosed after 20 weeks of gestation
in the absence of pathological proteinuria or other signs of organ
dysfunction characteristic of preeclampsia. Its prevalence in the
general population is approximately 2.7 %, but among primiparous
women it can reach as high as 18.6 % [17,18,19].

Preeclampsia (PE) is a type of hypertensive disorder in
pregnancy characterized by the combination of hypertension with
proteinuria or signs of organ dysfunction. According to various
estimates, it occurs in 2 % to 8 % of pregnancies, although in
certain populations — particularly among adolescent mothers —its
frequency can reach 6.7 %. Eclampsia, a severe complication of
PE accompanied by generalized seizures in the context of organ
dysfunction, occurs in 0.1-0.3 % of pregnancies in countries with
a high standard of medical care, whereas in regions with a low
SDI, its prevalence can be as high as 1.4 % [20,21].

Currently, in addition to the distinction between PE, gesta-
tional hypertension, and superimposed PE (PE developing in the
context of chronic hypertension), PE is also classified according
to the presence or absence of severe features [22]. Depending
on the gestational age at onset, PE is further categorized as
early-onset (before 34 weeks of gestation) or late-onset (after
34 weeks) [23]. To date, PE remains a leading cause of both
maternal and fetal morbidity and mortality [24,25,26].

Aim

To analyse current scientific literature on the prevalence,
short-term and long-term outcomes of hypertensive disorders
during pregnancy, with a particular focus on preeclampsia, and

to identify promising strategies for prevention and postpartum
follow-up in women affected by these complications.

Materials and methods

This literature review involved a comprehensive search and
analysis of publications indexed in major scientific databases:
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PubMed, Scopus, Web of Science, Medline, and UpToDate. The
search strategy involved the use of combined queries with logical
operators “AND” and “OR”. The following keywords were included
in the search: hypertensive disorders in pregnancy, gestational
hypertension, preeclampsia, eclampsia, long-term outcomes, short-
term outcomes, maternal cardiovascular risk, chronic hypertension,
offspring, neurodevelopment, postpartum follow-up, cardiovascular
prevention, placental dysfunction, endothelial dysfunction, patho-
genesis of preeclampsia. The search was conducted between April
and May 2025. No language restrictions were applied; however,
preference was given to publications in English.

The analysis included articles published primarily between
2020 and 2025 that addressed the epidemiology, pathogenesis,
and clinical outcomes (including long-term consequences) of HDs
during pregnancy, as well as approaches to their prevention and
postpartum management. Eligible sources comprised systematic
reviews, meta-analyses, prospective and retrospective cohort
studies, and clinical guidelines issued by leading international
professional organizations, including the International Society for
the Study of Hypertension in Pregnancy (ISSHP), the International
Federation of Gynecology and Obstetrics (FIGO), the American
College of Obstetricians and Gynecologists (ACOG), and the
World Health Organization (WHO).

During the selection process, consideration was given to
the year of publication, study design, methodology, sample size,
objectivity of the reported findings, and their clinical relevance.
Particular attention was paid to high-quality evidence sources,
including multicenter studies and meta-analyses. Publications
lacking a clearly defined methodology or consisting solely of
narrative overviews without a scientific evidence base were
excluded from the final analysis.

As a result of the search, a total of 743 scientific publications
were identified that matched the predefined keywords and the-
matic criteria. After preliminary screening of titles and abstracts to
remove duplicates, irrelevant topics, and studies not meeting the
inclusion criteria (such as editorials, case reports, and narrative
reviews lacking evidence synthesis), 264 publications remained
for full-text review.

During the full-text analysis, additional exclusions were made
for studies focused exclusively on laboratory or experimental mod-
els without a clinical component, as well as for articles discussing
pregnancy complications unrelated to arterial hypertension.

Ultimately, 70 scientific sources were included in the final
review. These sources met the established criteria for quality,
relevance, and level of evidence, and consisted primarily of
systematic reviews, meta-analyses, prospective cohort studies,
and clinical guidelines published over the past decade.

Results

The relevance of addressing HDs is further underscored by
the fact that cardiovascular diseases (CVDs) are among the three
leading causes of mortality worldwide. CVDs are the primary
cause of death among women, accounting for approximately
one-third of all female deaths [27,28,29]. Hypertension, as the
leading risk factor for CVD-related mortality, affects more than
1.1 billion adults globally [27,28,29,30].

Globally, hypertension remains a major cause of maternal
and fetal morbidity and mortality, both in the short and long
term [4]. Regarding short-term outcomes in women with hyper-
tensive disorders, it has been established that blood pressure
in the postpartum period is often higher than during pregnancy,
which creates a sustained risk of cerebrovascular hemorrhage.
Poorly controlled hypertension is a common cause of postpar-
tum readmission [31,32]. HDs during pregnancy can worsen or
newly develop in the postpartum period and account for up to
44 % of pregnancy-related deaths within the first six days after
delivery [33].

Adverse pregnancy outcomes, including hypertensive disor-
ders during pregnancy, gestational diabetes, preterm birth, and
low birth weight — which affect up to 30 % of pregnant women —
increase the risk of developing cardiovascular disease [29]. The
consequences of HDs for both the mother and her offspring are
well documented. These include an increased risk of recurrent
PE or eclampsia, stroke, heart failure, pulmonary edema, acute
kidney injury, placental abruption, and maternal death, as well
as a heightened risk of preterm birth, fetal growth restriction, and
perinatal fetal death [34,35].

Women with a history of HDs have an increased risk of
developing CVDs compared to women with normotensive preg-
nancies. Specifically, these patients face a higher future risk of
hypertension, ischemic heart disease, heart failure, peripheral
vascular disease, stroke, and CVD-related mortality. The elevat-
ed long-term risk of CVD among women who experienced HDs
during pregnancy has been confirmed by multiple meta-analyses.
Notably, the relative risk is highest within the first year postpartum,
and cardiovascular risks in this population persist for decades
after pregnancy [32,36,37,38].

Women with HDs have a significantly higher likelihood of
developing hypertension, ischemic heart disease, heart failure in
later life, and mortality compared to women with uncomplicated
pregnancies. The risk of future hypertension is greatest within
the first five years postpartum [6,39,40]. In addition, during the
months or even years following delivery, women who experienced
gestational hypertension, PE, or eclampsia are at increased risk
of neurological disorders, including migraine, headache, epilep-
sy, and sleep disturbances. It is worth noting that women with
a history of eclampsia have a fivefold higher risk of developing
epilepsy [41].

To date, three main hypotheses have been proposed to
explain the increased risk of CVD in women with a history of
PE: a positive family genetic history, epigenetic changes during
pregnancy, and placental development abnormalities [4]. The
correlation between the history of PE and premature CVD ap-
pears to be strongest in cases of early-onset or severe PE and
subsequent long-term CVD. Thus, PE, as a common pregnancy
complication worldwide, is now recognized as a novel risk factor
for CVD. Key concerns related to CVD risk associated with PE in-
clude early onset and more severe cardiovascular manifestations
in women with a history of PE and in their offspring, especially
male offspring [42].

PE has been associated with an approximately 75 % higher
risk of CVD-related mortality compared to women without a his-
tory of PE [43]. Complicated pregnancies, including PE, are also
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linked to an increased risk of developing chronic kidney disease
later in life. A similar risk exists for gestational hypertension,
although the association is less pronounced than that observed
with PE [44,45,46]. Numerous studies have demonstrated
an elevated risk of future cardiovascular or cerebrovascular
events, diabetes, and dyslipidemia in women diagnosed with
PE [47,48,49,50,51,52].

One question that remains under discussion is whether HDs
during pregnancy, including PE, contribute to developmental
disorders in offspring. Clearly, well-designed multicenter studies
are needed to examine the complex interrelationships between
preconception and early pregnancy factors, fetal and placental
characteristics, maternal factors, and other variables [24]. Epide-
miological research increasingly recognizes the importance of the
Developmental Origins of Health and Disease (DOHaD) paradigm
and suggests that early-life exposures may be transmitted across
generations [53]. Numerous studies have indicated an association
between complicated pregnancies, particularly HDs, and the risk
of disease in offspring [54,55,56,57,58,59,60].

Children born to mothers with HDs, especially those with a
maternal history of CVD or diabetes, have an increased risk of
general and certain type-specific CVDs with early onset in the
first decades of life [61]. Preclinical data have highlighted several
pathways through which early-life exposures alter physiology
and influence blood pressure. PE, gestational diabetes, maternal
undernutrition, and antenatal corticosteroid exposure — among
others — have all been shown to exert physiological effects on
fetal growth, development, and function, ultimately impacting
blood pressure [59]. Evidence from systematic reviews and me-
ta-analyses supports an association between HDs and elevated
blood pressure levels in offspring [62]. Moreover, exposure to
HDs during pregnancy may be linked to an increased risk of
congenital heart defects in children [60]. A systematic review
and meta-analysis of observational studies, along with multiple
individual studies, indicate that in utero exposure to HDs during
pregnancy may be a risk factor for autism spectrum disorder and
attention-deficit/hyperactivity disorder in offspring [63].

Current evidence indicates an association between PE and
adverse health outcomes in offspring. Identified associations
include increased risks of CVDs, renal dysfunction, general
vascular disorders, endocrine diseases, immune dysregulation,
and neurodevelopmental adverse outcomes. However, since
HDs are often associated with preterm birth and fetal growth
restriction, it may be challenging to determine the contribution of
each condition to the increased risk observed in offspring [64].

In women with a history of pregnancy complications, CVDs
tend to develop earlier than in women without such complica-
tions, further confirming the significance of pregnancy com-
plications as a CVD risk factor [65]. Epidemiological studies
have demonstrated that the history of HDs is associated with
an increased risk of chronic conditions, particularly CVDs.
Therefore, HDs should not be regarded solely as a maternal
and perinatal health issue, but also as a long-term health issue
with implications for later life [66]. According to a systematic
review and meta-analysis, the risk of developing hypertension
within two years postpartum is six times higher in women who
have experienced preeclampsia [7].

Furthermore, a strong association has been established
between the recurrence of PE in subsequent pregnancies and
an additional increased risk of developing CVD and hypertension
later in life, compared with women who had only one episode of
PE [9]. Therefore, a complicated pregnancy course — particularly
HDs during pregnancy — may serve as an early indicator of future
metabolic and cardiovascular risks. This knowledge is crucial for
developing targeted screening and preventive strategies [37].

International guidelines on the prevention, diagnosis, and
management of hypertensive disorders during pregnancy recog-
nize the significant complications associated with undiagnosed
and untreated conditions. They also emphasize the potential
for improved outcomes through a combination of preventive
measures, timely diagnosis, prompt treatment, and delivery when
indicated [67]. Given that the majority of CVD-related deaths and
disabilities caused by modifiable risk factors can be reduced or
prevented, preventive measures remain a key priority for global
healthcare systems [27].

However, studies have shown that women often lack sufficient
awareness of these risks and may miss necessary follow-up
care [68]. Postpartum management of women with cardiovascular
risks can be enhanced through active education and awareness
campaigns, improved follow-up, and related measures [69].
The development of a structured screening tool for postpartum
follow-up has the potential to improve long-term monitoring after
preeclampsia, enhance the effectiveness of cardiovascular dis-
ease prevention, and contribute to improving population health
outcomes [70]. Identifying risk factors for future CVD may encour-
age early lifestyle modifications and disease prevention. Further-
more, the development of CVD after pregnancy can contribute
to increased perinatal morbidity in subsequent pregnancies [50].

Conclusions

1. Hypertensive disorders during pregnancy remain one of the
most pressing challenges in modern obstetrics, as they continue
to be a leading cause of maternal and perinatal morbidity and
mortality worldwide. The increasing incidence of these conditions
is associated with global demographic shifts, rising maternal
age, and the growing prevalence of risk factors such as obesity,
metabolic syndrome, and comorbid extragenital diseases.

2. Hypertensive disorders are accompanied by a high risk of
severe complications for both the mother and the fetus, as well as
long-term consequences that elevate the likelihood of developing
cardiovascular, metabolic, and neurological disorders in mothers.

3. The established association between a history of hyperten-
sive disorders during pregnancy and an increased risk of chronic
hypertension, ischemic heart disease, and stroke underscores
the need for implementing targeted postpartum follow-up and
preventive programs.

4. Effective screening, timely diagnosis, and a multidiscipli-
nary approach to managing patients with hypertensive disorders
during pregnancy are essential prerequisites for minimizing
potential adverse outcomes.

Prospects for further research. Promising directions for further
research include an in-depth investigation of the pathophysiologi-
cal mechanisms linking hypertensive disorders during pregnancy
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to the development of cardiovascular and other chronic diseases
later in life, with particular attention to the role of endothelial dys-
function and endotheliosis. Clarifying the significance of genetic
and epigenetic factors remains highly relevant, as does improving
strategies for the early identification of high-risk groups and the
long-term follow-up of these women. In addition, further analysis
of the impact of hypertensive disorders during pregnancy on the
health of offspring across different stages of life is essential for
building a robust evidence base to enhance preventive measures
and to ensure comprehensive, high-quality interdisciplinary care.
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Aim: to conduct a clinical and morphological analysis of a case of central nervous system (CNS) embryonic
tumor not otherwise specified (NOS) and to determine its key pathogenetic features.

Materials and methods. A retrospective analysis was conducted of an autopsy case involving a deceased prema-
ture female neonate diagnosed with a CNS embryonal tumor, NOS. The material was obtained from the Division
of Pathological Anatomy of the National Specialized Children’s Hospital “Ohmatdyt” of the Ministry of Health of
Ukraine. The morphological diagnosis was established based on macroscopic and microscopic examination.

Results. The findings indicate an intrauterine origin of the CNS embryonal tumor NOS and the presence of
characteristic morphological features that correlate with aggressive tumor behavior, including multiple necroses,
hemorrhages, and pseudorosettes formations composed of poorly differentiated cells. The study emphasizes the
importance of fetal magnetic resonance imaging in complex cases of prenatal hydrocephalus as a diagnostic
tool and for determining further pregnancy management strategies.

Conclusions. The presented case highlights the need for an interdisciplinary approach to the diagnosis and care
of newborns with CNS embryonal tumors and the creation of prognostic models for delivery outcomes in the
presence of this pathology.

Modern medical technology. 2025;17(3):224-229

PiakicHa em6pioHaAbHa NyXAMHA LLEEHTPaAbHOI HepPBOBOi CUCTEMM
B HOBOHApOAXXEHWX: BAACHWUM BUNAAOK i aHaAI3 KAIHIYHMX aHanoriB

A. C. NaHiHa, M. B. Kysuk, T. B. CaBuyk, B. A. XXoBHip, A. )X. CapukoBa

Merta po60T1 — ipoaHanisyBaTu kniHiko-MopchonorivyHiA BUNagok eMopioHanbHOi MyXnuHY LeHTpanbHOT HEPBOBOI
cuctemun (LHC), wo He Bu3HaveHa fo iHwmx kateropiit (NOS), Ta HaBeCTw i KIo4YOBI NATOreHETNYHI 0COBMMBOCTI.

Martepianu i meToau. 3aiicHUNM PETPOCMEKTUBHWIA aHania BUNaaKy ayToncii NoMepnoi HEAOHOLLEHOT HOBOHA-
POMKEHOI ANTMHM XiHOYOI cTaTi 3 embBpioHanbHoto nyxmuHoto LIHC NOS. Marepian oTpumaHo y BigaineHHi nato-
noriyHoi aHaTomii HaujoHanbHoi autayoi cnevianizoBaHoi nikapHi «Oxmataut» MO3 Ykpainu. Mopdonoriyni
AiarHo3 BCTAHOBMNEHO Ha MiACTaBi pe3ynbTaTiB Makpo- Ta MiKPOCKOMIYHOMO JOCHIMKEHHS.

PesyabTati. Pesynbrati ganu amory 3po6uTi BUCHOBOK PO BHYTPILLHBLOYTPOOHE NOXOMKEHHS eMOpioHanbHOI
nyxnunm LIHC NOS i BusiBUTH xapakTepHi MopdhonoriyHi 0coBnnBOCTi, LLO KOPENtooTb 3 arpecBHAM nepe-
6iromM NyXnWHHOTO NPOLECy (MHOXMHHI HEKPO3M, KPOBOBMIMBY, NCEBLOPO3ETKMA 3 HU3bKOANMDEPEHLNOBaHNX
kniTuh). MigTBEPOAXEHO OOUINBHICTL 3aCTOCYBAHHS MarHiTHO-pe30HaHCHOI ToMorpadii y cknagHux Bunagkax
npeHartanbHoi rigpovuedanii sk 3acoby YTOYHEHHS [iarHo3y Ta Ans BUSHAYEHHS HACTYMHOI TaKTUKW BEAEHHS
BariTHOCTI.

BucHoBKu. HaBeneHWI KNiHiYHWiA BUNaZoK akLEHTYe Ha HeobXigHOCTI MixaucLmMnniHapHoro nigxoay Ao AiarHoc-
TUKI Ta NiKyBaHHs! HOBOHAPOKEHNX 3 eMOpioHanbHUMM nyxnHamm LHC, a Takox CTBOPEHHS! NPOrHOCTUYHMX
mozeneli nepebiry nonoris, KONy AiarHOCTOBAHO Lit0 MaTomorito.

CyuacHi meanuHi TexHonorii. 2025. T. 17, Ne 3(66). C. 224-229

224

Modern medical technology. Volume 17. No. 3, July - September 2025 ISSN 20729367


https://orcid.org/0009-0004-7830-444X
https://orcid.org/0000-0001-9352-4513
https://orcid.org/0000-0002-7218-0253
https://orcid.org/0000-0002-6290-342X
https://orcid.org/0000-0002-7780-6243
https://doi.org/10.14739/mmt.2025.3.334181
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

Knainiuni Bunapku / Clinical cases

Embryonal tumors of the central nervous system (CNS), not
elsewhere classified (NEC), are a rare, diagnostically challenging,
and clinically aggressive category of pediatric neoplasms. Accord-
ing to the 2021 World Health Organization (WHO) Classification
of Tumors of the Central Nervous System (5th edition), CNS em-
bryonal tumour NEC/NOS is a tumour arising in the CNS with em-
bryonal morphology and immunophenotype and either lacking an
alteration that would classify it as one of the molecularly defined
CNS embryonal tumours (not elsewhere classified; NEC) or not
susceptible to further analysis (not otherwise specified, NOS) [1].
These tumors are characterized by rapid growth, high cellularity,
pronounced mitotic activity, and multiple areas of necrosis [2,3].

The overall survival rate of newborns with this rare tumor is
generally low. Thus, the five-year overall survival rate recorded
in retrospective cohorts ranges from 25 % to 30 %, reflecting the
aggressive nature of these tumors and the difficulties in their treat-
ment [4]. Such mortality rates are particularly associated with the
frequent development of complications such as hydrocephalus
due to obstruction of the cerebrospinal fluid outflow pathways,
intracranial hemorrhages, neurological disorders due to mass
effect or infiltration, and early dissemination in the CNS [2,5].

There is a notable correlation between histological features
and clinical manifestations: tumors with higher mitotic indices
and extensive necrosis tend to cause more rapid development
of neurological symptoms [6]. However, the inability to assess
the latter in fetuses complicates the clinical diagnosis of tumors
which develop during the intrauterine period and are mainly found
during autopsy. The consistency of clinical and morphological
data is limited, so pathological observations play a critical role in
refining the diagnosis and management tactics.

Aim
To conduct a clinical and morphological analysis of a case of

central nervous system embryonic tumor not otherwise specified
and to determine its key pathogenetic features.

Materials and methods

We retrospectively analyzed an autopsy case of a deceased
premature female neonate diagnosed with a CNS embryonal tu-
mor, NOS. The material was obtained from the Division of Patho-
logical Anatomy of the National Specialized Children’s Hospital
“Ohmatdyt” of the Ministry of Health of Ukraine in accordance
with a cooperation agreement between the university and the
healthcare institution. No immunohistochemical or molecular stud-
ies were performed in this case. The diagnosis was established
within the limits of available methods, based on macroscopic and
microscopic findings using hematoxylin and eosin staining. The
morphological diagnosis was made to the extent possible in the
absence of immunohistochemical and molecular confirmation.

This retrospective study was approved by the Medical Eth-
ics Committee of the National Research Center for Radiation
Medicine, Hematology and Oncology, National Academy of
Medical Sciences of Ukraine (Protocol No. 9, July 15, 2025).
The study was conducted in accordance with national legislation,
institutional regulations, and the principles of the Declaration

of Helsinki. Human samples were obtained as by-products of
routine diagnostic autopsies. Due to the retrospective design
and complete anonymization of data, written informed consent
from the parents was not required under applicable national and
institutional guidelines.

Results

Child K. was born to a 35-year-old woman during her second
pregnancy. The first pregnancy ended with the birth of a healthy
child. The current pregnancy initially proceeded without compli-
cations, butin the first trimester, mild toxicosis and iron deficiency
anemia developed, for which oral iron therapy was prescribed.
Routine ultrasound screening at 20 weeks of gestation revealed
no structural anomalies or intrauterine growth restrictions.

At 26 weeks of gestation, the woman presented with clin-
ical signs of severe gestosis, including arterial hypertension
(BP 160/100 mmHg), generalized edema, and proteinuria. She
was hospitalized to the department of pregnancy pathology for
close monitoring. During her hospital stay, a repeat prenatal ultra-
sound revealed significant bilateral hydrocephalus with ventricular
dilatation up to 25 mm, polyhydramnios, and signs of fetal distress.
Fetal echocardiography and Doppler studies indicated a reduced
cerebroplacental ratio and abnormal umbilical artery flow (absent
end-diastolic flow). No extracranial anomalies were detected.

Laboratory tests ruled out maternal infections, including
TORCH-infections (Toxoplasma gondii, Rubella virus, Cytome-
galovirus, Herpes simplex virus types | and Il). Serological testing
for HIV, hepatitis B and C, and syphilis was also negative.

At 29 weeks of gestation, due to the worsening maternal con-
dition —including uncontrolled hypertension (BP 180/110 mmHg),
elevated liver enzymes, thrombocytopenia, and signs of hemoly-
sis — severe preeclampsia with impending HELLP syndrome was
diagnosed. An emergency cesarean section was performed to
save the mother’s life.

Apremature female neonate was delivered via lower-segment
cesarean section. The newborn weighed 2550 g, measured
46 cm in length, and had Apgar scores of 2 at 1 minute and 3 at
5 minutes. The newborn was pale, hypotonic, and bradycardic
at birth, with weak spontaneous respiratory effort. Immediate
neonatal resuscitation was initiated according to international
neonatal life support protocols. This included positive-pressure
ventilation with oxygen, endotracheal intubation, external cardiac
massage, and administration of epinephrine. Despite maximal
supportive measures, the newborn’s condition did not stabilize,
and spontaneous cardiac activity ceased at 30 minutes of life.

The infant was referred for autopsy with the clinical diagnosis:
congenital malformation (internal hydrocephalus, suspected holo-
prosencephaly), multiple organ failure syndrome, and prematurity.

Pathological examination. Skin is pale blue, with petechial
hemorrhages in the area of lower extremities. The subcutaneous
fat layer is satisfactorily developed and swollen. The umbilical
cord remnant is tied with a ligature. The head is round in shape,
enlarged in volume, with a circumference of 37 cm, a large
fontanelle measuring 6 x 6 cm, and a sagittal suture that has
separated, causing the medial edges of the parietal bones of the
skull to be 3 cm apart. The brain tissue is significantly thinned to
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1C

1B

1D

Fig. 1. Histopathological examination of an embryonal CNS tumor NOS; structural polymorphism observed in different fields of view (A-D).
A, B: cords of atypical cells with sinusoid-like dilated stromal vessels; C: formation of pseudorosettes (arrow); D: alveolar structures and
nests of atypical cells surrounded by delicate stromal septa, H & E. A: x 40; B, C, D: x 200.

1-2 mm, swollen, pale blue, without differentiation into gray and
white matter. The superior sagittal sinus has no lumen from the
crista galli to its middle part, and from the middle part to the con-
fluens sinuum, the sinus is sharply widened to 1.5 cm. Expanded:
confluens sinuum up to 3 cm, sinus transversus sinister and sinus
sigmoideus sinister up to 1 cm in diameter. At the site of expan-
sion of the superior sagittal sinus, fusion between it and the brain
tissue is noted along the upper edge of the large hemispheres.
In this place and on the medial surface of the hemispheres, the
brain tissue is bluish-pink in color, with hemorrhages, soft-elastic
consistency, and differed from normal tissue. The surface of the
hemispheres with smoothed convolutions and sulci. Ependyma
includes brownish deposits.

The structures of the corpus callosum, thalamus, and walls of
the third ventricle are not differentiated. The brain stem is flaccid
in consistency, with enlarged cavities of the fourth ventricle and
cerebral aqueduct. The vascular plexuses are full of blood. The
lateral ventricles are greatly enlarged and filled with liquid blood.
The internal organs are pale, without any peculiarities. There is
a large amount of transparent yellowish content in the pleural
cavities. There is a small amount of transparent yellowish fluid
in the abdominal cavity.

Microscopic examination. Thinning of the brain substance of
the large hemispheres with violation of histoarchitectonics due to
the predominance of glial elements, an increase in the number
of vessels in one field of view. Perivascular and pericellular
edema, necrotic and necrobiotic changes, perivascular-focal
lymphoid infiltration were observed. The tumor had a polymorphic
structure, consisting of poorly differentiated cells, which formed
alveolar structures in some places, focal clusters of atypical cells
surrounded by thin stromal bridges with a large number of dilated
vessels, while in other fields of view there were strands of atypical
cells, a large number of dilated vessels, multiple necroses, and
pseudorosettes (Fig. 1). Diagnosis: embryonic CNS tumor, NOS.

Thymus. Lobular structure and division into layers are pre-
served, inversion of layers, delymphatization and Hassall's cor-
puscles located in the cortical and medullary layers are observed;
conclusion: accidental involution of the thymus, stage IIl.

Discussion

Embryonal CNS tumors, NOS, are usually localized in the
frontal or parietal lobes of the cerebral hemispheres, less com-
monly in the brain stem and spinal cord. In 25-30 % of cases,
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these neoplasms are associated with tumor implants (mainly in
the subarachnoid space) [7,8,9].

Macroscopically, these tumors usually appear as solid gray-
pink formations that are not clearly demarcated from normal
brain tissue. Large lesions with cystic or necrotic areas are
common [10,11,12]. Microscopically, they appear as hypercellular
lesions consisting of poorly differentiated cells with round or oval
nuclei with banded chromatin, high mitotic index, and frequent
apoptotic bodies [7,8]. Sometimes they can also form pseudo-
rosettes. Molecular drivers for this diverse group of tumors are
still not understood, either because the molecular profile does
not fit a defined CNS WHO diagnostic entity (NEC) or molecular
classification cannot be performed (NOS).

Due to this, according to the 2021 World Health Organization
(WHO) Classification of Tumors of the Central Nervous System
(5th edition), when molecular analysis of CNS embryonal tumors
fails to detect an alteration that allows specific classification
or is unsuccessful, the designations “not elsewhere classified
(NEC)” or “not otherwise specified (NOS)”, respectively, should
be applied [1].

Our clinical and pathological observation concerns a prema-
ture girl born at 29 weeks of gestation who died within the first
30 minutes of life due to severe respiratory failure. Pathologically,
the tumor was localized in the frontal lobes of the brain and had
grown into the superior sagittal sinus, leading to obliteration of its
lumen and the development of hydrocephalus; it was not possible
to determine the clear boundaries of the tumor. Most likely, the
tumor invaded the structures of the corpus callosum, thalamus,
and walls of the third ventricle, which explained the inability to
verify these structures at autopsy. Hemorrhages in the lateral
ventricles indicated invasion of the cerebral vessels and were the
cause of anemia detected at autopsy. Morphologically, the tumor
met the criteria for an embryonic CNS tumor NOS according to
the WHO classification — it consisted of undifferentiated cells with
a high mitotic index, pronounced polymorphism, pseudorosettes,
and multiple areas of necrosis. These morphological character-
istics allow us to verify a highly malignant neuroepithelial tumor.
In general, the morphological picture of the tumor we describe
is typical for an embryonic CNS tumor NOS.

The discrepancy between the clinical and pathological diag-
noses in this case could be due to the difficulty of diagnosing the
neoplasm based on insufficient clinical data (ultrasound, which
revealed hydrocephalus), as well as the difficulty of differentiat-
ing the diagnosis of an embryonic CNS tumor NOS from other
pathologies that can cause hydrocephalus (e. g., TORCH infec-
tions, meningitis, or congenital defects of the cerebrospinal fluid
pathways). In this case, due to the extreme degree of malignancy
of the neoplasm (grade V), the discrepancy between the clinical
and pathological diagnoses was not clinically significant, but it
further emphasized the importance of using alternative imaging
methods, such as magnetic resonance imaging (MRI), for a
more accurate differential diagnosis of fetal pathologies. Thus,
hydrocephalus together with macrocephaly or polyhydramnios
are often the first ultrasound markers that can be indications for
a more detailed MRI examination [13].

A comparative analysis of our observation with similar cases
from the literature allows us to identify key clinical and mor-

phological patterns and differences. In the case described by
E. Cambruzzi et al. [14], a premature newborn girl (gestational age
22 weeks) had a 0.9 cm tumor located in the right lateral ventricle.
Microscopically, it was a high-grade malignant neoplasm with
marked atypia, a solid pattern, and a high mitotic index (Ki-67 —
90 %). Despite high proliferative activity, this case, unlike ours and
the case reported by R. Kapoor et al. [15], was not accompanied
by significant hydrocephalus or massive mass effect, probably
due to the smaller size of the tumor and earlier gestational age
at the time of death. However, the presence of a thrombus in the
right lateral and third ventricles may indicate hemorrhage, which
is an indirect sign of potential tumor aggressiveness.

Another similar observation reported by R. Kapoor et al. [15]
concerns a newborn girl who was found to have a large echogenic
formation in the supratentorial region at 24-25 weeks of gestation,
and later, at 35 weeks, an enlarged fetal head and a heterogene-
ous mass in the left hemisphere of the brain with multiple cystic
areas were detected. In this case, right-sided hydrocephalus,
associated polyhydramnios, placentomegaly, pericardial and
pleural effusion were observed. Morphologically, the tumor con-
sisted of proliferating neoplastic cells located perivascularly with
the formation of focal pseudorosettes and focal necrosis. Mitotic
activity was minimal, but the tumor showed rapid growth. The
child died after spontaneous premature delivery.

Common clinical and morphological patterns identified in
our observation and described by other authors indicate several
important features of CNS embryonal tumors, NOS. All described
cases concern premature babies (from 22 to 29 weeks of gesta-
tion), which confirms the intrauterine origin of these tumors and
their early clinical onset in the perinatal period. Morphologically,
the tumors show signs of high malignancy: pronounced cell
undifferentiation, the presence of pseudorosettes, multiple are-
as of necrosis and hemorrhages in the brain parenchyma and
ventricular cavities. These characteristics were present in our
case and in studies conducted by other authors, which correlates
with the aggressive course of the disease [16,17,18]. At the same
time, in the case described by E. Cambruzzi et al., a high mitotic
index was observed, but the absence of massive necrosis and
hemorrhages, as well as the smaller size of the tumor, could have
led to the absence of hydrocephalus [14].

Among the main complications, hydrocephalus is the most
common that typically result from ventricular system compression
by a tumor or due to hemorrhage. This complication occurs in
approximately 17.3 % of newborns with CNS tumors and causes
increased intracranial pressure with subsequent damage to brain
tissue [19,20]. In our case and in the observation by R. Kapoor
etal. [15], hydrocephalus was one of the leading manifestations,
while in the case of E. Cambruzzi et al. [14], it was not recorded.

Additionally, such systemic manifestations of the tumor as
polyhydramnios and non-immune hydrops fetalis, which were
noted in our own observation and in the case reported by R. Ka-
poor et al., deserve particular attention. These conditions were
accompanied by pericardial and pleural effusion, ascites, and
were probably caused by both hypothalamic dysfunction and
high cardiac output [21,22]. Non-immune hydrops fetalis can
also cause “mirror syndrome” (Ballantyne syndrome), described
in the observation by R. Kapoor et al. [15], in which the mother’s
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condition “mirrors” the hydrops condition of the fetus, manifested
by edema, hypertension, and proteinuria, which must be differ-
entiated from preeclampsia [23]. This syndrome is an important
trigger for termination of pregnancy and/or delivery for medical
reasons [24].

Thus, the described case supports the inclusion of embryonal
CNS tumors in the differential diagnosis of prenatally detected
anomalies, particularly hydrocephalus, polyhydramnios, fetal hy-
drops, and cases of sudden neonatal death. Such cases highlight
the critical role of pathological examination in verifying prenatal
hypotheses and determining the causes of fatal outcomes. Multi-
disciplinary collaboration between perinatologists, neonatologists,
neuropathologists, pediatric oncologists, and prenatal diagnostics
specialists is essential to ensure accurate diagnosis and optimal
management of such pregnancies. A comprehensive approach to
monitoring high-risk pregnancies is a key for reducing neonatal
morbidity and mortality, especially in the context of limited access
to specialized perinatal monitoring programs [24].

Systematization of clinical and morphological data on CNS
embryonal tumors, NOS is necessary forimproving morphological
classification, refining diagnostic criteria, developing prognostic
approaches, and implementing effective clinical algorithms in neo-
natal neurooncology. Given the exceptional rarity and diagnostic
complexity of embryonal CNS tumors in neonates, there is a clear
need for multicenter collection and systematic analysis of such
cases. The accumulated data will contribute to future updates in
tumor classification, facilitate prenatal detection, and support the
development of standardized management protocols in neonatal
oncology and perinatal care.

Conclusions

1. CNS embryonal tumors, NOS, are the ones of intrauterine
origin, as confirmed by their detection predominantly in premature
infants. This indicates an early onset of the pathological process
and its significant impact on the course of pregnancy and neo-
natal prognosis.

2. These tumors are characterized by high-grade malignancy,
an undifferentiated cellular structure, the presence of pseudo-
rosettes, extensive necrosis, and hemorrhages — features that
reflect their aggressive behavior and poor prognosis.

3. The most common complications include hydrocepha-
lus, intracranial hemorrhage, and non-immune hydrops fetalis
(manifested by polyhydramnios, ascites, pericardial, and pleural
effusions), which largely determine the severity of the clinical
course and contribute to early neonatal mortality.

4. Given the limited specificity of standard prenatal ultrasonog-
raphy, fetal MRI should be considered in cases of hydrocephalus
of unknown etiology. Prenatal MRI may become the gold standard
for detecting intracranial tumors. Effective management of such
cases requires interdisciplinary collaboration among specialists
in prenatal diagnostics, perinatology, neuropathology, and pedi-
atric oncology.

5. Considering the rarity, aggressive clinical behavior, and di-
agnostic complexity of CNS embryonal tumors, NOS, multicenter
case collection is crucial for advancing tumor classification and im-
proving prenatal detection strategies in neonatal neuro-oncology.
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Merta po60oTh — MOKpaLLEHHs pe3ynbTaTiB nikyBaHHS AedeKTiB ckarbna LUMSXOM BUKOPUCTaHHS TeXHOMOrii
nepecagku Bonoccst metogom FUE 3 DHI.

Martepianv i metoau. NavlieHT Bikom 50 pokiB 3BepHYBCS 3i ckapramu Ha MynsTUoKanbHY NICNSONIKOBY anoneL;to
cKkarnbna Ta niBoi 6poBu. BigHOBNEHHS! BONOCSHOTO MOKPUBY 34iNCHWNM, BUKOHABLLUM TPaHCMaHTaLto Bonoces
metogom FUE (Follicular Unit Extraction) 3 DHI (Direct Hair Implantation). Mig yac ouiHtoBaHHs pesynstatis
BMKOPUCTaHO 00'EKTUBHWIA (BIBCOTOK MPUKMBMEHHS BONOCCS) | CYD'EKTUBHMIA (BU3HAYEHHS 330BONEHOCTI NaLyj-
€HTa PesynsTaToM 3a LKoo CyMapHWX OLHOK — Lkanoto flaikepTa, Lo aganToBaHa BignoBigHO A0 3aBAaHb
[OCTIIXEHHS) KpUTERIl.

Pe3yabtatn. KiHLeBWA pesynbTaT ouiHunu Yepesd 1 pik nicns nepecagku Bonoccst. MauieHT ouiHWB pesynbtat
AK MPUAHATHWA (4 Ganu). 3AicHUNM NOBTOPHY CECil0 Nepecapku BOMOCCS B MPOMIXKM MiX BXe NPOpOCIMM
rpadpTamu 4ns BOCATHEHHS PIBHOMIPHOTO eIeKTy.

BucHogku. [epecaaka Bonoccs Moxe GyTv OOUINbHO0 ANS BifHOBMNEHHS BONOCSHOTO MOKPUBY CKanbna, Komu
BMKOPWCTaHHS MiCLIEBIX KNanTiB | TKAHMHHOI eKCTeH3ii 0bMexeHe (MynbTdokanbHi pybLesi Ta nicnsonepavinHi
anoneLji), a TakoX sk BTOPUHHa npoLieaypa nicns OCHOBHOTO 3aKkpUTTS fed)eKTy HeBaCKyNApU30BaHNMM LLKIDHAMM
TpaHcnnaHTatamu abo guctaHuiHumm knantamu. MNepecaaka Bonoccst metogom FUE 3 DHI nae 3mory BigHoBUTH
MPUPOAHIN KyT | HANPSMOK POCTY BOTOCCS HABITb Y CKNAAHUX 3 ECTETUYHOIO NOrNsAAY AinsHKax (Ha nepeaHin niii
POCTY BOMOCCS, MakiBLi, 6poBax), a TakoX JOCAITY LiIbHOCTI POCTY BOMOCCS, LLO Maiixe iAeHTNYHaA NPUPOSHIN.

CyuacHi meanuHi TexHonorii. 2025. T. 17, Ne 3(66). C. 230-234

Experience in improving the results of treating scalp defects
using the FUE method with DHI

0. A. Hyndych

Aim. Improvement of scalp defect treatment results using hair transplantation technology by follicular unit ex-
traction and direct hair implantation methods.

Materials and methods. A 50-year-old patient complained of multifocal post-burn alopecia of the scalp and left
eyebrow. Hair restoration was performed using hair transplantation using the FUE (Follicular Unit Extraction)
method with DHI (Direct Hair Implantation). The results were evaluated using an objective criterion (percentage
of hair engraftment), as well as the subjective criterion of patient satisfaction with the result using a total score
scale (Likert scale), which was adapted according to the tasks of the work.

Results. The final result was evaluated one year after hair transplantation. The patient noted an acceptable result
(4 points). A second session of hair transplantation was performed in the intervals between the already grown
grafts to achieve a uniform effect.

Conclusions. Hair transplantation can be used to restore scalp hair in cases where the use of local flaps
and tissue extension is limited (multifocal scarring and postoperative alopecia), as well as a secondary
procedure after primary closure of the defect with non-vascularized skin grafts or distance flaps. FUE hair
transplant with DHI allows you to restore the natural angle and direction of hair growth, even in aesthetically
difficult areas such as the front hairline, crown, eyebrows, and achieve hair growth density that is almost
identical to natural.
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Knainiuni Bunapku / Clinical cases

CyyacHa (HoBITHSI) Xipyprist Ckanbna cdopmyBarnack Ha oc-
HOBI focsiay MNepLuoi Ta [pyroi CBITOBKX BiiAH, KOS MOPSATYHOK
XUTTS BB HalnepLUM 3aBOAHHSAM, @ KOCMETUYHI aceKTU cTanm
JpyropsigHiMn abo B3arani He Gynu BaXIMBUMMU.

MpoTAroM OCTaHHIX AECATUPIY AeTanisalis 3HaHb LoA0
KpOBOMOCTa4YaHHS MICLIEBMX KManTiB, HAaKONMUYeHHs1 JoCBigy B
€KCTEH3ii TKaHWH | PO3BUTOK TEXHIKM MIKPOCYAMHHOI NEpecaaKm
CKIaZHMX KOMMIEKCIB TKaHWUH ICTOTHO PO3LUMPUAN MOXMMBOCTI
MAACTUYHUX PEKOHCTPYKTUBHWX XipYpriYHWMX BTpyYaHb Ans 3a-
KpuTTS fedekTis ckanbna [1,2]. MNpoTe AKWOo paHille nparHynm
[0 BnacHe 3aKpuTTs AedekTy, TO HUHI BCE BinbLUOr0 3HaYeHHS
HabyBae eCTETUYHMIA acmeKT PEKOHCTPYKLii, OCKINbKM 3aBOSKM
BOMOCSHOMY MOKpUBY ckanbn HabyBae yHikanbHUX XapakTepuc-
THK, SIKi HE MpUTaMaHHi KOAHIN iHLLiA YacTuHi Tina [3].

OTxe xipypriyHe nikyBaHHs anoneLid, Lo BYUHWKAM BHACTIAOK
PEKOHCTPYKTUBHIX BTPYYaHb, 3aN1LIAETLCS CKagHo npobne-
MO0, SIKi CrieLjianicTv NpUAINsoTb OKPEMY yBary, OCKiSbKi BOHa
Ma€ CKMafHi Hacnigku — eCcTeTuuHi 11 doisionorivHi [4,5,6,7,8].

Merta poboTu

lMoKpalleHHs pesynbTaTiB NikyBaHHs AedekTiB ckanbna
LUISIXOM BUKOPUCTaHHS TEXHOIOTiT Nepecazikyi BONIOCCS METOAOM
FUE 3 DHI.

Marepianu i MeToAM AOCAIAKEHHSA

JocnimxenHs 30iNCHUNK, JOTPUMYIOYUCH NPUHLMNIB [enb-
CiHCbKOT geknapaii (npotokon Ne 06/06/25 3acigaHHs koMicii 3
MeauyHoi eTuku [epxaBHoi ycTaHoBW «HauioHanbHWiA Hayko-
BWW LieHTp Xipyprii Ta TpaHcnnaxTonorii imeHi O. O. LWanimosa
HauioHanbHoi akagemii MeanyHmx Hayk Ykpaiuv Big 6 YepBHst
2025 poky).

1a

MauieHT B. Bikom 50 pokiB 3BepHYBCS 3i Ckapramut Ha MyIb-
TUOKarbHy anoneLilo BHACMIZOK OMiky NOnyM’sM i 3aKpuTTs
JedekTiB ckanbna 3a AONOMOrOK MOBHOLIAPOBMX LUKIPHUX
TpaHCMIaHTaTIB, a TaKoX Yepes MOBHY BiACYTHICTb NiBOi OpoBY.
Mg vac ornsgy BM3HaYeHO, LLO AiNSHKM anonewii po3TaLloBaHi
Y Bi3yarnbHO NOMITHUX 30HaX — Ha NEPeHiN NiHil pocTy Bonoccs,
TIM'SIHUX 30Hax, makiBLi. Ockinbku anonewis Gyna Mynstudgo-
KanbHOK Ta Mana cneuudivHy nokanisadito, iMnnaHTayis
eKkcnaHaepa He JouinbHa vyepes fediluT 300poBuX TKaHUH, SKi
LOCTYMHI ANs PO3TATHEHHS, @ NPOTHO30BaHMIA HAaNPSIMOK POCTY
BOIOCCS! NP NEPEMILLIEHHI poTaLiiHMX KnanTiB 3MiH1BCS 6 Ginb-
Lue Hix Ha 45° | Npu3BIB JO ECTETUYHOIO «PO3PUBY» NEPEaHLOI
niHii pocty BOMocest (puc. 1).

OOO0B'sA3KOBI YMOBHW A/ NEPECAAKM BOMOCCA — «3pinni»
HOPMOTPOIYHMIA pybeLb, JABHICTIO He MeHLe Hix 1 pik, He
MeHLLE HiX 1 pik micns onepaTyBHOMO BTPYYaHHS!, 3af0BiNbHa
AKICTb TKaHWH (Be3 03HaK 3ananeHHs Ta AediunTy M'sKnx
TkaHuH). Mepecaaky Bonocces BrkoHaHo meTogoM FUE. Mepen
MpoLeypoto 3AINCHUIN PO3MITKY JOHOPCLKOI 30HM, Y MeXaXx SKoi
Hazani Bunyyanu rpadptih, Ta PO3MITKY peLMnieHTHOT JiNsHKY i3
3a3HauYeHHsIM HanpsiMKy pocTy BOMOCCS.

£k LOHOPCbKI 30HW BUKOPUCTAHO MOTWUIMYHI Ta CKPOHEBI
LiNSHKN CyMDKHUX i3 anoneLjieto 30H, siki NOBHICTIO BUCTpUra-
nm (puc. 2).

EkcTpakLito Boroccs BUKOHaHO nif MicLieBUM 3HEDOMOBAH-
HAM pos4nHOM KnsitHa. [licns BunyYeHHst onikynu iMnnaxTy-
Banu 6e3nocepenHLO B 30HY «3pinux» pyoLiB i MOBHOLLIAPOBNX
ayTodepmoTpaHcnnaHTatie. 3a ofHy cecito nepecamkeHo 3200
rpachtie. HeobxigHy KinbkicTb rpadpTiB BU3HAYNN, KEPYHOUMCH
TUM, LLO NMPY BidyaribHOMY nigpaxyHKy B HOPMi B cepeaHbOMY B
1 cm? ckanbna KinbKicTb BONOCSHIX TpaHCMaHTaTIB CTaHOBUTh
60—70 oauHULLb, @ OTXe, 33 YMOBM 3HKEHOIO KPOBOMOCTa4aHHs
Ta NiABNLLEHOT KOPCTKOCTI TKAHWH YLIKOZXKEHWX [iNsHOK AN ra-

16

Puc. 1. MynstudOoKanbHa anoneLis TiM'sHUX, NPaBoi CKPOHEBOI AIAIHKM 3 «pO3PUBOM» MEPEAHBOI AiHii POCTY BOAOCCS MiCASt ayTOAEPMO-

NAACTUKK ONiKy CKaAbMa.
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PaHTOBAHOIO NPWXMBNEHHS KiNbKICTb rpadoTiB, nepecaxeHux 3a
nepLunit ceaHc, Mae 6yTy BOBIYI MEHLLOLD, TOBTO B cepeaHbOMY
30-35 rpachrie Ha 1 cm?. Kanibp rpadis craHosus 0,8 + 0,2 Mm.

3anexHo Bif NocTaBneHnX 3aBaaHb PO3PIi3HSNM MOHOGONI-
KynsipHi (go cknagy BxoguTb 1 chonikyn) Ta nonichonikynspHi (2
i GinbLue chonikynis) rpadty (puc. 3).

[ns BigHOBNEHHS MPYPOAHOIO BOIOCSHOIO MOKPUBY CKarbra
TiIM'SHUX | NOTUIMYHIUX 30H BUKOPKCTAHO nonicponikynsipHi rpadty
ANs MakcMMarnbHOi rycToTh. Y 30Hax CKPOHb 1 0COBNMBO Ha
nepeaHin niHii pocty Bonoccs, 6poBax, e Bonoccs ¢isionorivHo
TOHLUE Ta PoCTe Mo 0fHOMY hOmMiKyIy, BUKOPUCTaHO MOHOOI-
KynsipHi rpadotyt.

IMnnaHTauiio rpadTie 3aicHunm 3a metogukoto DHI (direct
hair implantation), sactocysasium pyyky Choi. Mig yac iMnnan-
Tauii 4OTPUMYBanMCh PO3MITKW ANS BiGHOBNEHHS MPUPOSHOIO

5a 56

Puc. 2. AoHOpCbKa 30Ha Biapasy NicAA eKCTpaKLii rpadTis.

Puc. 3. Po3noain rpadtiB Ha MOHO- Ta MOAIGOAIKYASIPHI.

KyTa Ta HanpsiMKy pocTy Boroccs. Lie 0cobnmBo BaXIMBO B 30Hi
MaKiBKM, e BOMOCCS 3MIHIOE HaNpsSIMOK POCTY — No cripani Ha
360° (puc. 4).

Y naujeHTa BUKOPUCTAHO TEXHIKy Nepecagku BOocCs 3i
3MEHLLEHHSIM BNMBY (haKTOpa KOPCTKOCTI PyOLEBOI TKaHWHM
LWIMSXOM BMKOPUCTaHHA iMnnaHTepiB kanibpom He Ginblie
Hix 0,8 Mm. Baanocsa 36inbwunTtyt WinbHICTb iMANaHTaLi, Lo
cTaHoBuna 45 + 5 rpachTiB Ha 1 cM?; Lie A€LL0 NepEBULLYBAIO
cepeqHii nokasHuk (25-35 Ha 1 cm?), 3a JaH!MM iHLIMX aBTO-
pis [9] (puc. 5).

PesynbTtatu ouiHtoBanu 3a 00’ekTBHUM (BiACOTOK Mpu-
XUBMEHHS1 BONOCCs1) i Cy6'ekTMBHUM (3a0BONEHICTL MaLjieHTa
pesyneTaTtoM) KputepisMu. [Ans Lboro BUKOPUCTaHO LLKany Cy-
MapHWX OLHOK (Lkana [lalikepta), Lo aganToBaHa 40 3aBAaHb
JocnimkeHHs. 3a LONOMOro L€l WKanW nauieHT MaB 3mory

Puc. 4. Po3miTKa HanpsamKy pocTy BOAOCCS B 30Hi MaKiBKU MepeA iMnAaHTaLlietro.

Puc. 5. MopiBHAHHSA LWIABHOCTI POCTY BOAOCCA Yy NaLlieHTa. a: yepes 1 pik nicas nepecapkn metopom FUE DHI B 30Hy aytopepmMoTpaHcnAaH-
Taty; 6: disionoriuHa LLiAbHICTb POCTY BOAOCCA Y MALIEHTa B 3A0PO0BIM NOTUAMYHIN AIASHLL.

Puc. 6. MNoBTOpHa cecia nepecaakit BOAOCCA AAS 30iAbLLEHHS LLIABHOCTI POCTY BOAOCCS.
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OLHWATW BMNaCHWA NCUXONMOTYHUI CTaH A0 Ta micns nikyBaHHS
3a TBepIKEHHAMU: «abCONTHO He3ad0BONEHUNA, MOCTiHA
Jenpecis» — 1 6an; «He3aLoBOMEHUNA, NepioanyHe BigyyTTS
MPUTHIYEHHS» — 2; «CYMHIBHUI pesynbTaTy — 3; «NPUAHSTHWR,
HernoraHui pesynbTat» — 4; «3a40BoneHunin» — 5 6anis.

Pe3yabtati

[ins NopiBHAHHSA CNig 3ayBaXuWTw, WO A0 NiKyBaHHS NaLieHT
OLiH1B CBIll NMCUXOMOTiYHWIA CTaH He Oinblue Hix 2 Ganamu 3a
wkarnoto Jlarkepta. KiHueBui pe3ynbraT ouiHioBanu yepes 1
pik nicns nepecagku sBonoccs. MNavjieHT BU3HaunB pesynsrar sk
NPUAHATHUA (4 6anu), NOSCHWBLUM TaKy OLiHKY HEOOCTaTHLOK
LUiNBHICTIO Ta POCTOM BOMIOCCS B 30Hi MaKiBKM, X04a MPUKMBIIEHHS
rpacpTie craHoBuno 90 %. Tomy Yepes 1 pik nicns nepLuoi npo-
BEAIEHO MOBTOPHY CeCito Nepecaakn Bonoces. [ns AOCArHEHHS
piBHOMipHOTO edpekTy nepecamxeHo Lie 500 rpadoTia y NPoMixXKM
MiX BXe Npopocnvmu (puc. 6).

Yepes pik nicnsi NOBTOPHOI cecil Nnepecaaku NawieHT ouiHMB
pesynbTat K BigMiHHUIA, He 6yno HeobXigHOCTI B 4OAATKOBMX
cecisix nepecaggu (puc. 7).

06roBopeHHA

HwHi € kinbka cTpareriii 4151 BiGHOBMEHHS BONOCKCTOI YacTu-
HW FOMOBW, HalYacTille NAETLCS NPO TPaHCMO3WL0 MICLIEBUX
poTaLiiHWX KrnanTiB i nepecagky BornocsHux donikynis [10].

OCHOBHMM CMOCO6OM XipypriYHOTO BiHOBMEHHS BOMOCSHOIO
MOKPUBY € BUKOPUCTaHHS MicLieBux knanTis [3,11]. Mpote Buko-
PUCTaHHSA LbOr0 METOZY CYNpOBOMKYETLCS 3MIHOK HanpsMKy
POCTY BOMOCCS MiCMs NEPEMILLEHHS KNanTs, L0 B OKPEMUX BU-
nafKkax npu3BoAnTb 4O ECTETUYHOTO «PO3PUBY» NEPEHBOI MiHiT
pocty Bonoccs. MpobnemHm € BiGHOBNEHHS 30HU MaKiBKW, A€
HaMpPSIMOK POCTY BOMOCCS NPOXOAUTL NO Ccriparti Ta 3MIHIETLCS

7a

Ha 360°. Kpim Toro, MOXIMBOCTi poTaLliiHiX KnanTiB 0OMeXeHi
po3Mipamu, WO MOB'A3aHO 3 KiNbKICTIO JOCTYMHWUX CYMiKHNX
TKaHWH. [ins BUpiLLEeHHS Liei npobriemu NponoHyoTb BUKOHYBATM
TKaHUHHY eKCTeHsito [4]. INpoTe Lei MeTos 3a3Buyail 3acToco-
BYHOTb 32 MEBHWX YMOB, 30KpeMa KOmnu iMnnaHTaList TKaHWHHOTO
ekcnaHaepa notpebye AOCTaTHLOI KINbKOCTI 3H0POBMX CYMIKHUX
TkaHuH (>50 % noBepxHi ckanbna). Tomy Lie MeToA Maiixe He
3aCTOCOBYKOTb, AKWO € YncrneHHi pybui ckanbna, kpiM TOro, B
PiOKICHWMX BUNagKax BiH NPU3BOAUTL OO0 3MEHLUEHHS! LLiNbHOCTI
pocTy Boroces abo 1oro BunagiHHs [2,12].

HoBITHI MeTOAM 30BHILUHBOI TPaKLii TKAHWH CKanbna AakTb
3MOry OCSIITY 3aKkpuTTs AedbekTy Oes iMnnaHTavji ekcnaHaepa —
LLNSIXOM 30BHILLHiX anapaTiB po3TarHeHHs TkaHuH [13,14]. MNpote
3aCTOCYBaHHS LIMX METOZIB TAKOX MOXE CNIPUYMHSATY 3MEHLLEHHS]
YyCTOTW POCTY BOMOCCS Yepe3 TPaKLilo, 3MILLEHHS NepeaHboi
NiHii pocTy BONOCCSA, @ TaKOX He BUPILLYE Npobnemy YnCneHHUX
pyOuiB abo MHOXMHHIX Py6LIEBIX anonewyi.

Y Takux Bumagkax nepecagka BOMOCCS, Ha HaLl Nornsg,
MOXe CTaTW KOPUCHOLO onuieto. Kpim Toro, y pasi pekoHCTpyKLji
JedexTiB ckarbna 3a 4oMOMOrow HEeBACKYSPU30BAHNX LLIKIPHWX
TpaHcnnaHTaTiB abo BiNbHOI MIKpOCYAMHHOI Nepecaakyi KnanTis,
L0 HEMWHYYe MPM3BOAMTL JO PO3BUTKY anoneLii, nepecaaka
BOJTOCCS1 MOXE 3HAYHO MOKpALLMTV pesynbTar fnikyBaHHsl, Bpa-
XOBYHOUM Cy4acHi BUMOTU NaLiEHTIB [0 AKOCTI XUTTS.

AHania cyyacHoi HaykoBOI niTepaTypu nokasae yumany
KinbKicTb nybnikawii, WO NpUCBAYEHi NiKyBaHHIO Pi3HWX BUAIB
anoneLiiv 3a JONOMOror nepecaakm Boroccs. [poTe nepeBaxHa
OinbLUICTb i3 HUX CTOCYETHCA BiAHOBMEHHS BOTOCSHOIO NOKPUBY
MpwW aHaporeHeTYHIn anonedii. LLlo » go nyGnikawii, npucesye-
HWX NepecagLi BOMOCcs 3 PEKOHCTPYKTUBHOK METOKO MPU BTOPUH-
HWX pybLIEBMX anoneLisix, TO iXHS KibKICTb TOYHO HEOOCTaTHS.
3pebinbLUoro y HUX ideTbCs Npo AOCBIA POOOTU 3 HEBEMUKUMM
pyOueBMMM MiCNSONiKOBUMM anoneLismn 3 0OMEKEHOK KiNbki-
CTIO BUKOpUCTaHWX rpadpTis (y cepeaHsomy 288) [7,9,15]. Juwe

76

Puc. 7. MauieHT yepes 1 pik nicAs nepecaskn BOAOCCS B 30Hy pyOLIB Ta ayTOAEPMOTPAHCIAQHTATIB.
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Kinbka npallb NPUCBAYEHO MepecafLi BOnoccs y knanti nicns
PeKOHCTpYKLUii aedpekTiB ckanbna. 3a gaHnvn M. W. Han etal., y
cepenHbLOMY NepecakeHo BiHOCHO HEBENMKY KiNlbKiCTb rpadoTis
(1000-1500) 3a kinbka (2-3) ceancis [10].

LLlono meTomy B3ATTS rpadpTiB, TO HUHI, SK i paHiLle, BUKO-
pucToBytoTb FUT-meTog, Lo nepenbavae BUCIHEHHSI CMYXKM
LUKipW Ta HapisaHHs ii Ha okpeMmi rpadhTu. MNpoTe nicns 3acTo-
CYBaHHS LIbOTO METOAY 3aBXaM 3ammMwaeTbes pybelb, vacTto
[OCUTb NOMITHUI (B OQHOMY BMNAAKY MW MPOBOAMMM iMMNaH-
TaLito Boroccs came B Takuii pybeup). Wopo imnnanTauii, To
BUKOPUCTOBYBANM TEXHIYHO NPOCTUIN METOA HAaHECEHHS HACIHOK
ckanbneneMm i3 HaCTyNHOK iMNaHTaLjeto rpadTis 3a AONOMO-
roto NiHUETIB. 3rigHo 3 pe3ynbratamu nonepenHix AoCHimKeHb,
LWiNBHICTb POCTY BONOCCA MiCMS Nepecasky B TakuX BUMagKax
HepocTtatHs [10].

OnucaHmin [OCBIA nepecagkn BOOCCS Nicns nonepegHix
PEKOHCTPYKTUBHUX BTPYYaHb NigTBEpAXYE eheKTUBHICTb Mno-
eaHaHHs MeTogy FUE 3 DHI-imnnaHTauieto, ockinbku BifCOTOK
MPWKMUBMEHHS BIAMOBIAAE AaHUM CyvacHoi haxoBol nitepatypu,
HaBITb KOMM 30iMbLUNTY KiNbKICTb rpadTiB, NepecaxeHnx 3a OaHy
cecito [7,9,15]. IMoBipHO, Lie NOB'A3aHO came 3 BUKOPUCTaHHAM
DHI, konv BonocsiHoMy honikyny, LLO 3aXWLLEHUIA 30BHI MOMKOK
iMnnaHTepa, Biapasy 3aaaroTb NeBHY MUOMHY Ta HANPAMOK iMr-
naHTaLii NOpIBHAHO 3 BUKOPWUCTAHHSAM MIHLETY, KOMM MOXM1Ba
TpaBmaTmM3aLlis He3axmLLEeHoro chonikyna nig vac 3aHypeHHs! y xop-
CTKi py6LIEBi TKAHWHW. BXxuTi 3axomy Janu 3Mory OTpUMaTy BigMiHHi
pesynbraTy 6e3 0oOaTKOBKX PYOLB | 32 MEHLLY KiNbKiCTb CECIlt.

BucHoBKHU

1. Mepecapka Bonoccs Moxe 6yTV AOLNBHOK AN1st BigHOB-
TNEHHs BONIOCSHOTO NOKPUMBY CKarbra, KON BUKOPUCTaHHS MicLie-
BWX KINanTiB i TKAHWHHOT eKCTeH3iT obMexeHe (MynsTUdoKanbHi
pybLeBi Ta nicnsionepayiini anonewji), a TakoX sK BTOPUHHA
npoLeaypa nicns OCHOBHOTO 3aKpUTTS AedekTy HeBacKynspu-
30BaHUMM LLKIPHUMM TpPaHCMNaHTaTaMm abo AUCTaHUiRHUMM
KnanTtamu.

2. MNepecapka Bonoccs metogom FUE 3 DHI gae 3mory
BiAHOBUTM NPUPOHIi KyT Ta HANPSIMOK POCTY BOSOCCA HaBiTh Y
CKMaZHWX 3 eCTETUYHOTO NOrNsAAy AiNsHkax (Ha nepeaHin niHii
poCTy BOMOCCS, MakiBLi, BpoBax), a Takox AOCArTY LUiNbHOCTI
POCTY BOMOCCH, LU0 Malbke ifeHTUYHa NPUPOSHIN.

diHaHcyBaHHA
[ocnimxeHHs BUKOHaHO 6€3 hiHaHCOBOI MiATPUMKN.
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