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Meta po60TH — PO3LLIMPUTM Cy4acHi ySIBNIEHHs Npo 0cobnmBoCTi ekcnpecii p53 it aHekcHy A5 i xapakTep ixHix
KopensiLiiHnx 3B's3kiB y BasanbHoMy marHouenionspHomMy siapi (BMA) wypis Ha doHi konxiuuH-iHaykoBaHOI
HemlpogereHepaLii.

Marepianu i meToau. locnimkeHHs 3aiicHeHo Ha 30 Ginux camugsx wypis niHii Wistar. Y 10 TBapuH 3mopentosa-
NN HEMPOAECTPYKLII0 LWNSXoM iHTpauepebposeHTpukynsipHoro (ILIB) BBeaeHHs konxiuumHy. Ipynu nopiBHSHHS
— iHTakTHi (n = 10) Ta xubHooneposaHi TBapuHy (n = 10). Mpyni xmGHOONEPOBaHMX LLYPIB 3aMICTb KOMXILMHY
ILB BBOAMnu 0,9 % NaCl. Hapgani TBapuH eBTaHa3yBanu TiONEHTaNoM HaTpito Ta BUMyYanu ronoBHUA MO30K
Ans iMyHOhyopecLeHTHOTO AOCHimKEHHs ekcnpecii p53 Ta aHekcuHy A5 (AnnV). Pesynbtati onpalboBaHi
CTaTUCTUYHO.

Pesynbtaty. IHTEHCUBHICTb priyopecuieHLii p53*-KNiTWH y CTPYKTYpi FOMIOBHOTO MO3KY, SIKY BUBYanM, BiporigHo
He Bippi3HsAnach y LLypiB ekcnepuMeHTanbHux rpyn. BogHoyac nokastnk CTCF AnnV*-knitwH y BMA wypis
3 ILIB BBEAEHHAM KOMXiLWHY BiporifHO NepeBuLLYBaB BiAMOBIAHWA NapamMeTp iHTaKTHUX i XMGHOONEpoBaHMX
eKcnepuMeHTanbHUX 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 LLypaMW 3 ekcrepuMeHTanbHOK HermpogecTpykuieto. Mg Yac OuiHIBaHHS KifbKOCTI
iMYHOMO3UTMBHUX KNITWH HA (DOHI BBELEHHS! KOMXILMHY BU3HAYeHO Maibke BTpWdi Ginblue p53*-kniTuH nopis-
HSIHO 3 IHTaKTHUMK | Maike y 2,5 pa3a woao xwbHoonepoBaHMX TBapuH. 3adikcoBaHo Maibke BABIYi binblue
AnnV*-KniTUH y 3paskax Bif eKkCnepuMeHTanbHUX TBapWUH NOPIBHAHO 3 BiAMOBIAHUM NOKA3HUKOM LLYPIB i3 rpyn
MOPIBHSHHS.

BucHosku. Y BMA wwypis 3 IL|B BBeAEHHAM KONXiLMHY NOPIBHSHO 3 TBAPUHAMM 3 rPYN NOPIBHAHHS (IHTAKTHUX Ta
Xn6HOOMEePOBaHMX) 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 KOMXiLMHY NOPIBHAHO
3 iHTaKTHUMU Ta ncesgoonepoBaHnMi y BMA p53*-nosnTuBHI KNiTUHM XapakTepuayBanucs BUALMM CTYNEHEM
Konokanisauii imyHopeakTusHoro matepiany 3 DAPI. B ekcnepumeHTanbHux wwypiB Ha oHi ILB BBegeHHs
KonxiumHy B HerpoHax BM{ He BUSIBNEHO 3anexHOCTi NoKasHuKa iHTEHCUBHOCTI dhyopecueHii AnnV*-kniTuH
Big cTyneHs konokanisauii DAPI 3 p53.
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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 XOfiHepriyHuX HenpoHiB GasanbHuX Bigainie
nepeaHboro Mosky (rpymu Chd), wo 3abesnevye Hacamnepen
aLETMNXOMNIHOBY iHHEpBALLito 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 BUPaXeHOoto 3arnbennto HerpoHis y BM{A. BHac-
iAok Lboro hopMyeTLCA BUCXIAHA XoniHepriYHa feadepeHTauis
KOPY FONOBHOrO MO3KY 3 MOTiPLUEHHSIM KOMHITUBHUX OYHKLIi, LU0 €
OfiHi€H0 3 03HaK MPOrPecyBaHHs HasBaHX XBopoO. Tomy akTyarb-
HUM 3anULIAETLCS OOCNIMKEHHS MEXaHI3MIB i LNAXiB 3arvbeni
HenpoHiB y BMA Ak NOTeHLiHNX TepaneBTUYHIX MilLeHen Ans
BiOTEPMiIHOBYBaHHSI PO3BUTKY rMIMGOKOTO KOrHITUBHOIO AeiLmTY.

BcraHoBneHo, L0 CinbHOK prCOto Ha3BaHWX HelpoaereHe-
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 EKCNIEpUMEHTaNbHIUX MO-
Jenen, siki jaBanm 6 3mory 3AilicHI0BaTy BignoBIAHI AOCTIMKEHHS.
Tomy HayKOBLi 3anpOnOHyBany BUKOPUCTOBYBATW AMS LibOro
KOMXILIMH — TOKCUH, LLIO MPU3BOANTB [0 YLUKOPKEHHS LIMTOCKENeTa
Ta iHiLitoe npouec HenpoanonTosy [7].

3ayBaxumo, L0 3ararioM MOMEKYNSPHI LISXM LbOro BUaY
KNiTUHHOI 3arnbeni 4OBOMI AeTanbHO OMKUCAHO B HAYKOBIN Ii-
Tepartypi, a OTKe BXe CHOPMOBaHO MEBHI YABMEHHS NPO NOro
iHiLiayito, nepebir i 3aBepLUeHHS. Y HW3Li aHaniTUYHMX Npaub
BYCBITNEHO YMCTIEHHI MDKMOMEKYTSIPHI B3aEMOZji NpoanonToTuy-
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 Haa3Bu4aiHy CKNagHIiCTb
peaniaauii Liboro npouecy i B pasi NpupogHOi 3armbeni «KIitnHu,
LLIO BiAnpaLoBanay, i B pasi Al Ha 300poBY KIITUHY MOLLKOKY-
BasnbHOro hakTopa cybnetansHoi iHTEHCUBHOCTI [8].

BogHouac ans okpemux chaktopis, Wwo 6epyTb yyacTb B
anonTo3i HePOHiB, 3okpema p53 Ta aHekcuH A5 (AnnV), migTeep-
[PKEHO HeponpPOTEKTUBHY Porb. Tak, oyHKLUii p53 BUXOASATL 3a
Mexi perynsuii KniTMHHOro LMKy 1 iHiujauii anonToay. Lien 6inok
K paKTOp TPAHCKPUILLT MOXe peryrtoBaTi eKCrPECito YACTIEHHUX
reHiB, Lo 6epyTb y4acTb Y Pi3HMX KMITWHHWX NpoLiecax, 30Kkpema
BigHoBneHHi AHK i ayTodparii [9,10,11].

[ns AnnV Takox onmMcaHo HelponpoOTEKTUBHY BNACTUBICTb,
Ky LOCTiAHVKV NOB'A3Y10Tb 3 aHTUKOAryMSHTHO AiEt0 (LLMSIXOM
3B'A3yBaHHA (POCAaTUANICEPUHY 3 HACTYMHUM 3anobiraHHAM
MDKKIITUHHIN agresii) [12], a Takox npoTu3ananbHi 1 aHTUOKCK-
[aHTHi epekTV (Yepes NpUrHiYeHHs nonsipu3aaLi MikporniansHUX
M1 KniTvH | cTumynsLii aHTUokeuaaHTHoro wnsxy Nrf2/HO-1).
Kpim Toro, ans usoro Binka BCTAHOBMNEHO B3aEMOZjI0 3 amino-
iQOreHHUMM Binkamu, Lo 3HKYBAMNO iXHI TOKCUYHICTb Mpw
HeyipofereHepaTBHUX 3axBoptoBaHHsIX [13]. PyHKUiOHaNbHa
CNPSIMOBAHICTb i p53, i AnnV iCTOTHO 3anexuTb B iXHbOI
CyOKNiTMHHOI Nnokanisaviji. ba Ginble, nNokasaHo, Lo saepHa
TpaHCOoKaLlist aHEKCYHIB MOXeE NPU3BOAUTM [0 IXHBOI B3aEMOg;i 3
saepHM p53 [k kodhakTop Ta iHiLitoBaTh anonTo3. Hagani BcTa-
HOBMNK, LLIO OKPEMI aHEKCUHM MOXYTb CneLmdivHO 38'A3yBaTuncs
3 p53-acouiioBaHNMM CalTamm BHYTPILLHBOMO BXOAY pubocoMm
(IRES), peryntotoun B Takuin cnoci6 TpaHcnsLito Lboro binka [14].

3ayBaxumo, Lo npobrema B3aemopii Lmx Baxnueux Gin-
KiB-pEryNIATOPIB KIITUHHOTO LWKITY 3aNMLIAETHCS NPEaMETOM
Garatbox AOCMimpkeHb, WO AadyTb 3MOry BiOKpWUTK OOAATKOBI
thapmaKkonorivHi MilleHi Ans kopekuii HermpogereHepaTMBHNX
3aXBOPIOBaHb.

Merta pobotu

Po3wmpunTi cyyacHi ysiBneHHs Npo 0cobnmBocCTi excrpecii
p53 Ta aHekcuHy A5 i xapaKTep iXHiX KOPENsLifiHNX 3B’A3KiB Yy
BasanbHOMY MarHoLEemonsapHoOMy Sapi LypiB Ha GoHi Kornxi-
LMH-IHOYKOBaHOI HepoaereHepalyii.
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Puc. 1. Au3aitH 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-11abopaTopHOro LIEHTPY 3anopisbkoro
[EepXaBHOr0 Meanko-hapMaLEeBTUHHOMO YHIBEPCUTETY. Taknm
YMHOM 3abEe3MneyeHO KOHTPOMb LIOAO 30BHILLHIX (haKTopIB, LU0
MOrv © BNAMHYTYM Ha pesynbTaTyi JOCHMKEHHS. YCi npouenypu
30iNCHWNW BiANOBIAHO 4O NOKANbHWX | MiXKHAPOAHMX NPOTOKOMIB
3 BioeTuku, SK-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 HAYKOBUX
uinsx» Big 22 BepecHs 2010 poky). Komicist 3 nuTaHb BioeTnkm
3anopisbkoro fepxaBHOr0 MeauKo-thapMaLeBTUYHOMO YHiBEp-
CWTETY Aana Ao3Bin Ha 34iNCHEHHS LOCMiMKEHHs (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 KOHTPOMH, SKUM Mif aHECTESIE
«Tenasonomy iHTpaLepebpoBeHTprKynapHo (ILIB) BBogumm disi-
onorivHui posanH NaCl (37 °C), 26 (n = 10), akum nig Takum ca-
MUM Hapko3om ILIB BBoamnm posunH konxiunHy (37 °C) (puc. 1).

Uepes 14 oHiB TBAPUH BUBELAEHO 3 EKCMIEPUMEHTY LLMSAXOM
OJHOMOMEHTHOI AekaniTauii nig 3HebontoBaHHAM «TioneHTa-
nom» (Tionentan Hatpito 120 Mr/Kr BHYTPILUHbOYEPEBUHHO).
[ns HacTynHOro ricTONOriYHOrO OLHIOBaHHS MO30K (ikcyBanu,
[JerifpatyBanu B cepil CmpTiB KOHLEHTpaLT, L0 3pocTag, NoTiM
nepeknagan nocrnigoBHO B CyMill CrMPTY 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 3IMCHEHO 3a CTEPEOTAKCUYHUM aTnacoM MO3KY
wypa (puc. 2) [15].

Created in BioRender.com bio

OcobnusocTi ekcnpecii p53 i AnnV y HeipoHax BMSA
BMBYEHO iMyHODNyOpPECLEHTHUM METOAOM. [Ins LbOro ricTo-
noriyHi 3piav genapadiysanu, perigpysanu Ta iemackysanv B
PT-moayni (ThermoScientific, CLUA) y uutpatHomy 6ycdbepHomy
po3unHi (pH = 6,0) (ThermoScientific, CLUA), iHkybyBanu B
Brnokytodomy Bydepi (SantaCruz Biotechnology, USA). Micns
LIbOro HaHECEHO BiAMOBIAHI MOHOKMOHAIbHI MULLAYi aHTUTINa,
koH'toroBaHi 3 FITC (SantaCruz Biotechnology, USA) Bigno-
BiIHO A0 IHCTPYKUii BUpoOHuKa [16]. [ns dnyopecueHTHOI
Bidyanisauii sgep knituH BMA 3actocosano DAPI (SantaCruz
Biotechnology, USA).

IMyHOMbNyopeCLEHTHE AOCIMKEHHS 34iACHWNN B yNbTpadi-
OreTOBOMY CrekTpi 30ymkeHHs Ha mikpockoni Axiolmager-M2
(«Carl Zeiss», HimewunHa) 3 kamepoto AxioCam-ERc 5s («Carl
Zeiss», HimeyuuHa). MikpodoTorpadii npoaHanisoBaHo B
ImageJ, 0bpaxoBaHO Taki MOKa3HUKM:

— CKOpUroBaHy 3ararbHy KniTuHHY donyopectieHLito (corrected
total cell fluorescence, CTCF), Lo xapaktepu3ysana BMICT iMyHO-
peakTtnBHoro matepiany (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 LLiNbHOCTI iIMYHONO3UTUBHOI KNITUHK, 0BpaxoBaHMi
MpOrpamor aBTOMaTUYHO, S — NOLLA iIMyHOMO3UTUBHOI KITITVHW,
ID, — NoKa3HMK IHTErPOBAHOI LLiNBHOCTI (OOHY (KMITUHA, WO He
Manu BUAMMOI pnyopecLeHLii);

— 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. 3HauyeHHs koedilieHTa, 6rimabki 4o +1, cBiguaTb
MpO BUCOKWIA CTYMiHb Kornokanisauii, a 3Ha4yeHHs, Lo 6nmsbki 4o
-1 abo 0, BKa3ytoTb Ha BiACYTHICTb abo HeraTBHY KOPENsLito
BignosigHo [17].
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Puc. 2. TonorpadiyHe posrtallyBaHHA HEWPOHIB Yy BMA Mo3ky Liypa.

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

LUAYHOYOK (lateral ventricle).

EkcnepumeHTanbHi faHi onpauboBaHO 3 BUKOPUCTAHHAM
nakeTa NpuknagHuX i ctaTucTuyHmx 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 ouiH0BaHHA JOCTOBIPHOCTI BiAMIHHOCTEN MOKA3HWKIB, IO
BCTAHOBMEHi B eKCMepuMeHTanbHUX rpynax Lypis Ta Bigno-
BiZanu 3akoHy HOPManbHOro PO3NOZiNy AaHMX, BUKOPUCTAHO
koedbiLieHT CTbtoaeHTa (t); SKLLo po3nofin AaHuX He BignoBinaB
HOpMarbHOMY 3aKOHY, 3aCTOCOBaHO kpuTepiit MaHHa—BiTHi (U).
[ns kopensuinHoro aHanisy obpaxoBaHo koedqiLlieHTu kopensuii
KeHgana. [locToBipHMM BBaxanw BigMiHHOCTI npu p < 0,05.

Pe3yabTati

Y pesynbrati JOCHIMKEHHS! BU3HAYEHO OCOONMBOCTI eKC-
npecii p53 Ta AnnV B HelpoHax BM{A Ha choHi ILIB BBeaeHHS
KONXiLHy. Tak, BCTaHOBINEHO, LLO IHTEHCWBHICTb oryopecLeHLji
p53*- KNITWH Y CTPYKTYpi FOSIOBHOMO MO3KY, SIKY BUBYanW, BiporigHoO
He BiJpisHANack Y LUypiB ekcrnepuMeHTanbH1X rpyn. MNokasHuk
CTCF AnnV*-knitud y BMA wypis 3 ILIB BBEAEHHAM KOMXILMHY
BipOrigHO MepeBwLLyBaB BignoBIAHWA NapaMeTp IHTaKTHUX i
XMBHOONEPOBAHMX EKCTIEPUMEHTANbHUX TBAPWUH — Ha 24,2 %
Ta 46,9 % Bigno.igHO. 3ayBaXMMO, LU0 CTAaTUCTUYHO 3HaYYLL
BIiMIHHOCTi MiX iHTAKTHUMK | XMOHOONEPOBaHUMM TBaPUHAMM
3a LM MOKa3HWKOM He 3adpikcoBaHo (mabi. 1).

Y pesynbTaTi OLUiHIOBaHHA CTyneHs konokanisadii [PM
po p53 ta AnnV i3 agepHum b6apsHukom DAPI B knituHax
BM{A ekcnepumeHTanbHWX LLYpiB BCTAHOBMEHO AOCTOBIPHO
BULLY MefiaHy KoedilieHTa kopensuii lNipcoHa i By p53*-, i B
AnnV*-knituHax BM{A TBapuH 3 ILIB BBEAEHHSM KONXILWMHY LWOAO
iHTaKTHUX | 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 konokanisauii DAPI i3 [PM
[0 p53 HabrmkaBcs 40 cepedHboro, a Ans AnnV 3anuiiascst
HU3bKUM (mabri. 2).

[opnatkoBo 3AiliCHEHO KOPENALIMHWIA aHani3 y rpyni TBApWH 3
ILIB BBEOEHHSIM KOMXIiLWMHY — MiX nokasHukom CTCF AnnV*-kni-
TUH i cTyneHem konokanisauii DAPI 3 IPM go p53 (r). Lien aHanis
30IMCHEHO AN1S OLiHIOBAHHS MOXMWBOCTI BNAMBY 3MiHW CyOKri-
TUHHOI Nnokanisaviji p53 Ha cTyniHb ekcnpecii AnnV y HermpoHax
BMA umx wypis. OgHak LOCTOBIpHWIA 3B'30K He BUSIBINIEHO (AaHi
He HaBedeHo).

OuiHtoBaHHs KinbkocTi p53*- Ta AnnV*-knitnH y BMA y
3pi3i rOMOBHOMO MO3KY LUYPIB €KCMEpPUMEHTANbHIX rPyn Aano
3MOry BCTAHOBWTY TXHIO BIPOTigHO BifbLUy KifbKICTb Y LUYpIB 3
ILIB BBeOEHHSAM KOMXiLWMHY NOPIBHSHO 3 IHTAKTHUMU Ta XUBHO-
OMnepoBaHNMK TBapuHamu. BusHaueHo Maiike BTpudi Ginblue
p53*-KNITUH NOPIBHAHO 3 IHTAKTHUMY | Malxe Y 2,5 pasa Lwono
XnbHOOMepoBaHMX TBapUH. 3adhikcOBaHO TakoX Marixe ABopa-
30Be 30iMbLUeHHs ANnV*-KIiTUH LWOAO 060X rpyn MOPIBHSIHHS.
3ayBaXuMO, L0 KIMbKICTb iMYHOMO3UTMBHUX KMITUH 4O 000X
nenTuaiB y rpynax iHTakTy Ta XubHOOMnepoBaHuX LLypiB 3iCTaBHa,
CTaTUCTWYHO He BigpisHanacs (mabn. 3).

06roBopeHHsA

Y pesynbrari focnimKeHHs BcTaHOBMeHo BnnvB ILIB BBese-
HS1 KOMXiLHY Ha ekcnpecito anonTos-acoLiiosaHux Ginkis (p53 Ta
AnnV) y BMA ekcnepnmMeHTanbHuUX Lypis. Y nonepeaHix gocni-
[DKEHHSIX, Lo 3ajiicHei E. G. Jorda et al., nokasaHo ocobnmeicTb
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 penapaTuBHIX
NPOLECIB i MOB'SI3aHMX i3 HAMM GinkiB, y ToMy yncni i p5S3 [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*-Kknitnnu, Og, o

AnnV*-knitunm, Og, o

[HTakTHi TBApWHKM, 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) O[O 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 iMyHONMO3UTUBHUX KAITMHaX BMS roA0BHOMO MO3KY LLPIB eKCIepUMEHTAABHUX TPy,

Me [Q1; Q4]

ExkcnepumeHTanbHa rpyna

pP53*-KniTUHK, T

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 BIAMIHHOCTI MokasHNKB (p,, < 0,05) WO rpyni iHTAKTHUX TBapWH; 2: BIPOTiAHI BIAMIHHOCTI MokasHKB (p,, < 0,05) WwWoao rpynn xubHooNepoBaHNX TBApKH.

Tabauusa 3. KinbKicTb KAITUH, IMyHOMO3WUTHBHWX AO anonTo3-acouiioBaHux binkis y 3pisi BMA ronoBHOro Mo3ky Liypis, Me [Q1; Q4]

EkcnepumeHTanbsHa rpyna p53*-kniTMHK AnnV*-kniTuHM
[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: BiporifHi BiAMIHHOCTI nokasHmKiB (p,, < 0,05) Wo[o rpynk IHTAKTHUX TBAPMH; 2: BIPOriAHi BIAMIHHOCTI NokasHmKiB (p, < 0,05) oo rpynk XMBHOOMEePOBaHIX TBapHH.

Lle cnocTepexeHHs nigTBepmKeHo TUM, WO iHribitopn PARP-1
(Poly(ADP-ribose) polymerase 1) — Binka, Lo akTUBYETLCSA NpU
nowkomxeHHi AHK, — maibke He manu Bnvey Ha nepebir konxi-
LIMH-IHAYKOBAHOTO anonTo3y B KYMbTYPi rpaHyNsSpHUX HENPOHIB
Mo3ouKa [7].

Xoua Li fjaHi NOSACHIOTb, YOMY Mif Yac HALLOTO JOCTIDKEHHS
HE BWSIBIMEHO CTaTUCTUYHI BigMiHHOCTI 3a nokasHukom CTCF
pS3*-knituH y BMA Mix TBapuMHaMK i3 rpyn NOPIBHSAHHS Ta Micns
IL|B BBEOEHHS KOMXILWMHY, BCE X HE MOXHA NOBHICTIO BigK1AaTK
ponb P53 y KONXILWH-IHAYKOBaHI HeMpoJeCTpyKLii. 3ayBaxumo,
Lo nonepeaHi eKCnepuMeHTH 34INCHEHO Ha YUCTUX HeWpo-
HanbHUX KynbTypax, ae He 6yno GFAP*-knituH (Mapkep, Lo
€KCNPeCcyeTbCA NepPeBaKHO aCTPOrTIiEl0), a OTke Byro BUKITHOUYEHO
MOXIWBY pONb aKTUBOBAHWX acTPOLWMTIB, SIKi MPOAYKYOTb Liiny
HU3KY PEYOBUH (AKTWUBHI (hOPMU KUCHIO, OKCUZ, @30Ty, MaTPUYHI
METanonpoTeiHasm, a TaKoX LMTOKIHW, SIK-OT (hakTop HEKPO3Yy MyX-
TVH ), i OKPEMi 3 HUX MOXYTb aKTUBYBaTH p53 y HerMpoHax [18].

[HWMIA haKT, WO CBIAYMTL NPO 3anyyeHicTb p53 [0 Konxi-
LIH-IHAYKOBAHOI HEMPOLECTPYKLT, — perynsiLis akTMBHOCTI LibOro
npoTeiHa PisHUMM NOCTTPAHCAALINHUMI MOAUIKALISMK, | Kto-
YoBa 3 HUX — POCHOPUNIOBaHHS, L0 3anobirae yOikBITYBAHHIO
uboro 6inka, cnpusie ioro cTabinisauii Ta HaCTYMHIN SAepHin
TpaHcnokaduii [11].

[MokasaHo, L0 BNAMB KOMXILMHY Ha HEMPOHU NPU3BOAUTH
[0 aKTuBaLji LukniH-3anexHoi kiHasu (cdkb), wo bepe yyacTb
y npouecax rinepdocdopuntoBaHHs, 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 MiKPOOTOUEHHS Ta €KCATOTOKCUYHOCTI Mif
4ac BUBYEHHS KONXILMH-IHAYKOBAHOI HEMPOAECTPYKLIT, a Takox
BM3Ha4aE OOMEXEHHS, 3 SKVMU acoLinoBaHi in Vitro AOCHimKeHHS
y ubomMy Hanpsivi. OTxe, OTpUMaHi B pe3ynbTaTi AOCTiHKEHHS
[aHi nokasanu, Lo KONXIiUWMH BCE X BMNWBAae Ha aKTUBHICTb
p53 B eKcnepuMeHTax in vivo, pasom i3 TUM 3MIHIOOUM 110r0
BHYTPILUHBOKNITUHHY MoKanisaLito B HepoHax BMA ekcnepu-
MEHTamNbHUX LLypiB.

Kpim TOro, BCTAaHOBMNEHO, L0 3MiHa CyOKMITMHHOI NoKani-
3auii p53 He BNNMBae Ha CTyniHb ekcnpecii AnnV 'y HelipoHax
BMA ekcnepumeHTanbHKX LypiB 3 ILLB BBeAEHHSAM KOMXILMHY.
MoxnmBo, yHKLiOHamNbHa 3aNeXHICTb MiX p53 Ta aHeKCUHaMu
XapakTepHa Ans KMiTUH i3 HeCTabiNbHUM KNITUHHUM LMKIIOM
(ockinbku BracHe i Byna onucaHa Ans KNiTWHHOI MiHii a549
afieHokapLuMHoMu nereHb noanHmn) [14]. Mpu LuboMy cTyniHb
konokanisauii IPM go AnnV i3 DAPI y HeiipoHax BMA y TBa-
PUH Ha hOHI BHYTPILUHBOLLTYHOYKOBOTO BBEAEHHS KOMXILMHY
3anNLWaBCs HU3bKUM.

BriMm, 36inbLLUEHHS! KiNbKOCTi iMyHOMO3UTMBHUX 0 ANNV KITiTWH
Ha oHi ekcnpecii Lporo binka, Lo nepesaxana, B HEMPOHaX
BMA y Luyx TBapKH NOPIBHAHO 3i LLlypamMm 3 rpyn NOPIBHAHHSA MOXe
CBIAUNTY MPO Te, L0 BBEOEHHS HEMPOTOKCUHY NPU3BOAUTL 40
3arnbeni HEMPOHIB LLMSIXOM He TifbKy anonToay, ane i HeKpo3y.
Tak, Ans AnnV onuncaHo 3aaTHICTb 3B’A3yBaTUCS 3 HEKPOTM30Ba-
HUAMM KniTuHamu [20].

LLle paniwwe K. Sennvik et al. Ha nepBUHHIN 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, SKi 3arUHYIN LLNSXOM anomnTo3y Ta HEKPO3Y,
BUpiBHIOBanack [21].

OTxe, Ha niacTasi pesynsTariB JOCMILKEHHS NMPUMYCKaemo,
wo BHacnigok ILUB BBefeHHs konxiumHy B BMA dopmyeTbes
reTeporeHHW Nyn KNiTuH, SKi ekcnpecyotb p53 ta AnnV. Le
NiZTBEPIKEHO BiACYTHICTIO KOPENALINHMX 3B'A3KIB MiX MOKa3HM-
Kamu ekcrnpecii Lmx MapkepiB, a Takox 6e3nocepenHbo PisHM
XapaKTEPOM iXHbOi ekcripecii. MoxmnnBo, Lie MOB’S3aHO 3 PisHUMM
chopmamu kniTUHHOI 3arnbeni, Lo BUHKKaE B HelipoHax BMSA Ha
(pOHi BBEJEHHS HEMPOTOKCUHY 3 HACTYMHUM NOPYLUEHHSM FiCTO-
APXITEKTOHIKM, BUSIBIEHE B NONEPEAHiX AOCTIMKEHHsIX [22,23].

BucHoBKHU

1.'Y 6a3anbHOMy MarHoLenonspHOMYy sapi LypiB 3 iHTpa-
LlepebpOBEHTPUKYNAPHUM BBEAEHHSAM KOMXIiLMHY MOPIBHAHO
3 TBapUHaMK 3 rpyn MOPIBHSAHHS (IHTaKTHUMK Ta XxnbHoonepo-
BaHWMM) BCTAHOBMEHO CTATUCTUYHO Ginblimi nokasHuk CTCF
AnnV*-kniTuH (ane He p53*-KkniTuH) i BiporigHO BinbLUy KiNbKICTb
p53*-, i AnnV*-HelpoHiB y 3pisi.

2.Y TBapvH Ha GhOHi iHTpaLLepebpOBEHTPUKYSIPHOTO BBEAEH-
HS KOMXiLWHY NOPIBHAHO 3 IHTAKTHUMK Ta NCeBA00NEPOBaHUMM
Lypamu y 6asarnbHOMyY MarHoLentonspHoMy sapi p53*-no3nTHBHI
KMITVHW XapakTepuayloTbCs BinbLUMM CTyneHeM Korokanisaji
iMyHOpeakTuBHoro matepiany 3 DAPI.

3. B ekcnepumeHTanbHKX LWypiB Ha oHi iHTpaLepebpo-
BEHTPUKYNSPHOTO BBEAEHHS KOMXILMHY B HelipoHax 6asanbHoro
MarHoLEMtoNSPHOro fapa He BUSBIEHO 3amnexHICTb NoKasHuKa
iHTEHCWBHOCTI cpryopecueHLii AnnV *-kniTWH Big CTyneHs komno-
kanisauii DAPI 3 p53.
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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 onepawiin

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 — NpoaHaniayBaTy Porb PEHTTEHIBCHKOI lEHCUTOMETPIT B AiarHOCTML NOpYLUEHb KamnbLieBOro 06miHy
y naujieHTis nicns GapiaTpuyHux onepawii.

Marepiaau i MeToau. 3aiiCHNNM PETPOCNEKTUBHE JOCTIiMKEHHSA 31 naLieHTa 3 OXVPIHHAM nicns GapiaTpuyHuX one-
pauiin: pykaBHoi pesekuii lwnyHka (PPLL) (n = 14) Ta GinionaHkpeaTyHoro wyHTyBaHHs (BMLL) (n = 17). OuiHioBanm
QHTPOMOMETPWYHI AaHi, PiBHI iOHI30BaHOrO kanbLito, 25(0OH)D Ta napaTropMoHa, a Takox MoKa3HWKA MiHEPanbHOI
LLINMLHOCT KICTKOBOI TKaHMHY 3a Aonomoroto DXA. CTatucTuHmiA aHaria BUKOHau 3a 40MoMOororo nporpamm SPSS 23.

Pe3yabratn. Yepes 40,7 + 11,4 micaus nicns onepaLii B yCix naLieHTiB BUSBNEHO rinosiTamiHo3 D i BTOpUHHMIA
rinepnapatupeos. BcTaHOBMM 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 cunbHuii 06epHeRWIM KopensauiiHmi 38’330k Mix piBHem MMTI Ta T-score (rs =-0,71,
p =0,001), o niaTBEPIKYE BNIMB rinepnapaTMpeody Ha 3HMKEHHS MiHEPaIbHOI LLiNbHOCTI KICTKOBOI TKAHWHMU.

BucHoBku. DXA € B1COKOE(EKTUBHAM METOLOM [iarHOCTMKW MOpYLLEHb KanbLiesoro 06miHy nicns Gapiatpuy-
HWX onepaujii, Lo Aae 3Mory BUSBAATU paHHi hopmu ocTeonartin. MadienTu nicns BILL matoTb BAWMIA prank
OCTeOreHii Ta 0cTeonopo3y NopiBHAHO 3 naieHTamu nicnsa PPLU. PeHTreHiBCbka AeHCUTOMETPIS y NOEAHAHHI 3
NabopaTopH1M MOHITOPUHIOM KarbLieBo-pocdopHOro 06MiHY Mae cTaTi CTaHAapTOM 0BCTEXEHHS NS CBOE-
4aCHOro BUSIBNEHHS Ta NPOINaKTUKKA 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(OH)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
(x2=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(0H)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(0H)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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Tucsday 11 March 2025,
Dear Colleague,
The BMD measurement of SIS bus been made in our center on 25/02/2025.
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LastName: Weight: 59kg
Birthdate: 29/09/1976 Exam Date: 25/02/2025
Sex: Femak BMD System: FUJIFILM { FDX Visionary-DR

Results:
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Best regards,
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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 1SG,n=14 Group 2 BPB, n=17 p*

Body weight, kg 954 +47 86.9+12.1 t=2.70,p=0.014
BMI, kg/m? 325+34 28.9+3.1 t=23.10, p=0.005
%EBWL, % 57.1+£16.9 792+ 1141 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 1.2+£19 119439 t=0.80,p=0.4
PTH, pg/mL 1024+71 167.5+37.5 t=7.10, p =0.0001
T-score, points 047+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 P1NP
(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?. 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,
|. 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, P1NP, 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 [U/week
preoperatively followed by 16,000 IU/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-based 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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Merta po60Tu — OLiHIOBaHHS NPOMECINHNX PU3NKIB Bif, BNNNBY 3BaXXEHUX YrTPAAMCTIEPCHIUX YACTUHOK NPOMUC-
NOBOTO aepo301to A1151 MPaLiBHWKIB METANYprifiHOrO NiANPUEMCTBA.

Martepianu i MeToau. [JoCnifkeHHs BMICTY 3BaXKEHWX YACTUHOK 34iNCHUAM Ha pobo4mMX MicLsiX npaLiBHUKIB Me-
TanypriiHoro BMpo6HMLTBA. 3acTocyBanu NopTaTuBHUIA ckaHyBanbHuii cnektpomeTp Nanoscan 3910 (CLUA).
XiMiYHMI cknag QOCMIMKEHO METOAOM OMTUKO-EMICIHOT CNEKTPOMETPIi 3 iHAYKTUBHO 3B’SI3aHOK MNa3MOK
(OEC-I3M) Ha npunagi «Optima 2100 DV» BupobHuuTea komnaHii «PerkinElmer» (CLUA). Ha nigctasi ganux,
LLO oTpUManu, obpaxyBanu kaHLEepOreHHWI i HeKaHLEPOreHHWIA PU3NKK.

Pe3yAbtati. BCTaHOBMEHO, LU0 Y NOBITPI pO60Y0i 30HM CTaneBapa MapTEHIBCLKOI Nevi 3ararnbHa YncesbHa KOH-
LieHTpaLlisl 3BaXeHWX YacTMHOK cTaHoBuna 6,9 x 10* (4,0 x 104 8,0 x 10*) yacTuHoK/cM?®, y NOBITPi po6oyoi 30HK
rOpHOBOTO JOMEHHOI nevi — 5,1 x 104 (4,5 x 10 7,8 x 10¢), y nosiTpi 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 | Bynu CTAaTMCTUYHO LOCTOBIPHO BULmMK (p < 0,001). 3BaxeHi yacTuHKkM 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 NpawiBHUKIB Bif
BIMBY XPOMY Ta HiKemnto Manu BUCOKi piBHi. KoediLlieHTn Hebeaneku Bif BNNMBY 3BaXEHWX YACTUHOK 3i LLINBHICTIO
enemeHTiB >6 kr/m® Ta <6 kr/m® ans cTaneBapa MapTeHiBCbKoi nevi ctaHosunn 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.
HanbinbLumin HeKaHLEPOreHHNIA PU3MK Man YaCTUHKI PO3MIPOM A0 64 HM. KpaTHICTb NepeBULLEHHS PUSNKY Ha
poboyomy MicLli cTaneBapa MapTEHIBCbKOI Meyi MOPIBHSHO 3 MOKA3HMKOM, L0 BCTAHOBMEHMI ANs NpauiBHUKIB
KOHTPOMbHOI rpynu, ctaHoBuna 224,8 pasa, Ha poboyomy MiCLi FOPHOBOrO JOMEHHOI nevi — 61,9 pasa, Ha po-
6o4omy micui arnomepatHuka — 12,9 pasa.

BucHoBku. [1ig Yac BUroTOBMNEHHS arnomepary, YaByHy Ta CTani Ha pobounx MicLsX NpaLliBHUKIB yTBOPHOIOTLCS
3BaXEHi YaCTMHKM 3 KOMBIHOBaHUM XiMiYHUM Cknafom. BcTaHoBNEHi BENUYMHU KaHLEPOreHHOTO PU3KKY Bif
BMMBY XPOMY Ta HIKENIO N5 BCiX NpaLiBHWKIB Manu BUCOKWIA piBeHb. KoedilieHTu Hebeaneku Big BNnvBy 3Ba-
XEHWX YaCTUHOK Maiixe s BCIX NPaLiBHUKIB NEpEBLLYBaNM OOVNHULIO, L0 MOXHA BUSHAYUTH SIK HEMPUMYCTUMI.
HanbinbLumnii pu3aiik (3anexHo Bif po3Mipy) A5 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 10 (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 SKiil NPaLIOE 3Ha4YHA YacTUHA HacemneHHs!
Ykpaixu. YMoBM npaLli poBiTHYKIB LIiET rany3i xapakTeprayoTbes
BVCOKUMM PIBHSMU NPOECIAHNX PU3LKIB, LLIO 3yMOBMEHO BUKO-
PUCTaHHAM 3acTapinux TEXHOMOTiN y BUPOBHULITBI, 3HOLLEHICTHO
BUPOBHMYOro 06nagHaHHs, BUKOPUCTaHHAM obriagHaHHs, ske
He BignoBigae cyyacHumM ctaHgapTam 6esneku 1 ekonorii,
0COBNMBOCTAMM TEXHOMOTIYHMX NPOLIECIB Ha Pi3HWNX eTanax
BUPOBHMLTBA TOLO [1,2].

3-nomix OCHOBHWX (DaKTOpPIB BMPOBHMYOTO CepeaoBuLLa,
AKi (DOPMYIOTb HECMPUATIMBI YMOBW Mpali, PO3pPi3HATb
HECNPUATAMBI MIKPOKNIMATUYHI yMOBM Ta BUCOKi PiBHi iH(bpa-
YEpPBOHOIO BUMPOMIHIOBaHHS, BUCOKI KOHLEHTpaLii B NOBITpi
po6o4oi 30HK (MP3) BUPOBHUYOTO MKy Ta LUKIGIMBKX XiMIYHNX
PEYOBUH, IHTEHCMBHI PiBHI WyMy Ta Bibpauii, 3HauHi (i3nyHi
HaBaHTaXeHHS, BUCOKUA PU3NK BUPOBHNYOrO TpaBMaTusmy.
HasBaHi BUpoBHMYi hakTopy CNPUUMHAIOTL LWIKIANMBI Ta Hebes-
MeyHi yMoBM npaLli, 0coBIMBO B OCHOBHUX Liexax MeTanypriiHoi
ranysi, Wo 3agisHi y BUpOOHMULTBI arnomepary, YaByHy, cTani
Ta npokarty [3,4,5]. OcobnmBOCTi TEXHOMOTYHMX NpOLECiB Y
Lin ranysi He akTb 3MOTW MOBHICTIO YCYHYTH BMNMB Hebes-
MeYHNX hakTopiB BUPOOHMYOTO CEpeaoBuLLa Ha NepcoHar, i
TOMY MpaLiBHUKA METanyprinHoi ranysi Hanexatb 4O rpynu
MiABULLEHOrO NPOMECIAHOTO PU3MKY.

AHani3 NpoghecinHoOi 3aXBOPIOBAHOCTI Y METANYPrilHiN ranysi
[aB 3MOry BCTaHOBMTH, LLO OJHI€0 3 MPOBIgHMX HO30MOMYHUX
thopm y CTpyKTYpi NpodheciiHoi naTonorii NpaLiBHMKIB € XBOPOOM
OpraHiB anxaHHs [2,3] ik HACiZOK BNIMBY BUCOKWX KOHLIEHTpaLLii
BUPOBOHIMYOTO MUy Ta XiMIYHMX PEYOBUH, WO MicTaTbes y MP3.
Yepes Lie akTyarnbHAMY 3anuLLakTbCs JOCTIMKEHHS (i3nKo-Xi-
Mi4YHWMX XapaKTEPUCTWK MPOMMCIIOBOMO aepo3orio, 0cobnmeo
4aCTUHOK yNbTpaancnepcHoro dianasoHy [6,7], Sk BBaXaroTb
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 PU3NKIB iXHBOrO BMAMBY Ha NPaLiBHWKIB Ma€e
Ba)XIMBE 3HAYEHHS Ansl 30epexeHHs! 300pOoB’s Ta NiABULLEHHS!
Be3neku npaLi B MeTanypriiHin ranysi.

Merta pobotu

OuiHoBaHHS MPOECIAHNX PU3KKIB Bif, BMIIMBY 3BAXEHNX
YNbTPaAUCIEPCHNX YaCTUHOK MPOMWCIOBOTO aepo3onto Ans
npaLiBHUKIB METanypriiHoro nignpuemMcTaa.

Marepianu i meToAM AOCAIAKEHHA

[JocnimkeHHs BMICTY KinbKicHOT KOHLEHTpaLii (YacTuHKW/CM®)
Ta MacoBOi KOHLIEHTpALLii (MK/M®) 3BaXKEHWX YNETPaAMCNEPCHIUX
yacTuHok (YY) spiiicHunu 3a JONOMOroOl0 NMOPTaTUBHOMO CKa-
HyBanbHoro cnektpometpa Nanoscan 3910 (CLLUA), skui pae
3MOry BUMIpSTY HeobXiagHI nokasHuky y gianasoHi Big 10 HM o
400 Hm. BmicT Y Bu3Hauanm Ha pobounx micusix (PM) npauis-
HWKIB METanyprinHoro nianpuemcTBaa: cTanesapa MapTeHiBCLKOI
neui (n = 390), ropHOBOrO AOMEHHOI nedi (n = 312), arnomepart-
HWKa arnomepaLiHoro BigaineHHs (n = 221). Ha ubomy nignpu-
€MCTBI /151 BEIeHHS TEXHOMOMYHOrO MPOLIECY Y MaPTEHIBCHKOMY
Liexy 3agisHo 37 ctarneBapiB MapTEHIBCbKOI nevi, Y JOMEHHOMY
Lexy — 77 ropHOBWX JOMEHHOI Medi, B arroMepaLiiHomy Liexy
— 44 arnomeparHuKK.

XimiyHun cknag 3BaxeHux YOM, 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 onpaLiboBaHi 3a AOMOMOTOH MPOrpamMHoro
3abesnevenHs npunagy OEC-I3IM WinLab32 B onepauiiHiit cuc-
Temi Windows XP prof. OuiHtoBaHHS OTpUMaHUX AaHUX MacoBOi
KOHLIeHTpaUii XiMIiYHVX PEYOBMH 3MIACHIN LLISIXOM NOPIBHAHHS iX
i3 rpaHW4HO AonycTumuMm koHeHTpauiamu (TOK) ans NP3 npais-
HWKiB BiANOBIAHO 40 «[epaBHUX MeOUKO-CaHITapHUX HOPMATuBIB
[OMyCTAMOrO BMICTY XiMIMHWX PEYOBWH Y MOBITPi POOOUOI 30HM»
(Haka3 MO3 Ykpainu Big 09.07.2024 p. Ne 1194) [11].

[MoKa3HMKM KaHLEPOreHHOro Ta HEKAHLLEPOTEHHOTO PU3MKY
obpaxoByBan i1 OLiHIOBaNM 3@ METOAUYHUMIU PEKOMEHAALISIMM
«OujiHka pu3KiB 45151 300POB’S NPALiBHUKIB Big 3a0pyaHEHHS no-
BITPS p0B0Y0I 30HM XiMiYHUMK pevoBrHamMny» (Hakas MO3 Ykpa-
it Big 02.03.2024 p. Ne 358) [12].

[ns ouiHIOBaHHA KaHLEPOreHHOro pU3WKy 34iCHWUNN
obpaxyHok iHaMBiAyanbHOro kaHueporeHHoro pusuky (ICR) 3
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BUKOPUCTaHHSIM (haKTopiB KaHLieporeHHoro noteHujany (SF) ans
KaHLeporeHiB, Lo HaseHi y NP3 npaviBHukiB, 3a (hopmyroro:

ICR = LADD x SF, (1)

ge ICR - iHauBigyanbHUI KaHLEPOreHHWA PU3MK ANs Ha-
cerenHst mpotsarom ycboro xuTTst (70 pokie); LADD — cepenHs
[o00Ba [103a KaHLeporeHy, Mr/(Kr X JeHb).

CepepnHto [oO0BY [03y KaHLEPOTEHY, LU0 YCcepeaHeHa 3a
nepioz BMAMBY XiMiYHOT pe4oBIHYM, 06paxoBaHo 3a POPMYNOL:

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, poku, (30 pokis); EF —vacTota
BNNWBY, AHIB/PiK (251 feHb); BW — cepeaHst maca Tina niogunHu,
kr (70 kr); AT — nepiog ycepeaHeHHs ekcrnosuLii (4ns KkaHuepo-
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 KaHLEepOreHHUX peyoBuH, Lo HaseHi B NP3, aaiiicHunm 3a
thopmynoto:

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

total

Ae R, — CyMapHUi kaHLepOreHHuIA pU3nK Ans npaLyiBHIKiB
npy iHranAauinHoMy LNsXy HaAXOmKeHHs kaHueporeHis; R,,
R, R, — KaHUEPOreHH!I  puauKk Big KOXHOI OKPEMOI PEYOBUHM
(kaHueporeny) y MP3.

[ns ouiHIOBaHHSA HEKaHLEPOreHHOro pu3nky o6umcnmnu
koediuieHTn Hebesnekn (HQ), WO BPaxoByKOTb NEPEBULLEHHS
BUMIPSIHWX YNCENbHIUX KOHLEHTpaLii (KinbKicTb/CM®) 3BaeHMX
Y04 Ha PM npauiBHUKIB 3 OpIEHTOBHO BE3MEYHMMM PiBHSMM
HaHOYaCTUHOK, SIki pekoMeHZ0BaHi dhaxiBLsMM IHCTUTYTY npode-
ciiHoi 6e3neku Ta 3gopos’s Himewuunnu (IFA) Ta HauioHansHoro
iHcTUTyTy oxopoHw npaui CLUA (NIOSH). daxiBLi pekoMeHaytoTb
OpIEHTOBHO G€3MeyHi piBHI ANs HAHOYACTUHOK METAaiB, OKCUAIB
METaniB Ta iHWMX HaHoMaTepianiB 3i WiNbHICTIO enemMeHTIB
>6 Kkr/M® BiU3HauaTV Npu He GinbLue Hix 20 000 yacTuHoOK/CcM®, Anst
HaHoMaTepianiB 3i LWiMbHICTIO eneMeHTiB <6 Kr/M*® — He Ginblue
Hixk 40 000 yacTuHok/cm®. KoedilieHTn Hebeanekn obpaxoBaHo
3a (hopMynok:

HQ =C/RfC, (@)

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

OBumncneHi koedillieHTV Hebeanekm ouiHoBany Tak: npu HQ
>1 € pU3nK BUHVKHEHHS! HeKaHLieporeHHux edpekis, npu HQ <1
piBEHb BMANBY AOMYCTUMUIA, IMOBIPHICTb BUHUKHEHHS HETaTUBHUX
edeKTiB HM3bKa.

Mw 3anponoHyBan HoBy METOAUKY 0OpaXxyHKy i OLIIHKOBaHHS!
HEeKaHLLepOreHHOro PU3uKy, BpaxoByouu po3mip 3BaxeHux Y4,
wo mictatbes y MP3. Ls metoguka nependadae OLiHIOBaHHS
HaZMLLKOBOTO XMTTEBOTO HekaHLeporeHHoro pusnky (ELNCR,
Excess lifetime non-cancer risk) 3a moguchikoBaHoto hopmyrnoto:

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

Ae LADD, - cepennst no6osa f03a HaaxomkeHHs 34 piaHoro
po3mipy, Mkr/(krxaeHb); HQi — koedbiLlieHT 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 HapxomkeHHa LADD.
3BaxeHnx YOY obpaxoBaHo 3a popmynoto (2), koedilieHT
Hebe3nekn — 3a chopmynoto (4), BiANOBIAHO JO METOLUYHNX
pekoMeHaauin «OuiHka py3uKiB Ans 300pOB’st NPALIBHUKIB Bif
3a0pyAHEHHs! NOBITPS1 POBOYOT 30HN XIMIYHUMU PEYOBUHAMMY.
TakoX 3a 3anpOnOHOBaHOK METOAMKO 06paxoBaHO YacTKy
(Fraction, F) 34 okpemux poamipis (C) y cknapi sarasnbHoi Maco-
BOI KoHUeHTpaii 34 (C,_,.,) MpoMWCIIoBOro aeposorio, BUMIPAHOMo
Ha PM npaujiBHuka 3a hopmynamu:

Fi = Ci / Ctota\ (6)

n Fi=1. (7)
HexaHLieporeHHuiA puavik (R ;) OLIHEHO, BPaXoBYHOUM MOKa3HM-

KW HAANWLLKOBOIO XMTTEBOTO HEKAHLIEPOTEHHOTO PU3KKY PI3HNX
3a poamipom yacTuHok (ELNCR)) ta yactku (F) 34 pisHux pos-

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

3araribHuii NoKasHUK HekaHLeporeHHoro puuky (R ) Bu-
3HAYEHO LLIMAXOM MifCYMOBYBaHHS iIHAMBIAYamnbHIX pUankis (R),
06paxoBaHuMX Ans KoxHoi dopakuii 34 pizHnx pomipis. [ns Lioro
BUKOpUCTanu hopmyny:

R R )

=5n
total =1

Ha 3aBepLuanbHOMY eTani OLiHIOBaHHS HEKaHLEPOreHHOro
py3iKy 3anpornoHoBaHo obpaxosyBaTu BigHOCHWI pu3uk (RR) 3a
copmyroto (10), SKkuin Aae 3MOrY KinbKICHO BU3HAYNTK, Y CKiNlbKU
pasiB HekaHLeporeHHuin pusnk Ha PM npauisruka (R, ) ne-
peBuLLYE (hOHOBUI PiBEHb, XapakTEpHUI AN YMOB, A€ HeMae
xepen yTBopeHHs YU (R

i Kourponb)'

RR=R /R (10)

i Ha PM i KOHTpONb

CTaTUCTMYHWI aHani3 faHuX 34INCHUNW 3 BUKOPUCTaH-
HSIM NiLeH3iltHoro nporpamHoro naketa Statistica Bepcis
13 (Copyright 19842018 TIBCO Software Inc., niyeHsis
Ne JPZ8041382130ARCN10-J). Ins nepe.ipku BignoBigHoCTi
3aKOHY HOPMAaIbHOTO PO3MOAiNY KirbKICHWUX MOKa3HMKIB 3aCTOCO-
BaHo kpuTepint LLlanipo-Binka. Ockinbkv po3noAin ycix nokasHukis
He BignoBigaB HOPMarbHOMY 3aKOHY, ONUCOBY CTATUCTUKY HaBe-
[EHO Sk MefjiaHy Ta MikkapTUNbHUIA poamax — Me (Q25; Q75).
CTaTuCTUYHY 3HaYYLLiCTb BiAMIHHOCTEN MiX rpynamu, Wwo mno-
piBHIOBanNK, OLiHeHO 3a gonomoroto U-kputepito MaHHa—BiTHi.
BiporigHnmu BBaxxanu BigMiHHOCTI npw piBHi 3HavyLwocTi p < 0,05.

Pe3yabtatu

Y pesynbtari 4oCTiMKeHHS BMICTY 3BaxeHux YU y NP3 npa-
LiBHVKIB METanypriiHOro NiANPUEMCTBA BOHW BU3HAYEHI Y PI3HNX
KiNbKICHWX KOHLIEHTPaLisiX. Tak, Ha PM cTaneBapa MapTeHiBCbKOi
neui KinbkicHa KOHLEHTPaLLis 3BaxeHux Y4 ctaHosuna 6,9 x 10*
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Tabauus 1. XimiuHuit cknap 3BaxeHnx YA y NP3 npaviBHWKIB METAAYPriMHOTO MIAMPUEMCTBA Ha PI3HUX AINTHKaX

Ximiynuit | CTaneBap MapTeHiBCLKOI nevi [opHOBMIA SOMEHHOI 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 «[JepaBHUMU MeaMKO-CaHITapHUMI HopMaTUBamu AOMYCTUMOTO BMICTY XiMiYHMX PEYOBMH Y MOBITPI po6o40i 30HWY, WO 3aTBepmxeHi Hakasom

MO3 Ykpaitu sia 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 ropHOBOT0 JIOMEHHOI 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 Lexy KirbkicHa KoHLeHTpaLlis 3BaxeHux Y4
HaliMeHLLa, cTaHoBuna 2,4 x 104 (2,1 x 104 5,1 x 104), gianasoH
—-Bin 2,1 x 10* o 7,6 x 10* yacTuHok/cm®. 3aranbHi NOKa3HUKM
KinbKiCHOT KOHLieHTpaLlii 3BaxeHux Y4 ycix npauiBHukiB nepe-
BULLLYBan¥ BiANOBIAHWIA NokasHuK Ans PM npaLliBHUKIB KOHTPOMKO
1,5 x 10* (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 JOCMIIKEHHS XIMIYHOMO CKnagy 3BaXeHWX
(3aBucnunx) YOY npoMmUcnoBoro aepo3orio BCTAHOBMEHO, L0
[0 cknady 34 Bxomunun pisHi XiMiuHi pedosuHN (mabn. 1). Ix
BMICT OLjiHIOBanM 3rigHo 3 «[lepXaBH1MU MEANKO-CaHITapHUMK
HOpMaTVBaMmm 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 JomeHHoi 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
HopMaTuBiB. BTiM, 3ayBaXuMO, LU0 BU3HaYeEH] XiMiYHi pe4OBUHM
mictaTbes y MP3 y HaHOPO3MIpHOMY JianasoHi, i Le nigsuLLye
PU3VK PO3BUTKY HEFATUBHWX HACMiAKiB HABITb O3 NepeBHLLEHHS!
roK.

Haronocumo, wo y NP3 npaLjiBHukiB MeTanypriiHoro nignpu-
€MCTBA MICTATbCS KaHLEPOreHHi PE4OBMHM, WO, 3a AaHnMKU Mix-
HapoaHoT areHLji 3 BuB4eHHs paky (MABP), Hanexartb 4o nepLuoi
rpynu (6e3yMOBHO KaHLIEPOreHHi Ans MIOAUHN) — XPOM, a TaKoX
apyroi rpynu A (MMOBIPHO, KaHLepOreHHi AN1s MOANHM) — HiKenb.

Y pesynsrati 0bpaxyHKy KaHLEPOreHHOTO pU3VKy BU3HAYEHO
CEPEIHHO KOHLIEHTPALLit0 XpOMY 32 BECh Nepios yCepeaHEHHS BIu-
BY N1 CTaneBapa MapTeHiBCbKOT neyi Ha pobo4oMy MarigaH4mKy
nig vac nnaenerHsi ctani — LADD = 7,24 x 102 mr/(kr x goby); ans
arnoMeparHuka arnomepaLinHoi mawinHu 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 0OpaxyBanu, CTaHOBWNa 415 cTanesapa
MapTeHiBcbkoi nevi 3,04 (BUCOKUI piBEHb PU3KKY), ANS arnome-
paTHu1Ka B nynbTi ynpaeniHHA nig Yac cnikaHHs arnomepaty — 3,03
(BMCOKMI piBEHb PU3WKY), A5 arFIOMEPaTHUKA Y FOMOBHIIN YaCTUHI
arnomepadinHoi MaLumHu Ne 1 npu 3aBaHTaxyBaHHi LUMXTM —2,19
(BMCOKMI piBEHb PU3MKY), ANS arMOMepaTHIIKa Y XBOCTOBIN YacTu-
Hi arnomepaLliiHoi MaLLmHm Ne 1 — 1,97 (BUCOKUiA piBEHb PU3NKY ),
[Nsi FOPHOBOrO JOMEHHOI nevi — 2,40 (BUCOKUIA PiBEHb PU3MKY).
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Puc. 1. KoeoiuieHTv Hebe3neku (HQ) Bia BnAuBY 3BaxeHKx YAY Ha PM npaLliBHUKIB METaAYPriiHOTO NiANPUEMCTBA.

Y pesynbrati 06paxyHKy KaHLEPOreHHOMo PU3NKY BU3HA4YEHO
CepeaHio KOHLEHTPaLLio HIKeno 3a BECb Mepiof YCepeaHeHHs
BBy ANsi cTanesapa Ha pobo4oMy MaiaaHuMKy MapTeHIBCHKOI
nevi nig yac nnaenexHs ctani — LADD = 4,81 x 102 mr/(kr x foby);
[N arnomeparHuka arnoMepaLlinHol MatLimHu Ne 1 y nynri ynpas-
niHHA Nig Yac cnikaHHs arnomeparty — 5,84 x 102 mr/(kr x goby);
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 Yac NnaBneHHs YaByHy Ha NMBapHOMY MaliLaHunKy —
6,48 x 102 mr/(kr x no6y).

BenuuwnHa iHgmBigyansHoro kaHueporeHHoro puauky (ICR)
B} BNIVBY HKENHO CTaHOBMINA ANs CTaneBapa MapTeHIBCLKOT nevi
4,38 x 102 (BICOKIIA piBEHb PU3KKY); ANS aroMepaTHyIKa B NyribTi
ynpaBniHHs Nig Yac cnikaHHs arnomepary — 5,31 x 102 (Bucokui
piBEHb PU3NKY); ANS arlIOMepaTHUKA Y FOMOBHIN YaCTVHI arnoMe-
pauiiHoi MaLHm 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
(BMCOKMI piBEHb PU3NKY).

PaH)XyBaHHS CyMapHMX KaHLEpOreHHWX puauki Take: PM
arromeparHuka B nynsti 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 npauiBHWKiB MeTanyprinHoro nignpuMeMcTea HaBedeHo Ha
puc. 1. BcTaHOBNEHO, LU0 BCi 064mMcneHi koedilieHTy Hebeanekw
nepesuLLyBany gonyctumi (HQ 21) piBHi pu3mky, kpim npaLiBHuKiB
KOHTPOMbBHOI rpynu, siKi HEe Manu [kepen YTBOPEHHS 3BAKEHNX
YO4 Ha PM. [Ina arnmomepaTtHuKIB koedillieHT Hebeaneku ans

34, 1o MiCTATb XiMiYHi eneMeHTH 3i LLNbHICTIO <6 Kr/M®, Takox
He nepeBuLLyBaB JOMYCTUMUIA PIBEHb PUSKKY.

3a MeTOoaMKOM, L0 3anpornoHyBanu, 064UCIIEHO NOKa3HWKM
HeKaHLIepOreHHOro py3nKy Ans CTaneBapa MapTeHIBCbKOI nevi.
Pesynkratn HaBegeHo B mabnuui 2.

Y pesynbTarti OLiHIBaHHS HEKaHLepOreHHoro puaiky Ha PM
cTaneBapa MapTeHIBCbKOI Medi BCTAHOBIMEHO, 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 NEpPEeBULLEHHS PU3MKY NOPIBHSHO 3 KOHTPONEM
y mexax Big 12 go 98 pasis. 3saxeHi YOY 6inbLuoro 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); 3aranbHWiA piBeHb HekaHLEPOreHHOro pu3u-
Ky (R,,) 4nA NpauiBHUKIB KOHTPONbHOI rpynu — 1,34 x 107
MK/(KT X Bo0Y); KpaTHICTb NEPEBULLIEHHS PIBHS PU3KKY Ha LIbOMY
PM nopiBHSIHO 3 kOHTporeM — Yy 2248 pasa.

OBuncneHi NoKasHMKN HeKaHLIEPOTEHHOTO PU3MKY 3amnexHO
Bif, PO3MIpY 3BXXEHMX YaCTUHOK s FOPHOBOTO AOMEHHOI Medi
HaBefeHo B mabnuyj 3.

Ha PM ropHOBOro AOMEHHOI nevi Haibinblui PiBHI pu3mkiB
BCTAHOBIEHI AN YaCTUMHOK po3mipoM 11 HM (kpaTHiCTb nepe-
BULLEHHS —y 1335,9 pasa), 15 HM (KpaTHICTb NePeBULLEHHS — Y
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 puanky (R, .)
ansa 3saxeHux Y4 npommucroBoro aeposonio, Lo BCTaHOB-
nenuit y NP3 ropHoBoro fomMeHHoI nevi, ctaHosms 8,33 x 107
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Tabauus 2. MoKa3HUKKU HEKAHLEPOTEHHOTO PU3NKY AN CTaneBapa MapTEHIBCbKOI Nevi 3aAeXHO Bia po3Mipy 3BaxeHWXx YAY npoM1CcAOBOro

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 102 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 104 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 10 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 10?2 3,29 x 10 1,34 x 10" 2248

Tabauusa 3. MoKasHUKKM HEKAHLIEPOTEHHOTO PU3MKY AAA TOPHOBOMO AOMEHHOT Neyi 3aAeXHO BiA PO3MipY 3BaxeHnx YAY NpoMIUCAOBOTO 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
1" 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 102 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 10 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), 3aranbHuii piBeHb HEKAHLIEPOrEHHOMO pu3u-
KY (R, AN NpauiBHUKIB KOHTPONbHOI rpynu — 1,34 x 107
MKT/(Kr % OBY); KpaTHICTb NEPEBULLEHHS] PIBHS PU3NKY Ha LIbOMY
poboyomy MicLi NOPIBHAHO 3 KOHTPONeM —y 61,9 pasa.

Pesynbratit OUiHKOBaHHS HEKaHLIEPOreHHOro puaunky ans PM
arnomeparHuka HaBedeHo B mabnuyi 4.

Ha PM arnomepartHuka B arnomepawiitHomy Liexy Hanbinb-
Li PiBHI PU3MKIB BCTAHOBMEHO AN YaCTUHOK po3mipoM 11 HM
(kpaTHiCcTb NepeBuLLEHHS — Y 57 pasiB) Ta 34 poamipom 36 HM
(kpaTHicTb nepeBuLLeHHs —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 pusnk (RR) abo KpaTHiCTb NEPEBULLEHHA 3BaxeHux YAY pisHoro po3mipy Ha PM craneBapa MapTeHiBCbKOI neui
MOPIBHAHO 3 KOHTPOAEM.
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Puc. 3. BiaHocHUI puamnk (RR) abo KpaTHicTb NepeBULLIEHHS 3BaxeHWX YAY pi3Horo po3mipy Ha PM ropHOBOro AOMeHOI neyi nopiBHAHO
3 KOHTPOAEM.
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Puc. 4. BiaHocHuI pu3unk (RR) abo KpaTHICTb NepeBuLLEHHS 3BaxeHKx YAY pidHoro poamipy Ha PM arnomepaTHUKa NopiBHSHO 3 KOHTPOAEM.
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TabAnus 4. MoKa3HUKI HEKAHLIEPOreHHOTO PU3MKY AASl aTAOMEPATHMKA 3AAEXHO BiA PO3MIpY 3BaxeHNX 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 104 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 10° 2,52 x 10 6,3
154 0,142477 0,103444 1,51 x10° 2,60 x 10° 2,47 x 104 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 102 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
arnomepatHuka, 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 PIBHSA pU3MKY Ha LboMYy PM MOPIBHAHO 3 KOHT-
ponem -y 12,9 pasa.

06roBopeHHA

Pesynbratin SOCTIMKEHHS MiATBEPIKYIOTH HASBHICTb 3BaXeE-
Hux YOY 'y NP3 npaviBHuKiB MeTanypriiHoro nignpuemcTaa nig
yac BUCOKOTEPMIYHWX MPOLIECIB 3 BUrOTOBMEHHS arnomMepary,
yaByHy Ta cTani. Lli maHi 3biratoTbest 3 pesynsratamu, siki BCTaHOB-
NeHi nig vac nonepeaHix jocnimxeHs [7,13]. BctaHoBNeHo BUCOKY
KinbKiCHY KOHLeHTpauito 34 ynbTpagncnepcHoro fianasoHy y
MMP3 npauiBHKKIB Mig Yac NUTTS Ta NNaBNeHHs MeTany; Ui AaHi
MiATBEPIKEHO 3a JaHUMM HALIOTO AOCAimXeHHs. JocnigHuku
BCTaHOBWIW, LLIO Cepen MeTanis, siki Bxoamnu o cknaagy 34, — Fe,
Zn, MniPb, newo meHwwe —Al, Cu, Ni. Y Hawwomy gocnimpkeHHi 34
mictunn Cr, Ni, Si Ta P y HanbinbLmx koHueHTpauisix, Al, Ca, Fe
Ta Mg — y MeHLLmX. Taki BigMiHHOCTi XiMiyHoro cknagy 34 MoxyTb
3anexaru Bif TEXHOMOMYHOM NPOLIECY, & TAKOX TWM, LLO AOCTi-
[PKEHHS 30iMCHEHO M Yac Pi3HNX eTaniB BUPOOHUYOTO LMKAY.

Y pocnimkenHi R. Jan et al. [14] obpaxoBaHo KoediLieHTH
Hebesneku Ta KaHLEePOreHHi pU3NKK Ans HaceneHHs Meranonicy
Bifl BNNMBY 3BaXEHIX YaCTUHOK dppakLiieto PM, . Ta PM, i3 pisHum
XiMIYHUM CKMaZoM, LLO YTBOPIOKTLCS Nif, Yac BUKWIB NpoOMUC-
NOBKX MiBNPUEMCTB, CranoBaHHA BYrinns, poboTy TpaHCmopTy
ToLO. BeTaHoBneHo, Lo koedilieHTn Hebeanekw Ans pisHuX 3a

XiMiYHMM cknagom 34 nepeBuLLyBany OAUHULO, @ 06paxoBaHi
KaHLEepOoreHi puankv Manm nepeBrLLEHHS ONYCTUMMX piBHIB. [ig
4ac Halloro JocnigxeHHs 06paxoBaHo koedilieHT Hebeaneku
Ta KaHueporeHi puavku ans 3saxernx YOY (HaHopo3mipHMi
JianasoH) Ha PM npauiBHWKIB MeTanypriiHoro BUpoOHWLTBA,
ki nepebyBaioTb y 6e3nocepepHin 6rm3bkocTi Big mxepen ix
yTBOPEHHS. Lli koedbiLlieHTn Hebe3nekm nepeBuLLYBani OQUHULI,
a OTXe € 3aBNUCOKUMMU.

Mig yac gocnimkeHHs, Wwo 3gincHnnu S. Jena at al. [15], oui-
HOBamM KaHLIepOreHHi prauki Y ripHM4oa06YBHIA NPOMICIIOBOCTI.
Y pesynbrati BCTaHOBMEHO BUCOKI PiBHI pU3VKIB 415 MpaLiBHUKIB
Liei ranya3i. MokasHuky, Lo BCTAHOBMEHI Mif Yac HaLloro Aochi-
[PKEeHHs, LLoA0 KaHueporeHHux puawkis ans Cr 1a Ni, Tak camo,
K i B npaui [15], manwn BUCOKi piBHI ANst BCIX NpaLjiBHUKIB.

KaHueporeHHi Ta HeKaHLepOreHHi pU3uky Anst OKPEMMX XiMiy-
HWX peqoBuH y NP3 meTanypriiHoro nignpremcTea 06paxoBaHo
y npaui R. Esmaeili et al. [16]. ABTopu BCTaHOBUMYM, IO ANS
ornepaTopiB JOMEHHOI Medi piBeHb KaHUeporeHHoro puaiky Ni
NPUAHSTHUIA, @ BIANOBIAHUIA NOKA3HWK ANst Cr — HENPUIRHATHUA.
Kpim Toro, y GinbLwocTi onepaTtopiB BU3HAYEHO BUCOKMIA PiBEHb
HekaHueporeHHoro pusuky Mn Ta Fe. JocnimkeHHs, ske mu
3AIACHUNK, BIOPISHAETHCS TUM, LLO BU3HAYEHO HEKAHLIEPOreHHi
puavkn ans 3saxeHnx YOY komBiHOBaHOMO XiMIiYHOTO cknagy
came y HaHOpPO3MIpHOMY [iana3oHi.

KaHLeporeHHi puaviki OKPEMO ANst Pi3HUX KaHLEPOTEHiIB, WO
mictaTbes y MP3 npauiBHuKiB, 3anponoHoBaHO 0bpaxoByBaTK
3 BUKOPUCTaHHAM KoedpilieHTa poamipy Y4 Ta koediuieHTa
TOKCWMYHOCTI [17]. Y HawloMy JOCnimKeHHi, Ha BiOMIHY Bif LbO-
ro, 3anpornoHOBaHO OLiHKOBATU HEKAHLEPOreHHi pusnku ans
3BaxxeHnx Y4 kombiHoBaHOrO XiMiYHOTO cknagy Ans pisHuX 3a
po3amipom 34 3 BU3HaUeHHAM HanbinbLL HebesneyHrx. 3a JaHnmm
¢haxosoi nitepatypu [8,9,10], soBeaeHo: came posmip 34 Bnnun-
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BA€ Ha PiBEHb iXHbOI TOKCUMYHOCTI. [1ig Yac HaLOro AOoCnimKeHHs
064MCNEHO i BCTAHOBNEHO KPATHICTb NEPEBULLIEHHS 3aranbHOI
KinbKiCHOI KOHLeHTpaUii 3BaxeHux Y4 Ha PM npaujBHukiB Ha
Pi3HMX AingHKax MeTanypriHoro mignpueMcTBa NopiBHAHO 3
KOHTpOMbHO rpynoto. Kpim Toro, Bu3HayeHo po3mip 34, wo
MatoTb HaNBULLMIA PIBEHb PU3NKY ANS NPaLiBHUKIB.

3ayBaxmmo, LLIO Lit0 METOAMKY MOXHa BUKOPUCTOBYBATH AMS
006paxyHKy 1 OLiHtOBaHHS pr3ukiB Ha ogHoMy PM nig vac pisHux
TEXHOMOTIYHUX onepaLin, Ha piHUX PM 3 yTBOPEHHAM npomuc-
NOBOr0 aep030nto KOHAEHCALLiT 1M AesiHTerpaLii 4ns BU3Ha4YeHHs
BinbL HebesnewHnux PM yu TexHonoriyHmx npouecis. OTpumaHi
[aHi Hagani MoXHa BUKOPUCTOBYBATU B CUCTEMi yNpaBmiHHS
npodecinHUMM prankamm Big BBy ynstpagucnepcHux 34 Ha
niaNpUeMCTBaX METaNyprinHOI Ta iHLWWX rany3ei NPOMUCIIOBOCTI.

OTxe, 3a pe3ynbratamu JOCTIIKEHHS!, BU3HAUEHHS pO3Mipy
34 Ta ixHboro ximiyHoro cknagy Tpeba BBaxaTn HeobXigHUM
€Tanom Ans OLiHIBaHHS NPOMECINHOTO PU3UKY Ha MPOMUCTIOBUX
nignpueMCTBax, e € TEXHOMONIYHI YMOBY NSt iX yTBOpeHHs. Lie
[acTb 3MOry OTpUMaTH HeobXigHY iHPOPMALLiO LLIOAO MOXKITMBMX
py3nKiB ANs 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
0COBMMBOCTSAMM TEXHOMOMYHOTO MPOLIECY Ha Pi3HMX AinsHKax
BUpoOHMLTBA. 3HauHi nepesuweHHs TOK 'y MP3 Beix npaviBHukiB
Manm XiMiYHi pe4OBWHM, L0 HanexaTb A0 kaHueporeHis (Cr a Ni).

3. OBuNCNEHO NOKA3HMKN KaHLLEPOTEHHOTO PU3KKY Bif
BNAMBY XPOMY Ta HiKENK ANns CTanesapa MapTEHiBCbKOI Nevi
(ICR,=4,38x10%ICR = 3,04), arnomeparHuKa Ha finai 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 uux AaH1X BU3HA4EHO BUCOKMN PiBEHb
PU3NKY.

4. KoediuieHTn Hebesnekn (HQ) Big Bnnmsy 3BaxeHux Y4
3i LWiNbHICTIO eneMeHTiB >6 kr/m® Ta <6 Kkr/m® maitxe Ans BCiX
MpaLiBHWKIB NEpEBULLYBan OOVHWLIO, LU0 € HEeNpUMyCTUMUM
(P¥3MK BUHVKHEHHS! HEKaHLIEPOreHHMX eqhekTiB): 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 nedi
(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 nepeBuLLEHHS
3BaxeHuX Y4 nopiBHSHO 3 NpawiBHUKaMM KOHTPOMBHOI rpynu
Ha PM cTaneBapa MapTeHiBCbKOI nevi cTaHoBuna 224,8 pasa,
Ha PM ropHoBoro fomeHHoi 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 NPOCNEKTUBHOTO NOB3A0BXXHLOTO KOFOPTHOIO AOCAIAXKEHHSA

I. C. Muxanoiiko, P. I. Aumwmn, H. B. UepHiok,
B. fl. KamiHcbkuii, M. f. TymeHIok

Merta po6oTu — OLiHNTY eheKTUBHICTb i Be3neky anikcabaHy B npodinakTuui TpomboeMboniYHNX yCKnagHeHb y
navuieHTiB i3 HechpoTU4HMM cHapomom (HC), Lo cnprynHeHui nepBUHHUM rnomepynoHedputom (TH), a Takox
BMBYMTW 110T0 NOTEHLLiVHI NpOTKU3ananbHi Ta aHTUIOPOTUYHI ecpekTn.

Marepianu i meToau. 3iliCHUNM NPOCNEKTMBHE MOB3AOBXKHE KOrOPTHE AOCTIMKEHHS 3@ yyacTio 85 aopocnmx
navieHTiB i3 Bneple aiarHoctoBaHnM HC i weuakicTio knyboukoroi dinbtpauii (LUK®) >60 mn/xs/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. TpomMbB0oeMO0niuHi ycknagHeHHs He 3achikcoBaHO B KOAHIN i3 rpyn AocnimkeHHs. HeTskki kpoBoTedi
yacrilLe BHUKanu B rpyni BapcapuHy (p = 0,01), wo niaTeepmkye 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 MoxnuBi npoTu3anansHi Ta aHTudiOpoTuyHi ecbexTy,
IMOBIPHO, NOB’A3aHi 3 MOAYNALIEK CUrHAMNBHKX LUNSXIB, aKTUBOBAHUX NpOTeasamMm.

BucHoBku. AnikcabaH 3abe3nevye edekTBHy Ta GeaneyHy TpombonpodinakTuky y nauieHTis i3 HC i moxe
[O0ATKOBO 3MeHLUYBaTK 3ananeHHs Ta ibpo3. HeobxigHi HAacTynHi JOCRimKeHHs NS NiATBEPMKEHHS LUX
eeKTiB Ta BU3HAYEHHS 11010 poni B Hedhponorii.

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 (LMWHS), 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 1, 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 % Cl: 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 |, 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 % CI) 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, pmol/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-31 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 (517, 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-a) and the fibrotic marker TGF-B1 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 I, 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) 326 (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 (19.5, 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 Il 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 |, 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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KappioreHHuin LWOK npy rocTpoMy iHcapkTi Miokapaa — HebesneyHuii Ans XUTTs CUHAPOM, WO XapaKTepuay-
€TbCS CUCTEMHOHO rinonepdysieto, sika MOXe LWBMAKO MPOrpecyBaTt 40 NoniopraHHOi HEAOCTATHOCTI Ta CMepTi.
Po3pobneHo pisHi npucTpoi Ta koHdirypauii 4ns MexaHiyHoro 3abe3neyeHHst KpoBOODIry y NaLieHTIB, KOXEH i3
AKUX Ma€ YHikanbHi naTodisionoriyHi xapakTepucTuku.

Merta po6ot1 — JOCRIAMTY NUTaHHS €DEKTUBHOCTI Ta MPUYMHW HECTIPUSTIIMBIX PE3yNbTaTiB BUKOPUCTAHHS
ekcTpakopnoparnbHoi MembpaHnHoi okcureHawi (EKMO) nig yac nikysaHHs naLieHTiB i3 Kap4ioreHHUM LLOKOM.

Marepiaau Ta metoau. Ha 6a3i KHI «KoBernbcbke MicbkpaiioHHe TepuTopianbHe MeanyHe 06'eaHaHHs KoBenb-
Ccbkoi MicbKoi paau BonuHcbkoi obnacTi» y nepiog Bif ciuHs fo rpyaHs 2024 poky npouesypy BeHo-apTepianbHoi
ekcTpakopnopansHoi MembpaHHoi okcureHauii (BA-EKMO) nepeHecny 11 navieHTiB y CTaHi KapaireHHOro LLOKY.

Pesynbratu. PiBeHb BuxvBaHocTi ctaHoBus 72,0 % (8 nauieHTi). PiBeHb ycnilwHoi 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 TMMYACcOBOI MexaHivHoOi MmiaTpumMkn 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 KaphioreHHoro
LLIOKY, pedbpaKTEpHOI 3yniHKM CepLst i MOB'S3aHOI
3 Her noniopraHHoi HeOCTaTHOCTI, L0 PO3BU-
BaeTbeA [1,2].

Llen cknagHWin TMMYaCcoBUIA METOZ NIATPUM-
KW KPOBOOBIrY LUMPOKO 3aCTOCOBYIOTh Y KITiHIYHil
npakTuLli, Xo4a y cyvacHin axosin nitepatypi
Joci Opakye [OKa30BMX JaHMX LLOAO HbOTO
[3,4]. Lle mOXHa NpuMHaWMHI NOYacTX NOSICHATH

yCKNagHeHHsMu, Lo nos's3ani 3 BA-EKMO Ta
MOXYTb CYTTEBO BMAMHYTM Ha KNIHIYHWIA pesysib-
TaT. [Ang TOro, Wwob MakcMmarnbHO 0BMexuTm
Hecnpuatnuei edektn BA-EKMO, kputnuHo
BaXNMBUM € rnnMboKe pPO3yMiHHSA CKNagHoi
isionorii nauieHTiB Mig Yyac KapgioreHHoro
LLIOKY 3 eKCTpakoproparibHO nigTpuMkoto. Lie
3abesneyye HadiHy OCHOBY AN MeAUYHMX
npaLiBHKiB, siKi BepyTb y4acTb y LOAEHHOMY
BEeEHHI NaLEHTIB, XUTTEQIANBHICTb AKX Nid-
TpumytoTb 3a fonomoroto BA-EKMO T1a y skux
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[iarHoCTOBAHO KpiOreHHWI Lok abo 3ynuHKy cepLs, noniopraH-
HY HeOCTaTHICTb, Lo po3BKBaeTLEA [1,2].

Konu 3a gonomoroto 6a30BOi CepLeBO-NEreHeBOi peaHi-
maLii He BAAETLCS BiZHOBUTM CMOHTAHHMI KPOBOODIr, MoYaToKk
BA-EKMO nig yac pechpakTepHoi 3ynuHK1 cepust, BigOMOI 5K
eKcTpakoproparnbHa cepLeBo-nereHeBa peanimauis (EKIP),
MOXe BiJHOBUTW KPOBOOGIT Ta afleKkBaTHY OKCUreHaLlito TKaHWUH
[5,6]. EKJTP moxe CyTTeBO MOKpALLMTW BUXMBAHICTb 3i CPUSIT-
NMBUM OyHKLIOHAMNBHAM BiZHOBMEHHSAM [6,7].

OpHak cknagHiCTb i YacoBUI xapaKTep BTPyYaHHs, BUCOK
BWTPaTW, BUMOTW 0O PECYPCIB, 3HAYHI PU3WKW 1A YCKMAOHEHHS
obmexytoTb gocTynHicTb EKJP. Bik XBOporo Ta CynyTHi 3axBopto-
BaHHS, cBoevacHa 1 edpektusHa EKJIP, a Takox yac go EKJIP €
OCHOBHVMY hakTopamu, L0 BNMMBAOTL Ha Pe3yNbTarT NikyBaHHS
nauieHis [8,9].

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

CyuacHi gocnigxeHHst cnpsiMOBaHi Ha OLYiHKOBaHHS! eheKTB-
HocTi EKJTP i BCTaHOBMEHHS KIHOYOBWX MPOrHOCTUYHWX NOKa3HU-
kiB[1,2,5,6]. Kpim TOro, 4OCi 0CTaTO4HO HE BCTAHOBMNEHO NPUYMHIA
HeCnpUSTIMBIX pesynbTaTie BukopuctaHHs BA-EKMO sk metoay
TMMYaCOBOI MexaHiYHOT MATPUMKYM KPOBOOBIrY Mif Yac NikyBaHHS
XBOPUX i3 peppaKTEPHOIO 3YMMHKOK KPOBOOBIrY.

Merta poboTtu

Hocnigntv nutaHHs eheKTUBHOCTI Ta MPUYUHW HECTIPUST-
NMBMX Pe3ynbTaTiB BYUKOPUCTaHHS eKCTpakopnoparbHoi Memo-
paHHOI oKcureHawii nig Yac nikyBaHHs NaLieHTIB i3 kapgioreHHUM
LLIOKOM.

Marepianun i meToAU AOCAIAKEHHA

JocnimkeHHs 3pincHunmn Ha 6asi KHIM «Kosenbcbke Michb-
KpalioHHe TepuTopianbHe MeanyHe 00’efHaHHs KoBenbCbKoi
MiCbKoi paav BonnHcbkoi obnacTi» B kapaioXipypriyHOMY LIEHTPI.

[ig yac focnimKeHHs 4OTPUMYBANMCS CTaHAapTIB HaNeXHoI
kniHivHoi npakTuku (Good Clinical Practice) i npuHumnis, wwo
BUKNaZeHi B [enbCiHebKil geknapadii. [JocnimkeHHs cxaneHo
Kowicieto 3 nuTaHb GIOTUYHOI EKCNEPTU3N Ta ETUKW HAyKOBWX
pocnimkeHb KniHivHoi nikapHi «®eodbaHis» [lepxasHoro ynpas-
niHHe cnpaBamm (npotokon Big 15.05.2025 poky Ne 38/25). Yci
nawjeHTV Haganm NUCLMOBY iHGOPMOBaHY 3rofly Ha y4acTb.

o pocnimxkenHs 3anmyyeHo 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 HeJoCTaTHICTIO Bynm nigkntoyeHi Ha BA-EKMO, nepe-
ByBanu B CTaHi kpioreHHoro LWoky. [ins peanisauii EKIP kaxtoni
BEMNUKOro AiameTpa BBOAUIM 3a Metoaukoto CenbamHrepa abo
Jepes BigKpUTWIA CYAMHHMIA LOCTYN Yepe3 3ararnbHy CTErHoBy
BEHy (TUNoBui BiameTp kaHtoni — 21-25 Fr) Ta 3ararnbHy CTerHoBy
apTepito (TunoBwuiA ajiametp KaHwoni — 1319 Fr). ductanbHui
KIHYMK BEHO3HOI PEHAXHOI KaHioni po3TalloByBanu y BepXHin

MOPOXHWCTIN BeHi abo NpaBoMy Nepencepsi, a AUCTaNbHNNA KiH-
YKK apTepianbHOi 3BOPOTHOI KaHHoni — y Bidhypkadii aoptn abo B
3aranbHili knybosiit apTepil.

Mig yac BA-EKMO kpoB BigkadytoTh i3 LeHTpanbHOi BeHn abo
npaBoro Nepeacepas Ta nofatoTb Yepes Hacoc A0 MembpaHm.
KuceHb foaatoTh, a Byrnekucnni ra3 BUaansTh, NepLU HiX KpoB
MOBepTaETLCA B apTepianbHuiA KpoBOOGIr mauieHTa. B Takui
cnocit BA-EKMO 3abesneyye ekcTpakopnopasnbHuii ra3o00MiH i
MexaHi4Hy NiATPYMKY KpoBOOGIry Ans LepebpanbHoro Ta cucTem-
HOrO KpOBOODiry, CTBOPHOIOYM YMOBW 1151 YCYHEHHSI OCHOBHOTO
3aXBOPHOBaHHS, LLO NpM3Beno 4o 3ynuHku cepus [1,2].

MapameTpu 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 B13Ha-
yeHo 3a gonomoroto Cobas Erba XL 1000,Viva Diag.

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

Pe3yabtatu

[o pocnimkenHs sanyyeHo 11 0cib i3 pedpakTepHOIO 3ynuH-
KOt KpoBOOGIry — kapajioreHHUM LokoM. Tpueanictb nepeby-
BaHHs Ha BA-EKMO ctaHosuna Big 5 1o 7 ai6. MpogyKTuBHICTL
BA-EKMO nouuHanacs 3 3,7 n/xs Ha etani EKJIP, Ha eTani Big-
krtoyeHHs Big BA-EKMO npogykTuBHiCTb cTaHOBUNA 2,7 11/XB.
Y 7 (64,0 %) nauienTiB nigknoveHHs go BA-EKMO sigbyeanocs
B cath lab nig koHTponem pentreny; 3 (36,0 %) xBopux Gynu
nigkntoyeHi 4o BA-EKMO y BigaineHHi aHecTesionorii Ta iHTEH-
CVBHOI Tepanii nig Yac peaHiMauiiHnx 3axogiB pedpakTepHol
3ynuHkn cepus; 2 (20 %) nauieHTiB 6ynu nNigKnoYeHi B iHLUIA
nikapHi MeanyHoro 06’egHaHHs JTyLbkoi MiCbKoT TepUTOpiansHoI
rpomaau B cath lab. Yac go nigkntodeHHs xsoporo Ha BA-EKMO
craHoBuB g0 150 xBunuH. Lle BigkpmBae LWmpoki nepcnekTvam
ans po3suTky nporpamu EKMO He nuwwe y BonnHeskii obnacri,
arne 1 B YkpaiHi 3aranom.

OpfvH i3 BaXXIMBMX pe3ynbTaTiB MeXaHivHoI MiLTPUMKM Kpo-
BOOGIry — CTBOPEHHSI YMOB ANsi PEMOAENIOBaHHS Miokapaa Ha
(POHI MexaHIYHOro po3BaHTaXeHHs cepus. i Yac ocnimkeHHs
BM3HAYeHO 3MEHLUEHHS KiHLeBO-fiacToniyHoro o6’emy niBoro
wnyHouka — 3 174 mn go 152 mn (p < 0001). 3MeHLLEeHHs KiHue-
BO-CUCTONIYHOMO 06’eMy NiBOrO LUIyHOYKa CTaHOBWIO 3 88 Mn 1o
75 mn (p < 0001). Hopmanisauijto po3mipiB npaBoro LUAyHO4Ka
3acpikcoBaHo 3 3,2 cm [0 2,6 cm (p < 0001).

[OnHamika CTPYKTYPHO-(DyHKLIOHANBHUX MOKa3HWKIB MiBOTO
i NpaBoro LUMyHOUKIB y naujeHTiB Ha BA-EKMO cBigumna npo
LUBMAKE BiBHOBNEHHS HACOCHOT oyHKLT cepus. Mu BU3HaUMK
HOpMari3aLito Ha TPETil — YeTBEPTUiA AeHb NepebyBaHHS naLli-
eHTa Ha BA-EKMO.

Mig yac pocnimkeHHs OUiHIOBaNM AMHaMIKy Mapkepis no-
LUKOLDKEHHS MioKapaa Y XBOPYX Y CTaHi KPIOreHHOro LLOKY. Tak,
BCTAHOBMEHO 3HaYHE MIABULLEHHS PiBHS KpeaTUHAOCHOKiHa3W
— Ha pieHi 8900 Og/n (p < 0001) — MacuBHe YLLKOMKEHHS MiO-
kapga. B-tun HatpiypetuaHoro nentuay (NT-pro-BNP) sHauyLo
NiABULLMBCA B NALIEHTIB i3 CUMMTOMATWUYHOL NiBOLLMYHOYKOBOH)
ancdyHKuieto. 36inbLueHHs! BinbyBaeTLCS MPONOPLIAHO 4O TXK-
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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). MpnynHa neTansbHOCTI — Nporpecy-
BaHHS CepLIEBOI HEAOCTATHOCTI. XBOPI TPVBanuii Yac nepebysanu
Ha BA-EKMO 3 npogyKTuBHicTIo 3,7 1/XB; M1 He 3MOrnmM 4OCSI T
cTabinisauii nauieHTiB BHACMiAOK NPOrpecyBaHHs CepLeBol
HeJoCTaTHOCTI, 36iNbLUEHHs PO3MIpiB NPaBOro LUMyHOYKA Ha
BA-EKMO, nigsniweHHs piHst NT-pro-BNP go 10 000 nr/nn ta
kpeatuHdocokiHasn fo 1100 O/n. Lii unHHMKM npussenmn go
cmepTi xBopux Ha BA-EKMO.

06roBopeHHA

TumyacoBa MexaHiyHa MigTpUMKa KpoBoobiry Aae 3Mory
cTabinizyBaTy naLieHTis, 3abe3neynTu nepexig Ao BiAHOBMEHHS,
Crpysie KOMMeHcaLii Ta nonerwye oCTaTouHy 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 (hibpunsLieto WMyHOYKIB, SiKi OynM pe3NCTEHTHUMM A0 LLOHaN-
MeHLLE TpboX po3psais [9]. MavjieHTiB 3anyyanu 40 AOCTIMKEHHS
Ta paHaoMi3yBanu nicns HaAXOMKEHHS [0 NikapHi, SKLLIO B HUX
He Byno JOCATHYTO BiHOBMNEHHS CIOHTAHHOTO kKpoBoobiry. [ocni-
[PKEHHS JOCTPOKOBO MPUNUHEHO Micns 3anyveHHs 30 naujieHTis
yepes nepesary EKJIP Hap cepLieBo-nereHeBo peaHimaLllieto.
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 barato-
LIEHTPOBE AOCTIMKEHHS «PaHHIN NOYaTOK eKCTpakoproparbHOI
MISTPUMKN XUTTS NpU pedpakTepHin no3anikapHSHIA 3ynuHL;
cepust» (INCEPTION) Bkntouany nawieHTis Heaossi nicns OHCA
[0 HaaXOMmKeHHs A0 nikapHi. MauieHTn, BUNagkoBUM YMHOM
obpaHi ans nikyBaHHs 3 BukopucTaHHam EKIP, mormn gocsartu
BiJJHOBMEHHSI CMOHTAHHOrO KPOBOOBIry [0 novaTky KaHtonsLii.
Kpim Toro, ByB MOXNMBUIA Nepexid i3 KOHTPOIbHOI rpynu 4o
rpynu EKTTP (to6To 6ynu nauieHTu, Skux BUNagaKoBO BKIOYEHO
[0 KOHTpOIbHOI rpynu i siki Bce x oTpumysanu EKJIP) [5,6]. 3a
pesyrnsTaTaMy BTOPUHHOIO aHanisy faHux, LLO OTPUMaHi nig vac
pocnimpkeHHs Prague OHCA (3a gaHumu nikyBaHHs), EKITP 6yna
noB’si3aHa 3 nokpaLleHHam 180-4eHHOT HEBPOIOriYHOI CrpUAT-
nueoi BukueaHocTi. JocnimkeHnHs INCEPTION nokasano nuiwe
YMCNOBY Ta CTaTUCTUYHO 3HauyLLy nepesary EKJIP nopisHsAHO
3 CepLEBO-TNEreHEBO peaHimallieto, ane KinbKicTb mawieHTiB,
3any4eHux Ans LUboro aHaniay, HegocTaths [5].

CrocTepexeHHs Micns 3ynuHKW CepLst, BKIKOUYAK0UM KOMMIIEKC
BTPYYaHb, SKi 34iIMCHIOTL 0Apa3sy Micns novatky npouesypu
BA-EKMO, € BupiluancHUM KOMMOHEHTOM Byab-sKoi yCmilHOi
nporpamu BA-EKMO i Moxe cnpusitu NoKpaLLeHHio pesynsTatis
nikyBaHHs. OfHaK y PYTWHHINA KNiHIYHIA npakTuui cTparerii Ta
CTaHAapTW BEAEHHS NauieHTiB JOCi He YHichikoBaHO, a Jokasu,
SKUMM KepytoTbCst Nig Yac cnoctepexeHHst nicns BA-EKMO,
HegocTtarHi [10,11].

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

reHavii Ans TUTpyBaHHS Ba3onpecopiB i MOHITOPUHIY NOABIMHOTO
KpoBOOGIry. YnbTpa3eykoBe AOCMIMKEHHS Bing nikka Moxe
OyTI BUKOHaHE L1151 NEPEBIPKV NOMOXEHHS KaHHONMi, BUSIBNEHHS!
ycknagHeHb MexaHivyHoi BA-EKMO abo kaHwonsuii, a Takox
ONS1 OLiHIOBAHHS KOMMETEHTHOCTI KnanaHa Ta po3TArHeHHs
niBoro wnyHouka. LlinboBi 3HaYeHHs1 apTepianbHOro TUCKY Ta
apTepianbHOMO NapuianbHOro TUCKY KWCHIO Ta BYIMEKWCIIOro
rasy MatoTb BinoBigatM pekomeHdaliam Ans nauieHTiB nicns
npouenypn BA-EKMO, ockinbku goci Hemae pesynbTaTiB paH-
[IOMi30BaHWX KOHTPOSbOBaHWX AOCHIMKEHD CaMe Ans NaLjieHTiB
nicns BA-EKMO [7,8,12].

Ockinbku nig vac Bigbopy nauiextis gns BA-EKMO y Binb-
LIOCTi 3aknagiB npiopuTeT Big4aloTb XBOPWUM i3 NEPBUHHOLD
CEpLEBOI0 MPUYMHOI0 3yNUHKK cepus, Y naujieHTiB Ha BA-EKMO
Oyae LWBMAKO OLHEHA MOXIMBICTb 34INCHEHHS KOPOHapHOI
aHriorpadii [1,2,9].

EKJIP moxe 6yTv echekTUBHIM BapiaHTOM NTikyBaHHS navieH-
TiB i3 pedppakTepHoto 3ynuHKor cepuis. Akwwo EKTIP 3pincHioTb
y Bobpe CTPyKTypoBaHuX, GaratonpodinbHuX cuctemax (i B
nikapHi, i Ha gorocniTanbHOMY eTani), BOHa MOXE NOKPALLMTM BU-
XMBaHHS ANs peTENbHO BigibpaHux NawieHTiB Micrs BHYTPILHBO-
MO3KOBOI abo napaniyHoi 3ynHkm cepus [13]. Xova HasBHi AaHi
He niaTBepmKytoTb BuKopucTaHHs EKJIP sk ctaHaapty gornsagy,
3rigHo 3 pekomenpadismu, EKINP moxnuee y Mexax anroputmy
Be[ieHHS NaLieHTiB, Xo4a 1 He € pernameHToBaHum [5,8,12].

Bucoki BuTpaTyt Ta BUMOMU JO peCypeiB, HaB4aHHs Ta AOCBIA,
HeoOXigHi 4Nns YCMiLUHOrO BNPOBaKEHHS, OBOMEXYIOTb LUIMPOKY
JOCTYMHICTb Lboro BTpyvaHHs. Tomy BA-EKMO HuHi cnig Bu-
3HayaTy nue K AOAATKOBUIA METOA Y By3bKOCTeLjani3oBaHux
ymoBax [8,10,12]. Y pekoMeHAaaLjisix HaBeAEHO Krto4oBi hakTopw,
ki cnig 6patv o ysarv npu BUOOpI nauieHTiB. BTim noTpibHi
[0AAaTKOBI IOKa3W Ans KPaLLOro BU3HAYEHHS MoKasaHb, NpoTu-
nokasaHb, Yacy Ta au3alHy cuctemu [7,8,12).

BeneHHs navjieHTiB nicns ycniLLHOro BNPOBaZXeHHs nporpa-
Mu BA-EKMO € cknagHum, ToMy noctpeaHimMawinHe NikyBaHHS
cnig Hapaeatv y keanicikoBaHux LeHTpax EKIP. TexHonorii
EKJP nocTiitHo po3BuBatoThbes, i Lie 00rpYHTOBYE OOLIMbHICTL
NPOJOBXKYBATH AOCTIMKEHHS Y LIbOMY Hanpsmi Ana agantavii
[0 ii MOCTIHOrO BAOCKOHANEHHs Ta 3MiH yMoB. [oganbiui gocni-
[PKEHHS! MatoTb BYTW CNpsIMOBaHi Ha OLjiHKOBaHHS €)eKTUBHOCTI
Ta pesynbratmeHocTi EKJP.

OpHak i3 HayKOBOI Ta ETUMHOIT NO3WLLIA JOCi pakye [JoKa30BMX
JaHnX Wwopo pouinbHocTi 3acTtocyBaHHa EKIIP y nauieHTis i3
pedpaKkTEPHOLO 3YNMHKOHK CepLis, TOMY Bkpain HeobxigHi fobpe
CNPOEKTOBAHI Ta AOCTATHLO MacLUTaBHi KMiHiYHi BUNPOBYBaHHS!
AN OLiHI0BaHHS Ti NOTeHLinHOI KopucTi [5,6,12).

BucHoBKU

1. 3aBASKM 3aCTOCYBAHHIO TUMYACOBOT MEXaHIYHOI NiaTpUM-
ku kpoBoobiry BA-EKMO y navjeHTiB i3 kKapgioreHHUM LLIOKOM Y
72,0 % BMnagKkax [OCArHYTO NO3UTUBHOTO pesynbrary. Bukopu-
ctaHHs BA-EKMO moxe crnpusiT 3MEHLLEHHIO 4acToTh neTanb-
HWX HACIiAKIB | NOKPALLEHHIO pe3ynbTaTiB NikyBaHHs NaLlieHTiB i3
TepMiHarbHO cTafieto cepLeBoi HeQOCTaTHOCTI.

2. CTaHpapTHe 3acTOCyBaHHS TUMYACOBOI MEXaHIYHOI nig-
TpuMKM kpoBoobiry BA-EKMO y naLieHTiB i3 kapgioreHH1M LLOKOM
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y 27 % Bunagkax € HeeeKTUBHUM Yepe3 HEKOMMEHCOBaHy
cepueBy HegocTaTHiCTb. [ns Lmx XBOpKX HEODXigHWM € CBOE-
YacHe BUKOPUCTaHHS CUCTEM TPMUBAmOi MeXaHiYHOI NiATPUMKM
KpoBOOGIry Ha OCHOBI MPUCTPOIB JONOMiXHOTO KPOBOOGiry NiBOro
LUSTYHOYKa.

MepcneKTUBY NOAAALLINX AOCAIAKEHb NOMSITAKTb 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 hapMakosoriiHi 0COBNMBOCTI 1 OHOBMEHI AaHi JOKA30BOi MEAULIMHU LLOAO aH-
TnapuTmMiyHoro npenapary (AAI) IC knacy eTawuauHy 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 4O aHanisy
3anyyanu nybnikauii 3a octanHi 5 pokis. Kpim Toro, BUBYEHO MaTepiany, Lo NpeAcTaBneHi Ha HaykoBUX nnar-
opmax E€poneiicbkoro ToBapuctaa kapaionoris (ESC 365) Ta BeeykpaiHebkoi acouiavii kapaionoris YkpaiHu.

Pesyasrau. [Tpenapatu |C knacy, Ha nepLuni normsg, € O4HAKOBMMM 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 HalyacTile 3aCTOCOBYHTL B
YkpaiHi. HaBegeHo pesynsrati 4oChimkeHb LLOAO0 NOPIBHAHHS edpekTMBHOCTI Ta 6e3nekun obpaHmx AAT 3 akueH-
TOM Ha OCTaHHiX pO3BiKaXx 3 BUBYEHHS eTaLM3NHY SK MeHLU Bigomoro B €Bponi Ta caiTi AAlN. HaBeneHO 0CHOBHI
no3uwji An3anHy HOBUX JOCIMKEHD, LLO NPUCBAYEHI BUBYEHHIO PeanbHOi KHIYHOT NpakTuki 3acTocyBaHHs 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 0COBNMMBOCTI hapMakonoriYHux BIacTUBOCTEN, CneumndiuHmx
NpOoTUNOKa3aHb, NMiKapCbkX B3aeMOAil i Aoka3oBoi 6asn. BpaxyBaHHS LMX JaHUX CMPUSIE BU3HAYEHHIO ONTU-
ManbHoro 3acoby Ans KOHKpeTHOro nauieHTa. Bubip ontumansHoro AAI IC knacy Hacamnepen 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
11 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, itis 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

noou LY

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
system

Propafenone — weak beta-
blockade

Yes, beta-blockade

Unlike dihydropyridines, do not cause
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

accessory pathways

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 Il 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), avnexb - 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. A total 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 poboTH — 3a pe3ynsTatamm aHanidy pesynsTaTi eKCriepuMeHTanbHNX JOCTIZKEHD i KMiHIYHWX cnocTepe-
XEHb CUCTEMATU3YBaTH Cy4acHi YSIBNEHHS 1 ONKCATK KIOYOBI NAaTOreHETUYHI BapiaHTW hopMyBaHHS napyHro-
thapuHreansHoro pedntokcy.

Marepianu i meToau. [poaHarnioBaHo NaToreHeTUYHi BapiaHTV (pOpPMyBaHHS NapuHrodhapuHreanbHOro pedriokey
(N®P) i3 3acToCyBaHHAM METOAIB aHani3y, CYHTE3Y 1 y3aranbHEHHS HayKOBUX AaHuX. IHpopMaLliiiHa 6asa cop-
MOBaHa LLSXOM CUCTEMATWUYHOTO MOLLYKY NybnikaLlii y MxkHapoaHUX HayKOMETPpUYHIX 6asax AaHnx, 3okpema
PubMed, Scopus, Web of Science Ta Google Scholar. Ins ananisy o6paxo 90 axxepen BignoBigHo [0 KpUTEPIiB
HaYKOBOI 3Ha4yLLOCTi (BUCOKUIA KBAPTMIb XypHany, h-iHAeKC aBTopiB, CTaTUCTMYHA 0B pyHTOBaHICTL). CTparteris
noLlyky nepepbayana eTanu BU3HAYeHHs akTyarnbHOCTI NpobremaTiku, hopMyBaHHS PENEBaHTHWX 3anuTiB
(laryngopharyngeal reflux, vagus reflex, autonomic nervous system ToLL0), KpUTUYHE OLLIHIOBAHHS AOCTOBIPHOCTI
[pKepern, MOPIBHAHHSA pe3ynbTaTiB, O OTPUMaHI B Pi3HUX JOCMIMKEHHSX, Ta y3aranbHEeHHs OTPUMaHUX SaHuX.

Pesynabtaty. 3a pesynsratamuy ornsgy Haykosoi niteparypu, IOP € 6aratoakTopHUM, CKNagHUM i HeoCTaTHBO
CTaHOapTM30BaHUM CUHAPOMOM i3 LUMPOKUM CMEKTPOM HecneundiqHnx CMNTOMIB. 34iNCHEHO TEOPETUYHMIA
aHania OCHOBHUX MAaTOrEHETUYHUX MexaHi3MiB opmyBaHHs JIOP i BU3HAYEHO YOTUPU OCHOBHI: XiMiYHWIA
(mikpoacnipallist N MOWKOMKEHHS CrM30BOI 0DOMOHKM), HEMPOPEMNEKTOPHMIA (FiNepceHcMTM3aLis), M'a30BUiA
(NepeHaBaHTaXeHHs ropTaHi) Ta iMyHOBionorivHuiA (XpOoHiYHe 3ananeHHs Ta nopyLueHHs BioueHoay). Bera-
HOBMEHO, LWo JI®P moxe dopmyBaTnca BHACNi[OK NOpPYyLLEHb MOTOPUKW CTPaBOXOAY, ANCYHKLIT cdiHKTepiB,
HEeNpOIMYHHWX i NCUXOBEreTaTMBHIX 3MiH. BaxnnBy pomb y XpoHisauii npouecy BiAirpaloTh LieHTpanbHa i
nepueprnyiHa CEHCUTU3aLLS, CTPEC, FeHETWNYHI Ta NOBEIHKOBI (PaKTOPW, BKITOYAKOUM OXUPIHHS, KYPIHHS, OiETY
Ta NpuiMaHHs nikis. BctaHoBMeEHo, WO yHiBepcanbHOro AiarHocTuyHoro ctangapty JIOP Hemae — cyvacHui
[iarHOCTUYHUIA NPOLIEC € CKNagHUM i (hparMeHTOBaHUM, I'DYHTYETLCS NePeAyCiM Ha BUKITIOYEHHI iHLLMX MaTororii
Ta eMnipuyHOMY NiKyBaHHI.

BucHoBku. CknaHuii posranyxeHuin naToreHe3 napuHroapuHreansHoro peddriokCy MOsICHIOE 3HAYHY Ba-
piabenbHiCTb CUMNTOMAaTUKM, @ BUAINEHHS OKPEMUX NaTOreHETUYHUX BapiaHTiB abo TUNoBKMX DEHOTUNIB 3i
cneumgiyHMMmM Knactepamm MOpPOMOriYHMX, CTPYKTYPHUX, YHKLIOHANbHMX, GIOXiMIYHMX, IHCTPYMEHTANbHMX
i ICUXOMETPUYHNX XapaKTEPUCTUK CpusTUME 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

NapuHrodapuHreansHuin pedoritoke (TOP) — oguH i3 Hain-
MOLIMPEHIWMX i HanGinbWw AncKyTabenbHUX HeiHeKLinHNX
CUHZPOMIB, LLIO NOB'sI3aHMIA i3 NpsiMUM Ta/abo onocepeaKoBaHUM
BM/IMBOM racTPOAYOLEHamNbHOM0 BMICTY Ha Crn3oBy 06OMOHKY
BEpXHiX BifdiniB TpaBHOro Ta auxanbHux wnsxis (W), wo
cnpuamHae MopdodyHKLIOHaNbHI NOPYLLEHHS B HUX.

MowwpeHicTb JIOP y cBiTi ctaHoBuTs Big 7,1 % g0 30,0 %
nauieHTiB, sIKi HanpaBneHi 4O OTONAPUHIONOTIYHOI KMiHikK, Le
Ginblue Hix 1 BUNaaoK 3axXBOPHOBAHOCTI Ha KoxHi 10 ocib, ane
TOYHa CTATUCTUKA 3arMLLAETbCA HEBIAOMOK | MaE BiAMIHHOCTI B
pisHKX kpaiHax [1,2]. CyqacHi kniHiyHi nigxoawm Ao AiarHoCTVKM Ta
NiKyBaHHs He MatoTb CTaHAapTu3aLi. LLopiyHi BUTpaT OLiHIOKTL
y noHag 50 Mnpa Aonapis Ha pik, i3 HAX Ha 0AHOTO NaLlieHTa npu-
nagae 5154 ponapw, a 3aranbHi BUTpaTH Ha iHriBITOPM MPOTOHHOI
nomnu (IMT) craHoBnsTh 52 % [3].

NOP moxe maTu rocTpui, peumanBHiii abo XpPOHIYHNNA
nepebir. [ocTpi BUNagku 3a3euyan He BUKMWKaKOTb Npobrem
LLIOAO AiarHOCTWKM, a NaLieHTn 3a3Buyal fobpe BignoBgigaTb
Ha nikyBaHHs. XPOHIYHI BUNaOKK XapaKTepu3yTbCs TpUBanum
nepebiroMm, KOMBiHyBaHHAM CUMMTOMIB NPOTArOM BinbLue Hix 3
MiCsiLiB, acOLLiioBaHi 3 HU3bKUM TepaneBTUYHUM edhekToM [4].

PaHilue BBaxanu, Lo JIOP BuHMKae nuLLe 3a yMOBY KUCIIOTO
pedbriokTary, ane, 3a pesyrsraraMmu HalHOBILLIMX CMOCTEPEXEHD,
MOLUMPEHICTb HEKMCIOTHOI Ta 3MmilLaHoi (hopm JIPO cTaHoBUTbL
25,4 % T1a 35,5 % Bunagkis BianosiaHo [5]. Y AOCMImKEHHI
J. S. Lee et al. 3achikcoBaHO cynepeunusi pesynsratt 24-ro-
JWHHOTO BaraTokaHanbHOrO BHYTPILLHEONPOCBITHONO iMMneaaHc
pH-MoHiTOpUHry: y 41 % BUNagKiB BUSBMNEHO HEKUCAOTHUIA
pecrtoke, y 59 % — amiluanuit. OTxe, XOAEH i3 NaLieHTiB He MaB
N1LLIEe KMCIIOTHOTO PedITioKCY, NPU LIbOMY KMiHIYHO L rpynu He
BiAPI3HANNCb, ane KinbKiCTb NPOKCUManbHUX PECOIFOKCHUX NOAIN
y rpyni HekmucrnoTHoro pedpritokcy Ha 50 % meHLwa [6].

HeaBaxatoun Ha 3Ha4YHy MOLLMPEHICTb L€l XBOpoOM cepes
HaCemneHHs1 Ta HaBaHTAKEHHS] HA OXOPOHY 30OPOB’Sl, NMUTaHHS!
Lofo natoreHesy Ta eTionorii IOP 3annwatotbes BigkputumMi.
Tak, HuHi B3aemo3B’s30k Mix JIOP i ractpoesodareansHo
pedntokcHo xBopoboto (TEPX) 3anunwaeTbest AUCKYCIMHAM:
iX BWU3HaYalOTb SK OKPEeMi 3aXBOPHOBAHHS, X04a BOHW MOXYTb
iCHyBaTW 0fHOYaCHO [7,8].

3ananeHHs TkaHuH npu JIOP BinbLuicTe HaykoBLUIB BU-
3HavaloTb K HagcTpasoxigHy dopmy MEPX, wo cnpuynHeHa
Hacamnepes HeJoCTaTHICTIO aHTMpednoKCHUX 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 pedhriiokcy, SIK Nevist Ta perypri-
Tauis, xsopoba B H1X MOxe ByT He noB's3aHa 3 FEPX, a Tepanis
IM He cnpusie ogyxaHHto [7,9].

Tak, y pesynbrati gocnimxeHHsi, ske 3gicHunm C. Shilpa
et al., cepeqn 82 nauieHTiB BM3HAYEHO MOLLMPEHICTb i30Mb0OBa-
Horo JI®P - 18,86 % Bunagkis, isonkosaHoi MEPX — 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 BULLMIA MOPIBHSIHO 3 i30MbOBaHMM nepebirom
NoP [7].

3ayBaxnMo, LLIO JOCi HEMAE YiTKVX AiarHOCTUYHUX KPUTEPIIB
ans IOP, piarHocTuky 3givicHiooTb noaioHo fo MEPX, cnupa-
t0YUCb Ha OLHIOBAHHA CMMMTOMIB Ta E€HAOCKOMIYHUX O3HaK.
3okpema, HaNMOLIMPEHILUMMI IHCTPYMEHTaMI € ONUTYBaIbHUK
«IHgekc cumntomie pecbntokcy» — RSI (P. C. Belafsky et al.,
2002) Ta enpockoniyHa Lukana «OujHka 03Hak pedpritokcy» — RSA
(J. R. Lechien et al., 2019), ane uj iIHCTPyMEHTM BKIIOYaIOTb i
HecrewundiYHi NposiBu, WO MOXYTb BYTU CNPUYUHEHI iHLLMMK
YMHHWKaMU: KyPIHHAM, BXUBAHHSIM ankoromnto TOLLO.

OnTuMarnbsHOK0 HUHI BBAXaOTb AiarHOCTWKY 3@ HasIBHICTHO
MerncuHy y poToBIiA piavHi Ta 3a JaHUMW 24-roAUHHOTO rinodgapuH-
reanbHO-CTPaBOXiAHOMO baraTokaHanbHOro iHTpastoMiHanbHOro
iMnenaHcHoro pH-MoHiTopuHry. MepLunii MeTog HabyB 3Ha4HOTO
MOLLMPEHHS, € MiHIMarnbHO iHBA3UBHUM, EKOHOMIYHUM | 3pY4HUM,
arne He € JOCTaTHbO TOYHNM Yepes LLIMPOKWIA Aiana3oH KOHLEH-
TpaLii NENCuHY, O BU3HaYaoTb NPOTATOM 24 rofuH, BiCYTHICTb
[0CTEMEHHO BCTAHOBIEHWX FPAHUYHUX 3HAYEHb (Y TOMY Y1Chi Ye-
pe3 3HauqHy BapiabenbHICTb Y Pi3HNX BOCTIIKEHHSX) | HeODXigHOI
KinbKOCTi 3paskiB. [JoBori BUCOKOIHDOPMATUBHUIA pH-MOHITOPUHT
Mae 0bMexeHe KniHiYHe 3aCTOCyBaHHS Yepe3 AMCKOMAOPT Ans
nawieHTa i BACOKY BapTiCTb, a Oro KOHTPOMbHI 3Ha4YeHHS LLe ne-
pernsigatoTb [11,12]. Ak nepcnekTuBHiI giarHOCTUYHI Giomapkepu
N®P i TEPX HuWHi BMBYaOTb MATPUKCHY MeTanonpoTteiHasy-9
(MMP-9), 6inok Tennosoro Lwoky-70 (Hsp-70), 3gincHIo0TL Tec-
TyBaHHS LinicHOCTi cnn3oBoi 06onoxku (MIT).

HactynHa kniniyHa gunema JIOP — po3pobneHHs yHidikoea-
HWX KNiHIYHWMX pekomeHaauin. CyvacHi MeToam nikysaHHs JIOP
BKIMIOYaoTb 3aCTOCYBaHHA (PapMakonoriyHux 3acobis, 3MmiHy
cnocoby XWUTTS Ta XapyoBWX 3BWUYOK, KOTHITUBHO-MOBEAIHKOBY
Tepanito, Noroneaito, YepesLUKipHy enekTpUYHy akynyHKTYpHY
CTUMYISILLiFO, 3aCTOCYBAHHS KOMMPECINHWX NPUCTPOIB | BUKOHAH-
HS1 XipypriYHUX BTPy4YaHb, 30kpema bapiaTpuiHux.

HavnowumpeHilmm i HarnepLuMm MeToaoM nikyeaHHs JTOP
HUHI € npuaHaveHHs I, Wwo nNpurHivyTL NPOAYKYBaHHS
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LUNYHKOBOI KUCMOTU SIK OCHOBHOTO KOPO3IMHOrO KOMMOHEHTa.
MigkpecneHo HeobXiaHICTL 4OBOMI TPUBANOTO NikyBaHHS (BinbLue
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 HaBiTb
HeedbekTMBHE Yy pasi HekucnoTHUX dopm JIOP abo 3a yyacTi
KOBYHUMX KMCIIOT, LLIO aKTWBHI NP1 BUCOKOMY pH i He HerTpaniay-
totbest 1M [13]. HegocTaTHio edheKTUBHICTL (hapMakoKopeKLil
BHacnigok npuimanns 1M nigTeepmkeHo y pesynbrati focni-
pxeHHs M. Duricek et al. [14]. ABTopu 3adpikcyBanu noKpaLLeHHs
CUMNTOMIB, NoB'A3aHuX i3 JIOP, nicns nikysaHHA IMM1 Tinbku Ha
50 %. Kpim Toro, 3aBasikm 24-roguHHomMy pH-iMneaaHc mMoHiTo-
PUHTY TROTKW Ta AMCTasbHOMO BiAAiny CTPaBOX0AY AOCHIAHWKM
BUSIBAMK, LWO NpuiaManHs [T He 3MEeHLUMIO KinbKiCTb enisoais
thapuHreansHoro pedntokcy abo TpuBanicTb BNMBY hapuHre-
anbHOI kKMenoTu 3a Byab-sKoro piBHs pH.

CknagHicTb, MOXnMBY KOMOpOIaHICTL naTogisionoriyHmnx
mexaHiamiB JIOP i HeobXigHICTb X PO3yMiHHS MiATBEPAKEHO 3a
JaHUMK JocnimKreHHs, o 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 fo M aBTopy NoB’s3yBanu 3
iHLLOKO NaTodigionorieto, TOBTO 3 HAsBHICTIO HENMPSIMOro Baro-Ba-
rycHoro pechnekcy [9].

JouinbHicTb 0BMexeHHs1 HeobI'PyHTOBAHOMO MPU3HAYEHHS
[N nokasaHo Takox y GaraToLEHTPOBOMY NOABIMHOMY CRinomy
paH4OMi30BaHOMY NnaLeb0-KOHTPONbOBAHOMY LOCHIIKEHHI.
ABTOpYK [0BENM, L0 NaHCOMPa3son He Mae nepesar NopiBHSHO
3 nnauebo y nauieHTiB 3i ckapramu, Lo noB'sa3aHi 3 JIOP; npu
LIbOMY YYaCHUKH, SiKi OTpUMyBanu nnavebo, Bigvysanu binbLue
MOKPALLEHHS1 CUMMTOMIB, HiX Ti, XTO npuiMani npenapart [15].
3 iHworo 6oky, W. H. Tseng et al. nos’ssyBan pecpakTepHi Ao
ITMN napwHreansHi cuMnTomm 30eBinbLLOrO i3 CymyTHIMK NCUXO-
NOriYHNMM 3aXBOPIOBAHHAMM Ta NOpYyLLEHHsAMM CHY [16]. Lii gaHi
BiOKPMBAIOTb HOBY NMATOrEHETUYHY NCUXOCOMATUYHY napagurmy.
[MigBULLIEHI PiBHI HACTOPOXEHOCTI Y navjeHTiB i3 JIOP ceigyaTth
npo chidioncyxonoriyHy B3aEMOZi0 (PaKTopiB, LU0 MOAYMIOKTL
CUMMTOMaTUYHE HABaAHTAXEHHS!, Ta MIATBEPAXKYIOTb NOTEHLjan
iHTErpaTMBHUX NigX0MiB [0 NiKyBaHHS, KpiM LinboBOi Tepanii
pedriokey [16,17].

[NonieTionoriyHicTb, 3B'A30K i3 3ananbHAMK Ta 3MNOSKICHU-
Mu 3axsoptoBaHHaMK [, HeAOCTaTHBO BUMBYEHUI E€AUHUI
naToqi3ionoriyHMn MEXaHi3M BUHUKHEHHST JIOP, HecneumdivHi
CYMNTOMM, LLO BU3HAYaOTb Ha (POHI Pi3HUX JTAPUHIOCKOMIYHIX i
racTPOCKONIYHWX O3HaK, YCKMaAHIOTL 06'€KTUBHY AiarHOCTUKY
Ta KniHiYHe OLiHIOBaHHS CTYNeHs 3axBoptoBaHHs. Lie cnpuimnHse
[JiarHoCTUYHY HEOHO3HAYHICTb, NoninparMasito, nisHio AiarHocTu-
Ky, HEOOLMbHI NiKapCbKi MPU3HAYeHHS, @ OTXe PU3VK NMiKapCbKoi
B3aemopii abo nobivHoi Aii npenaparis.

[eTanbHuit aHanis cy4acHnx ysBreHb i HaykoBux 30006yTkiB
LLOAO MEXaHi3MiB BUHUKHEHHS, nepebiry Ta NporpecyBaHHs
3aXBOPIOBAHHS, BPAXOBYHOUM OCHOBHUM ETIONOMYHUA YUHHUK,
[acTb 3MOTy BU3HAYMTV PaHHI AiarHOCTUYHI O3HaKM Ta CipusiTh-
Me po3pobneHHI0 CTaHAapTN30BaHUX NiAXOMiB 4O AiarHOCTUKM
1 NiKyBaHHs.

Merta pobotu

3a pesynbratamMu aHanisy pesynsratia eKCrnepUMEHTamNbHNUX
JOCTIDKEHb i KNiHIYHUX COCTEPEXeHb CUCTEMATI3YBATH Cy4acHi
YABINEHHS 1 OMKCATU KITHOYOBI NaTOreHETUYHI BapiaHT hopmy-
BaHHS NIapUHrohapuHreansHOro pedokey.

Marepianu i MeToAU AOCAIAKEHHA

O6’ekT poCnimXeHHsl, a caMe NaTOreHeTUYHi BapiaHTu
topmyBaHHs JIOP, BuBYanM meTogamu aHamidy Ta CUHTe3y,
Hapani yaaranbHWUnW Aai, Wwo otpumani. Haykosy iHchopmaliio
OTPUMaHO Nicns ornsay HanbinbLL LIUTOBAHMX HAYKOBUX [Kepen
3 aHaTomil, natodi3ionorii, OTOPUHONAPWHIONOFT, FACTPOEHTEPO-
norii, L0 iHAEKCYHTLCS 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 MigcTasi
BMCOKOrO KBaPTUIIO XypHany Ta h-iHaekcy aBTopis.

Crpareris iHhopmaLiiHOTO OHManH-NoLyKy nepenbayana
BW3HAYEHHS aKTyanbHOCTI Npobnemu, nowyk iHgopmauii Ta
06pobky, cuHTe3 AaHnx. OCHOBHUI NPUHLMA iHGOPMALIAHOTO
noLuyky — BiaGip peneBaHTHOI HaykoBoi niTepatypu. [Ans Lboro
noLuyK 3AiNCHWUAKM 3a Takummn 3anutamu: laryngopharyngeal
reflux, gastroesophageal reflux disease, autonomic nervous
system, esophageal bronchial reflux, vagus reflex, esophageal
hypomotility. [1ns Bubopy akTyansHWUx Matepianis, OLHIOBaHHS
HagiNHOCTi HAYKOBOrO [Kepera Ta LOCTOBIpHOCTI ony6nikoBaHoi
iHdbopMmaLlii 34iACHUNN NOPIBHAHHS 3 HLWIMMW HAYKOBUM [Ke-
penamu, 0bpaHo TiNbK NOBHOTEKCTOBI NybnikaLji, Ae aBTopu
BMKOHanNW CTaTUCTUYHE OMPaLOBaHHS 11 aHania AaHux.

Y pesynbrati peTensHoro 4obopy HaykoBUX AaHWX, aHanisy
Ta CUHTE3Y OTPUMaHOI HayKoBOI iHOpMaLlii, NepPEOCMUCTIEHHS
nepenoBuX HaykoBUX JOCIgXeHb | BNACHUX MipKyBaHb cdop-
MOBAHO YSIBMEHHSI NPO KITo40Bi naToreHeTuyHi BapiaHTu JIOP. Lle
[acTb 3MOry BU3HAYMTM PaHHi fiarHOCTUYHI KpUTEpii XBopobn Ta
CNpUSTUME PO3POBIEHHIO TApreTHUX MiKyBanbHO-AiarHOCTUYHIX
anropuTMmiB.

Pe3yabtatu

Ornsp cyqacHUX HaykoBuX Mxepen nigTeepams, Lwo JIOP —
MYynNBTUAKTOPHUI CUHOPOM, SIKUIA XapakTepu3yeTbes KIiHIYHUM
CMMMTOMOKOMMIIEKCOM Pi3HX CTYMEHIB BUPAXEHOCTI Ta HA3KO
HecnewundivHNX cKkapr, KOTpi BiH CNpUYnHSE. HannoLumpeHiLumm
nosactpasoxigHumu cumnToMmamm JIOP y nauieHTiB € BiguyTTS
CTUCKaHHS! («Kry6Kay) B ropni, NpoYnLLEHHs ropna (pedriiokCHMIA
KaLLenb), 3axpunnicTb (PEHMOKCHUA NAPVHIIT), HAAMULLIOK CAN3Y
B ropsi, CUHAPOM NOCTHa3arnbHoro 3atikaHHs Towo [18,19,20].
[o HecneumivHMX («PO3MUTIX») CKapT, LLO aCOLilTHCS 3
NTOP i pisH1MK 3aXBOPIOBAHHAMM BEPXHIX i HXKHIX AnXanbHUX
WNAXIB (XPOHIYHUM (PapUHTITOM, NAPUHFITOM, KOHTAKTHOK
rpaHynbOMOI0 ropTaHi, nerkonnakieto, acTMoto, igionaTtuyHUM
NHEeBMOIOPO30M, CEPenHIM OTUTOM, PUHOCUHYCUTOM, CUHAPO-
MOM OBCTPYKTMBHOIO anHoe TOLLO), HanexaTb XpunoTa, BToma
ronocy, AncchoHis, cyxictb abo nevis y ropni, ranitos, gucdaria,
Oinb y rpyasx, nopyLexHs 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, YCKITaHIOE AiarHoc-
TUYHWIA NOLLIYK | BCTAHOBMEHHS YiTKOro fiarHo3y. ToMy CiMenHui
nikap MOXe HanpaBWTW NalieHTa 4O OTOMapuUHronora, racTpo-
€HTeponora, NynbMOHOOra, HEBPOMora, ncuxiatpa, ncuxonora.
[oBoni YacTo 40 BCTAHOBMEHHS NPABUBHOTO AiarHo3y XBOPWiA
mae y cepeaHsomy 10 Bi3uTIB 4O BY3bKVX CNeLianiCTiB, a cepeaHs
KinNbKICTb AiarHOCTUYHMX TECTIB HA OAHOTO NaljieHTa CTaHOBUTb
6 i GinbLUe Ha pik, WO 3yMOBMIOE 3HAYHE HABAHTAXEHHS ANS
CUCTEMW OXOPOHW 30POB’S 3aranom Ta CIPUYNHSE (DIHAHCOBI
BUTPaTK AN nauieHTa [3].

TpuBanuit Yac sk ronoBHy NPUYMHY Ckapr navieHTis i3 JTOP
Bu3Havanu EPX. OpHak y pesynsrarti KniHiYHUX CrocTepexeHb
BCTaHOBMEHO, L0 noHapA 75 % nauieHTis i3 no3acTpaBoXigHUMM
CMMTOMaMM He MatoTb TUMoBMX cuMnTomiB MEPX (nipos, peryp-
riTallisi) Ta He MatoTb EHAOCKOMIYHMX 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 cronitrs
HE CNpWANO BUPILLEHHIO NUTaHHS LIOAO 3B’A3KY MiX no3a-
CTPaBOXigHUM CUMMTOMOKOMMNeKcom ckapr i JI®P, He gano
YiTKOro pO3yMiHHS naToreHesy XBopobu. BTim, KOHCTaTyeEMO, LLO
GinbLUiCTb HAyKOBLIB MATPUMYHOTE YsiBMEHHs npo JIOP sk npo
CKMagHWi NPoLEC, L0 BKMtOYaE i pedbntoKCHi, i pedhnekTopHi
MexaHiamm, ane 6e3 YiTKoro po3yMiHHs iX CMiBBIZHOLEHHS Ta
B3aemogii [9,14,16,18,23].

3rigHo 3 pe3ynbratamu SOCTIMKEHD | 32 AaHUMM KNiHIYHNX
cnocTepexeHb, aiarHoctuka JIOP e nocuTb cknagHot. Heseaxa-
104 Ha TBEPIKEHHS], LLO LIe OKpEME 3aXBOPHOBAHHS, SIKE Bifpi3Hs-
€TbCs Bia [EPX, BusiBneHi Mmexaniamu nowkomxeHHs AL matotb
Bararo cninbHoro. MpunyLeHHs, wo JTOP dopmyeTbCs He Tinbku
Yepes 3BOPOTHWM MOTiK BMICTY LLMYHKY 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 3axucTy crnn3oBoi 060M0HKM
JLU, ne ximiyHe 3ananeHHs crm3oBux 06OMOHOK BiAbyBaeThbCS
3i 3HAYHO MEHLLOHO KINbKICTIO eni3ofiB PednioKkCy Ta HUKYO0
KMCMOTHICTIO, TPaHCOPMYBaNocs y po3ranyxeHy natoreHe-
TUYHY MOLENb Pi3HUX DEHOTUMIB 3 YHIKaTNbHUMK KOaKTOpamm
cxunbHocTi [4,9,16,19,24,25].

lNpoaHanizyBaBlwM AaHi 6araTb0X AOCHimKEHb, PO3PIi3HS-
€MO YOTUPY OCHOBHI ETIONATOrEHETNYHI BapiaHTV MexaHi3MiB,
3a SKMMKM YacTilwe pos3suBacTbes JIOP: nepwmin — XiMiyHui i3
MopYLLUEHHSAM MOTOPUKI CTPABOXOZY, NOB’Si3aHNiA i3 pedprtokCom
BMICTY LUMYyHKa B CTPABOXiA, BKMOYaoUM NpsiMe NofpasHeHHs!
ropTaHi Ta rmoTkM BMICTOM LunyHka (Teopis pedntokcy AL i
Mikpoacnipauii); apyruin — nepudepuyHoi abo LeHTpanbHoI
rinepceHcuTU3aLii (pedrnekTopHa TEopis Yepes MiaBNLLEHY
YYTAMBICTb A0 KAl 3 peanisauieto HEMPOHHO-0MOCcepeako-
BaHuX pedpnexciB); TPETIi — M'A30BUIA NEPEHaBAHTAXYBabHUIA
(TpuBane Ta HagMipHe HaBaHTaXEHHS M'13iB ropTaHi Ta rMoTKK);
YeTBEPTMIA — iIMyHOBIONOTYHIIA (XPOHIYHE 3anarneHHsl, MOPYLLIEHHS
GioLIeHO3Y rOPTaHOTOTKY). 3ayBaXMMO, LLIO KOXEH i3 MexaHi3MiB
MoXxe ByTw i i30MbOBaHUM, i TOEAHYBATUCA 3 iHLWMMK (puc. 1).

MexaHi3am nolkoaxeHHs cnu3osoi obononkn AL, wo
MOB’si3aHMNIA i3 MPOKCUMAarbHM pedrtokcoM i MikpoacnipaLjieto,
no6pe pocnigxeHo. 3rigHo 3 HAM, CTUMYT, LU0 IHAYKYE KaLlenb,
BMHMKae BHACNi#oK npsiMoro noapasHeHHs AL mikpoacnipaLlisivmm
yepes pedrioke i3 NPOKCUMAanbHOro Biaainy crtpasoxogy [26].
3a pesynsratamu gocnigxerns J. A. Koufman (1991), cnusosa
0060M0oHKa CTpaBoXxoay Moxe NpotucTosT 50 NoTEHLAHMM eni-
300am pedbrtoKCy Ha AeHb Be3 MOLLKOMKEHHS TKaHWH, @ Crin3oBa
000noHKa ropTaHi Ta rmoTkv Moxe ByTu NOLUKOKEeHa YoTUpMa
enisogamu pednitokcy Ha o0y, N OCKiNbkW HEMAE 3aXMCHOr0
MexaHi3amy NpoTU LLMYHKOBOrO 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 BMIiCTOM, LUO
CKMaAaeTbCs i3 COMAHOI KUCMOTU, NENCUHY, B OKPEMUX BUMaA-
KaXx — JKOBYHMX KMCIOT i )XOBYHWX COMeii pasom i3 Baktepisimu,
IO MICTATBCS Y WIyHKOBO-KMLLkoBoMy TpakTi (LLKT). Mpsime
noppasHeHHs crmaoBmx 060noHok [LL wnyHKoBo-ayoneHansHUM
BMICTOM MPW3BOAUTb A0 ICTOTHUX Makpo- Ta MIKPOCKOMIYHMX
riCTOMNOriYHMX 3MiH Y CrK30BIA 060noHLi [23,27,28]. Y LboMy
BapiaHTi 4O OCHOBHWX (PaKTOpiB, LU0 BMAMBAKTL HA TSKKICTb
JIOP, HanexaTb cknag pedntokcaty, TpMBanicTb MOro ekcrnosuuii
Ta YacToTa perypritawi.

OpnHVM i3 ronoBHNX KOMMOHEHTIB pedprtoKTaTy, SIKUM Bigirpae
MPOBIgHY POSib Y 3ananbHOMY Ta KaHLEPOreHHOMY MPOLEC,
€ MencuH — npoTeasa, Lo JOCArae ropTaHi Npu 3HaYeHHsIX
>210 Hr/mn. Bigomo, Wwo noBHa iHakTMBaLis hepMeHTy Bigby-
BaeTbCcs 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’SI3@HWX i3 NMOCKOKMITUHHUM pakoM ronosw Ta wui [29,30,31].
KpiM npsiMOro NOLLKOLDKEHHS!, NENCUH NPU3BOAMTL 0 NMOPYLLEHHS!
3aXMCHUX MexaHiamiB BepxHix [LL — 3HxeHHs piBHs Ginka Sep70
(Binok cTpecy NNockoro enitenito), IKMA PErymioe NPOXOMKEHHS!
iHWw¥X BinkiB Yepes bioTpaHchopmalito i3odepmeHTy kapboar-
rigpaam lll, sika B HopMi Npu3BoamMTL A0 kapboaHrigpasa-ll-ono-
cepenkoBaHoi Ae3akTueaLi nencuny [30,32,33]. B enitenianbHux
knituHax O nencuH nigsuwye pisHi MPHK myuuHy SAC Ta
rnikonporeiHis 3aBgsakm MMP-9 i sgepHoMy TpaHCKpUNLiAHOMY
thakTopy NF-kB, y Takuii Cnoci6 cnpuumHsitoum rinepcekpeLio
€13y Ta NoTeHUitoo4K 3ananbHuia npouec y AW [31,34].

Bnnus consHoi KMCMOTW (OpYroro MOCTiMHOrO KOMMOHEHTa
pedntokTaty) Ha Ll xapakTepuayeTbest NOLKOMKYBAIbHO AiEt0
Ha eKCrpecito TpaHcMeMBpaHHoro rmikonpoTeiHy E-kaarepuHy B
enitenianbHin TkaHuHi. Bigomo, Lo consiHa K1cnoTa CipuymnHse
NigBULLEHY MIKKIITWHHY NMPOHMKHICTb i nocnabntoe 6ap’epHy
(hyHKLito crm3oBoi 060M0HKKM ropna [35].

JKOBYHI KUCTOTU NpW pedpritoKCi AyoaeHarnbHO-LLUTYHKOBOMO
BMICTY 3yMOBIIOIOTb 3arnarneHHs Ta KaHLEepOreHes i Mpy K1CIoMY,
i npy NyxHoMy pH. 2Kosd iHOyKye eniTeniansHo-Me3eHXiMarnbHuii
nepexia y KniTMHax Ta ekcrpecito TpaHchopMyBanbHOro ghakTopa
pocTy-B1, 3yMOBMIOKYM 3HIKEHHs! E-kaarepuHy, 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 | CENEKTUBHI KaHLiepOreHHi epeKkTh Ha
Cn13oBY 00ONOHKY rinodapuHreancHoi AinsHkK [37].

Ponb TpuncuHy B natoreHesi JIOP symoBneHa Hacamnepen
aKTVBaLjieto npoTeiHas-akTueoBaHoro peuentopa-2 (PAR-2),
KW BNIMBAE Ha perynsiLito HYKHBOTO CTPABOXIAHOMO CiHKTepa
(HCC), nepenycim 4epes CUCTONIYHWIA | 4iaCTONI4YHNIA MEXaHI3MM
B LIMPKYNSAPHIN rnagkin Myckynatypi cTpaBoxofdy. Takum YUHOM
TpuncuH cnpuuntsie gucyHkuito HCC [38]. TpuncuH iHaykye iH-
TepnewikiH-8 i cekpeLlito TPaH3UTOPHOTO PeLLenTOPHOro NoTeHLja-
ny BaHinoigy (TRPV), Lwo 3yMOoBntoe AMCyHKLO eniTenianbHoro
Bap’epa BepxHix AL [39].

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

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

TpaouLiiiHo BBaXatoTb, LLO CTPABOXIA — Lie CKMnaHa M's30Ba
TpyOKa, Sika BUKOPUCTOBYE CKOOPAMHOBaHY MepuCTanbTuKy Ta
[ernoTytode po3cnabneHHs BEPXHOTO Ta HUKHBOTO CTPaBO-
XiOHWX CiHKTEpIB A1 TPAHCMOPTYBaHHSA 60Mtocy 3 rMoTKM A0
wnyHka. CTpaBoxia MoanMHU ChopMOBaHUIA ABOMA JinsiHKaMu:
BEPXHbLOIO (LUMIAHO0) YaCTVHOH, LLO CKIaAaETbCS MEPEBAXKHO 3
nonepevHo-CMyracTix M's3iB, Ta HKHBO10 (TPYAHOI0), LLO CKra-
[aeTbea 3 rmagkux M'asiB. OTxe, HEPBOBO-M's130Ba OpraHisaLlis
i MexaHiaM nepucTansTUYHUX CKOPOUEHb Y LiMX ABOX YacTUHaxX
iCTOTHO Bifpi3HSETLCA. MOpPYLLEHHS KOOPAMHOBAHOI NepucTarb-
TUKW Tina cTpaBoxody abo koBTanbHoro poscnabneqHs HCC
MOXe NPU3BECTM 10 OBCTPYKTUBHUX CUMITOMIB: Aucdarii, 6onto
B rPyAsiX HEKapaioNnoriYHOro NOXoKeHHs Ta perypritawii [40,41].

Y HopMasibHOMY i3ionoriYHOMY CTaHi MPOTUAIE peryp-
riTauii € aHTMPEMIOKCHUA MeXaHi3M (BHYTPILLHIA i 30BHILLHiN
pedhrtokcHUA Bap’ep) Sk CknagHa B3aeMOpist Mixk aHAaTOMiYHOK
CTpyKkTypoto Ta dpisionorieto. Bin Bknovae BCC, HCC, kyT lMca,
HiXKy giadparmu, giadhparmanbHO-CTPaBOXiAHY 3B'SI3Ky, KOOP-
JVMHOBaHY NepucTansTUKy CTpaBoxoay (MOB’Si3aHy 3 KOBTAHHSM),
KMCMOTOCTINKICTb | O4MCHY 3AaTHICTb CRIM30BOI 0OOMOHKM CTpa-
Boxoay [42,43].

lNpoBigHa ponb y CKnagHii B3aemogii aHaTomo-disionoriy-
HOro aHTupedprniokcHoro 6ap’epa B CTPaBOXIBHO-LLMYHKOBOMY
nepexopi Hanexuts HCC, sknid nigTpuMye MOCTIMHWIA TUCK,
He3Ba)xatou Ha 3MiHM NOMNOXeHHs Tina abo KONMMBaHHS BHYTpILL-
HbOYEPEBHOTO TUCKY. TpaH3uTopHe po3crabnenHs HCC, ske
HWHI BU3HaYaKTb SIK OCHOBHY NnpuynHy MEPX, Moxe BUHUKaTH i
y 300poBux 0cib i3 HopmanbHum Tuckom HCC, ane Ha BigMiHy
Bif (i3ioNoriyHMX YMOB, KON PECOITIOKC BUSBNSIETLCS NEPEBAXHO
rasoBMM BMICTOM i 30€0inbLUOr0 He Mae OY4EBUIHNUX CUMMTOMIB,
3a NaTororiYHMX yMoB, a came npy 3BinbLUEHHI KinbkocTi Ta/
ab0 TpUBAnoCTi eni3oAiB, BiH YACTIlLE XapakTepu3yeTbes came
KUCAOTHUM BMICTOM. Lle 11 cnpuumHsie cCUMNTOMaTHKy «TUMOBOrO
pechntokcHoro cuHapomy» npu JIOP [43,44]. OcTaHHin eTan npo-
TUAIT pedrrokcy WnyHkosoro BMicTy Ao LU nonsrae y cknagHin
B3aemogii M'a3iB BCC i guctanbHoro Bigginy rmoTku, Lo B HOPMi
BiAKPMBAKOTLCA NULLE Nif Yac KoBTaHHS. LLogo natoreHesy NTOP,
TO, 32 HaWHOBILLMMU AaHUMK, NPOBIgHY POMb Bidirpae came
nopyLuenHs yHkuii BCC, a ockinbku MOro Takox KOHTPOIoe
Brykatounit Heps, sik i HCC, To anceyHKList aBTOHOMHOI HEPBOBOI
CUCTEMU MOXE CMPUYUHATW MOPYLUEHHS perynsauii LnyHKOBOI
nepucTansTUKKA N (OYHKLA CTpaBOXigHWX CiHKTepiB [23,45,46].

3B’a30Kk Mix JIOP i3 nopyweHHamu BCC i moTopukoto
CTpaBOXoay AaB 3MOry AOCMAHMKAM Mif Yac CTPaBOXiaHOI Ma-
HOMETpii BUCOKOT po3AinbHoi 3aaTtHocTi (HREM) To4HO ouiHuTy
CTaH cchiHKTEpPa Ta (PYHKLt0 cTpaBoxoady. MNopyLLeHHs dyHKLii
CTPaBOXOAY BU3HAYEHO Y TPETMHI NaLlieHTiB i3 JTPP abo MEPX,
Y SKUX [OBEAEHO HAsBHICTb aHATOMIYHWX | MaHOMETPUYHUX
aHomanin [47,48).

Onwcytoun gpyruin eTionaToreHeTUYHNIA MexaHisM dopmy-
BaHHs JTOP nepudepuyHoi abo LeHTpanbHoI rinepceHcuTuaaLji
3 MigBMLLEHOK YYTNMBICTIO CrM30BUX OBOMOHOK i peanisaLieto
HepOHHO-0NocepeIKoBaHUX pednekcis, Cig roBopUTU Npo
Teopito e3oaroTpaxeobpoHxianbHMX pedinekcis. 3rigHo 3 Heto,
3aKVCHEHHS A1CTanbHOIO BiAAiNy CTPABOXOZY MOXE CTIPUYMHSTM
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cumToMokomnrekc JTOP yepes npsiMuia BNNWUB Ha BEPXHIO YacTu-
Hy CTPaBOXOy Ta rOPTaHOITIOTKOBI AiNsHKY abo onocepenkoBaHo
— LWAISIXOM CTUMYnsLi Briykatodoro Hepea Yepes Mikpoacnipavii
LUSTYHKOBOTO BMICTY Ha HVXKHIO YaCTVHY CTPaBOXOLY, 3amyCKatouy
BarycHui pecnekc [6,49].

MipTBEPMXEHO, WO CTpaBOXiaHe Ta BpoHXianbHe AepeBa
MatoTb CninbHe eMOpioHaNbHE NOXOMKEHHS], @ OT)XE MK HUMM €
CRINbHWIA BaryCHUI pedhnekTopHMI Wwisx. ToMy Teopis nonsrae
B TOMY, LU0 pedpritoKcaT CTUMYIMIOE AUCTanbHI XeMopeLenTopu
CN130BOi 0OOMOHKM CTPaBOXOAY, WO Y BiANOBiAb aKTMBYHOTb
MeziaTopu 3ananeHHsl, epepeHTHi HepBOBi 3aKiHYEHHS! BUBIMb-
HSItOTb CyOCTaHLito P, NOB’'A3aHNIA i3 reHOM KanbLMTOHIHY NenTug
Ta iHLi HerMponenTuau, BHACMIZOK LsOro pednekc brykaodoro
HepBa 3yMOBIOE N03aCTPaBOXiAHi NposiBu. NokasaHo, Lo hop-
MyBaHHS! LiMX pedpnekcis BinOyBaeTbCs Y 3B'A3KY 3 «MOCUIEHUM»
CNpURHATTSM Bomto yepes nepudepuyHy Ta/abo LeHTpanbHy
rinepceHcuTm3aLito [6,50]. Ak oguH 3 T MexaHiamiB BU3Ha4atoTb
aKTWBAL0 YYTMBKX HEPBIB XiMiYHUMU pevoBMHaMu. [JoBeseHo
ponb peuentopis TRPV1, TRPA1, TRPV4, P2X3, 1o 3any4eHi
[0 nepudepuyHoi Ta LieHTparbHOI CEHCOPHOI nepegdadi, ix
BBaXatoTb KIHOYOBUMU B PO3BUTKY KalLMbOBOFO 1 ropTaHoro
rineppedonekcis [51,52). MokasaHo Takox, Lo 6rnokatopn P2X3
3Ha4HO 3MEHLLYKOTb YacTOTy HanagiB y nauieHTiB i3 pedpak-
TEPHUM KaLLeM, | TOMY AL BUCHOBKY NPO CEHCOPHE MOXO-
[PKEHHS| CUMNTOMIB.

OTxKe, XpOHiUHWUIA CUMMTOMOKOMMIIEKC ckapr npu JIOP MoxHa
BW3HAYMTU SIK MEBHOK Mipoto NepebinbLueHy 3axu1CHy peakwito
Cnn30BOi 0OOMOHKM TNOTKM Ta ropna, Ha BigMiHy Big 3BWYaii-
HOrO rOCTPOTO KaLuUIto, SIKMIA caMm No cobi € OAHUM i3 rONOBHMX
3aXUCHWX pedriekciB AuxarnbHUX WsXis, WO CNPsAMOBaHWA Ha
3anobiraHHs BMMBY LUKIANMBWX areHTiB Ha CriM3oBy ODOMOHKY.
Y pasi nogpasHeHb, Lo TPMBAKTb AOBrO Ta HAAMIPHO, BUHWKAE
MOPYLUEHHS perynsuii, 3anyckaeTbCs He TiMbK1 KallfbOBUI
pednekc, ane 1 BinbyBa€eTbCS aHOMarbHa aKTVBaLlist KOMMIEKCY
3axXMUCHUX NapuHrodapuHreanbHUX pedorekcis, SK-0T 3aKpUTTS
ropTaHi, napuHrocnasm, anHoe, pedinekc Buauxy ta pedrexc
KOBTaHHS, L0 3HA4YHO OOTSIKYE CTaH MaujeHTa Ta yCKNagHe
nepebir xsopobu [53].

HaykoBLji HaronoLLYHTb, LLIO HEraTUBHI HaB'SI3MMBI CUMMTOMM,
LWo obTsKyTh Nepebir xBopobu y naujieHTi i3 JIOP, rpyHTy-
t0TbCS B TOMY YMCTIi i Ha (Di3iONOrYHMX 3aXMCHUX pedorekcax,
SKi 32 HOPMaIbHUX YMOB Yepe3 NoApasHEHHs! CEHCUTU30BaHNX
HEPBOBYX PELLENTOPIB IMOTKM KUCIIMMU PEYOBUHAMM 3anyCKaK0Th
TEPMIHOBI 3aXMCHI MexXaHi3M1 Ha 3aKpuTTa ropTaHi (pednekc
afnyKTopa), KaLwsoBuin pedpnekc, GpoHXocnaam, rinepcexpeLio
Cn3y, M MOBINbHE KOBTaHHs [25]. Came Ha MiacTaBi X faHnx
MOSICHIOIOTb JOBOMi YaCTWIA CUMMTOMOKOMIIEKC KALLIKO Ta NpoYm-
LLIEHHS ropra N5 3MeHLUEeHHs AMckoMdopTy B navieHTiB i3 JIOP.
OpHak Ui Aii, WO TpUBaoTb OBMO Ta CTalOTb CTEPEOTUNHUMM,
MOCUIIOKTL HABPSK | MOLUKOMKEHHS crn3oBoi obonoHku. Lle
MPY3BOAUTbL O CEHCOPHUX MOPYLLEHb, 3amnyckae NopPoYHe KOro
XPOHIYHMX CKapr, NoB's3aHuX i3 JIOP, cnpuunHsie opmyBaHHs
napuHroapuHrearnsHOi CEHCOMOTOPHOT ANCHYHKLI.

M’s130BWiI NepeHaBaHTaXyBanbHWUIA NAaTOreHETUYHNIA Ba-
piaHT dpopmyBaHHs JIOP cnpuumnHeHnit kinbkoma daktopamu:
HagMIpHUM TPWUBAIMM HaBAHTAKEHHSIM, LLIO 4aCTo NOB'A3aHe 3
npochecinHolo AiSnbHICTIO (CniBakuW, NeKTopK, BYATENI TOLLO), Ta

MeXaHiYHUM 3BY)XEHHSIM MPOCBITY CTPABOXOAY abo NOPYLUEHHSIM
1ioro penakcadi, sii oB’si3aHi 3 ranbMyBaHHSIM KOBTaHHS (SIK-OT
Mpw riNOMOTUNBHOCTI CTPABOXOAY, — HanNpuknaz, Npu axanasii,
cknepoaepmii abo igionaTuyHin HeedheKTUBHIN nepucTansTuL),
Lo nocnabnoe ouncHy yHKLito ctpasoxopy [47,48,54,55].
[MpunyckaroTb, LLO Lii po3naam NoB’'s3aHi 3 rineptpodieto Ta rinep-
CKOPOTIMBICTIO [MaaK1X M'A3iB, sika BUHUKAE Lie [0 0BCTpyKLji
Ta 3yMOBMIEHA MEXaHIYHUM HaBaHTaXEHHAM Ha HuX. MexaHo-
CTPEeCcOoBaHi rMajKi M’'s3v BUBINbHAKTb LIMTOKIHM Ta iHLLi MOMeKy-
nW, WO MOXYTb 3any4yaty Ta MiKponokasidyBaTth Ty4Hi KniTWHW
[0 NyYKiB rnagkux M’s3iB, i iXHi NPOAYKTW NOTEHLHOOTh At OAMH
oaHoro. [litouv napakpuHHO, Npo3anasibHi MegiaTopy Ta LUTOKIHM
iHOYKYIOTb FEHETWUYHI Ta enireHeTUYHI 3MiHW B rNajkux M'a3ax, Lo
MpW3BOAUTL A0 riNePCKOPOTIMBOCTI, FiNepTpodii Ta NOpPYLLEHHS!
penakcadii [56,57]. Y npaui J. R. Lechien et al. onucaHo nowu-
peHicTb 03Hak JIOP cepep cnisakis: 18,1-73,4 % B 06CTEXEHNX
©es ckapr, 18,1-73,4 % cepeg TUX, XTO MaB CKapri Ha AMCCHOHIto,
KaLuenb, amckomaopT («knyGok») y ropni Towwo [58].

[inOTOHIYHO-riNOTPOMIYHMIA BapiaHT hopmyBaHHS JIOP
MOB'SA3AHNIA 3i 3HIMKEHHSIM TOHYCY Ta CKOPOT/IMBOI 3A4aTHOCTI
M'S13iB CTPABOXOAY SIK HACMiBOK CUCTEMHUX abo MeTaboniuHmx
3aXBOPIOBaHb, L0 CNPUYMHSIIOTL AereHepaLito abo gyHKuio-
HanbHy cnabkicTb M'I30BIX BOSIOKOH, 30KpeMa Mpu MiacTeHii,
3anisogediunTHin aHeMii, xBopobi KyLLnHra Ta iHLKX NaTonorisx,
SIKi acoLLiioBaHi 3 rinoTpogietd M’I30B0T TKAHWHM.

IMyHHe 3ananeHHs BU3HaYatoTb K BEXKIMBY MPUYMHY CTPUK-
Typ CTPaBOXo4y, rinepceHcuTesaLlii crm3oBoi 000MoHkKM Ta BTpaTy
ranbMIBHOI HeMpoTpaHCMicii. Kpim TpaguuinHoi napagurMm npsi-
MO0 XiMi4HOrO BIMBY LLIMYHKOBOTO BMICTY Ha CIIM30BY 0BOMOHKY
AW npwn JIOP, BMBYaKOTL KOHLENLit0 iMyHONOriYHOI BiANOBIAi.
BoHa nonsrae B Tomy, L0 pedbriiokc-e30dariT BUHIKae He Yepes
MOLUKOZKYBASbHY Ait0 KMCMOTU Ta PEPMEHTY, a came vepes
LIMTOKIH-oMocepeaKoBaHe 3ananeHHs, e nimdgouutapHa iHins-
Tpauis B Niacnmn3oBiin 0BonoHL BiaOyBaeTbCA 3HAYHO paHille,
HiX epo3is NOBEpXHEBMX eniTenianbHUX KNiTWH. Lie BU3HavaoTb
AK NOYaTKOBY MOZit0 Ta NEPBUHHUIA MEXaHI3M, i KMOYOBUMM Npu
ubomy € curHanbHuin wnsx NLRP3/IL-1B Ta dakTop-2 anba
(HIF-2a), ingykoBaHi rinokcieto [59]. LLlogo imyHonoriyHmx acnek-
TiB BNAMBY, TO HUHI NiATBEPIKEHO NOPYLUEHHS perynsaLii iMyHHOT
cucTemy cnm3oBoi 06onoHkK BepxHix [LU y Bignosige Ha NTOP.
3MiHW Gap’epHoi dyHKLi crn3oBoi 060M10HKM, iHdinsTpaLio CD8*
T-knitvHamu, aktveauito knitH CD1d/NKT i BUCOKY eKcrpecito
TNF-a, IL-6 Ta IL-8 B13Ha4atoTb Npy 3ananbHWUX npouecax, Lo
cnpuunHeni JIOP [60].

Pedntokc 6e3nivi ractpogyoneHansbHUX hepmMeHTiB npu-
3BOANTH LUE M [0 iCTOTHUX 3MiH MikpoBiomy BepxHix ALU. Tak,
Mikpochnopa nauieHTis i3 JIOP icTOTHO Bifpi3HAETLCA Bif Takol y
300poBYX Ntoged. 3rigHo 3 pesynsratamu gocnimkenHs H. Chen
etal. mikpobioTy gocnigHoi rpynm ctaHosunn Streptococcus, Pre-
votella, Haemophilus, Neisseria, Actinobacillus, Fusobacterium
Ta Porphyromonas [61]. B iHLIOMY KniHIYHOMY CMOCTEPEXEHHI,
LLIO 34 ACHEHO 3a Y4aCTHo AiTen AOLKINBHOrO BiKy 3 Ha30(hapyH-
reanbHUMn nposisamn MEPX, koHTamiHaLjto cr3oBux 060MOHOK
3iBy Ta HoOcy Mikpodpriopoto BusiBneHo y 95,5 % Bunagkis i3
npesantoBaHHsM Haemophilus influenzae. ba GinbLue, y 63,6 %
AiTen uiei rpynu BuciBany GinbLue HiX ABa MIKPOOPraHi3mu, Lo
MOXe CBiJYUTW NPO iCTOTHE NOPYLUEHHS CTaHy KOMOHi3aLinHoi
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Puc. 2. Cxema eTionatoreHeTMYHUX KOMNOHEHTIB GOpMyBaHHS XpOHiYHOro ADP.

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

HaBepeHi Ha puc. 1 4OTMPU MMOBIPHUX BapiaHTX MOLLKO-
[PKEHHS ONMCYHOTb TiNlbkW MEXaHi3mMm anstepallii, 663 NoSCHEHHS
MPWYKMH XPOHi3awii npouecy, sSKkuin BnacHe 1 ropmye cknagHy
naToreHeTUYHy MaTtpuuo XxBopobu, pisHoi 3a ceHoTUnoMm, 3
YHiKanbHUMK KOopakTopamu CXunbHOCTI. HacTynHe aetanbHe
pocnigxeHHs eTionatoreHesy JIOP gano amory okpecnuTu wi-
PLUY KOHLENLtO 11010 hopMyBaHHS, LLO AOLINbHO PO3rMsaaTh Sk
KOMBiHaLit0 Pi3HMX YMHHKIB, Siki 6e3n0cepenHbO MOLLKOMKYOTL
crmaoBy obononky [LU, HepBoBy (aBTOHOMHY) AMCPETYMAL0
3 rymopanbsHo-meTaboniyHumm 3cyBamn Ha hoHi acouiaLlii 3
HECTIPUATIIMBAMW YWHHUKaMK (roniMopdiam reHis, Bik, CTaTb,
LUKIZMBI 3BMYKM TOLLO) (puc. 2).

HuHi nigTBEpmXEHO B3aemogito BaraToakTopHUX nato-
cpisionoriyHmnx mMexaHiamis, Wo 6epyTb yyacTb y PopMyBaHHi
(PYHKLOHaAMBHMX LLIMYHKOBO-KULLKOBX PO3nagis, 3okpema i JIOP.
Pumcbkuin koHceHcyc 1V, onybnikoBaHuii y TpasHi 2016 poky,
BW3HAYMB iX SK rpyny pos3nagiB, kKnacuikoBaHux 3a LUYyHKO-
BO-KVLLKOBUMY CUMMTOMaMM, LIO NOB'A3aHi 3 Byab-AKoK KOM-
BiHaui€eto nopyLLleHb MOTOPUKY, BiCLepanbHOi rinepyyTnmBoCTi,
3MiHeHOi (yHKLUii cnn3oBoi 060NOHKK Ta IMYHHOI cucTemu,
KuLKOBOI MikpobioTu Ta/abo 06pobkm iHthopmaLii LEHTpanbHO
HEePBOBOIO CUCTEMOI. BaxnmBmM CTano BUOKPEMITEHHS po3ainy
3 «bioncyxocouianbHUMK acnekTamu (yHKLiOHanbHYX po3nagis
LUMYHKOBO-KULLKOBOIO TpakTy» [63].

Beaxatotb, wo WKT iHHEpBYETHCS BHYTPILLHBOK (€HTe-
parnbHOI0) KWLIKOBOK HEPBOBOK CMCTEMOIO Ta 30BHILLUHBOK
BEreTaT!BHOK (aBTOHOMHOK) HEPBOBOKO CMCTEMOH). Xo4a Ans
yHkuin LUKT xapakTepHUM € iCTOTHUIN aBTOMaTu3M, Koopau-
HOBaHW eHTepanbHOK HEPBOBOK CUCTEMOI, LieHTparnbHa
HepBOBa cucTeMa 3abe3nedye 30BHILLHI HEMPOHHI BXoaM, B3a-

EMO/LiI0YM 3 EHTEPANBHOK Yepes3 BereTaTuBHy iHHepBaLlito Ans
perynoBaHHs, MoaynsLii Ta KoHTponto doyHKuiv LLUKT. OucdyHkuii
napacuMnaTYHOI, CUMNATUYHOI HepBOBOI cucTeM abo 0box
pasoM 3yMOBIIIOIOTb MOPYLLEHHS KOMYHIKALLT MK KULLEYHUKOM
i MO3KOM, i Lie MOXe CpUYUHUTI (PYHKLOHanNbHI posnaau, 30-
kpema i JIOP [64,65].

CninbHa BarycHa iHHepBaLis ctpaeoxogy Ta [LL, koHsep-
reHuis napacuMnaTuyHUX aepeHTHUX LWSXiB y cToBOypi
MO3Ky 3a0€e3MedytoTb MexaHiam, Yepe3 Sk pedorTioKCHI SBMLLA,
0OMeXeHi CTPaBOXOZOM, MOXYTb ClIPUYUHATY Taki peakLii AL,
sk OpoHxocnasm i kawwenb. OTxe, CydyacHa KOHLENLs narore-
Hedy JIOP ctae cknagHoto i 6aratorpaHHo. BeaxatoTb, L0
LieHTparibHa Ta nepugepuyHa CEHCUTU3aLLS HEPBOBOI CUCTEMU
Mae BUpiLLIarbHE 3HaYEHHS NS XPOHisaLlii npoLiecy, i NOpyLIEHHS
OMpaLOBaHHS CUrHaniB NPU3BOAUTL A0 MOCUIEHOTO CIPUAHSATTS
pedntokcHMX noain. MNeyuxonorivHi (akTopu, SK-0T TpMBora Ta
CTPEC, NOCUSTIOIOTb CIPUNHATTS CUMNTOMIB | TICHO NOB'A3aHi 3
noYaTkoM i nepcucTyBaHHAM JTOP, ockinbky hopMyeTHCS BULLMIA
piBeHb BicLiepanbHOI rinepyyTnMBOCTI, TPUBOMM Ta Aenpecii npu
€HOOCKOMIYHO HeraTBHUX heHoTUnax pedntokey [66,67].

Y pesynbrati eKCrnepuMeHTarnbHIX JOCTiQKeHb NaTtoreHesy
BNnMBiB cTpecy Ha dyHkuji LUKT noBeneHo: BinbyBaeTbCs He
TiNbKy 3MiHa 6anaHcy BereTaTMBHOI perynsuji, ane 6esnocepes-
He 30iMbLUEHHS MPOHMKHOCTI CM30BOI ODOMOHKM CTPaBOXOAY.
BursiBnieHo 38’A30K Mix CTPECOM i BNAMBOM KUCTIOTHOIO NENCUHY
Ha cnm3oBy 060MOHKY BepxHix AL, wo 3ymoBntoe nigsuLleHy
MPOHUKHICTb i POSLLMPEHHS MiXKNITUHHWX NpocTOpiB [68].

CeHcopHy iHHepBaLito €n130B0i 0BOMOHKM CTpaBOXoay
3abe3neyytoTb i Brykaroui, i cniHanbHi WsXu; CIMHHOMO3KOBI
aepEHTHI HEPBM BU3HAYEHO SIK KPUTUYHO BaXIWBI NS HOLM-
Lienuii y BiANoBiAb Ha KUCMOTHUIA pedpntoKe Ta ceHeubinisalio,
CNpWYMHEHY 3ananeHHsM. Bigomo, Wwo BarycHi adepeHTHi 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, ki nexaTb B OCHOBI Liiei ceHcubiniaa-
Ui, HUHI BUBYAIOTb; NPUMYCKAKTb, O HENPOIMYHHI MeXaHi3mMu
BiZirpatoTb BaXIMBY POrib, SK i iHWi BicLepanbHi 60mnboBi cTa-
Hu [71,72,73]. Omxe, MEPX i [IOP nos’a3ytoTb 3 aBTOHOMHOK
(BereTaTuBHO) AMCAYHKLIEID, Ky MOXHA ineHTUikyBaTh 3a
[OMOMOTOK MOHITOPUHTY BapiabenbHOCTI CepLeBoro putmy Ta
NiKyBaTK, BiJHOBIOKMY BETETATUBHY ANCDYHKLO 3a JONOMOro0
Heipomogynsauii [74].

Lopo HecnpuATAMBKX hakTopiB, SKi B pisHUX BapiaHTax
koMOiHytOTbCS Y navlieHTis i3 JIOP, BapTo npoaHaniaysaTi Handac-
TiLLi 3 HKX, SIKi 3HAYHO OOTSKYHOT 1oro nepedir. Tak, 3a AaHMMK
Baratbox gocnigHukis, TEPX / JIOP yacrille 3yMOBMEHi HU3KO
thakTopiB, nogekonm — kombiHaLjieto akTopis, ane i3onboBaHO
BOHW HE MOXYTb CTaTl OCHOBHWUM ETIONOMYHUM YUHHUKOM XpO-
Hisauii Hosonorii [20,49,75].

[oBeneHo, WO reHeTUyHi hakTopu BidirpaTb BaxXIUBY
ponb y possutky MEPX i JIOP, ixHix cumnTomiB Ta ycknagHeHb
(cTpaBoxig bappetTa, ageHokapuMHOMa CTpaBoxoay); 3a OujiH-
Kamu, cnagkoBicTb cTaHoBUTb 31-43 %. BusiBNEHO YnCneHHi
reHeTnyHi nokycu, 3okpema FOXF1, MHC, CCND1 Ta iHLi, wo
acouirTbes 3 MiasuLLeHUM pusnkom MEPX. BusHayeHo Takox
CNiNbHi reHeTUYHi MexaHismu ans FEPX i meTabonivyHoro cuH-
Zpomy, 30kpeMa BnnvBs noniMopdiamis rs 10419226, rs2687201,
rs10852151 ta rs520525, Lo nigTBEpmXye NonireHHy npupogy
3axBOpKOBaHHS [75,76]. BcTaHoBNEHO, WO NofiMOpgiaM reHa
CYP2C19 RM (wauaki metabonizatopy) Ta UM (ynsTpalusuaki
MeTabonisaTopu) 3yMOBMHE 3HWKEHHS YyTnmBocTi fo MM i e
(hakTopoM CxunbHOCTI A0 pedhpaktepHoi [EPX. Y Takvx navieHTis
BI3HAYaloTb BinbLL BUpaxeHe 3anarneHHs Crim3oBoi 060MOHKM
CTpaBoxoay M eHOO0CKOMIYHO, i FICTONONYHO, @ TaKOoX YacTilumm
€ TiNoTOHIYHMA 6a3anbHuin Tuck HCC, wo notpebye iHavBinyans-
HOro nigxopy 3 ouiHBaHHAM A03yBaHHs IMM1, Lo opieHToBaHMI
Ha reHotun CYP2C19, sk cTaHgapTy nikyBaHHs [77].

BiaminnocTi JIOP i FTEPX 3anexHo Big cTaTi nauieHTiB
MOB’AA3aHi 3i 3MIHHOK PeaKTUBHICTIO eniTenito CTpaBoxody [0
racTpodyoAeHarnbHoro BMICTY, BNMBOM FOPMOHIB i 3anexarb Bif
isionoriyHnx 0cobnmBoCTEN opraHismy. Bigomo, Lo ecTporeH,
AKWIA perynioe cekpelito wapy bikapboHary (HCO,’) cnusosol
000MOHKM LLMYHKA, BiAirpae KIo4oBy porb Y MigTPUMLI LiniCHO-
CTi LLNYHKOBO-KWLLKOBOrO eniTenianbHoro bap’epa, 3MEeHLLEHHI
3anarnbHKX peakwii i 3MiLHeHHi ¢hisionoriyHmx 6ap’epiB. Bigo-
MO, LU0 B XIHOK YacTille BW3HAYaloTb Mevilo, perypritauio Ta
N03acTPaBOXiAHI CUMMTOMM, SKi CUSbHILLE BNNWMBAKOTL Ha SKICTb
xutTa [78,79]. KniHiuHo rpuxy CTpaBOXigHOMO OTBOPY YacTille
BUSIBMAIOTb Y XIHOK, 8 BUpa3koBa XBopoba, 3ananeHHs LuyHka
4n ABaHaAUATMNANOI KMLLKY, iHdbekuis Helicobacter pylori BinbLu
noLumpeHi cepeq vosnosikis [80].

NTOP piarHocTyI0Tb Y NALIEHTIB YCix BIKOBWX rpyn, ane 1oro
YyacToTa Ta NposiBY 3MIHIOKTLCS 3aMeXHO 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 FOPU3OHTaNbHUM MONOXKEHHSAM
Tina, WO npu3BoauTb A0 pedritokey Ta 3puryBaHHs [63,81]. Y
fopocnux JIOP 3a3Buyan acouitoeTbes 3 TakuMm dhakTopamm,

K OXMPIHHS, CTPEC, KYPIHHSA, aHAaTOMi4Hi aHOManii Ta pO3BUTKOM
rpwi cTpaBoxiaHoro oteopy Aiadpparmu [20,42,78,82]. KinbkicTb
eni3oAiB rinogapuHreansHOro NPOKCUMAnsHONO Ta AUCTanbHOro
K1CIMOTHOTO pedoriokCy CTPaBOXoAy 3HauHo GinbLua B 0cib noxu-
noro BiKY, OCKiNbKM Yy CTapLuomy Billi pusuk JTOP nigeuiyeTbes
yepes ocrnabneHHss TOHyCy M'Si3iB CTPABOXOAY, 3MiHU B MO0
CTPYKTYPI, CynyTHi 3aXBOPIOBaHHs Ta 306iMbLLUEHHS AIMOBIPHOCTI
BUHWKHEHHS yCKnaaHeHb [24,83]. Tomy Bik € BXKMMBUM YUHHK-
KoM, sikviA cnig BpaTu Jo yBarw nig vac giarHocTuku JIOP i Bubopy
niKyBanbHOI TaKTHKK.

KypiHHS TIOTIOHY Ta BXWBAHHS arkoronio — BaXNuBi He-
cnpusTIuBI Ta 00TsKYBanbHi hakTopy po3suTKy JTOP, ockinbku
BNNMBaloTb Ha yHKUioHyBaHHS HCC i MOTOPHY (byHKLiO
LUKT. [doBeneHo, WO KYPiHHSA CTIPUUMHSIE 3HKEHHS M'SI30BOTO
ToHycy HCC yepes BriokyBaHHs xoniHepriyH1x peLenTopiB Hiko-
TMHOM i po3cnabneHHs MOro KPYroBrX M'SI30BMX BOIOKOH. Kpim
TOrO, KYPiHHS 3MEHLLYE CekpeLito CnvHm, Gararoi GikapboHaTamu,
LLIO B CTPABOXOZi € KITHOUYOBMM YMHHIKOM HelTpaniallii Ta oun-
LLIEHHS Bif KUCIOTU. BXMBaHHS arnkororio, SiK i KypiHHs1, 3HKYE
Tuck HCC y cTaHi cnokoto, nopyLye epeKTUBHICTb nepucTasb-
TUKU CTPaBOXOZY, CTUMYITIOE CEKPELLito LLMYHKOBOI KUCMOTU Ta
YWMHUTB MPAMUIA YLLKOMKYBANbHWA BMAMB Ha Crin3oBy 060MOHKY
CTPaBOXOLY, 3yMOBITIOOUM KACIIOTHE YPXKEHHS Ta MOCUIHOKUM
pecntoke [81].

NOP moxe 6yTn onocepeakoBaHO CNPUYMHEHNIA YK ocune-
HWIA NEBHUMM MIKApPCbKUMI 3aC00aMM — YepEe3 HKEHHS TOHYCY
HCC, Bniv“B Ha MOTOPWKY TPaBHOTO TPakTy abo MOCUIEHHS
cekpeLii LWnyHKoBoI kucnoTu. [lo Takux npenapariB Hanexarb
aHTUXoniHepriyHi 3acobm, 6eHaoaiaseniHy, KanbLIEBi aHTArOHICTK,
HeCTepoiaHi NpoTM3ananbHi 3acobu, omioian Ta ropMOHarbHi
npenapaTtyt Ha OCHOBI NPOrecTepoHy. [MpUAMaHHS! LyX NikiB MOXe
noripwysatyt cumntomn JIOP, migBuLLyoum pusnk pediiokey
LUYHKOBOTO BMICTY. Lle Baxnu1BO BpaxoByBaTy, OLHIOIYM NO-
TEHLIiHWA BNMB NPU3HAYEHNX MEAVKaMEHTIB, | 38 He0OXiaHOCTi
KopuryBaTty Tepanito.

[lieta Ta xap4oBi 3BUYKY BiZirparoTb BaXKMMBY posib y natore-
Hesi TEPX i JIOP. Tak, cnoxusaHHS 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 i Ta NepeiaaHHa MOXYTb
CMPUYMHATM TpaH3WTOpHe po3cnabneHHs HCC, Bnnveatu Ha
pH wryHka 1 nocunioBat cuMnToMK pedntokey. Hagite 6e3
thapmakonoriyHux BTpydaHb MogudikaLis 4i€Tu Ta XapyoBux
3BUYOK, AOTPUMAHHS HU3bKOKUCITOTHOI AIE€TU, YHUKHEHHS BXM-
BaHH FODMAP, rasoBaHux HanoiB, LWTPYCOBWX i NPOAYKTIB
i3 BUCOKMM BMICTOM XMPY MOXYTb CTIPUSTU 3HIKEHHIO PU3NKY
i 3MEHLUEHHIO CMNTOMIB Yy nauieHTis i3 JIOP abo y xBopux,
peancteHTHMX o IMM. Omxe, moaundikauia gieTv i xapuoBux
3BMYOK € OHUM i3 KMIOYOBMX KOMMOHEHTIB Y NpodhinakTuui Ta
nikyBaHHi JIOP [84].

OxwpiHHA Ta HagMipHa Maca Tina — BaXJnBi dhaktopy popmy-
BaHHsl Ta nporpecyBanHst JIOP i TEPX. HalHoilwi focnimkeHHs
Janu nigcrasy 3poOUTY BUCHOBOK, LLO OXVPIHHS € HE3aNEXHUM
(hakToOpOM pU3MKY, | IMOBIPHICTb PO3BUTKY 3aXBOPHOBAHHS 3pO-
cTae 3i 3binbLieHHsM iHgekcy mMacu Tina [20,42,85,86,87,88].
Mauientn 3 JIOP Ta 0XMpiHHAM YacTille MatoTb TshKKUiA nepebir
3axBOptoBaHHst 3 GinbLuoto yacTkot MEPX i kucrnotHoi dhopmm
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JIOP, wo moxe notpebysatu iHTeHcuBHoi Tepanii M. Matodi-
3i0M0riYHi MEXaHi3Mu, LU0 MOSICHIOKTL 3B'SI30K MiXX HagMiPHOH
macoto Tina, JIOP i FEPX; cynepeunusi, ane HainoLLMpeHiLLoto
€ MexaHivHa rinotesa: BicLiepasibHe OXWPIHHSA Ta HOCIHHS TICHOMO
oasry (3okpema, NOsICHOTO PEMEHST) CIPUUMHSIOTh MiABULLEHHS
BHYTPILUHLOYEPEBHOTO Ta BHYTPILLUHBOLLITYHKOBOTO TUCKY. Lle nig-
BULLIYE PU3NK PO3BUTKY FpUXi CTPABOXIZHOMO OTBOPY Aiachparmu
Ta nposiBy MEPX. IHLWi rinoTean noB’s3aHi 3i 30inbLLEHHSM YacToTy
i TpuBanocTi cnoHTaHHKX penakcauin HCC y nauieHTis i3 Hag-
MipPHOI0 Macoto Tina, a Moro HU3bKWIA TOHYC Pa3oM i3 MOTOPHOH
BUCEYHKLIEIO LLINYHKa MOXYTb OyTI NOB’A3aHi 3 AnUCperynsLieto
ABTOHOMHOI HEPBOBOI CUCTEMM.

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

JIOP Takox Moxe ByTy NOB'A3aHNN i3 PI3HAMM MELNYHUMN
CTaHamu Ta MOBEAIHKOBUMMW pakTopamu, SIK-OT CUHLPOMOM
3onniHrepa—EnnicoHa (xapakTepu3yeTbcsl HaMIpHOK cekpe-
LIIEH LLMYHKOBOI KMCMOTW BHACTIIZOK riNepnpoayKuii racTpuny),
po3nafamu CrosyqHoi TKaHUHK (MOXYTb nocrabniosatit M'sa3u
CTPaBOXOAY, HaNPVIKMag, NPy CKIepoaepMii), XiaTarbHOK IPUKeEH0
(konu BepxHs YacTWHa LUMyHKa BUCTYMae Yepes Aiadparmy B
TPYAHY NOPOXHWHY), MOMOXEHHAM Tina (nepebyBaHHs B ropu-
30HTarIbHOMY NONOXeEHHI NICNS iA1 MOXe CIPUYMHSATY PECIIOKC
yepes 3HmkeHHs ToHycy HCC) Towwo [90].

OTxe, poci Hemae 30M10TOr0 AiarHOCTUYHOMO CTaHZapTy
ANs nigTBepaKeHHa po3suTky JIOP abo uitkoi amdepeHuiauii
110ro Bif iHLUMX NPUYUH pecripaTopHUX CUMMTOMIB. HalvacTiwe
OCHOBOK CYYaCHOrO [iarHOCTUYHOMO MPOLECY 3anmLIaeTbes
BUSIBMNEHHS XapaKTepPHUX KMiHIYHUX O3HaK Ta emMnipuyHe [o-
CiMKEHHS ePEeKTUBHOCTI aHTUPEFOKCHWX npenaparis. [oci
He C(HOPMOBAHO CTaHZAPTN30BaHi NPOTOKOMW AiarHOCTUKA UM
nikyBaHHS. PekomMeHA0BaHi AiarHOCTUYHI MigX0AM BKIOYaKTb
JyXe BENUKY KirbKiCTb HU3bKO- Ta BUCOKOIHBA3WBHUX METOAIB,
SIK-OT BU3HaY€eHHs! BikapboHaTiB CrinHK, hocdaty, HeopraHiuHMX
aHionis (CL-,NO,,NO,", SO,, SCN'), opraHi4yHIx aHioHiB (aLeTar,
ByTupar), piBHS NENCUHY B CIWHI, TAPUHIOCKOMIYHE JOCTIMKEHHS,
BaraTokaHanbHy BHYTPILLHEOMPOCBITHY iMnenaHcHy pH-meTpito
(HEMII-pH), MaHOMETPit0, 24-roauHHUIA MOHITOPUHT pedhrTtoKey Ta
BesnocepenHe BUMIpHOBaHHS pH, BU3HAYeHHS cknazly aepo3onto
PiOVH y rAOTLi 38 4ONOMOTOK MasioiHBa3MBHOTO 30HAA, aHKETY-
BaHHS, JOCTIKeHHs1 BapiabenbHOCTI CEpLIEBOrO pUTMY, aHania
iMyHOrpamu ToLo. BTiM, yBeCb Uit CKNagHWiA AiarHOCTUYHWIA
KOMMMEKC He AaE 3MOry YiTKO BCTAHOBMTM JjarHo3 Ta obparu
eeKTUBHUI KITiHIYHWIA NPOTOKON.

BiamiHHocTi choeHoTumnis JIOP, Lo BKNoYaroTh HeBepUdikoBaHi
XPOHIYHI CUMMTOMY ropna, A5 KNiHILMCTIB 3anuwaloTbes aune-
MOI0, OCKiflbKW Ha NpakTuui thaxiBLi MatoTb cnpasy 3 KMiHIYHOK
HEOHO3HAYHICTIO Ta HEYITKMM HanpsiMamm nikyBaHHs1. ETionoris
Ta narodisionoris JIPP, He3Baxaroum Ha NOrMMONEHHS 3HaHb MPO
el CTaH, K i paHille mMalTb HeBWpILLEeHi KniHiYHI kopensuii.
CyyacHi focnimKeHHs JacTille NonsipuaytoThb, a He 00’ EHYHOT,
a BMCHOBKM MOAEKoNW cynepevatb KNiHIYHUM TaKCOHOMIAM i
cneLiani3oBaHUM KOHLIENLISAM.

OTxe, 3a pesynsratamu aHaniay BidOMOCTEN HayKoBOI NiTe-
paTypu, HeLOCTaTHICTb 3HaHb NPO NaToreHe3 hopmyBaHHs JTOP,
YrMana KinbKicTb haKTopiB PU3MKY, Pi3HOMAHITHICTb CUMMTOMIB Ta
03HaK, 0OMEXEHICTb Cy4aCHUX [jarHOCTUYHUX METOLB i BIACYTHICTb
KnacudikaLlii Lboro cTaHy sk OKpeMOro 3aXBOPIOBaHHS 3anuLua-
t0TbCS1 OCHOBHO NPOGIEMOLO Mg Yac Po3pobneHHs MPUHLMNIB
10ro paHHBOI AiarHOCTMKK Ta nikyBaHHS. KniHiuHy gunemy JIOP
HWHI PO3rMAAaTb He TiNbKK B MEXax OKPEMOrO CUHAPOMY 3
BrIAaCHOK0 NaToi3ionorieto Ta yHikanbHUMM KNiHIYHUMI NposiBamMu
—y BiNbLIOCTI HAayKOBL|B CKMaAAETLCS KAPTUHA NaTOTEHETUHHUX
BapiaHTiB abo TMNoBMX (heHOTUNIB XBOPOOM, Y SKUX BiMbLL-MEHLL
noxibHi komGiHaji cumnTomiB (atunosa MEPX, acTMa, XpOHivHWiA
CUHOPOM Kalwunio y BepxHix [LU TOLO) CynpoBOmKYIOTLCS iHOA
JiameTpansHO pisHUMK pesyrnstatammu nabopaTopHUX Ta iHCTpY-
MeHTasbHUX 06CTEXeEHD, acoLliaLlisiMy 3 iHLLMMI 3aXBOPHOBAHHAMM
Ta GaratoakTopHUMM BioncnxocoLianbHUMIA BIIMBAMI.

BBaxaeMo, LU0 YiTKe PO3PI3HEHHS OKPEMMX MaTOrEHETUYHMX
BapiaHTiB JIOP, Lo MmaTuMyThb BUCOKOCNELMMIYHI MOPGONOrivHi,
CTPYKTYPHi, PYHKLOHAMbHI, GiOXiMiYHi, IHCTPYMEHTanbHI Ta ncu-
XOMETPUYHI XapaKTEPUCTUKK, CNIPUSATUME PO3POOIEHHIO HOBUX
iHTErpaTUBHUX Ta eEKTUBHUX hapMaKomnoriyHWX Migxoais Ao
niKyBaHHs, KpiM Linb0BOI Tepanii pedniokcy.

BucHoBKH

1. JIOP € oaHieto 3 HalicknagHiLLmX i coLianbHO HanakTyanb-
HilLMX Npobnem cyyacHoi MeauuuHW. 3HauHa BapiabenbHicTb
YMHHWKIB po3BUTKY JIOP He fae 3moru cdopMmyBaTi €QUHUIA
JiarHOCTUYHWIA anropuTM, @ CKMagHUii po3rany>KeHuii narore-
He3 0Br'pyHTOBYE [OLMBHICTb iHAMBIZYani3oBaHOro Migxogy 40
nporpamu nikyBaHHs.

2. Po3pi3HeHHs] OKpEMMX MaTOreHETUYHIX BapiaHTiB abo
TunoBux ceHotunia JIOP 3i cneumdiyHnmm knactepamm Mop-
bonoriyHMx, CTPYKTYPHUX, (YHKLIOHANBHMX, BIOXIMIYHKX, iH-
CTPYMEHTamNbHUX i NCUXOMETPUYHUX XapaKTEPUCTUK CIpUATIME
PO3pOONEHHI0 BUCOKOEEKTUBHIX IHTETPATUBHIX chapMaKoro-
MYHMX NigX0AIB 4O MiKyBaHHS.

MepcnekTMBM NOAAALLLMX AOCAIAKEHD NOMSFaloTh Y PO3pobL
anropuTMIB AiarHOCTWKM, WO I'PYHTYBATUMYTLCA Ha eHOTUMI
napwHrocbareanbHOro pedbniokCy Ta BpaxoByBaTUMYTh iHAW-
BigyarnbHi 0cObNMBOCTI NaLieHTiB (FEHETUYHI MapKkepu, CTaH
ABTOHOMHOI HEPBOBOI CUCTEMU Ta MOKA3HUKM KUCAOTHOTO i
HEKCNOTHOTO Pedhrtokey).
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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. KyukoBCcbkuii

linepTeH3BHI po3naay y BariTHUX — 0AHa 3 HalkaKTyanbHiLLMX NPO6neM Cy4acHOoro akyLwepcTBa, OCKINbKM BOHN
3anuLLIATLCS OHIE 3 NPOBIAHWX MPUYNH MATEPUHCBKOI Ta NepUHaTanbHOI 3aXBOPIOBAHOCTI 11 CMEPTHOCTI Y CBITi.
He3Baxatoun Ha BOOCKOHANEHHS AjarHOCTUKM Ta NikyBaHHS, ONTUMI3aLlito CKPUHIHIOBWX Nporpam, NOLUMPEHICTb
UMX CTaHiB 36inbLUYETHCS, WO 3YMOBMEHO COLianbHO-AemMorpadiyHumMmn 3MiHaMu, NigBULLEHHAM CEpPeaHbOro
BiKY BariTHUX, 3pOCTaHHAM MOLUMPEHOCTI OXWPIHHS, METaboNiYHOro CUHAPOMY Ta iHLIMX KOMOPBIAHNX CTaHIB.

Merta poboTu - npoaHanisyBaTm BiJOMOCTi Cy4acHOi HayKOBOI NiTepaTypy LLOAO NOLWMPEHOCTi KOPOTKOCTPOKO-
BMX i Bif4aneHux Hacniakis rinepTeH3nBHUX PO3NagiB y BariTHUX, 30Kpema Npeeknamcii, a Takox BU3HAYUTH
nepcnexkTUBHI HanPsiIMM NpOiNaKTVKX Ta NICSMNONOrOBOr0 CIOCTEPEKEHHS.

Martepianu i meToam. [Mowwyk mxepen 3aiicHeHo y 6asax 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-
TeMaTWyHi Ornsan, MeTaaHaniaun, KOropTHi JOCMIMmKEeHHS Ta KNiHIYHI pekomeHaaLii.

Pesyabtati. PO3rMsiHYTO OCHOBHI (DOPMYU riNepTEH3WBHOI MaTONOrii Mif 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 PU3VKY XPOHIYHOT apTepianbHoi rinepTeHsii, iLuemiyHoi XBopobu cepLst, iHCyLTY, CepLIEBOT HEAOCTATHOCTI,
MeTaboniyHUX i HEBPONOriYHMX po3nagis. Y AiTell, HaPOMKEHWX Bif TaKUX BariTHOCTEN, BCTAHOBNEHO BinbLuy
MIMOBIPHICTb BUHWKHEHHSI CEPLIEBO-CYAMHHOI NaTOoNorii, NopyLLeHb HEMPOPO3BMTKY Ta NCUXOEMOLINHOIO CTaHy.

BucHoBku. [iNepTeH3nBHI po3naay nig Yac BariTHOCTi aCOLIOI0TLCS 3 BUCOKUM PIBHEM YCKNAAHEHb Y KOPOTKO-
CTPOKOBIl Ta BigAaneHit nepcnekTuBi 4ns maTepi Ta AUTUHW. [icnsanonorose CNOCTEPEKEHHS!, PAHHE BUSIBIIEHHS!
PU3KIB, iH(OPMYBAHHS NALIEHTOK i MiXAUCLMNNIHAPHUIA NiAXi4 A0 NPOMINaKTUKN € KIOYOBUMM 15 3HUKEHHS
HeraTUBHUX 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, matemal 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 eMBpioHanbHOi MyXnuHY LeHTpanbHOT HEPBOBOI
cuctemun (LHC), wo He Bu3HaveHa ao iHwmx kateropiit (NOS), Ta HaBeCTw i KIO4YOBI NATOreHETNYHI 0COBMMBOCTI.

Martepianu i meToau. 3ailicHUNM PETPOCMEKTMBHWIA aHania BUNaaKy ayToncii NoMepnoi HeAOHOLLEHOT HOBOHA-
POIKEHOI ANTUHM XiHOYOI cTaTi 3 embpioHanbHot nyxnnHoto LIHC NOS. Matepian otpumaHo y BiggineHHi nato-
noriyHoi aHaTomii HaujoHanbHoi autayoi cnevianizoBaHoi nikapHi «Oxmataut» MO3 Ykpainu. MopdonoriyHni
AiarHo3 BCTAHOBMNEHO Ha MiACTaBi pe3ynbTaTiB Makpo- Ta MiKPOCKOMIYHOMO JOCHIMKEHHS.

Pe3syabtati. PeaynbstaTi ganu aMory 3p00uTui BUCHOBOK NP0 BHYTPILLHbOYTPOBOHE NOXOMKEHHSI eMOpPiOHaNbHOT
nyxnunm LIHC NOS i BusiBUTH xapakTepHi MopchonoriyHi 0cobnvBOCTi, LLO KOPEntooTb 3 arpecBHAM nepe-
6iromM NyXnWHHOTO NPOLECy (MHOXMHHI HEKPO3M, KPOBOBUIMBH, NCEBLOPO3ETKMA 3 HU3bKOANMDEPEHLNOBaHNX
kniTuH). MigTBEPOAXEHO OOUINBHICTL 3aCTOCYBaHHS MarHiTHO-pe30HaHCHOI ToMorpadii y cknagHux Bunagkax
npeHartanbHoi rigpovuedanii sk 3acoby YTOYHEHHS [iarHo3y Ta Ans BUSHAYEHHS HACTYMHOI TAaKTUKW BEAEHHS
BariTHOCTI.

BucHoBku. HaBeneHWI KNiHiYHWiA BUNaZoK aKLEHTYe Ha HeobXigHOCTI MixaucLumMnniHapHoro nigxoady Ao AiarHoc-
TUKI Ta NiKyBaHHs! HOBOHAPOMKEHNX 3 eMOpioHanbHUMK nyxmHamm LHC, a Takox CTBOPEHHS! NPOrHOCTAYHMX
mogenei nepebiry nonoris, KOMM AiarHOCTOBAHO LiK0 NaTosorito.

CyuacHi mepnuHi TexHoAorii. 2025. T. 17, Ne 3(66). C. 224-229
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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 c¢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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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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Meta po60oTh — MOKpaLLEHHs pe3ynbTaTiB nikyBaHHS AedeKTiB ckarnbna LUMSXOM BUKOPUCTaHHS TeXHoMorii
nepecagku Bonoccst metogom FUE 3 DHI.

Martepianv i metoau. NavlieHT Bikom 50 pokiB 3BepHyBCS 3i ckapramu Ha MynsTUcOKanbHY NICASONIKOBY anoneL;to
ckarnbna Ta niBoi 6poBu. BigHOBNEHHS! BONOCSHOTO NOKPUBY 34iNCHWNM, BUKOHABLLUM TPaHCMaHTaLjto Bonoces
metogom FUE (Follicular Unit Extraction) 3 DHI (Direct Hair Implantation). Mig yac ouiHtoBaHHs pesynsratis
BMKOPUCTaHO 00'EKTUBHWIA (BIBCOTOK MPUXMBMEHHS BONOCCS) | CyD'EKTUBHMIA (BUBHAYEHHS 3a,0BONEHOCTI NaLyi-
€HTa PesynsTaToM 3a LUKaroto CyMapHWX OLHOK — Lkanoto flaikepTa, Lo aganToBaHa BignoBigHO A0 3aBAaHb
[OCTIIXEHHS) KpUTEDIl.

Pe3yabtatn. KiHLeBWA pesynbTaT ouiHuny Yepesd 1 pik nicns nepecagku Bonoccst. MauieHT ouiHWB pesynbrat
AK MPUAHATHWA (4 Ganun). 3AiicHUNM NOBTOPHY CECil0 NepecapKku BOMOCCS B MPOMIXKM MiX BXe NPOpOCIvMu
rpadpTamu 4ns BOCATHEHHS PIBHOMIPHOTO eheKTy.

BucHoBku. [epecaaka Bonoccs Moxe GyTv OOUINbHOI0 ANS BifHOBMNEHHS BONOCSIHOTO MOKPUBY CKanbna, Komu
BMKOPWCTaHHS MiCLIEBIX KNanTiB | TKAHUHHOI eKCTeH3ii 0bMexeHe (MynbTidokanbHi pybLesi Ta nicnsonepaviiHi
anoneLji), a TakoX sk BTOpPUHHa npoLieaypa nicns OCHOBHOTO 3aKpUTTS fedeKTy HeBaCKyNApU30BaHNMM LLKIDHAMM
TpaHcnnaHTatamu abo guctaHuiHumm knantamu. MNepecaaka Bonoccst metogom FUE 3 DHI nae 3mory BigHoBUTH
MPUPOAHIN KyT | HANPSIMOK POCTY BOTOCCS HABITb Y CKNAAHUX 3 ECTETUYHOIO NOrNsAAY AiNsHKax (Ha nepeaHin niii
POCTY BOMOCCS, MakiBLi, 6poBax), a TakoX JOCAITY LiIbHOCTI POCTY BOMOCCS, LLO Maiixe iAeHTNYHa 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.

Modern medical technology. 2025;17(3): 230-234
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CyyacHa (HoBiTHS1) Xipyprist ckanbna copmyBanack Ha oc-
HOBI focsiay MNepLuoi Ta [pyroi CBITOBWX BiiAH, KOS MOPSATYHOK
XUTTS BB HanepLUM 3aBOaHHSAM, @ KOCMETUYHI acreKTU cTanm
JpyropsigHiMn abo B3arani He Gynu BaXIMBUMMU.

[poTAroM OCTaHHIX AeCATUPIY AeTani3auis 3HaHb LWomo
KpOBOMOCTaYaHHA MICLIEBMX KMamTiB, HAKOMUYeHHs JoCBigy B
€KCTEH3IT TKaHWH | PO3BUTOK TEXHIKM MIKPOCYAMHHOI Nepecaakm
CKMaAHUX KOMMIEKCIB TKAHWH iCTOTHO PO3LUMPUIW MOXITUBOCTI
MNACTUYHUX PEKOHCTPYKTUBHUX XipypriyHUX BTpyYaHb Ans 3a-
KpuTTS fedekTis ckanbna [1,2]. MNpoTe SKWOo paHille nparHynm
[0 BriacHe 3akpuTTs fedekTy, TO HUHi Bce GinbLUOro 3Ha4eHHs
HabyBae eCTETUYHMIA acmeKT PEKOHCTPYKLii, OCKINbKM 3aBASKM
BOIOCAHOMY NOKPUBY CKanbi HabyBae yHikanbHWX XxapakTepuc-
TUK, SIKi HE MpUTaMaHHi KOAHIN LI YacTuHi Tina [3].

OTxe xipypriyHe nikyBaHHs anoneLid, Lo BYUHWKAM BHACTIAOK
PEKOHCTPYKTMBHMX BTPYYaHb, 3anWLLaETbCs CknaaHot npobne-
MO0, SIKi CreLianicTv NPUAINsTbL OKPEMY yBary, OCKifbki BOHA
Ma€ CKMafHi Hacnigku — ecTeTuuHi 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

JocnimxeHHs 30iIRCHUNW, AOTPUMYIOYUCH NPUHLMMIB Tenb-
CiHCbKoT geknapaii (npotokon Ne 06/06/25 3acigaHHs koMicii 3
MeauyHoi eTuku [epkaBHoi ycTaHoBK «HauioHanbHWiA Hayko-
BWW LieHTp Xipyprii Ta TpaHcnnaxTonorii imeHi O. O. LWanimosa
HauioHanbHoi akagemii MeanyHmx Hayk Ykpaiuv Big 6 YepBHst
2025 poky).

MauieHT B. Bikom 50 pokiB 3BepHYBCS 3i Ckapramut Ha MyIb-
TUoKarbHy anoneLio BHACMIZOoK OMiky NonyM’saM i 3akpuTTs
JedekTiB ckanbna 3a AONOMOrOK MOBHOLLIAPOBMUX LUKIPHUX
TpaHCMIaHTaTIB, a TaKoX Yepes NOBHY BiACYTHICTb NiBOi OpoBY.
Mg vac ornsgy BM3HaYeHo, LLO AiNSHKM anonewii po3TaLloBaHi
Y Bi3yarnbHO NOMITHUX 30HaX — Ha NepPeHil NiHil pocTy Bonoccs,
TIM'SIHUX 30Hax, makiBLi. Ockinbky anonewis dyna Mynstugo-
KanbHOK Ta Mana cnewuudivyHy nokanisauito, iMnnaHTauis
eKkcnaHaepa He JouinbHa vyepes fediluT 300poBuX TKaHUH, SKi
LOCTYMHI ANs PO3TATHEHHS, @ NPOrHO30BaHUIA HaNPSIMOK pOCTY
BOMOCCA NPy NepeMILLIEHHi poTaLiiHMX KnanTiB 3MiH1BCS 6 Ginb-
LUe Hix Ha 45° | NpW3BIB JO ECTETUYHOTO «PO3PUBY» NEPEnHbOI
niHii pocTy BOMocest (puc. 1).

OOO0B'sA3KOBI YMOBW A/ NEPECAAKN BOMOCCA — «3pinnii»
HOpMOTpOiUHMIA pybeLlb, aBHICTIO HE MeHLUe Hix 1 pik, He
MeHLLE HiX 1 pik micns onepaTyBHOMO BTPYYaHHS!, 3af0BiNbHa
AKICTb TKaHWH (Be3 03HaK 3ananeHHs Ta AediunTy M'sKnx
TKaHuH). Mepecapaky Bonoccs BUkoHaHo MeTogoMm FUE. Mepen
npoLeayporo 3AiNCHUNM PO3MITKY LOHOPCHKOT 30HM, Y MexaXx sIKoT
Hazani Bunyyanu rpadpTi, Ta po3MITKy PEeLUMIEHTHOT AiNsHKN i3
3a3HaYeHHsIM HanpsiMKy pocTy BOMOCCS.

£k LLOHOPCbKi 30HW BUKOPUCTAHO MOTWUIMYHI Ta CKPOHEBI
LiNSHKN CYMDXHUX i3 anoneLjeto 30H, Siki NOBHICTIO BUCTpUra-
nm (puc. 2).

EkcTpakuito Bonoccst BUKOHaHO nip MicLileBUM 3HEDOMOBaH-
HAM po3yuHoM KnsiHa. Micns BunyyYeHHs onikynv iMnnaHTy-
Banm 6e3nocepeaHbO B 30HY «3pinnx» pybLiB i NOBHOLIAPOBKX
ayToaepMmoTpaHcnnaHTaris. 3a ofHy cecito nepecagxeHo 3200
rpacoTie. HeobxigHy KinbkicTb rpaciTiB BUSHAYMIK, KEPYHOUMCh
TUM, LLO NMPY BidyarbHOMY nigpaxyHKy B HOPMi B cepeaHbOMY B
1 cm? ckanbna KinbKiCTb BONOCSHIUX TPAHCMIAHTaTIB CTaHOBUTb
60-70 0anHMLb, a OTXe, 3@ YMOBY 3HUKEHOTO KPOBOMOCTaYaHHS
Ta NiABNLLEHOT KOPCTKOCTI TKAHWH YLLIKOIKEHWX 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 MPWKUBIEHHS KiNbKICTb rpadpTiB, NepecapkeHnx 3a
nepLunin ceaHc, Mae OyTu BABIYI MEHLLOIO, TOOTO B CEPEaHBOMY
30-35 rpachrie Ha 1 cm?. Kanibp rpadis craHosus 0,8 + 0,2 Mm.

3anexHo Bif NocTaBnNeHX 3aBaaHb PO3PI3HANM MOHOGONI-
KynsipHi (0o cknagy BxoguTtb 1 dhonikyn) Ta nonichonikynspHi (2
i GinbLue chonikynis) rpadty (puc. 3).

[ns BigHOBMEHHS MPYPOAHOIO BOMIOCSHOIO MOKPUBY CKasbra
TIM’SIHVX | MOTUMMYHUX 30H BUKOPUCTAHO NMONichoniKysipHi rpadhTy
A1 MaKCUMarbHOI ryCTOTU. Y 30Hax CKpOHb 11 0cobnneo Ha
nepeaHin Niii pocTy Bonoccs, 6poBax, e Bonoccs ¢isionorivHo
TOHLUE Ta poCTe Mo 0AHOMY hOriKyry, BUKOPUCTaHO MOHOGOMi-
KynsipHi rpadotyt.

IMnnaHTauito rpadis 3aiicHuny 3a Metogukoto DHI (direct
hair implantation), sactocysasium pyyky Choi. Mig yac imnnan-
Tauii 4OTPUMYBanNMCb PO3MITKM ANS BiGHOBNEHHS MPUPOSHOIO

KyTa Ta HanpsiMKy pocTy Bonioccst. Lie 0cobnmBo BaXsMBO B 30Hi
MaKiBKM, [1e BOMOCCS 3MIHIOE HaNpsIMOK POCTy — No cripani Ha
360° (puc. 4).

Y naujeHTa BUKOPUCTAHO TEXHIKy Nepecagku BOMoccs 3i
3MEHLLEHHSIM BNAMBY (hakTopa KOPCTKOCTI pyBLEBOI TKaHWHM
LWMSXOM BMKOPUCTaHHA iMnnaHTepiB kanibpom He Ginblie
Hix 0,8 Mm. Baanocsa 36inbwuTtyt WinbHICTb iMANaHTaLi, Lo
ctaHoBuna 45 + 5 rpachTie Ha 1 cM2; Lie AeLLo NepeBuLLyBano
cepeHin nokasHuk (25-35 Ha 1 cM?), 3a JaHUMM iHLIKX aBTo-
pis [9] (puc. 5).

Pesynbtati ouiHoBany 3a 0b0’ekTMBHUM (BiACOTOK Npu-
KMBMEHHS! BONOCCA) i Cy6'eKTMBHUM (3a0BONEHICTb NaLlieHTa
pe3ynbLTaTtoMm) KputepisiMu. [nsi L4boro BUKOPUCTaHO LUKary Cy-
MapHUX OLiHOK (LLkana [aiikepTa), Lo agantoBaHa Ao 3aBAaHb
JocnimkeHHs. 3a JONOMOro L€l Wkanu naLieHT MaB 3mory

Puc. 2. AoHOpCbKa 30Ha Biapa3y MiCAA ekcTpaKLii rpadris.

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

Puc. 4. Po3miTKa HanpsamKy pocTy BOAOCCS B 30Hi MaKiBKM MepeA iMnAaHTaLliet.

Puc. 5. MopiBHAHHA LLiABHOCTI POCTY BOAOCCA Y NaLlieHTa. a: yepe3 1 pik nicas nepecapku metopom FUE DHI B 30HY ayToAepMOTpaHcnAaH-
Taty; 6: ¢isionoriuHa LLiABHICTb POCTY BOAOCCSH Y NaLjeHTa B 3A0POBIN MOTUAMYHIN AIASHL.

Puc. 6. lNoBTOpHa cecif nepecaakit BOAOCCA AAS 30iAbLLEHHS LLIABHOCTI POCTY BOAOCCS.
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OLHWATW BMNaCHWA NCUXONMOTYHUI CTaH A0 Ta micns nikyBaHHS
3a TBepIKEHHAMU: «abCONTHO He3ad0BOMEHUNA, MOCTiHA
Jenpecis» — 1 6an; «He3aLoBONEHUNA, NepioanyHe BigyyTTS
MPUTHIYEHHS» — 2; «CYMHIBHUI pe3ynbraTy — 3; «NPUAHSTHWR,
HernoraHui pe3ynbTat» — 4; «3a40BoneHnin» — 5 6anis.

Pe3yabtati

[ins NopiBHAHHSA CNig 3ayBaXuWTw, WO A0 NiKyBaHHS NaLieHT
OLiH1B CBIll NMCUXOMOTiYHWIA CTaH He Oinblue Hix 2 Ganamu 3a
wkanoto Jankepta. KiHueBuin pesynbrar ouiHioBamm yepes 1
pik nicns nepecagku sBonoccs. MNavjieHT BU3HauvB pesynsrat sk
NPUAHATHUA (4 6anu), NOSCHWBLUM TaKy OLIHKY HEJOCTaTHLOK
LUiNBHICTIO Ta POCTOM BOMIOCCS B 30Hi MaKiBKM, X04a NPUKMBIIEHHS
rpacpTie craHoBuno 90 %. Tomy Yepes 1 pik nicns nepLuoi npo-
BEAiEHO MOBTOPHY CeCito Nepecaakn Bonoces. [ns AOCArHeHHs
piBHOMipHOTO edpekTy nepecamxeHo Lue 500 rpadoTia y NPOMixXKM
MiX BXE Npopocnvmu (puc. 6).

Yepes pik nicnst NOBTOPHOI Cecil Nnepecaaku NawieHT ouiHMB
pesynbTat §K BigMiHHWUIA, He Byno HeobXigHOCTI B 4OAATKOBMX
cecisix nepecagku (puc. 7).

06roBopeHHA

HwHi € kinbka cTpareriii 4151 BiGHOBMEHHS BOMOCKCTOI YacTu-
HW FOMOBW, HalYacTille NAETbCS NPO TPaHCMO3WLD MICLIEBUX
poTaLiiHKX KnanTiB i nepecagky BonocsaHux donikynis [10].

OCHOBHMM CMOCO6OM XipypriYHOrO BiHOBMEHHS BOMOCSHOIO
MOKPUBY € BUKOPUCTaHHS MicLieBux knanTis [3,11]. Mpote Buko-
PUCTaHHS LibOro METOAY CYNpPOBOMKYETLCH 3MIHOK HaNpPsSIMKY
POCTY BOMOCCS MiCMs NEPEMILLEHHS KNanTs, L0 B OKPEMUX BU-
nafkax npu3BOAWTb 4O ECTETUYHOTO «PO3PUBY» NEPEOHBOI MiHiT
pocty Bonoccs. [MpobnemMHm € BiGHOBNEHHS 30HU MaKiBKW, A€
HanpPsIMOK POCTY BONOCCS NPOXOAUTL N0 chipani Ta 3MIHIETLCA

7a

Ha 360°. Kpim TOro, MOXIMBOCTi poTaLliiHMX KnanTiB OBMeXeHi
po3Mipamu, WO MOB'S3aHO 3 KiNbKICTIO JOCTYMHWUX CYyMiKHMX
TKaHWH. [Ins BUpiLLEHHS Liei npobriemu NponoHyoTb BUKOHYBATM
TKaHUHHY eKCTeHsito [4]. MpoTe uei MeTof 3a3Buyail 3acToco-
BYHOTb 32 MEBHWX YMOB, 30KpeMa KOrnu iMnnaHTaList TKaHWHHOTO
ekcnaxaepa notpebye AOCTaTHBOI KINbKOCTI 30POBMX CYMIKHUX
TkaHuH (>50 % noBepxHi ckanbna). Tomy Lel MeToA Maiixe He
3aCTOCOBYKOTb, AKWO € YncrneHHi pybui ckanbna, kpiM TOro, B
pioKiCHMX BMNaaKax BiH NPM3BOAMTL A0 3MEHLLEHHS LLIbHOCTI
pocTy Bonoces abo roro BunagiHHs [2,12].

HoBITHI MeTOAM 30BHILUHBOI TPaKLii TKAHWH CKanbna AatTb
3MOry OCSIITY 3aKkpuTTs AedbekTy Oes iMnnaHTavji ekcnanaepa —
LLNSIXOM 30BHILLHiX anapaTtiB po3TarHeHHs TkaHuH [13,14]. MNpote
3aCTOCYBaHHS LIMX METOZIB TAKOX MOXE CNPUYMHATY 3MEHLLEHHS]
yCTOTW POCTY BOMOCCS Yepe3 TPaKLilo, 3MILLEHHS NepeaHboi
NiHii pocTy BONOCCS, @ TaKOX He BUPILLYE Npobnemy YnCrneHHUX
py6LiB abo MHOXMHHIX py6LIEBIX anonewi.

Y Takux Bumagkax nepecagka BOMOCCS, Ha HaL Nornsg,
MOXe CTaTW KOPUCHOLO onuieto. Kpim Toro, y pasi pekoHCTpyKLji
JedexTiB ckarbna 3a 4oMOMOrow HEeBACKYNSPU30BAHNX LLIKIPHWX
TpaHcnnaHTaTiB abo BiNbHOI MIKpOCYAMHHOI Nepecakyi KnanTis,
L0 HEMWHYYe MPU3BOAMTL OO PO3BUTKY anonewii, nepecaaka
BOJIOCCS MOXE 3HAYHO MOKpALLMTL pe3ynbTar fnikyBaHHsl, Bpa-
XOBYHOUM Cy4acHi BUMOTI NaLiEHTIB 0 AKOCTI XUTTS.

AHania cyyacHoi HayKoBOI niTepaTypu nokasae yumany
KiIbKiCTb MyOnikaLlii, Wo NpUCBSAYEHi NiKyBaHHIO Pi3HUX BUZB
anoneLiivi 3a JONOMOroro nepecaakm oroccs. [poTe nepeBaxHa
OinbLUICTb i3 HUX CTOCYETLCA BiAHOBMEHHS BOTOCSIHOTO NOKPUBY
Mnpw anaporeHeTUYHin anonedii. LLo x go nybnikawin, npucesye-
HWX NepecagiLli BONOCCs 3 PEKOHCTPYKTUBHOK METOH0 NPY BTOPUH-
HWX pybLEBMX anoneLisix, TO iXHS KibKICTb TOYHO HEOOCTaTHS.
3pebinbLUoro y HUX ideTbCs Npo AOCBIA POOOTU 3 HEBEMUKUMM
py6LeBMMM NICASIONIKOBAMY anoneLisiMin 3 0BMEXEHOI0 Kinbki-
CTIO BUKOpUCTaHWX rpadpTis (y cepeaHsomy 288) [7,9,15]. Juwe
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Kniniuni Bunapku / Clinical cases

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 rpadhTi. MpoTe micnsa 3acTo-
CyBaHHS LibOro METOZY 3aBXau 3anuilaeTbest pybelb, Yacto
[OCUTb NMOMITHUI (B OOHOMY BMNaAKY MW NPOBOAMAM iMMNaH-
TaLito Boroccs came B Takuii pybeup). Woao imnnanTauii, To
BUKOPUCTOBYBANM TEXHIYHO NPOCTUIN METOA HAaHECEHHS HACIHOK
cKaribnernem i3 HacTyrnHot iMnnaHTauieo rpadTis 3a AONOMO-
roto NiHUETIB. 3rigHo 3 pe3ynbratamu nonepenHix AoCHimKeHb,
LWiNBHICTb POCTY BONOCCA MiCMS Nepecasky B TakuX BUMagKax
HegocTtatHs [10].

OnwucaHnin [OCBIA nepecagkn BOMOCCS Nicns nonepegHix
PEKOHCTPYKTUBHUX BTPYyYaHb NigTBEpAXYE e(DEKTUBHICTL No-
eaHaHHs MeTogy FUE 3 DHI-iMnnaHTauieto, ockinbku BiCOTOK
MPWKMBMEHHS BIAMOBIAAE AaHUM CyvacHoi ¢haxoBol nitepatypu,
HaBITb KOMM 30iMbLUNTY KiNbKICTb rpadTiB, NepecaxeHnx 3a OaHy
cecito [7,9,15]. IMoBipHO, Lie NOB'sI3aHO came 3 BUKOPUCTaHHAM
DHI, konu BonocsiHoMy honikyny, LLO 3aXWLLEHWIA 30BHI MONKOK
iMnnaHTepa, Biapasy 3aaatoTb NEeBHY MUOMHY Ta HANPSAMOK M-
naHTaLii NOpIBHAHO 3 BUKOPWUCTAHHSAM MIHLETY, KOMM MOXMN1Ba
TpaBmaTmM3aLlis He3axWLLEHOro chonikyra nig vac 3aHypPeHHs y op-
CTKi py6LIEBi TKAHWHW. BXuTi 3axomy Janm 3Mory oTpUMaTy BigMiHHi
pesynbraTy 6e3 0oOaTKOBKX PYOLB | 32 MEHLLY KinbKiCTb CECIlt.

BucHoBKHU

1. Mepecapka Bonoccs Moxe OyTv AOLINBHOK 4SS BiHOB-
NEHHs BONIOCSHOTO NOKPMBY CKarbMa, KOnu BUKOPUCTaHHS MicLie-
BWX KINanTiB i TKAHWHHOT eKCTeH3iT obMexeHe (MynsTUdoKasnbHi
pybLeBi Ta nicnsionepaviini anonewji), a TakoX sK BTOPUHHA
npoLieaypa nicrnsi OCHOBHOTO 3aKpUTTS AedhekTy HeBaCKynsipu-
30BaHUMW LUKIPHUMM TPaHCMNaHTaTaMm abo AUCTaHUiRHUMM
KnanTsamu.

2. Mepecapka Bonoccs metogom FUE 3 DHI gae 3mory
BiAHOBUTM NPUPOZHIi KYT Ta HANPSIMOK POCTY BOIOCCA HaBiTh Y
CKMaZHWX 3 €CTETUYHOTO NOMsAAY AiNsHkax (Ha nepeaHin NiHii
pOCTy BOMOCCS, MakiBLi, BpoBax), a Takox SOCAMTY LUiNbHOCTI
pOCTY BOMOCCH, LU0 Malbke ifeHTUYHA NPUPOJHIN.

diHaHcyBaHHA
[ocnimxeHHs BUKOHaHO 6€3 hiHaHCOBOI MiATPUMKN.
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