[laTonoris

Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.

ISSN (print): 2306-8027. ISSN (online): 2310-1237

, m—
Y/ 3anor <M Atexapumin
4 -@APMALEgr L,
4 O SAhEET

https://pat.zsmu.edu.ua

HaykoBO-paKTuHKi XypHaA 3anopi3bKoro AEpXaBHOTO
MEAMKO-hapMaLIeBTUUHOTO YHIBEPCHUTETY

3acHoBaHui y x0BTHi 2004 p. BUxoAMTb 0AMH pa3 Ha 4 micsLli.
IaeHTMOIKaTOp Mepia R30-01125, 3riaHO 3 pilLEHHAM

HaujioHaAbHOI paan YkpaiHu 3 niutaHb TenebaueHHs | PaAioOMOBAEHHS
Bia 27.07.2023 Ne 598

ArecToBaHHI K HaykoBe GaxoBe BUAAHHS YKpaiHu kateropii «A,
B IKOMY MOXYTb NyOAIKyBaTUCS PE3yALTATU AUCEPTALLIMHNX POOIT
Ha 3000yTT HayKOBMX CTYNEHiB AOKTOpa Hayk, KaHAMAATa HayK
Ta CTyneHs AokTopa dinocodii

lany3b 3HaHb - OXOPOHa 3A0POB'A (22).

CnevjanbHOCTI: cToMaToAoris - 221, MeanmHa - 222,
TEXHOAOTii MEAMYHOI AlarHOCTUKM Ta AiKyBaHHSA - 224,

nepiatpis - 228 (Haka3z MOH Ykpaihv Bia 25.10.2023 Ne 1309)

XKypHan Bkatouenmi oo Web of Science Core Collection, Scopus,
Emerging Sources Citation Index, Scopus, Ulrich’s Periodicals
Directory (CLLUA), WorldCat (CLLA), ISSN (®paHuis), PILA - Publishers
International Linking Association, Inc, CROSSREF (CLLA) ta iHwwux
MiKHaPOAHMX HAYKOMETPUUHMX 6a3 AaHWX

CrarTi, LLIO HAAXOAATb AO XYPHAAY, PELIEH3YIOTLCA 3@ MPOLIEAYPOID
Double-blind. AiueHsis Creative Commons CC BY 4.0

PekomeHAOBaHO A0 APYKy BueHoto paaoto SAMOY,
npPOTOKOA Bip 18.12.2025 p. Ne 5

Pepakuis:
HauanbHUK pepaKuiitHo-BUAaBHUYOTO BipaiAy O. C. CaBeneHKo
TexHiuHum pepaktop H0. B. MoaynaH

Anpeca peaakLii Ta BUAABLA:

3anopisbKuii AEPXABHUI MEAUKO-GapPMaLLEBTUUHII YHIBEPCHTET,
6-p Mapii MpumaueHko, 26, M. 3anopixxsa, YkpaiHa, 69035
TeA. (38061) 233 02 34

P editorial@zsmu.edu.ua @ https://pat.zsmu.edu.ua

lonoBHMI pepakTop npodecop B. 0. TyMaHChKuiA
3acTynH1K roA0BHOrO peaaktopa npodecop M. K. KonecHnk
BianosinanbHuii cekpetap npodecop C. B. Masros

PeaakuiiiHa koaeris

npod. A. B. AbpamoB (3anopixxs)

AM.H. 1. T1. Bipgina (3anopixoks)

npo¢. C. A. BapxanetaH (3anopixoks)

npo¢. B. A. Bisip (3anopixxs)

npo¢. A. A. BopoHLIoBa (3anopixxs)

npo¢. C. |. BopotnHues (3anopixxs)

npo¢. 0. B. laHueBa (3anopixxs)

npo¢. C. T. uka (KuiB)

npog. A. I. foxeHko (Opeca)

npod. M. A. fonosaxa (3anopixxs)

npo¢. C. M. TpuuieHKo (3anopixks)

npo¢. I. C. AaBraeHKo (YepHiBL)

npo¢. 0. 0. Asavk (Kuig)

npo¢. M. EneHb (Bpouaas, MonbLua)

npo¢. C. M. 3aBropoaHirt (3anopixxs)
un.-kop. HAMH Ykpaihu, npod. T. A. 3apopoxHa (Kuis)
npo¢. K. A. 3axaposcki (GpaHkdypt, OPH)
npo¢. A. B. KnumeHko (3anopixxs)

npo¢d. C. M. KoBanb (Xapkis)

npo¢. 0. 0. KoBanbos (3anopixxs)

npod. A. Koxtoreoproc (AdiHu, Mpeis)

npod. A. A. AaLLKyA (3anopixxs)

npog. I. 0. AexeHKo (3anopixxs)

npo¢. 0. M. MiweHko (3anopixxs)

npod. H. C. MuxalinoBCbKa (3anopixoks)
npo¢. O. €. Mawkosa (3anopixxs)

npo¢. 0. O. Mocniwwinb (AbBiB)

akapemik HAMH, un.-kop. HAH Ykpainu, npog. O. . Pe3Hikos (KuiB)
akapeMik HAMH, ua.-kop. HAH Ykpainu, npod. A. M. PomaHeHko (Kuis)
npod. A. M. PomaHtok (Cymu)

npod. 0. B. PabokoHb (3anopixxs)

un-kop. HAH Ykpaitu, npog. I. T. Cki6o (KuiB)
npo¢. I. B. CopokiHa (XapkiB)

npo¢. C. I. TeptuiHWi (3anopixoks)

npo¢. 0. B. Ycauosa (3anopixxs)

AM.H. fiHa Yirait (Kuwmxis, MoasoBa)

npod. M. A. LLnwkiH (3anopixoxs)

npo¢. I. C. LLInoHbka (AHINpo)

B ymoBax BiltHM HaapykoBaHo B LieHTpi BUpaaBHKUUOrO 3abeaneueHHs 3AMOY (6-p Mapii MpumaueHko, 26, M. 3anopixxs, YkpaiHa, 69035)
obmexeHWM HaknapoM. CBIAOLITBO NP0 BHECEHHS A0 AepxaBHoro peectpy Bia 05.03.2024 AK Ne 8082.
dopmat 60x841/8. € Manip 0pCETHMIA. YMOBH. APYK. apk. 6. Hakaaa 100 npum. 3amosreHHs Ne 10263


https://creativecommons.org/licenses/by/4.0/
mailto:editorial%40zsmu.edu.ua?subject=
http://pat.zsmu.edu.ua
http://pat.zsmu.edu.ua

Pathologia

Volume 22, Number 3, September - December 2025

Scientific Medical Journal. Publisher Zaporizhzhia State Medical and Pharmaceutical University.
ISSN (print): 2306-8027. ISSN (online): 2310-1237

Pathologia (established in October 2004) is the official journal of Zaporizhzhia State Medical and Pharmaceutical University

and is published 3 times a year. The Journal publishes peer-reviewed, original articles related and reviews to the science of pathology.
The Journal welcomes investigative studies on anatomical pathology, cytopathology, experimental pathology, forensic pathology

and morbid anatomy, genetics, haematology, immunology and immunopathology, microbiology and molecular pathology.

In determining content, the primary considerations are excellence, relevance and novelty.

Experimental studies must include a statement that the experimental protocol and informed consent procedure were in compliance
with the Helsinki Convention and were approved by the relevant local ethics committee.

Specific subject of publication: Medical sciense, Pathology, Diagnostics, Cytology. Submit papers are peer-reviewed.

The journal is licensed under the Creative Commons Attribution 4.0 International (CC BY 4.0) license (©ale.

Indexing: Web of Science Core Collection, Emerging Sources Citation Index, Scopus, Ulrich’s Periodicals Directory (USA), WorldCat (USA),
ISSN (France), PILA - Publishers International Linking Association, Inc, CROSSREF (USA)

Editorial office: Maria Prymachenko blvd, 26, Zaporizhzhia, 69035, UKRAINE.

E-mail: editorial@zsmu.edu.ua

Editor-in-Chief
V. 0. Tumanskyi
(Zaporizhzhia, Ukraine)

Deputy Editor-in-Chief
M. Yu. Kolesnyk
(Zaporizhzhia, Ukraine)

Executive secretary
S. V. Pavlov
(Zaporizhzhia, Ukraine)

Editorial Board

A. V. Abramov (Zaporizhzhia, Ukraine)

P. P. Bidzilya (Zaporizhzhia, Ukraine)

Jana Chihai (Chisinau, Moldova)

I. S. Davydenko (Chernivtsi, Ukraine)

0. 0. Dyadyk (Kyiv, Ukraine)

A. 1. Gozhenko (Odesa, Ukraine)

S. H. Gychka (Kyiv, Ukraine)

0. V. Hancheva (Zaporizhzhia, Ukraine)
M. L. Holovakha (Zaporizhzhia, Ukraine)
S. M. Hrytsenko (Zaporizhzhia, Ukraine)
M. Jelen (Wroclaw, Poland)

A. V. Klymenko (Zaporizhzhia, Ukraine)

S. M. Koval (Kharkiv, Ukraine)

0. 0. Kovalov (Zaporizhzhia, Ukraine)

G. Kontogeorgos (Athens, Greece)

D. A. Lashkul (Zaporizhzhia, Ukraine)

H. 0. Lezhenko (Zaporizhzhia, Ukraine)

0. M. Mishchenko (Zaporizhzhia, Ukraine)
N. S. Mykhailovska (Zaporizhzhia, Ukraine)

0. Ye. Pashkova (Zaporizhzhia, Ukraine)
Yu. Q. Pospishil (Lviv, Ukraine)

0. H. Reznikov (Kyiv, Ukraine)

0. V. Riabokon (Zaporizhzhia, Ukraine)

A. M. Romanenko (Kyiv, Ukraine)

A. M. Romaniuk (Sumy, Ukraine)

I. S. Shponka (Dnipro, Ukraine)

M. A. Shyshkin (Zaporizhzhia, Ukraine)

H. H. Skibo (Kyiv, Ukraine)

|. V. Sorokina (Kharkiv, Ukraine)

S. I. Tertyshnyi (Zaporizhzhia, Ukraine)

0. V. Usachova (Zaporizhzhia, Ukraine)
S. D. Varzhapetian (Zaporizhzhia, Ukraine)
V. A. Vizir (Zaporizhzhia, Ukraine)

L. L. Vorontsova (Zaporizhzhia, Ukraine)
S. I. Vorotyntsev (Zaporizhzhia, Ukraine)
K. D. Zacharowski (Frankfurt, Germany)
T. D. Zadorozhna (Kyiv, Ukraine)

S. M. Zavhorodnii (Zaporizhzhia, Ukraine)


mailto:editorial%40zsmu.edu.ua?subject=

3micTt

OpuriHaAbHi AOCAIAKEHHA

179

187

200

207

213

220

227

233

239

245

lon0BHi GaKTOpyW pU3KKY rocniTaAbHOI CMEPTHOCTI MiCAA KOPEKLIi KAanaHHWX Baa CepLs cepea NaLieHTiB,
fAKi nepeHecan COVID-19
KocosaH A. M., KpukyHos O. A., Aasopuiimteus B. B., PyaeHko K. B.

KopoHagipycHa xBopo6a 2019 (COVID 19) npu BariTHOCTi: naToMOpdOAOriuHi YABTPACTPYKTYPHi 3MiHW NAALEHTH
CaBuyk T. B., NelweHko |. B., Bacrosuu B. B., Yeprerko O. I, Maanwesa T. A.

OLiHKa NOKa3HUKIB AIMAHOTO 06MiHY Y XBOPHX 3 XPOHIUHOK CEPLLEBOD HEAOCTATHICTHO iLUIEMIYHOTO reHesy
3 CynyTHLOI METabOAIUHOK NATOAOTIEID B 3aAEXHOCTI BiA PiBHA HechaTUHEMIT
Boposuk K. M., Kaarkosa O. I., KpaBuyH M. T., BabaaxaH B. A., PuHaina H. T., Cunano A. O.

MopiBHAALHE OLiHIOBaHHSA BiAeOKaNCyAbHOI éHAOCKONIi Ta KoMM'toTepHOI TOMorpadii B AlarHOCTUL MYXAMH TOHKOT KMLLKU
B NALiEHTIB i3 LAYHKOBO-KULLIKOBOIO KPOBOTEYUED

MunsHoBebka A. 0., denelutHebkuii 1. M., Muporoseskuit B. 0., Mocunenko M. 0.,

CopokiH b. B., 3no6eHeus C. 0., ABopcbka K. P.

MopiBHAALHE AOCAINKEHHA QYHKLIOHAABHOI aKTHBHOCTI MOHOHYKAEAPHUX KAITUH KPOBI 3a MPOAYKLIEID LIMTOKIHIB Nip BNAWBOM
HaHOYaCTMHOK AIOKCUAY TUTaHY 3 Pi3HUM BMICTOM Cipku in vitro
Asoposcbkuii 0. M., KypueHko A. 1., Pabosoa B. M., CaBueHko B. C., ABoposcbka O. 0.

C1CTEMHMI BNAMB TUTAHOBMX IMNAGHTATIB i3 KOPYHAOBOIO KEPaMiKoHO: FiCTONATOAOMYHUI aHaAi3 y LuypiB
boHpapetko 0. 0., boxko A. ., Kaamukosa C. A., Manbues 1. 0., LnoHbka I. C., AockyTos O. €.

MonekyAspHi MexaHi3mMK peryAsiLii Ta yLKOAKEHHS 6eTa-KAITUH NpK PO3BUTKY eKCNEPUMEHTAALHOTO AEKCaMeTa30HOBOrO Aiabety
IBaHeHKo T. B., BuHoKypoBa A. B.

MepBrHHI 3MiHU rinokamny LypiB NicAs BNAWBY NOBITPAHOI BUOYXOBOI XBMAI
Kosnoga 0. B., Kosnos C. B.

MopdonoriuHi 3MiHK nepecaskeHoro BOAOCCS NpH AiKyBaHHI pybLeBoi nocTTpaBMaTHyHOI anonewji
[uHAMY O. A., CaBuupka |. M.

CyuacHi niaxoau A0 AiarHOCTUKM Ta AiKyBaHHSA abeLieciB neviHKk1
Apewko B. T, Mixees (0. 0., Hosak B. B., ipewko H. 0., Abbatok A. C. M.

251

257

EXiHOKOKO3 M'SIKMX TKAHUH CTerHa
Ceitavupka 0. A., PabokoHb O. B., TymaHcbkui B. 0., Onuienko B. B., KyuyrypHa T. A.

ExokapaiorpadiuHi 3HaxiAKv Npu NOBHIN MiKNEPEACEPAHIH EAEKTPUYHIN AMcoLiaLLi B NaLieHTa nicas paaiouacToTHoi abasLi
CviBoaan B. B., boryH A. O.

Matonoris. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p. ISSN 2306-8027  https://pat.zsmu.edu.ua 177


https://pat.zsmu.edu.ua/
https://pat.zsmu.edu.ua/article/view/334213
https://pat.zsmu.edu.ua/article/view/334213
https://pat.zsmu.edu.ua/article/view/334213
https://pat.zsmu.edu.ua/article/view/338824
https://pat.zsmu.edu.ua/article/view/338824
https://pat.zsmu.edu.ua/article/view/334159
https://pat.zsmu.edu.ua/article/view/334159
https://pat.zsmu.edu.ua/article/view/334159
https://pat.zsmu.edu.ua/article/view/338154
https://pat.zsmu.edu.ua/article/view/338154
https://pat.zsmu.edu.ua/article/view/338154
https://pat.zsmu.edu.ua/article/view/338154
https://pat.zsmu.edu.ua/article/view/331274
https://pat.zsmu.edu.ua/article/view/331274
https://pat.zsmu.edu.ua/article/view/331274
https://pat.zsmu.edu.ua/article/view/340825
https://pat.zsmu.edu.ua/article/view/340825
https://pat.zsmu.edu.ua/article/view/339549
https://pat.zsmu.edu.ua/article/view/339549
https://pat.zsmu.edu.ua/article/view/340916
https://pat.zsmu.edu.ua/article/view/340916
https://pat.zsmu.edu.ua/article/view/332444
https://pat.zsmu.edu.ua/article/view/332444
https://pat.zsmu.edu.ua/article/view/321928
https://pat.zsmu.edu.ua/article/view/321928
https://pat.zsmu.edu.ua/article/view/332369
https://pat.zsmu.edu.ua/article/view/332369
https://pat.zsmu.edu.ua/article/view/340030
https://pat.zsmu.edu.ua/article/view/340030

Contents

Original research

179

187

200

207

213

220

227

233

239

245

Key risk factors for in-hospital mortality following valve surgery in patients with prior COVID-19 infection
Kosovan D. M., Krykunov O. A., Lazoryshynets V. V., Rudenko K. V.

Coronavirus disease 2019 (COVID-19) in pregnancy: pathomorphological ultrastructural changes of the placenta
Savchuk T. V., Leshchenko 1. V., Vaslovych V. V., Chernenko O. H., Malysheva T. A.

Assessment of lipid metabolism parameters in patients with ischemic chronic heart failure and concomitant metabolic pathology
depending on nesfatinemia levels
Borovyk K. M., Kadykova O. I., Kravchun P. H., Babadzhan V. D., Ryndina N. H., Sypalo A. O.

Comparative assessment of video capsule endoscopy and computed tomography in the diagnosis of small bowel tumors
in patients with gastrointestinal bleeding
Mylianovska A. 0., Feleshtynskyi Ya. P., Pirogovsky V. Yu., Yosypenko M. O., Sorokin B. V., Zlobenets S. 0., Yavorska Yu. R.

Comparative study of the functional activity of blood mononuclear cells by cytokine production
under the influence of titanium dioxide nanoparticles with different sulfur content in vitro
Yavorovsky O. P., Kurchenko A. I, Riabovol V. M., Savchenko V. S., Yavorovska O. O.

Systemic effect of alumina-coated titanium implants: histopathological analysis in rats
Bondarenko 0. 0., Bozhko A. H., Kalmykova S. A., Maltsev I. 0., Shponka I. S., Loskutov O. Ye.

Molecular mechanisms of regulation and damage of p-cells in the development of experimental dexamethasone-induced diabetes
Ivanenko T. V., Vynokurova A. V.

Primary changes in the rat’s hippocampus after exposure to an air blast wave
Kozlova Yu. V., Kozlov S. V.

Morphological changes in transplanted hair in the treatment of cicatricial post-traumatic alopecia
Hyndych O. A., Savytska |. M.

Modern approaches to the diagnosis and treatment of liver abscesses
Yareshko V. H., Mikheiev lu. 0., Novak V. V., Yareshko N. O., Albaiiuk Y. S. M.

251

257

Eechinococcosis of the soft tissues of the thigh
Svitlytska 0. A., Riabokon 0. V., Tumanskyi V. 0., Onyshchenko V. V., Kuchuhurna T. A.

Echocardiographic findings in complete interatrial electrical dissociation in a patient after radiofrequency ablation
Syvolap V. V. Bohun A. O.

178 ISSN 2306-8027  https://pat.zsmu.edu.ua Pathologia. Volume 22. No. 3, September - December 2025


https://pat.zsmu.edu.ua/
https://pat.zsmu.edu.ua/article/view/334213
https://pat.zsmu.edu.ua/article/view/334213
https://pat.zsmu.edu.ua/article/view/338824
https://pat.zsmu.edu.ua/article/view/338824
https://pat.zsmu.edu.ua/article/view/334159
https://pat.zsmu.edu.ua/article/view/334159
https://pat.zsmu.edu.ua/article/view/334159
https://pat.zsmu.edu.ua/article/view/338154
https://pat.zsmu.edu.ua/article/view/338154
https://pat.zsmu.edu.ua/article/view/338154
https://pat.zsmu.edu.ua/article/view/331274
https://pat.zsmu.edu.ua/article/view/331274
https://pat.zsmu.edu.ua/article/view/331274
https://pat.zsmu.edu.ua/article/view/340825
https://pat.zsmu.edu.ua/article/view/340825
https://pat.zsmu.edu.ua/article/view/339549
https://pat.zsmu.edu.ua/article/view/339549
https://pat.zsmu.edu.ua/article/view/340916
https://pat.zsmu.edu.ua/article/view/340916
https://pat.zsmu.edu.ua/article/view/332444
https://pat.zsmu.edu.ua/article/view/332444
https://pat.zsmu.edu.ua/article/view/321928
https://pat.zsmu.edu.ua/article/view/321928
https://pat.zsmu.edu.ua/article/view/332369
https://pat.zsmu.edu.ua/article/view/332369
https://pat.zsmu.edu.ua/article/view/340030
https://pat.zsmu.edu.ua/article/view/340030

YAK 616.126-089.168-06:[616.98:578.834C0V]]-036.88-02-07
DOI: 10.14739/2310-1237.2025.3.334213

OpwuriHaAbHiI AOCAIAXKEHHS

FoAoBHI paKTOpU pU3UKY rocniTaAbHOI CMEPTHOCTI MiCAA KOpeKLil
KAaMaHHUX BaA cepusa cepea nauieHTiB, Aki nepeHecan COVID-19

A. M. KocoBaH®BCP 0. A. KpukyHoB®A, B. B. AasopuiunHeup®E, K. B. PyaeHko©OF

AY «HauioHaAbHUI IHCTUTYT cepLEBO-CYAMHHOI Xipyprii imeHi M. M. AmMocoBa HAMH YkpaiHu», M. Kunis

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTaLis AaHux; D - HanucaHHs cTatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Meta po6oTh - BU3HAUMTK KNiHiko-nabopaTopHi, reMoguHaMiYHi Ta aHaMHECTUYHI (haKTopy, L0 aCOLiKKTLCA 3 PU3UKOM
rocnitanbHOi CMEPTHOCTI Y navieHTiB i3 nepeHeceHnm COVID-19 nicns XipyprivHoi Kopekuii KnanaHHWX Bag, cepuisi, i3 Bpaxy-
BaHHSAM TSHKKOCTI nepebiry iHcbekuii, Yacy iHdikyBaHHs, HUPKOBOI AnceyHKLT, 6inkoBoro cTatycy, GioMapkepiB YLIKOMKEHHS
TKaHWH Ta AuxanbHOi HeJoCTaTHOCTI.

Martepianu i MeToaun. Y peTpocnekTuBHe OQHOLEHTPOBE AochimkeHHs BkrtodeHo 100 nauieHTi, ski nepeHecnn COVID-19
fo abo nicna xipypriyHoro nikyBaHHs knanaHHUX Bag cepus y 1Y «HauioHanbHWi iIHCTUTYT cepLeBO-CYANHHOI Xipyprii iMeHi
M. M. Amocosa HAMH Ykpainuy» npotarom 2021-2024 pokig. MauieHTiB nogineHo Ha Nigrpyny 3anexHo Big rocnitansHoro
pesynsTaty (Buxus/nomep). MNpoBoaunack NOPIBHAMbHA OLiHKA KMiHIYHMX, NTabopaTopHMX, reMOoANHAMIYHUX i onepauiinHuxX
MOKa3HWKIB i3 BUKOpUCTaHHAM t-kpuTepito CTblogeHTa Ta X>-kputepito. Ocobrnusy yeary npuaineHo Giomapkepam opraHHoi
ancdyHKuiT, Yacy iHikyaHHa COVID-19 (go, nicnst onepauii, 06vaBa BapiaHTH) i CTyNEHI0 TSHXKKOCTI nepebiry.

Pesyabtati. BusiBneHo 17 nokasHukiB 3 4OCTOBIPHO BIMIHHICTIO MiX nigrpynamu, cepeg skux: CTapLumii Bik (65,05 £ 2,11 vs
54,71 1 1,62 pokis; p < 0,001), TpvBaniwa rocnitanizauis (29,7 + 4,46 vs 18,73 + 1,31 gHis; p < 0,001), 3HWKEHHS LIBUAKOCTI
kryB6o4koBoi chinsTpauii (2o Ta nicns onepadii: p < 0,05), rinonpoteiHemis (p < 0,01), NiABALLEHI PiBHI TKAHWHHUX MAPKEPIB
(LDG, MB-K®K, AST; p < 0,05), a Takox 03Haku AuxanbHoi Ta MeTaboniyHoi HegocTaTHoCTi. [loAaTkoBO BCTAHOBMEHO, LLO
neTanbHICTb ICTOTHO 3anexuTsb Bif TsxkocTi nepebiry COVID-19: 85 % npm Tshxkomy, 6,38 % npm nerkomy, 0 % npu cepeaHLomy
cTyneHi (x* = 66,51; p < 0,01). 3HaYyLLMM TaKoX BUSBUBCS MOMEHT iH(DIKYBaHHS: HaBULLY CMepTHICTb (59,3 %) BUSBNEHO
y navjieHTiB, ki iHgikyBanuch nicns onepavii, Toai sik cepen Tvx, xTo nepenic COVID go rocnitanisauii, netanbHicTb cknana
nnwe 4,35 % (x2 = 36,64; p < 0,01).

BucHoBku. PakTopamu pu3unky neTanbHOro Hacmigky micns Xipyprii KnanaHiB y NOCTKOBIAHWMX NALEHTIB €: CTapLUui BIK,
HUpKOBa AWCHYHKLIS, TiNONpOTEIHEMIS, 03HAKN CUCTEMHOTO YLUKOXEHHS, Tshkkui nepebir COVID-19 Ta iHgikyBaHHS
B nicnsionepaviiiHomy nepiopi. Pe3ynbratu nigTBepaxyoTb HEOOXiAHICTb iHAMBIAYanisoBaHoi cTpatudikaLii pusnky Ta
OOTPUMAHHS ONTUMAIIbHUX TEPMIHIB Xipypril.

Key risk factors for in-hospital mortality following valve surgery
in patients with prior COVID-19 infection

D. M. Kosovan, 0. A. Krykunov, V. V. Lazoryshynets, K. V. Rudenko

Aim of the study. To identify the clinical, laboratory, hemodynamic, and anamnestic factors associated with in-hospital mortality
in patients with a history of COVID-19 undergoing surgical correction of valvular heart disease, considering infection severity,
timing of infection (pre- or postoperative), renal dysfunction, protein status, tissue injury biomarkers, and respiratory failure.

Materials and methods. This retrospective, single-center study included 100 patients who experienced COVID-19 either before
or after surgical correction of valvular heart disease at the National M. Amosov Institute of Cardiovascular Surgery affiliated
to National Academy of Medical Sciences of Ukraine (Kyiv, Ukraine), between 2021 and 2024. Patients were stratified by
in-hospital outcome (survival vs. death). Comparative analyses was performed across clinical, laboratory, hemodynamic,
and operative parameters, with particular attention to the timing (pre- or postoperative) and severity of COVID-19 infection.
Statistical analysis was carried out Student’s t-test and chi-square tests; significance was set at p < 0.05.

Results. Seventeen clinical and biochemical indicators demonstrated significant differences between survivors and non-survivors.
The key predictors included older age (65.05 + 2.11 vs 54.71 + 1.62 years; p = 0.001), longer hospitalization (29.7 + 4.46 vs
18.73 £1.31 days; p < 0.001), reduced glomerular filtration rate (pre- and postoperatively; p < 0.05), hypoproteinemia (p < 0.01),
elevated tissue injury markers (LDH, CK-MB, AST, p < 0.05), and markers of respiratory and metabolic failure. In addition, the
severity of COVID-19 significantly influenced mortality: 85 % in the severe group, 6.38 % in the mild group, and 0 % in the
moderate group (x* = 66.51; p < 0.01). The timing of infection was also critical: mortality was highest (59.3 %) among patients
who contracted COVID-19 postoperatively, compared to only 4.35 % among those infected preoperatively (x* = 36.64; p < 0.01).

Conclusions. The primary determinants of in-hospital mortality after valve surgery in post-COVID-19 patients include advanced
age, renal dysfunction, reduced protein reserves, tissue damage biomarkers, respiratory failure, as well as the timing and
severity of COVID-19 infection. These factors should guide perioperative risk stratification and support the rationale for delaying
surgery in high-risk post-COVID-19 cases.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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Mangemis COVID-19 icToTHO 3MiHWUNa napagurmy HagaH-
HS MeAUYHOI AOMOMOTY y CBITi Ta CTBOPUIA HOBI BUKITUKA
[Ins kapgioxipyprii. 3 ogHoro 6oky, 3aTpyUMKa Y BUKOHaHHI
NraHoBKX onepaLin Ha cepLii Npu3Bena Ao HaKoMMYEHHs
TSHKKMX KNIHIYHUX BUNAJKIB, SKi HAAXOAMMW Y BiAAINEHHS
y BinbLu AeKoMneHcoBaHOMY CTaHi. 3 iHLworo 60Ky, nepe-
HeceHa iHdekuis SARS-CoV-2 BusiBUnach HezanexHum
(hakTopoM puM3NKy HecrmpuATnInBoro nepebiry micnsio-
nepauiHoro nepiogy, Wo NiATBEPAXEHO YACTIEHHUMM
MiXHapPOAHWUMI JOCTIMKEHHAMM. [TaLieHTH 3 aKTUBHAM UK
HepasHiM COVID-19 geMOoHCTpyBani 3Ha4HO BULLYi MOKa3-
HUKM rocnitanbHOI NeTanbHOCTi, 3yMOBIEH MOEAHAHHSAM
CMCTEMHOI 3anarnbHoi BignoB.iaj, koarynonarii, NereHeBux
ypaxeHb Ta ypaxeHHs miokapga [1,2,3].

Y nepiog naHaemii GinbLUICTb NNAaHOBKX XipypriYHNX
BTPy4aHb Oynv TMMYacoBO BiAKNafeHi, Lo cnpusno 3a-
Mi3HINOMY 3BEPHEHHIO NaLlieHTiB 3 KnanaHHUMK Bafamm
cepus [4]. Ak Hacnigok, y kapgioxipypriyHux KniHikax
3pocna YacTka CKIagHMX KNiHIYHWX BUMAZKIB i3 BUCOKUMU
3HaveHHsMn EuroSCORE Ta noriplieHHsm dyHKLio-
HarnbHOro cTaHy Miokapza. Ha usomy Tni ocobnumsy ysary
3acnyroByloTb naujieHTw, ski neperecnn COVID-19 po
MOMeHTY Xipyprii. CyyacHi focnimKeHHs BKa3yloTb Ha
NiABULLEHWI PU3MK PaHHBOT CMEPTHOCTI Cepes Taknx XBo-
puX, 0COGNMBO y BUNaAKax, Konv onepawiio NpOBOANIMN
HeBZOB3i Nicns nepeHeceHol iHdekLii [5].

MexaHiamn BnnmBy COVID-19 Ha nepebir nicnsio-
nepaiiHoro nepiogy BKMKOYaOTb CUCTEMHY 3anarnbHy
BiANOBIAb, kKoarynonarii, NereHeBi yCKNagHeHHs, Mi-
KPOCYAMHHI TpOoMBO3W Ta MpsiMe YpaXKeHHs Miokapaa
[1,3]. Lli dhakTopyt 00YyMOBIIOKOTb HE NLLIE BULLLY YacTOTy
YCKINaaHeHb, ane i 3HUKYOTb Pe3epBY OpraHis, HeoOXiaHi
ANS BiQHOBMEHHS MiCNs BENUKOro XipypriYHOro CTpecy.
OcobnrBo Bpa3nmBoto € NONynALis NaLieHTiB i3 CynyTHIMM
3aXBOPIOBAHHSAMM — XPOHIYHOK CEPLIEBOO HEOCTATHi-
CTI0, HUPKOBO AnceyHKLier, XO3JT, uykpoBuM fiabetom
ab0 oXMpiHHAM [2,4].

Y TOI e 4ac, BiACYTHICTb YHi(iKOBaHWX KpUTepiiB
LLIOZ0 ONTUMANbHOrO Yacy Mixx nepeHeceHum COVID-19
Ta NPOBEAEHHSAM KranaHHOI Xipypril, a TakoX HegocTaT-
HS cTpaTudiKaLis puanKy Ans Takux XBOPUX Y HAsIBHUX
wkanax (EuroSCORE, STS), cteoptotoTb notpeby B
HOBUX KIiHIYHMX nigxogax [5]. B ymoBax cy4acHoi npak-
TWKV Ha[3BUYANHO BaXIIMBUM € BUAINEHHS HE3aMNEXHMUX
dhakTopis, LLO BNAMBAOTL Ha roCMiTanbHy NeTanbHCTb Y
Liel rpynu nauieHTiB.

MeTta po6otu

[ocnignTu kniHiko-nabopaTtopHi, remoanHaMiyHi Ta aHa-
MHECTWYHI (DaKTOpW, LLIO BU3HAYAIOTb PU3MK rOCTiTarnbHOI
CMEPTHOCTI y navieHTiB i3 nepeHecennm COVID-19 nicns
XipypriyHoi Kopekuii knanaHHux Bag cepus, 3 ypaxy-
BaHHAM TSXKKOCTI nepebiry iHdekuii, yacy iHdiKyBaHHs
(0o um nicns onepalii), NOKa3HWKIB HUPKOBOI (PYHKLT,
6inkoBoro 0bmiHy, BiomapkepiB TKaHWHHOTO YLUKOKEHHS
Ta AuxanbHoi HeAOCTaTHOCTI.

Martepianu i meToAU AOCAIAKEHHA

Y petpocnekTvBHe gocnigkeHHs BkmtodeHo 100 (100 %)
nauieHTis, siki nepeHecnm COVID-19 go uu nicns xipypriy-
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HOro NnikyBaHHs HabyTuX knanaHHuX Bag cepus y 1Y «Ha-
LiOHaNbHWIA IHCTUTYT CepLeBO-CYOAMHHOI Xipyprii iMeHi
M. M. Amocosa HAMH Ykpainn» y nepiog 2021-2024
POKiB. YCi naLjieHTV NPOXOAMIY OnepaTyBHe BTPYYaHHS 3
npvBOaY MiTparkHoi, aopTarnbHoi Ta/abo TpukycnigansHoi
natonorii. OCHOBHO0 rpynoto AocnimkeHHs 6ynu navjien-
TV 3 nabopaTopHo MiATBEPAXEHUM abo nepeHeceHM
COVID-19 3a gonomorot nonimepasHoi NaHLuoroBoi
peakuii (MJP) 3 BusHayeHHam PHK SARS-CoV-2 y
MasKax i3 HOCO- Ta POTOIMOTKM Ta iMyHO(DEpMEHTHOTO
aHaniay (IPA) — BusHaderHs IgM Ta IgG o SARS-CoV-2
y CMpOBaTLji KPOBi.), HE3ANEKHO Bif Or0 TSHXKKOCTI Ta
CTPOKiB iH(iKyBaHHS.

OuijHka TshkkocTi nepeHeceHoro COVID-19 3giiicHto-
Banacb 3a KMiHiYHUMW KPUTEPISIMUW, PEKOMEHIOBAHUMU
BOOS3 1a NIH. MavjeHTiB po3noginsmm Ha Tpu rpynu:

— INerkuin nepebir — HasBHICTb cMMNTOMIB 6e3 03HaK
NHeBMOHIT Ta rinokcemii (SpO, 294 %), 6es noTpedu y
KCHEBIN nigTpumLi.

— MomipHuit nepebir — NHeBMOHIsS 6e3 BUpaxkeHoT
rinokcemii; rocnitanizavis 6e3 KUCHIO MOXNWBA.

— TSDKKMA/KPUTUYHWI Nepebir— xoya 6 oguH i3 kpute-
piiB: yacToTa auxanHs 230/xs, SpO, <94 % (abo <90 %
3a BOO3), iHginsTpatn >50 % y nerexsix, notpeba y
KUCHEBIN Y1 pecnipaTopHIi MiATPUMLI, PO3BUTOK LLOKY
abo noniopraHHOi HeAOCTATHOCT.

CepepHivi Bik B 3aranbHii rpyni nawjieHTiB cTaHOBUB
56,8 poky (aianasoH 21-82 poku). 3a cTaTeBUM CKNaaoM
nepesaxanu Yonosiku (n=58; 58 %), xiHok Oyno n = 42
(42 %). 3a etionorieto knanaHHoi natonorii BinbLiCTb
XBOPWX Manu AereHepaTuBHi 3MiHW knanaHis (n = 59;
59 %). Y 38 Bunagkax (38 %) npuunHoto byna iHekuiiHa
€eTionorisl, 3okpema iHdekUinHui eHgokapauT (IE), Toai sk
BPOIKEHi Baay BusiBneHi nuwe y 3 nauieHTis (3 %). 3a
TEpPMIHOBICTIO BTPYYaHHs 82 onepalLlii BUKOHaHO NMaHoBO
(82 %), a 18 (18 %) manwu ypreHTHWIA XapakTep, cepen
AKkUX nepeBaxanu nauieHTu 3 IE (9 sunagkis; 50 % ycix
EKCTPEHUX BTPYYaHb).

Mpw aHanisi obcsary xipyprii BCTaHOBNEHo, o 48
nauieHTis (48 %) nepeHecnu i30Mb0OBaHi OAHOKNANAHHI
BTPYyYaHHs, Togi sk 52 (52 %) — kombiHoBaHi baraTokna-
naHHi onepadii. Cepep ypreHTHUX XBOPUX OHOKIIANaHHi
NpOTE3yBaHHs CTaHOBUNW NuLLIe 5 BUNaakiB (yci— npoTe-
3yBaHHS aopTanbHOro KnanaHa, 3 Hux 3 3 npusogy |E),
ToAi Ak BinbLicts (13 onepauiit) 6ynu baratoknanaHHu-
MW, BKIHOYHO 3 6 BUnagkamu IE. [JlogatkoBe kopoHapHe
LUYHTYBaHHS BUKOHaHO 21 nauieHToBi (21 %), 3 Akux 5
onepaLin NpoBeLeHO eKCTPEHO Ha (HOHI OCHOBHOI Kna-
naHHoi naTonorii.

3anexHo Bif pesynsrarty rocnitanisadii (sunucka abo
neTanbHWiA KiHeub) nauieHT Oynu po3nogineni Ha ABi
niarpynu: Ti xto BuxwuB — 80 (80 %) Ta Ti xTo Nnomep — 20
(20 %) y cTauioHapi.

MpoBoAMNOCkh NOPIBHAHHS MiX rpynamMu 3a KniHiYHu-
MU, AemorpadivyH1MK, reMoanHaMIYHUMK, onepaLliiHMm
Ta nabopatopHumm nokasHukamn. OcobnvBy yeary npugi-
neHo Giomapkepam H1PKOBOI hyHKLT, 6inkoBoro 06MiHy,
TKaQHWHHOI AECTPYKLIT Ta KUCIIOTHO-TTYXKHOrO GanaHcy.

CratuctyHa obpobka BkroYana BUKOPUCTaHHS
t-kputepito CTblogeHTa ANs HesanexHux Bubipok,
¥>-kputepito [MipcoHa Ta KopensujiiHoro aHanisy i3 3a-
CTOCYBaHHSAM koedilieHTa CnipMeHa Ans SKiCHUX Ta
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KiNbKiCHUX 3MiHHUX. PiBEHb CTAaTUCTUYHOI 3HAYYLLOCTI
BCTaHoBIoBaBcA Ha p < 0,05. Ansa aHanisy gaHux 3a-
cTocoByBanach nporpamHa nnargopma Microsoft Excel
(aHaniTMyHi Tabnuui), METoaw BidyanbHOro KOHTPOMIO Ta
NepexpecHoi Bepudikawyi.

KomiteT 3 meanyHoi etnkn 1Y «HauioHanbHWiA iH-
CTUTYT CepLEBO-CyaANHHOI Xipyprii imeni M. M. AmocoBa
HAMH YkpaiHuy» poarnsHyB maTepianu, HaBeaeHi y cTatTi,
Ta He BUSIBMB NOPYLLEHb ETUMHUX CTaHAAPTIB, BUKMade-
HUX Y YMHHUX HOPMATUBHUX [OKYMEHTAX, BKITHOYauu
lenbciHCcbKy Aeknapadito, KonseHuito Pagy €sponu npo
npasa ioAnHU Ta BioMeanLMHY Ta iHLUMX MPaBOBMX akTax
(npotokon Big 18.02.2025 poky Ne 22).

Pe3yabTati

Y Hawwe pocnigxeHHs 6yno BknodeHo 100 nauieHTis i3
HabyTMMK KNanaHHMMKU Bagamu Cepus, SKi nepeHecnm
COVID-19y po- abo nicnsionepadiHomy nepioai Ta ynu
rocnitaniaoBaHi Ans xipypriuHoi kopekuii 8 1Y «Hauio-
HamnbHUN IHCTUTYT CepLEeBO-CYAMHHOI Xipyprii imeHi M.
M. Amocosa HAMH Ykpainu» y 2021-2024 pokax. Ycix
XBOPUX PO3MOAINEHO Ha MiArpynu 3anexHo Bif rocni-
TanbHOro pesynkTaTy (BVKUBaHHS UM NeTanbHNii KiHeub).
lNopiBHAHHSA MiX rpynamu NpoBoaunuM 3a Aemorpadiy-
HUMU, KniHiko-nabopaTopHUMK, reMogMHaMIYHUMK Ta
onepauiitHumu napameTpamu. Okpemy yBary npugineHo
cTyneHio TaxkocTi nepebiry COVID-19, yacy iHdikyBaHHS
BiJHOCHO onepalLlii, 6iomapkepam opraHHoi AUCHYHKLI,
a TaKOX rOCTPUM YCKINAAHEHHSIM, LU0 PO3BMBanuMcs y
paHHbOMY MicrsionepaviiHomy nepiogi.

Kniniko-gemorpaciyHa xapakrepucTtuka. Bik Bu-
SIBUBCSI OOHWM i3 HalbinbLL BaroMux OakTopiB pr3anky:
y rpyni NoMeprnux MeaiaHHUI Bik cTaHOBMB 65 pokiB (58;
72), ToAij sk cepep, BUxmBLLNX — 55 pokis (44; 66). Lle nia-
TBEPOXKYE, LLO CTaPLUNIA BiK € HE3aNEXHNM NPEANKTOPOM
HecnpuATANBOrO MicnsonepaLiinHoro NPOrHo3y y navjieH-
TiB i3 nepeHeceHum COVID-19. Mopai6Hi 3akoHOMIPHOCTI
OnmnCcaHi i B MKHApOAHWUX AOCTIIKEHHSIX, A€ NITHIN BiK ¥
MOeOHaHHI 3 NepeHeceHot0 BipYCHO iHGekLieto acoui-
I0ETBCA 3 NIABULLEHNM PU3NKOM NETaNbHOCTI.

He MeHLL BaXIMBUM NpeayKTOpoM BUSIBUNAcs Tpu-
BanicTb rocnitanisavii. ¥ nauieHTie, siki noMepnu, BOHa
craHoBuna 25 ghis (15; 41), Toai gk y rpyni BYXUBLLUMX
— nvwe 16 gHiB (10; 24). Taka pisHMLS CBIgYUTL MpPO
GinbLL TSXKKMIA nicnsionepauininin nepebir y nigrpyni 3
neTanbHUM HacrnigkoMm, Wo noTpebyBaB TpMBaniLLOro
nikyBaHHs! y BigAiNeHHi iHTeHCMBHOI Tepanii Ta 6yB 00y-
MOBMEHUI BULLOK YaCTOTOK YCKINAAHEHD.

Anania iHgekcy macu Tina (IMT) npogeMoHcTpyBas,
L0 cepenHi 3Ha4YeHHs1 y ABOX rpynax bynu 6nmsbkumu:
28,5 kr/im? (25,1; 32,4) y nomepnnx Ta 27,5 kr/m? (23,0;
31,2) y Tvx, xT0 BxXmMB. OBraBa nokasHWkw Bignosiganu
KaTteropii HagMipHoi mMacy Tina. OfgHaK LUMPOKUA Mix-
KBapTWIbHUIA [ianasoH CBIOYMTb NPO reTepOreHHicTb
BUBIpKW: y YaCTUHM NaLieHTiB CroCTepiraBcs BUPaXeHU
AediunTt MacK, ToAi SK iHLWi Manu oxupiHHs -1l cTynens.
Lle Bkasye, Wwo KpaiiHi 3Ha4YeHHs IMT (sK Hu3bki, TaK i
BUCOKi) MOXYTb MaTy JOAATKOBUI MOAMIKYHOUUIA BNNWUB
Ha nepebir nicnsonepawinHoro nepiogy, xo4a B HaLLOMy
aHanisi IMT He npofemMOoHCTpyBaB AOCTOBIPHUX BiOMIH-
HOCTeN MiX rpynamu.

Matonoria. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.
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Tabauua 1. Kniniko-gemorpadiyHa xapaktepucTuka nawieHTis

[Mokaawnx | Nlowepni n=20

Bik, poku 65 (58; 72)
TpusanicTb rocnitaniaauii, AHi 25 (15; 41)
IHOeke macw Tina, Kr/m? 28,5 (25,1; 32,4)

55 (44; 66)
16 (10; 24)
27,5 (23,0, 31,2)

[ani npeacraeneHi sik Megiana (25-1; 75-1 nepueHTuni).

Tabauua 2. KniHiko-nabopatopHi noka3Huku fo onepatii

[Mowaawn | Nowepni,n=20

lemorno6iH, r/n 122 (110; 137)
3aranbHuit 6inok, r/n 68 (62; 74)
KpeaTuHiH, MkMonb/n 130 (95; 165)
LLK®, mn/xs/1,73m? 61 (45; 79)
Nevikountn, 10%/n 8,4 (6,2; 10,7)
C-peakTuBHui Ginok, mr/n 12,2 (10; 14)
JAT, Oa/n 510 (300; 680)

126 (112; 141)
69 (64; 75)
113 (87; 138)
77 (56; 101)
8,2 (6,0;10,1)
46,0 (18; 73)
250 (180; 320)

[aHi npeacTasneni sk Mejana (25-1; 75-1 nepueHTuni).

KniHiko-nabopaTopHi nokasHuku. Y nepegonepa-
LiHomy nepiogi 6yno 3acikcoBaHO HWU3KY XapaKTepHWX
BiMIHHOCTEN MiXX NaLlieHTaMu, siKi BUXKUINK, Ta TUMW, LLIO
nomepnu. PiBeHb remornobiHy MefiaHHO y nomepnmx
craHoBuB 122 (110; 137), Toai SK y BUXMBLUMX — 126
(112; 141). Monpw BIACYTHICTb CTAaTUCTUYHO 3HAYYLLOT
pi3Hui (p<0,05), y YaCTUHM NaLieHTiB rpyni 3 neTansHUm
KiHLIEM 3HAY€HHS Habnkanmcs 40 HKHBOI MEXi HOpMK,
LLI0 MOXe BigoBbpaXkaTi aHeMi3aLLito Yn XPOHIYHIIA nepedir
CepLeBoi HeJOCTaTHOCTI 3 BTOPUHHWUM MPUTHIYEHHAM
eputponoesdy. KopensauiiHuin aHania nokasae obepHe-
HUI 3B'A30K MiX piBHEM remornobiHy Ta neTanbHiCTIo
(p < 0,05), Wo po3BONSE PO3MSAATM Liel napameTp sK
OQVH i3 OAATKOBMX YUHHUKIB PU3NKY.

CraH 6inkoBoro obmiHy TakoxX BigirpaB BaxIuBy
ponb y NporHosi. 3aransHuii 6inok y nepegonepaviiHoMmy
nepiogi B rpyni nomepnvx ctaHosuB 68 (62; 74) r/n, Togi
K cepeq TWX, XTo BuxmB — 69 (64; 75)r/n (p < 0,05). Xova
3HaYEHHs1 MegiaHn € Bn3bKMK, Yy YaCTUHM NALIEHTIB, LLO
Manu HecrnpusTiIBUIA nepebir, dikcyBanmnes KpUTUYHO
HU3bKi 3Ha4eHHS (<55 r/n), siki acoulitoBanmcs 3 rinonporei-
Hemieto. Yepes 24 roguHu nicns onepalii 6inkoBuii piseHb
y nomepnux 6ys 4OCTOBIPHO Hk4MM (53,04 + 0,98 npoTm
56,64 + 0,95 r/n; p <0,05), Lo NiATBEPMKYE NPOrHOCTUYHY
LiHHICTb LbOro nokasHuka. HasBHiCTb rinonpoteiHemii
BKa3ye Ha kaTabomniyHWiA CTaH, BUCHAXEHHS eHepreTuy-
HVUX pe3epBiB OpraHiaMy Ta MiABULLEHY BPa3nMBICTb 40
nicnsionepawiiHuX yCknagHeHs.

HupkoBa chyHKLis BUsIBUNAcCS OOHWM i3 HanbinbLL
3HauyLLMX hakTopiB puauKy. Y rpyni nomepnux piBeHb
kpeaTuHiHy ctaHoBuB 130 (95; 165) mkmons/n, Togi K y
X, XT0 BWxMB — 113 (87; 138) Mkmonb/n. BignosigHo,
wBuAKicTb knyboykooi dinbrpauii (LUKP) byna gocto-
BIpHO 3HWXeHot0: 61 (45; 79) mn/xe/1,73 M? y nomepnnx
npotun 77 (56; 101) mn/xs/1,73 m? y Bxunux (p < 0,05).
Ha nepwy poby nicnst onepadii y nauieHTiB i3 netans-
HUM KiHLEM Lieli MoKasHWK moriplyBascs Le binblie
(53,27 + 4,36 npotn 78,21 £ 3,18 mn/xs; p < 0,01).

KopensuiiHuin aHanis nigTeepavB 38’S30K HUPKOBOI
ANCYHKLIT 3 NeTanbHiCTHO: kpeaTuHiH (p = 0,34; p <0,01),
cevouHa (p = 0,31; p < 0,05), Toai sk LUK mana He-
raTmBHy acouiauito (p = -0,36; p < 0,05). Le Bka3ye,
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Tabauua 3. Pesynsrati XipypriyHoro nikyBaHHsi B 3areXHOCTI Bifj TEPMIHOBOCTI
onepaduii

Bua BTpyyaHHs Buxus Bcboro Moka3Huk
AOCTOBIPHOCTI,
p

MnaHoBa onepauis 69 (84,1 %) 13 (15,9 %) 82 (100 %) 0,02
11 (61,1 %) 7 (38,9 %) 18 (100 %)

EkcTpeHHa onepalis

Tabauusa 4. Pesynstati XipypriyHoro nikyBaHHsi B 3aneXHOCTI Bifj BaXKOCTi
nepeHeceHoro COVID-19

Buxue Bcboro Moka3Huk
AOCTOBIPHOCTI,
p
TNerkun 44 (93,6 %) 3(6,4 %) 47 (100 %) <0,001
CepepnHiit 33 (100 %) 0 33 (100 %)
Bankkun 3(15 %) 17(85 %) 20 (100 %)

Tabauua 5. Pesynsrati XipypriyHoro nikyBaHHsi B 3areXHOCTi Bifj TEPMiHOBOCTI
onepauii

Kateropis Buxue Bcboro Moka3Huk
[AOCTOBIPHOCTI,
p

COVID po rocnitanisauii 66 (95,6 %) 3 (4.4 %) 69 (100 %) <0,01

COVID nicns onepauii 11 (40,7 %) 16 (59,3%) 27 (100 %)

COVID po Ta nicns onepauii - 3 (75 %) 1(25%) 4 (100 %)

Tabauua 6. PesynsTatin XipypriyHoro nikyBaHHs B 3aneXHOCTi Bif HASIBHOCTI
MHEBMOHiIi

Buxus Bcboro Moka3Huk
AOCTOBIPHOCTI,
p
He 6yno 34 (100 %) 0 34 (100 %) <0,001
HasiBHa NHeBMOHis 23 (54,7 %) 19 (45,3 %) 42 (100 %)
Bynu nHeBMmoHii B aHamHesi 23 (95,8 %) 14,2 %) 24 (100 %)

L0 HMPKOBA HeJOoCTaTHICTb Gyna OfHUM i3 KIHYOBMX
Kniniko-nabopaTopHux hakTopiB pU3nKy rocnitanbHoi
CMEpPTHOCTI.

3anarnbHi Mapkepm Takox NPOAEMOHCTPYBanu BaXnu-
Bi TeHAeHLi. KinbKicTb NekouuTiB 3anuviianacs 3aranom
nogiGHoto B 060X rpynax (8,4 (6,2; 10,7) x10%ny nomeprinx
npotu 8,2 (6,0; 10,1) x10%n y BIXMUNKX), NPOTE Y YaCTUHM
MOMEPTNX PeECTPYBAsCS 3HaueHHs >12x10%/1, Lo Mormo
BifoOpaxaTu iHTEHCKBHY 3ananbHy peakLito v HasBHICTb
aKTMBHOI iHdekuii. C-peakTuBHuiA Binok (CPB) nemoH-
CTpyBaB CynepeynvBi 3MiHW: Y YaCTUHW NaLieHTiB rpynm
HeCnpUATINBOro nepebiry oro piBHi Gynu BULLMMK, LLIO
MiaTBEPIKYBAIIO BUPAXEHyY CUCTEMHY 3anasbHy Bianosiab,
TOAj K B iHWMX (hiKCYBaNoCh 3HKEHHS!, ke MOFIIO CBia-
YUTM MPO BUCHAKEHHS IMYHHOI CUCTEMU. Y HALLi KOropTi
cepepHin CPB y Bwxunux 6yB HagiTb BuLmM (46,0 (18;
73) mr/n) nopieHsiHO 3 nomeprumu (12,2 (10; 14) mr/n), wo
¢hopmye napagokcarnsHy KapTuHy, IMOBIPHO, MOB'A3aHy 3
Pi3HMM eTanoM iMyHHOI peakLii. Xo4a pi3Huus He gocsrna
CTaTUCTWUYHOI 3HAYYLLIOCTi BiAMOBIOHO A0 KOPENSLINHOrO
6ararocbakTopHoro aHanisy (p = 0,14), BusiBreHa TeHgeH-
Llist 3acnyrosye Ha nogarnbLUMin aHanis.

biomapkepy TKaHWHHOTO YLIKOAXEHHS MPOAEMOH-
CTpyBanu YiTki KniHivHi TeHAeHUii. Y nomepnux piBeHb
NAr 6ys maibke Bagivi Buwmm (510 (300; 680) npoTn 250
(180; 320) Oa/m; p < 0,05), WO NiATBEPOXYE PO3BUTOK
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6araToCYCTEMHOIO YLLKOZPKEHHS! 1 aKTMBALlil0 NPOLECIB
umTonidy. Takox AOCTOBIPHO NiaBuLLyBanucs pisHi ACT
Ta MB-KOK (p < 0,05), o Bigobpaxano yLUKOmKEHHS
Miokapga abo reHepani3osaHy iLLemito. Lli nokasHuku, xo4
i He 3aBXaV MatoTb BUCOKY CeLMAIYHICTb, Y CYKyNHOCTI
3 iHLLIMMW Mapkepamu NiATBEPIKYIOTb HASBHICTL NOniop-
raHHOT AMCAyHKUIT, sika 6e3nocepeaHbO acoLlitoBanach 3
NeTanbHiCTIo.

OnepauiiHi xapakTepucTUKKU. AHani3 onepawinHmx
BTPyYaHb MOKas3as, L0 EKCTPEHUN xapakTep onepauii
[OCTOBIPHO acoLjtoBaBCS 3 NiABULLEHM PU3VKOM NETasb-
Horo KiHus. Cepep, navuieHTiB, SKUM BUKOHYBanM NaHoBi
BTPYYaHHS, neTanbHicTb ctaHosuna 15,9 % (13 i3 82),
ToAj AK y rpyni ekcTpeHunx onepauin — 38,9 % (7 i3 18).
Lli BigMiHHOCTi Bynm cTaTMCTUYHO 3Havywmmu (X2 = 4,89;
p < 0,05), a koediuieHT CnipmeHa 3acBifuMB HasiBHICTb
MPSIMOTO MOMIPHOTO 3B'S3KY MiX YPreHTHICTIO BTpyYaH-
HSl Ta rocniTanbHo cMepTHicTio (p = 0,22; p < 0,05).
OTpumaHi AaHi nigTBepmKYTb, WO THKKUA KMiHIYHWA
CTaH nauieHTiB, BiACYTHICTb Yacy Ha nepeponepaviiHy
ONTUMI3aLi0 Ta CKMagHi YMOBW XipypriyHOro [ocTtyny
3Ha4yHO 0BMEXyBarM LWaHCK Ha BUKMBAHHS.

KpiM eKcTpeHOCTi, BaXnmBe 3Ha4YeHHs mManu i iH-
TpaonepauiiHi napameTpu. Y nauieHTiB, ski nomepnu,
BiZl3Ha4Yanocb AOCTOBIPHE MIABULLEHHS TUCKY B nere-
HeBin aptepii (p < 0,05), wo morno Bigobpaxatn Ak
MoYaTKOBY TSKKICTb KIanaHHOT naTosorii, Tak i Hacnigku
COVID-acouinoBaHux ypaxeHb nereHiB Ta CyAUHHOTO
pycna. JogatkoBo (hikCyBanocs 3HWXeHHs caTtypauii
apTepiarnbHOi KPOBI Le A0 MiAKMYEHHS LITYYHOTO KPo-
Boobiry (p < 0,05), Lo BKka3ye Ha HasBHICTb MPUXOBAHOI
[MxanbHOi HEQOCTATHOCTI, sika MOrfa YCKNagHoBaTh
nepdy3inHU MeHeKMEHT nig Yac onepadii.

lMopyLUEHHS KMCMOTHO-MyXXHOro H6anaHcy NposiBns-
nocs y BUrnsiai MeTabonivyHoro aumaoay, NigTBepLKEHOMO
3HwkeHHaM pisHa HCO,™ (p < 0,05) Ta TeHpeHLieto Ao
BiZl' EMHOrO MokasHuka Hagnuiiky ocHos (BE: p < 0,05).
Taki 3pyLUeHHs yacTiwe (ikcyBanucs y nauieHTiB, sk
3ro4om nomepnu, i Bigobpaxanu TsxKi NOpyLIEHHS
TKaHWHHOI Nepdysii Ta okeureHauii. OgHo4acHo cno-
cTepiranucst JOCTOBIPHO HWKYI MOKa3HWKK Aiypesy Ha
Zpyry pno6y nicns onepauii (p < 0,05) Ta nigBuLLEHHS
LIeHTparnbHOro BeHO3Horo Tucky (p < 0,05), Lo cBiguMTh
MpO PO3BUTOK rinonepdyaii, BEHO3HOro 3aCTOH0 | Mosiop-
raHHOI HeJOCTaTHOCTI.

Bnnue nepebiry Ta yacy iHdikyBaHHa COVID-19.
Baxnueum hakTtopom, Lo BU3HaA4YaB MporHo3, OyB sk
CTyniHb TsHkKkocTi nepebiry COVID-19, Tak i MOMEHT
iH(pikyBaHHS BiHOCHO onepaLlii.

Y naujenTiB i3 nerkum nepebirom COVID-19 rocni-
TanbHa NeTanbHiCTb cTaHoBuna nuwe 6,4 % (3 i3 47),
npv cepenHbLoMy nepebiry neTanbHUX BUNaakis He 3ape-
ectpoBaHo (0 i3 33). HaTomicTb TshxKMiA nepebir CynpoBo-
[PKyBaBCS KDUTUYHO BMCOKOKO CMepTHICTIo — 85 % (17 i3
20). BigmiHHOCTi 6ynu BUCOKoZOCTOBIpHUMM (X2 = 66,51;
p <0,001), a koediuieHT CnipmeHa BkasaB Ha CUSIbHUI
NPAMUIA 3B’A30K MiXK TSXKKICTHO iHCDEKLiT Ta neTanbHicTio
(p=0,56; p<0,001). Lle nigTBepmxKye, LLO Came THKKUNA
nepebir COVID-19 6yB opHUM i3 HanbinbLL 3HaYyLLMX
NPeavyKTOopIB rocniTanbHOi CMEPTHOCTI.

He meHL noka3oBum GyB aHanis BNnuBy Yacy iHdi-
kyBaHHs. Cepepq navjeHTis, ski nepeHecnn COVID-19 no
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rocnitanisavii, netaneHicTb ctaHoBuna nuwe 4,35 % (3 i3
69). Y rpyni iHbikoBaHMX Micns onepaLlii CMEPTHICTb Pi3Ko
3pocTana i gocsirana 59,3 % (16 i3 27). Akwo iHekuis
Mana Micue K 4o, Tak i nicnsa BTpyvaHHsl, neTanbHicTb
craHoBuna 25 % (1 i3 4 sunapkis). CtatuctuyHa gocrto-
BipHiCTb Oyna nigTBepaxeHa pesynsratamu x’-aHaniay
(x?=136,64; p<0,01). Takum YnHOM, HailBinbLL haTanbHi
Hacnigky cnocTepiranues y nNawieHTiB, Ski iHikyBanucs
SARS-CoV-2 y paHHbOMY nicnsionepauiniHoMy nepiogi,
Lo Bigobpaxae BUCHaXEHICTb pPe3epBiB OpraHiamy Ta
KPUTUYHY BPA3NMBICTb O BiPYCHOTO YPaXKEHHS.

BnnuB nHeBMOHIi Ta nereHeBuX ycknagHeHb.
AHani3 nokasas, L0 HasiBHICTb aKTWBHOI MHEBMOHIi B
nepionepauinHomy nepiogi 6yna Haa3sM4aHO BaroMnm
YuHHWKOM pun3auky. Cepep nauieHTiB 6e3 o3HaK NHeB-
MOHii He Byno xofHoro netansHoro Bunagky (0 i3 34).
HaTtoMmicTb npu HasBHOCTI MiATBEPAXEHOI NHEBMOHIT
CMepTHICTb carana 45,2 % (19 i3 42). ina nauieHTis,
AKi Manu nuLie aHaMHEeCTUYHI JaHi Npo nepeHeceHe
YpaXeHHs nereHb, piBeHb NeTanbHOCTi ByB MiHIManbHUM
i cknapas nuwwe 4,2 % (1 i3 24). BipmiHHoCTi BUsiBUnnCS
BMCOKOAOCTOBIPHUMMU (¥2 = 28,98; p < 0,001), Lo cBiAUNTD
Npo BYMpiLIanbHY Porib aKTUBHOI NMereHeBol iHdekUii y
hopMyBaHHi HECMIPUATAMBOTO MPOrHO3Y.

[onaTtkoBo KopensLuiiHUA aHani3 BUSIBUB 3HaYyLLIMIA
3B'30K MK HasiBHICTIO rifpoTOpaKcy Ta NeTanbHiCTHo
(p = 0,24; p < 0,05), wo nigTBepAXyE yyacTb Avxanb-
HUX YCKNaAHeHb Y maToreHesi rocnitansHoi cmepti. Y
CYKYMHOCTI Ui pe3ynsraTv JeMOHCTPYIOTb, WO came
pecnipatopHa HeAOoCTaTHICTb — Y (DOPMi MHEBMOHIil,
OUCTPEC-CMHAPOMY UM TigpoTopakcy — Oyna ogHuM i3
MPOBIZHMX MEXaHI3MIB NETanbHUX HACNiaKIB.

KopensuiiHui aHani3 Ta 6aratodakTopHi 38°A3-
K. 1N KOMMNEKCHOI OLiHKK KIiHiKo-nabopaTopHMX
YUHHUKIB, LLIO MOV BNAMBATM Ha rocniTanbHy CMEpTHICTb
y nauieHTis i3 nepeHeceHum COVID-19 nicna xipypriyHoi
KOpeKLii KnanaHHWx Baz cepus, Hamu Byrno 3acTocoBaHo
KOpenauiiHMA aHanis i3 BUKOPUCTaHHAM koedilieHTa
Cnipmera. [JaHnii MeToq [O3BONMB NpoaHaniayBaTh sik
KiNbKIiCHi, TaK i IKiCHI 3MiHHI nicns ix BignNoBigHOro nepe-
KOZyBaHHS! Ta BU3HAYMTW HANPSIMOK | CUIy B3aEMO3B'A3KIB
Mix HUMW. [loaaTHi 3HauYeHHs koedillieHTa Bigobpaxanu
npsivi 3B's13kW, TOBTO 3pOCTaHHS OAHOTO NapameTpa cy-
NpoBOZKyBanocs 30iNbLUEHHSM iHLIOTO, TOAi SK Bif EMHI
3Ha4yeHHs BKasyBamm Ha obepHeHi 3anexHocTi. 3a cu-
1010 acouiauii kopensauinHi koedilieHT TpakTyBanucs
Ak cnabki npu 3HaveHHsx Big 0.1 go 0.29, nomipHi npm
0.3-0.49 ta cunbHi npu 0.5 i Buwwe. CTaTUCTUYHO 3HaYY-
LMK BBaXanucs pesynsrati 3 pisHem p < 0,05.

OTpumaHa maTtpuusa NpoaeMoHCcTpyBana, Wwo oc-
HOBHUMMW YWMHHUKaMK HeCrpuaTnmeoro nepebiry 6ymu
rocTpi opraHHi anceyHKLii, noeaHaHi 3 nabopaTtopHUMU
3MiHamK, SiKi Bifobpaxanu BUCHaxeHHs (PYHKLOHaNbHUX
pesepsiB OpraHiaMy. HancumbHiWWMi NPSMUA 3B’A30K
BUSIBMBCA MiXK NETanbHICTIO Ta PO3BUTKOM AWXanbHOI
HepocTatHocTi (p = 0,65), Lo NiaKPECIHOE KIOYOBY POrb
pecnipaTopHoi AekomneHcalii y popMyBaHHI Hecnpu-
ATNWBOrO NPOrHO3y B MOCTKOBIAHWX XBOpwX. MMogibHo,
rocTpa cepueBa HeQoCTaTHICTb TaKoX NPOAEMOHCTPY-
Bana BMpasHy acouialito 3 pusvkom cmepTi (p = 0,55),
MiATBEPIKYIOUM MPOBIAHE 3HA4YEHHS CEPLIEBOT AMCAYHKLT
y nicnsionepaviHuin nepiod. BaxnmBum KOMMNOHEHTOM
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OpwuriHaAbHiI AOCAIAXKEHHS

1 CnipoleHa kopensauiinHa maTpuus (p CnipmeHa)
®DaKTopW PU3NKY rocniTaabHOi CMepTHOCTI

FocTpa AuxasibHa HeAOCTaTHICTL

-0.6
FocTpa cepueBa HelOCTaTHICTb
MHeBMOHis B aHaMHe3i
-0.4
[FocTpa HUPKOBa HELOCTaTHICTb
KpeaTuHiH = -0.2
TpwvBanicTb rocniTanisauii =
CeyoBuHa - 031 -0.0
Bik = 0.29
EKCTpeHa onepatis - 0.23 -=02
FipnpoTopakc - 0.22
. --0.4
®pakuis Buknay JILL - -0.23
FemornobiH - -0.28
--0.6
LBnAaKicTb kNy6o4koBOi inbTpauii -0.42
p CnipmeHa

Puc. 1. KopensuiiiHa MaTpuLs 38’513Ky NOKa3HWKIB Ta NETanbHOro Hacrmiaky.

3anuLIanacs 1 roctpa HupkoBa HegocTtaTHicTb (p = 0,39),
a NigBuLLIEHHS PiBHIB KpeaTuHiHy (p = 0,34) Ta Ce40BUHM
(p = 0,31) nuwwe nigcvnioBanM KapTUHY HAPKOBOI AUC-
yHKUIT 5K BaroMmoro npeamkTopa NeTanbHOoro Hachiaky.

PecnipaTtopHi (hakTopu Takox BigirpaBanu cyTTeBy
porb. HasiBHICTb MHEBMOHIi B aHAMHE3i BUSIBUNACS CUMb-
HUM NpeanKTopoM HecnpusiTineoro nepebiry (p = 0,51),
o Bifobpaxae 0OMEeXeHICTb KOMMNEHCATOPHUX MOX-
nuBocTei nereHesoi cuctemu nicns COVID-19. MeHww
BUPAXEHWNIN, ane CTaTUCTUYHO JOCTOBIPHUI 3B’A30K
BiJ3HA4aBCS MK NETaNbHICTIO Ta HAsBHICTIO riapoTopaKk-
cy (p = 0,22), o onocepenkoBaHO BKa3ye Ha TSHKUMMA
KniHiYHMI nepebir Ta cynyTHi ycknagHeHHs!. JlTabopaTopHi
MOKa3HWKM JOMOBHIOBANW KMiHIYHY KAPTUHY: 3HUXKEHHS
LUBMAKOCTI KNy6o4koBOi (inbTpaLii Mano HeraTueHy
acouiauito 3 BmkuBaHicTio (p = —0,42), a 3HUXKEHHS
¢hpakuii Buknay nisoro wnyHouka (p = —0,23) AEMOH-
CTPyBasno 3aKOHOMIPHWIA BMIIMB NPUrHIYEHHS HACOCHOT
yHKLUiT cepus Ha NiABULLEHHS PU3KKY cMepTi. Hudbkui
piBeHb remornobiHy (p = —0,28) Takox acolitoBascs
3 HECMPUATIIMBMAM NPOTHO30M, IO MOXHA MOSICHUATK
ripLUOK OKCMreHaLMHOK0 34aTHICTIO KPOBi Ta oOMexe-
HUMU KOMMEHCATOPHUMM MeXaHi3MamMu y mauieHTiB i3
CUCTEMHOIO ANCAYHKLIEL.

XipypriuHi xapakTepucTuki nepebiry 3aXBopioBaHHS
[OMOBHIOBanM 3aranbHy KapTuHy. EKCTpeHnii xapaktep
onepauiin MaB NpsMUI, Xo4a N MEeHLL BUPAXXEHNI 3B'A30K
i3 netanbHicTio (p = 0,23), WO Y3romKyeTbCA 3 AaHUMM
niTepaTypu Npo ripLUMiA MPOrHO3 y HeCcTabinbHUX XBOPUX
6e3 MOXITMBOCTI afeKkBaTHOI NepegonepaLiiHoi onTu-
mizauii. MogibHMm ynHOM, TpMBanicTb rocnitanisauii
(p=0,34) Binobpaxana Tsk4min nepebir i BinbLuy KinbKicTb
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nicnsionepawiiHuX yeknagHeHb, WO 3peLUToro BNvuBsano
Ha KiHLeBUI pesynbTar MikyBaHHS.

[JemorpadiyHi YUHHWKM Ta CynyTHI 3aXBOPHOBAHHS
manu 6inbw cnabki acouiauii. Bik nauieHTiB npoaemoH-
CTpyBaB NMpsiMMIA 3B'130K i3 neTanbHicTio (p = 0,29), a
iuemiyHa xBopoba cepus (p = 0,21), rinepToHiYHa XBo-
poba (p = 0,20) Ta uykposun giabet (p = 0,19) nokazanm
nuwe oBMEKEHUI BHECOK Y MIABULLEHHS pr3uKy. Xpo-
HiyHe 0BCTpYKTUBHE 3axBoptoBaHHS nereHb (p = 0,07)
Ta NHEBMOHIS B aHaMHESI, Sika B OKPEMUX BUMaaKax He
Jocsrana CTaTUCTUYHOI 3HaYyLLIOCTI, Manu TeHAEHLo A0
HECTPUSATIIMBOIO BNAMBY, ane cuna ix acouiaLlin 3anuwa-
nacs MEHLL BUPaXeHOH.

TakuM YMHOM, pesynbTaTi KopensuiiHoro aHanisy
CBigYaTh, L0 rocnitanbHa CMEPTHICTb Y NaLieHTIB i3 nepe-
HeceHrm COVID-19 nicns knanaHHUX onepaLiii BU3Hava-
€TbCs NepeyciM PO3BUTKOM FOCTPOI CEPLIEBOI, ANXarnbHOT
Ta HUPKOBOI HeJOCTaTHOCTI. [lofaTkoBwiA BNIMB MakoTb
ronepegHi pecnipaTopHi 3axBOPOBaHHS, NnabopaTopHi
MapKepy HUPKOBOI AUCKYHKLI, HU3bKI MOKA3HUKN Ha-
COCHOI (PYHKLii cepus Ta aHeMist. EKCTpeHuin xapaktep
BTPyYaHb i TpMBanicTb rocnitanisauii BigobpaxaroTb
TSOKYNIA Nepebir 3aXBOPIOBaHHS Ta CYnyTHi YCKNaaHEHHS,
TOA| AIK BiK | KOMOPGIAHICTb BiZirpatoTh APYropsiAHy porb,
nocuntotouy 6asosuin pusnk. OTprmaHi AaHi J03BONSA0OTH
3po6WTY BUCHOBOK, LLIO CaMe roCTpi OpraHHi AMCYHKLT €
HabinbLL cTabinbHUMM Ta KIiHIYHO 3HAYY MMM NPEeaMK-
TOpamu NeTanbHOCTI Y L KOropTi NaLieHTiB.

06roBopeHHA

Manpemis COVID-19 cyTTeBO TpaHcthopmyBara KOHTEKCT
XipypriyHoro nikyBaHHS KnanaHHoOi natonorii cepus.
[locnipxeHHs! OCTaHHIX POKiB 4OBOAATb, WO K aKTUBHE
iH(piKyBaHHS1, TaK i MOCTKOBIAHI HACIMIAKW acoLitooTbes
3i 3HaYHUM MiABULLEHHAM YacTOTU yCKNagHeHb i ne-
TanbHOCTI cepeq NauieHTiB, SKi nepeHecnu onepaTueHe
BTPYyYaHHs Ha knanaHax cepus [1,2,3]. B ymoBax naHgemii
Xipypru 6ynu 3myLueHri aganTysaTi nigxogu [o cTpatu-
dikauii pusnKy, TepMmiHiB BTPyYaHHs Ta iHTEHCUBHOCTI
Harnagy. OTpumani Hammn pesynsTaTi NATBEPAXYHOTh L
CMOCTEPEXEHHS Ta 0AaKTb HOBI KNIHIYHO 3HaYyLLi AeTani
[0 PO3YMiHHS MPOrHOCTUYHUX (DaKTOpIB.

OnHUM i3 HaNNepeKOHNMBILLMX pe3ynbTaTiB HaLOoro
aHanisy ctano BMSBMNEHHS OOCTOBIPHOI acouiauii M
nepeHeceHnm COVID-19 Ta TSXKICTIO CTaHy navieHTiB
y nicnsonepauinHomy nepioai. 3rigHo 3 YUCNEHHUMK
niTepaTypHUMKn Oxepenamu, Hanbinbly Hebeaneky
CTaHOBMATH XipYPriyHi BTPyYaHHs, NpoBeaeHi B nepLui 6
TWKHIB nicns iHgikyBaHHa SARS-CoV-2 [4,5]. Y Hawwi
KOropTi NeTanbHICTb y Takux nauieHTiB nepeBuLLyBana
30 %, Lo noBHicTIO y3romxyeTbes 3 aaHumm COVIDSurg
(neTanbHicTb go 23,8 %) i pocnimkeHHs Doglietto et al.
(OR=9,5) [4,5,6]. Kpim Toro, 6yno BUSIBNEHO, LLIO PU3MK
3HWXKYETBCA Nicns 8—12 TUXHIB Big MOMEHTY iH(IKyBaH-
HA — came Yy Ui TepMiHu ikcyBanmcs KpaLwi nokasHUKu
BWXMBaHHS, O AO3BONSAE NiATBEPAUTU pekomeHaauii
LLIOZ0 ONMTUMAnbHOrO Yacy Ans Xipyprii [7,8].

Cepeg hakTopiB, SiKi BUSIBUNNCH CTAaTUCTUYHO 3Ha-
YyLLMMKM NPeAMKTOpaMy CMEpTI, KMoYoBe MicLe nocinm
MoKa3sHWKW BiKy, TPUBaNoCTi rocnitaniaavii, yHKLii HUPOK
Ta GinkoBoro cratycy. MigTBepAXeHHSIM LIbOro € AaHi
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HaLLOro JOCNIMKEHHS, Ae NauieHTW, ki nomMepnu, Manu
BULLMIA BiK (65,05 npotu 54,7 pokis, p < 0,001), HWxX4MIA
piBeHb LLUK® po i nicnst onepauii (p < 0,05), ninuieHui
KpeaTWHiH | CEe4OBUHY, @ TakoX 3HWxeHuU Binok (p < 0,01).
Lli aaHi y3romxyroTbCA 3 BUCHOBKaMU nitepatypu, de
XPOHIYHA HMPKOBA HEAOCTATHICTb BU3HAETLCH He3a-
NEXHUM (haKTOPOM PU3MKY TOCTiTanbHOI NeTanbHOCTI
[9,10]. TinoansbymiHeMis, sk HeraTMBHUIA Ginok rocTpoi
¢hasu, onmcaHa K 3HadyLWii nabopaTopHWUi Mapkep y
ny6nikavisx i3 Kutato Ta Icnanii [11,12].

Takox BapTO 3BEpHYTY yBary Ha BiomMapkepu AeCTPykK-
Ui TkaHWH. PiBeHb nakTataeriaporeHasu Ha apyry foby
Ta MB-K®K y Hawwin koropti 6yB 3Ha4HO BULLMM Cepeq,
nomeprnx (p < 0,01), WO y3romKyeTbCs 3 KOHLENLjet
LIMTOKIHOBOTO LLITOPMY, OMMCAHOTO B KOHTEKCTi BaXKOTrO
COVID-19 [11,13]. Lii paHi JonoBHIOWTL NiTepaTypHi
CMOCTEPEXEHHS MPO MPOTHOCTUYHY LHHICTE (DEPUTUHY,
AT i D-gumepy y Tsxkux Bunagkax [11,14].

[vxanbHa HepoCTaTHICTb BUSIBUNACh OOHUM 3 MPo-
BiHWX KOMMOHEHTIB NeTanbHOCTI. Y HaLLii KoropTi caTy-
paList apTepianbHOi KPOBi Marna TEHAEHLL0 [0 3HKEHHS
cepep NOMepnyx, Lo KMiHiYHO Bigobpaxano narteHTHy
AvxanbHy HepoCTaTHICTb. Lie cniB3By4HO 3 YncneHHUMN
NOBIZOMIIEHHAMY NPO FOCTPUI pecnipaTopHUN AMCTpeC
CUHAPOM, SIKi 3yMOBIOIOTL CMEPTHICTb A0 38% npu nic-
nsonepauiHomy COVID [5,6]. Y naujentis 3 COVID-a-
HaMHe30M cnocTepirasca nigsuweHnin LIBL, 3HxeHun
Aiypes, aumpos (sHuxenHss HCO,, BE), wwo Brasye Ha
noniopraHHy HEAOCTATHICTb SIK OAMH i3 NaTOI3ioNOorivYHNX
MeXaHi3MiB neTanbHocTi [5,15].

[onatkoBo byno npoaHanizoBaHo BMMB MicLs iHi-
kyBaHHs COVID-19 Ha netanbHicTb. HaiBuwmin pusuk
CMEPTHOCTI CNOCTepiraBcs y MauieHTiB, Ski nepeHecnm
COVID nicnst onepadii (59,3 %), Togi SK y nauieHTiB i3
iHbikyBaHHAM [0 rocniTanisauii netanbHiCTb cknana
mwe 4,35 %. Y nauienTis, wo nepeHecnm COVID sk
[0, TaK i nicns onepakji, piBeHb NeTansbHOCTi CTaHOBMUB
25,0 %. CtatuctyHa JOCTOBIPHICTb L€ 3aneXHOCTi
6yna nigTBepakeHa pesynstatamu x?-aHanisy (Chi-
square = 36,64; p < 0,01). Lle no3Bonsie ctBepmxyBaTH,
LU0 iHiKyBaHHS MicnsionepawiiHoro nepiogy Mae Hai-
6inbLu chaTanbHi HacniaKkM Ans BWKMBaHHS [15].

LLle ogHUM BaXIMBMM YMHHUKOM BUSIBUBCS CTYMiHb
TspkKoCTi nepeHeceHoro COVID-19. Y nauieHTiB i3 Tsx-
kM nepebirom iHdekwii netanbHicTb carana 85 %, npu
nerkomy — nuwe 6,38 %, a Npu cepeaHbLOMY — XOAHOM
neTanbHOro BuUnagky He sacikcosaHo. Pearson Chi-
square = 66,51 (p <0,01) nigTBEpANB BUCOKY CTATUCTUUHY
3HauyLicTb i€l 3anexHocTi. Lle ysromkyeTbes 3 HasB-
HUMW AaHUMK NPO NoniopraHHy HEQOCTATHICTb, TPUBany
riNOKCito Ta MIKPOCYAMHHI YPaXXEHHS 5K KITOYOBI flaHKM
Tsbkkoro COVID-19 [15].

TakuM YMHOM, y3aranbHIOK4YM JaHi nitepatypu Ta
BMacHi pesynsraTi, MoxHa 3pobuTi BUCHOBOK, LLIO OC-
HOBHUMM eTepMiHaHTaMy rocniTarnbHOi CMEPTHOCTI Micns
knanaHHoi xipyprii y noct-COVID nauieHTiB €: cTaplumi
BiK, HUPKOBA AMCAYHKLSA, 3HMKXEHWUA BINKoBMN peseps,
nabopaTopHi 03Hakm ccTeMHoro ywkomkeHHs (JIAN, ACT,
MB-K®K), anxanbHa i meTaboniyHa HegocTaTHICTb, 3a-
TMLLIKOBI CTPYKTYPHI YPaXKEHHS KnanaHiB, CTyMiHb TSHXKKOCTI
nepeHeceHoro COVID-19, a TakoX MOMEHT iH(DiKyBaHHS!
LLIOAO ONepaTUBHOrO BTPyYaHHS. BCi Ui YWHHWKM MatoTb
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6yTv BpaxoBaHi npy cTpatudikaLii puavky Ta nnaHyBaHHi
BTPyYaHHS. Hawwi gaHi migTpumyoTh CyqacHi pekomeH-
[auii woao HeobxigHOCTI BiaTepMiHyBaHHS onepauin Ha
28-12 TvxHis nicng COVID-19, ocobnmeo npw HasiBHOCTI
opraHHux amncayHkuin [7,8,11]. CTBOpeHHs1 cTaHaapTu-
30BaHOrO NPOTOKOMY MepeaonepaLinHoro 06CTeXeHHS
MOCTKOBIAHWX NaLIEHTIB i3 BpaxyBaHHAM nabopaTopHuX,
exokapgiorpadivHuX Ta yHKLiOHaNbHUX KpUTEPITB MOXe
3HU3NTY piBEHb rOCTITaNbHOI CMEPTHOCTI Ta MOKPALLMTK
3aranbHWiA MPOTHO3.

BucHoBKU

1. OTpumaHi pesynsratu ceigyartb, Lo rocnitansHa
neTanbHiCTb NiCNs XipypriYHoi KopekLii knanaHHux Bag,
cepus cepen naujeHTis i3 nepeHeceHnm COVID-19 mae
6araTohakTopHy npupoay Ta 3yMOBMHETLCS MOEAHAH-
HAM KIiHIYHWX, NabopaTopHKX i onepauinHNX YMHHUKIB
puaviKy. HaibinbLu BaroMyMu NpeanKTopamu HEraTyBHOTO
MPOrHO3y CTanu CTapLUMiA BiK, NOPYLUEHHS (OYHKLIT HUPOK
i3 JOCTOBIPHVUM 3HWKEHHAM LUBMAKOCTI Kny©o4KoBOi
dpinbTpaLii, rinonpoteiHeMisi, a TakoXx NiABULLEHHS Gio-
MapKepiB TKAHMHHOTO YLLUKOMKEHHS, 30KpeMa nakrarae-
ripporeHasu, ACT Ta MB-K®K. [logaTkoBo foBeAEHO, WO
nosiBa 03HaK AuMxarnbHoi i MeTaboniyHoi HeAOCTATHOCTI
B PaHHbOMY MicrisionepavyiiHoMy nepiofi € KpUTUYHOK
NaHKOK naToreHesy rocnitasnbHoi CMepTi.

2. AHanis nepebiry COVID-19 nokasas BupiLlansHe
3HAYEHHS SIK TSHKKOCTI iHCDeKLi, Tak i MOMEHTY iHdiky-
BaHHS. TsxkuiA nepebir cynpoBoa»KyBaBCS NETANBHICTIO
1o 85 %, Toai sik npu nerkomy nepebiry BoHa CTaHoBUNa
nuwe 6,4 %, a npyu cepeaHbOMy — BifcyTHS. HaripLunia
NpOrHo3 3ad)ikcoBaHO Y MauieHTiB, ki iHikyBanucs
SARS-CoV-2 nicns xipypriYHOro BTpyYaHHs: y Ui
KOropTi rocnitanbHa cMepTHiCTb gocsrana 59,3 %, wo
CBIQYUTb NPO KPUTUYHE BUCHAXEHHS KOMMEHCATOPHUX
pesepsiB opraHiamy. HaTtomicTb y nmaujieHTiB, ki nepe-
Hecnm COVID-19 go rocnitanisauji, piBeHb neTanbHoCTi
3anuwaBcs BiGHOCHO HM3bkuM (4,35 %).

3. OkpeMe 3HaveHHs mano noegHaHHs COVID-19
i3 NEreHEBNMM YCKIAAHEHHAMM. AKTUBHA NMHEBMOHIS Yy
nepionepaviHoMy nepiogi acoujtioBanacs 3 nertasnbHi-
cTio 45,2 %, ToAi A i BiCyTHICTb (hakTUYHO BMKMoYana
HECNPUATANBUIA pesynbTat. BusieneHumn 38’130k Mix Ha-
SIBHICTIO rApOTOpaKCy, ANCTPEC-CUHAPOMY Ta PO3BUTKOM
rOCTPOi AnXarnbHOi HeJOCTaTHOCTI NiATBEPAXKYE, LLO pec-
MipaTopHMIA KOMMOHEHT € OAHUM i3 MPOBIAHNX MEXaHI3MIB
CMepTi B i KOropTi.

4. AHanis onepaviiHux AaHuX niaKpecnms, LLIO eKCT-
PEHWI XapakTep BTpyYaHb Maibke BABIYi NiABULLYE pU3NK
rocnitansHoi cMepTi (38,9 % npotu 15,9 % npu nnaHoBwmx
onepaLlisix). Lle Binobpaxae sk TSHK4MIA NO4aTKOBWIA CTaH
navieHTiB, Tak i BiACYTHICTb Yacy Ha nepegonepauiiHy
onTumisaLio. BogHouac Taki dhaktopu, ik Maca Tina, 3picT
YM OKpeMi XPOHiYHi KoMOpBigHOCTI (apTepianbHa rinep-
TeH3is, Lykpouii aiabet, XO3J1), He npoaeMoHCTpyBanm
[0CTOBIPHOTO CAMOCTIHOTO BNIMBY Ha KIHLIEBUI pe3yrib-
Tar, Xo4a MOImM BUCTYNaT MOAUIKYOUYMMM YAHHKaMM.

5. Y3aranbHeHo, rocnitanbHa CMepPTHICTb Y NOCTKO-
BiHUX MaLieHTIB Micns Xipyprii knanaHiB cepus BU3Ha-
YaeTbCs Hacamnepes rocTpUMK AeKoMNeHcaLiiHMm
CTaHaMu — CepLEBOI0, HUPKOBOKO Ta AMXanbHOK HeOo-
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CTaTHICTIO, — LU0 NOEAHYIOTLCS i3 GIOXIMIYHUMY 3MiHaMW,
ki BinobpaxatoTb noniopraHHy AnCyHKLito. Hanbinb-
LIy MPOTHOCTUYHY 3HAYYLLICTb MatoTb TSHKKMIA nepebir
COVID-19 Ta iHikyBaHHS y nicnsionepaviiHomy nepiogi.

6. Takm YnMHOM, ONTUMI3aLLS XipypriYHOro MeHeX-
MEHTY nauieHTiB i3 nepeHeceHnm COVID-19 nosuHHa
I'PyHTYyBaTUCA Ha nepcoHani3oBaHii cTpatudikauii
pU3NKy, Ska BpaxoBye nabopaTopHi Mapkepy opraHHoi
cyHkuii, xapakTep nepebiry iHdexLii Ta Yac Big MOMEHTY
iH(bikyBaHHS 40 onepalii. BigTepmiHyBaHHA BTpyYaHHs
LLOHaMeHLWe Ha 8—12 TWxHIB nicns nepeHeceHoro
COVID-19, ocobnueo y Bunagkax Tskkoro nepebiry
YU HASIBHOCTI OpraHHUX AUCKYHKLUIN, € NaTOreHETUHHO
06r'pYHTOBaHUM i 3AaTHE 3HU3UTW piBEHb roCMiTanbHOT
CMEpPTHOCTI.
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KopoHasipycHa xBopo6a 2019 (COVID 19) npu BaritHoCTi:
naToMopdOAOTiUHi YAbTPACTPYKTYPHi 3MiHM NAQLEHTH

T. B. CaBuyk®1ABCDEF | B, AewweHko®1CPE B, B. BachnoBUy®>ACDE,
0. T. YepHeHko®2CE T, A. ManuwweBa®?EF

OpwuriHaAbHiI AOCAIAXKEHHS

"HaLlioHaAbHUI MearuHIUI yHiBepeuTeT imeHi 0. 0. BoromonbLs, M. KiiB, YkpaiHa, 2AepxaBHa ycTaHoBa «IHCTUTYT Herlpoxipypril

imeHi akapemika A. . PomopaHoBa HAMH YkpaiHu», M. Knis

A - KOHUENLiA Ta AU3aiH AOCAIAKEHHS; B - 36ip aaHux; C - aHaAi3 Ta iHTepnpeTauisn AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;

F - octatouHe 3aTBEPAXEHHS CTaTTi

Merta poboTi - JOCRigWUTK YNbTPacTPYKTYPHI 3MiHM nnaueHTy npu COVID-19 y BariTHOI B Apyromy Ta TPETLOMY TPUMECTpaX
rectauii.

Marepianu Ta metoau. Jocnigxysanu nnaueHTy (n = 128) npu COVID-19 y BariTHOI 3 NO3UTUBHUM pe3ynsTaToM noniMepasHoi
naHutoroBoi peakuii (MN/1P) Ha HassHicTb PHK Bipycy SARS-CoV-2. | rpyna — nnaveHTa npy HapomKeHHi kuBoro nnoaa (n = 94;
recTauinHmi Bik (TwxaeHb) — 40 + 2) Ta |l rpyna — npu aHTeHaTanbHin acdikcii nnoga B TepMmiti rectauii — 33 + 4; (n = 34).
3 ypaxyBaHHsIM TPUBaIIOCTi MOCTKOBIAHOMO iHTepBarny (MPOMiXOK Yacy Mix aiarHoctysanHsm COVID-19 y matepi Ta nonoramu)
6ynu cchopmoBaHi migrpymu: B 1.1 (n = 54) Ta Il.1 (n = 12) nocTkoBigHWI iHTepBan cknas 5—16 TwxHiB; TaB 1.2 (n = 40) Ta l1.2
(n =22) — 1-4 TwxHi. [ns nopiBHAHHS aHUX OOCMiMpKyBany nnaleHTy npu disionoriyHmnx nonorax go enigemii COVID-19
(n = 50; rectauinHni Bik — 39 + 1). 3acTocoByBanMCcs MakpOCKOMIYHWIA, MIKPOCKOMIYHUIA, €NeKTPOHHO-MIKpockoniyHmiA (EM),
MOPOMETPUYHUIA Ta CTATUCTUYHUA METOAUN JOCHIHKEHHS.

Pesyabtatn. Y 100 % cnocTepexeHb cnocTepiraBcst MaueHTUT Ta O3HaKW eHpoTenianbHOi ANCHYHKLUIT, NOLIKOMKEHHS
MiKpOLMpPKYNsiTOpHOro pycna. B roctpomy nepiogi COVID-19 BuaBRSnmMcs Habpsik LUUTONNa3Mu eHpoTenianbHuX KniTuH,
PYNHYBaHHS KNITUHHUX MemBpaH, anontos saep; Habpsik CTPOMU BOPCUH XOPioHa, 3BY>KEHHS NPOCBITY CyAUH, AECTPYKTUBHI
3miHm TenouuTis (TL). 3i 36inbLueHHsIM TPUBaNOCTi NOCTKOBIAHOIO iHTEPBasy B rpyni | — 3MeHLLyBanMcs NposiBu NaLeHTUTY,
HabpsiK, BiAHOBMIOBANMCS yHKLiOHaNbHa aKTUBHICTb EHOOTENiK0 Ta NPOCBIT CyauH; B rpyni |l — BUSIBNsNMCs apTepionocknepos,
CTpoManbHUi (ibpo3 Ta 3aTpuMKa pocTy XOpioHa.

BucHoBku. Bnnve SARS-CoV-2 y Bcix rpynax cnpuimHsina Habpsik Ta He060pOTHI 3MiHU eHAoTenianbHNX KIiTUH CyAWH BOPCUH
XOpioHa B rocTpoMy nepiogi xsopobu. MopdoreHes nnaveHTapHoi ancdyHkuii 3ymoenennin SARS-CoV-2: eHpoTenianbHa
ONCAYHKLIS, NOPYLIEHHS MIKPOLMPKYNALii, 3ananbHa iHGinbTpauis, Habpsik CTpOMU TepMiHaNbHUX BOPCWH 3 NodanbLLnM
hibpo30M, 3MEHLLEHHS NPOCBITY CyaMH Ta BiACOTKY BiNbHOMO MiKBOPCUHYACTOro npoctopy. Posnaan mikpoumpkynsuii
Ta Habpsk BopcuH cTpomu npu COVID-19 npuasogmnu Ao OeCTPYKTUBHUX 3MiH TEMOLMTIB, O OOMEXYE MOXMMBICTb
21eKBATHOTO aHrioreHe3y 1 perynsiuii TOHyCy CyanH He3pinux NpoMixXHUX BopckH. HeobopoTHi amim TL, ix cibpobnactuyHe
AndepeHLitoBaHHs 3 noganbLnm ibpo3omM CTpoMK CTOBOYPOBWX i MPOMIXKHIX BOPCUH MPU3BOAUIN 10 3aTPUMKI (DOPMYBaHHS
TepMiHanbHUX BOPCUH XOpiOHa.

Coronavirus disease 2019 (COVID-19) in pregnancy:
pathomorphological ultrastructural changes of the placenta

T. V. Savchuk, I. V. Leshchenko, V. V. Vaslovych, O. H. Chernenko, T. A. Malysheva

Aim. To investigate ultrastructural changes in the placenta of pregnant women with COVID-19 during the second and third
trimesters of gestation.

Materials and methods. A total of 128 placentas from pregnant women with a confirmed positive PCR test for SARS-CoV-2
RNA were examined. Group | — placentas after live births (n = 94; gestational age 40 + 2 weeks). Group Il — placentas after
antenatal fetal death (n = 34; gestational age 33 + 4 weeks). Based on the post-COVID interval (the time between maternal
COVID-19 diagnosis and delivery), the following subgroups were formed: in 1.1 (n = 54) and 1.1 (n = 12), the post-COVID
interval was 5-16 weeks; and in 1.2 (n =40) and I1.2 (n = 22), it was 1-4 weeks. For comparison, placentas from physiological
deliveries before the COVID-19 pandemic were analyzed (n = 50; gestational age 39 + 1 week). Macroscopic, microscopic,
electron microscopic, morphometric, and statistical analyses were performed.

Results. Results. In 100 % of cases, placentitis, endothelial dysfunction, and microcirculatory damage were observed. During
the acute phase of COVID-19, cytoplasmic edema of endothelial cells, disruption of cell membranes, and nuclear apoptosis
were detected, along with stromal edema of chorionic villi, narrowing of vascular lumina, and destructive changes in telocytes
(TCs). With a longer post-COVID interval, Group | showed a decrease in placentitis and stromal edema, as well as restoration
of endothelial function and vascular lumina. In Group II, however, arteriolosclerosis, stromal fibrosis, and impaired villous
maturation were identified.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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Conclusions. The effect of SARS-CoV-2 in all groups caused edema and irreversible changes in the endothelial cells of chori-
onic villous vessels during the acute phase of the disease. The morphogenesis of SARS-CoV-2-induced placental dysfunction
involved endothelial dysfunction, impaired microcirculation, inflammatory infiltration, stromal edema of terminal villi followed
by fibrosis, narrowing of vascular lumina, and a reduction in the proportion of free intervillous space. Microcirculatory distur-
bances and stromal villous edema in COVID-19 led to destructive changes in TCs, thereby limiting adequate angiogenesis
and regulation of vascular tone in immature intermediate villi. Irreversible alterations of TCs, their fibroblastic differentiation,
and subsequent stromal fibrosis of stem and intermediate villi resulted in a reduced number of terminal villi and a dissociated

disordered villous maturation.

lNnaueHTa € TMMYacoOBUM OpPraHoOM 3 BiACYTHICTIO iHep-
Bauii [1]. CTpyKTypHOI OAMHMLEI0 NNALeHTn € KoTU-
NeoH — po3ranyeHHsi CTOBOYpOBOi BOPCUHYM XOpioHa
Ha NPOMiXHI Ta TepMmiHanbHi [2]. AneksaTHa nepdyasis
3abe3neyyeTbCcsl CTAHOM CyAMH BOPCUH XOpioHa Ta
BiNbHUM MiXBOPCWMHYACTUM mpoctopom [3]. 36yaHuK
KopoHaBipycHoi iHgdekuii (COVID-19) — SARS-CoV-2
3B’A3y€ETbCS 3 PELIENTOPOM aHriOTEH3HNEPETBOPIO-
yoro cpepmenTty Il Tny (ACE2) [4], sKkuit NpucyTHIn B
nnaueHTi B eHgotenii cyanH. CnpuunHena SARS-CoV-2
aKTBaLis eHZoTenito NpU3BOAMTL O Cra3Mmy CyAwH,
NOPYLUEHHS PEOnorii KPOBI Ta MiKpOLMPKYNALii SK B
CyAVHaxX BOPCUH XOPIiOHa, TaK i B MiXBOPCUHYACTOMY
npoctopi (M) [5,6]. Ponb MiXKRITUHHOT KOMYHiKaLii
B NnaueHTi BigBoaaTb TL (iHTepcTuuianbHi KNiTUHKM
Kaxans) 3aBasikv Tenonogiam [1,7]. TL, 6epyTb y4acTb
B nepefadi curHany Ao nnaueHTapHux Miogibpobnac-
TiB — reHepaTopa oKcuzaa asoTy, sikuii 3abe3nevye ToHyC
rmagkux m’a3is [8]. TL, obymoBniooTb pereHepalLito
TKaHWH, aHrioreHe3 Ta NepeLUKoKaTb eHaoTenianb-
Hin aucdyHkuii [9]. TL, yTBOpIOIOTE (OYHKLiOHANBHWUNA
3B'S130K 3 NnepuuMTamMu, eHgoTenianbHUMKM KniTuHamu,
KornareHoBVMM BOMOKHaMW Ta cyauHamu [1]. YpaxeHHs
cTpykTyp nnaueHtn SARS-CoV-2 cnpuunHsie nnogoy
Ta MaTepuHcbKy Manbnepdyaii [10], Ta ctae npuymHoo
nnaueHTapHoi HegocTaTHocTi [11], BUSIBNEHHs natore-
HETUYHMX MEeXaHi3MiB SKOi CMOHyKano Hac NpoBECTM
[OCHiIKEHHS.

Merta po6otu

[Jocnigntn ynbTpacTpyKTYpHi 3MiHU NnaueHTn npu
COVID-19 npw BariTHOCTi B ApyromMy Ta TpeTbOMy Tpu-
MecTpax rectavji.

Marepianu i meToAU AOCAIAKEHHA

Jocnipxysanu nnaueHTy (n = 128) npu COVID-19 y
BariTHOI 3 NO3NTMBHUM pedynbTaToM MJ1P Ha HasiBHICTb
PHK Bipycy SARS-CoV-2. | rpyna — nnaLeHTa npu Hapog-
XKEHHI XK1BOro nnoga (n = 94; rectauiHnii BiK, TWXXOEHb
—40+ 2) 1all rpyna — npu aHTeHaTanbHin acdikcii nnoaa
B TepMiHi rectauii — 33 + 4; (n = 34). 3 ypaxyBaHHaMm
TPWBANOCTi MOCTKOBIAHOrO iHTEPBany (MPOMIXOK Yacy
Mix giarHocTtyBaHHsM COVID-19 y matepi Ta nonoramm)
Oynu cdpopmosani nigrpynu: 1.1 (n=54) Tall.1 (n=12)—
NOCTKOBIAHUI iHTEpBan cknae 516 TuxHiB; Ta 1.2 (n = 40)
1a 1.2 (n = 22) — 1-4 TwkHi. Ina NopiBHAHHA AaHKX
AOCnipKyBanu nnaueHTy npu isionoriyHmx nonorax
no enigemii COVID-19 (n = 50; rectauiitui Bik 39 + 1).
Martepian 6yB BigibpaHui y BigAineHHi natonoriyHoi
aHatomii HACIT « OXMATANT» MO3 Ykpaihu 3a nepiog
2020-2022 poku 3rigHO 3 4OrOBOPOM.
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Po6Gota npoBeseHa 3 JOTpUMaHHAM GiOETUYHUX
HOPM, LLO perniamMmeHToBaHi MenbCiHCLKOK Aeknapavieto
npas noanHn (1964 pik), KoHeeHuieto Pagn €sponu 3
npas noavHy i GiomeanumHm (1997 pik), a TakoX YHHUM
3aKoHoZaBcTBOM YkpaiHu. [JocnimkeHHs CXxBaneHi Komici-
€10 3 NTaHb BioeTUYHOI excrnepTnan HawjioHansHoro me-
AnyHoro yHisepeuTeTy imeHi O. O. BoromonbLgs (npoTokon
Big 29.03.2021 poky Ne 144). Big nauieHTiB oTprmaHa
n1cbMOBa iHhOpMOBaHa 3rofa Ha AOCHIMKEHHS.

3acTocoByBanmMcs MakpOCKOMIYHUIA, MIKPOCKOMIYHWIA,
€neKTPOHHO-MikpockoniyHui (EM), mopdomeTpryHuii Ta
CTaTUCTUYHUIA METOAN AOCHimKEHHS. 3pian 3abapBnioBa-
T TiICTONOMYHMMM 3arasnibHONPUAHATUMI METOAMKAMM,
meTogoM MSB Ta iMyHOrCTOXIMIYHO i3 3aCTOCYBaHHSIM
MOHOKITOHaMBHUX MULLMHKX aHTuTINn npot CD34 (Thermo
Fisher Scientific, CLLIA) B pobounx po3segeHHsx. [Ans
BidyanisaLii MOBHOTO TiCTOMOMYHOrO 3pi3y TKaHWH MPOBO-
OUnV KOMM'KOTEPHE AOCNIMKEHHS oLMdpoBaHNX crangis
3a [0MOMOroto LidpoBoro ckaHepa Pannoramic DESK
DW 11 [12]. KinbKicHi BigMiHHOCTi BOPCYH XOpioHa (CyayHW,
crpoma) Ta MIN Busiensanv 3a gonomoroto cepaicy ONLINE
JPG TOOLS, 1o Br3Ha4ae y poTo nonikcenbHO BiACOTOK
KOrbOpy, SIKUI € BiACOTKOM MIIOLL AOCIIKyBaHOI CTPYKTY-
pu [13]. Ans uboro y rpacbivHomy pegakTopi Microsoft Paint
3achapboByBanM ricTonoriyHi CTpyKTypw, LLIO AOCHimKyBa-
NNCb, Y KOTIP, KV BIBPI3HABCA Bif, KOMbOPIB riCTOMONYHOM0
3abapBrneHHs CTPYKTYp Ha ¢hOTO (CYAWHWU — B YOPHWIA,
pOH — y 3eneHuin Konip) 3 HACTYMHUM 3aBaHTAKEHHAM
apxiBHux oo (x630, x1800) y chopmarti JPEG B cepsic.
[Ons oBumcnioBaHHS LWINbHOCTI CUHLMTIANbHUX BY3MUKIB
BVKOPUCTOBYBaNu METOA KirbkicHOI nnaHimetpii [14].

YnbTpacTpyKTYpHI 3MiHW Y TepMiHanbHUX BOPCUH
XopioHa BuBYanucs 3a gonomoroto EM. 3abip dpar-
MEHTIB TKaHWHW nnaueHT po3mipom 1-2 mMm® npoBo-
v Bigpaay nicns nonoris, dikcyBanu B cymiwi 4 %
napacopmansgerigy («Aldrich», Himeyyuna), 2,5 %
rnoTapanbgerigy («Raaraly, Yropiwuna) i Ha 0,1 M kako-
annatHomy 6ycdbepi pH 7,4 («Agar scientificy, HimeuunHa)
3 HacTynHoto fodikcauieto B 1 % po34mMHi HOTUPLOXOKMCY
ocwmito («Agar scientificy, Himeuunna) [15], 3HeBogH0Banm
B 3POCTalOYMX KOHLIEHTpaLlisX eTaHony i okcinponineHy
Ta 3anuBanu B CyMiLLl EMOKCUAHVX CMON (ENOH-apanauT,
«Flukay, LUBeiiLapis) 3a cTaHgapTHUMKM METOAMKAMU
€MEeKTPOHHOI MIKPOCKOMii. YNETPaTOHKi 3pi3n TOBLLMHOK
70 Hm BUroTOBNANMCH Ha ynsTpatomi LKB (Lsewis). Ans
MiABWLLEHHS KOHTPACTY ix 3abapBntoBany cTaHaapTHIMK
meTogoM Reynolds [16] | npogmensnucs B eNeKTPOHHOMY
mikpockoni NMEM 100-1 («SELMI», YkpaiHa) 3a npucko-
ptoBanbHOi Hanpyr 75 kB.

CTaTUCTMYHWIA aHani3 pesynbTaTiB BUKOHyBanu 3
BUkopucTaHHam nporpamn SPSS IBM v.22 (Armonk, NY,
USA), niuensis HMY imeHi O. O. Boromonbus Ne 128
Big 01.08.2016 p. Ons cTatUcTUYHOI 06poBKM AaHMX
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Tabauus 1. lecTauinHun ik, TsikkicTe COVID-19 Ta naToMopdornoriyHi 3MiHu nnaueHTy y BariTHUX xiHok 3 COVID-19

MNMoka3HWK, oAUHULI BUMipIOBaHHSA

I'pyna nopiBHAHHSA,
n =50

TepMiH BariTHOCTI, TWXAEHb 40 (38-42) 40 (39-41) 36 (34-37) 31 (30-34) 40 (39-40)
COVID-19: Terkuin 45 (47,8) [37,8-58,1] 14 (41,2) [24,9-58,5] -
ﬁa(’;;")'c[gg r;flﬁ?'r-‘/? CepeaHboBaxknit 40 (42,6) [32,7-52,8] 13 (40,6) [23,9-58,6] -

s Baxkuii 9.(9,6) [4,4-16,4] 7 (20.6) [8,5-36,2] -
MaTomopdonoriyHi 3miHun
Crasu, Tpombo3u, kpososunvem; n (%) 50 (92,6) 40 (100) 9(75) 22 (100) -
[95 % Al] [84,0-98,1] [95,3-100,0] [44,4-95,8]* [91,7-100,0]*
IHcbapkTy; n (%) 51(94,4) 14 (35) 12 (100) 11 (50) -
[95 % Al] [86,6-99,0]* [20,8-50,8] [84,1-100,0]* [28,50-71,52]
Mponicbepauist M’'30B0r0 LWapy 35 (64,8) 33(82,5) 4(33,3) 10 (45,5) -
apTepion cToBGYpoBNX BOPCUH; N (%) [561,5-77,1] [68,9-92,8] [8,6-64,6] [24,5-67,3]
[95 % Al]
ApTepionocknepos; n (%) [95 % [l] 8(24,1) 0(0,0) 12 (100) 0(0,0) -

[13,5-36,6] [0,0-4,7] [84,1-100,0* [0,0-8,3]
KinbkicTb TepMiHanbHWX BOpcuH' 16 [10; 25]* 251[21; 29] 10[8; 12] * 5[3; 8]* 25 [20; 30]
Habpsik ctpomu TepmiHanbHux BopewH, 52 (96,3) [89.5-99,7] 40 (100) [95,3-100,0]  11(91,7) [67,1-100,0]; n=22 0
n (%) [95 % AI]; 51,4 % 72,5% 83,5 % 100 [91,7-100,0]; 0[0,0-3,8];
% cTpomun [47,2 %; 58,8 %]* [65,7 %; 78,8 %J* [75,61 %; 89,69 %] 85,23 % 32,1%
[80,4 %; 89,83 %J* [26,1 %; 39,8 %]

3BYXXEHHS NPOCBITY CYANH 52 (96,3) 40 (100) 12 (100) 21(91,7) 0(0)
TepMiHanbHUX BopcuH, n (%) [95 % O], [89,5-99,7]; [95,3-100,0]; [84,1-100,0] [67,1-100,0]; [0,0-3,8];
% cyanH 45,4 (40,6-48,7)* 29,3 (25,7-34,8) 16,40 (10,35-24,38)* 14,72 (10,20-19,50)* 67,40 (58,76-73,80)
MnaueHTut

XopioamHioHIT n (%) 50 (92,6) 40 (100) 3 (25) 22 (100) -

[95 % Al [84,0-98,1] [95,3-100,0] [2-55] [91,7-100,0]

IHTepBinyanT n (%) 4(74) 11(27,5) 0 22 (100)*

95 % Al [1,9-16,0] [14,6-42,7] 0,0 [0,0~14,6] [91,7-100,0]

BasanbHuit feumayit, n (%) 52 (96,3) 40 (100) 8(72,7) 22 (100)

[95 % Al [89,5-99,7] [95,2-100,0] [40,1-95,5] [91,7-100,0]
CvHUMTIanbHi By3nukW', WinNbHICTb 4,6[3; 6] 12,4 [11; 14]* 1,69 [1; 3]* 3,6[2; 5] 5915; 7]
MixBopcrHyacTuii npocTip, % 38,7 (23,0-62,8)* 26,45 (20,7-33,8)* 49,5 (44,4-55,2) 21,7 (16,4-26,4)* 44,8 (40,5-49,8)

p <0,001
p=0,7
p=0,7
p=0,2

p,,=0,04

p,,< 0,001
P, ;< 0,001

p<0,001

p <0,001

p<0,001
p<0,001

p <0,001

p,,<0,001
p, < 0,001

P, < 0,001
p,,< 0,001
P, < 0,001

p <0,001
p <0,001

*: p < 0,001 (Kruskal-Wallis test); *: kinbkicTb TepMiHanbHIX BOPCUH XOpiOHa B OAHOMY Moni 30py npy 36inbLueHHi mikpockona 400.

3acTOCOBYBanu MeToau BapiauiHoi ctatucTuku. [ns
MHOKUHHOTO MOPIBHSHHSA MK rpynamm cepefHix 3Ha4eHb
BUKOPUCTOBYBanu HenapametpuyHuin Kruskal-Wallis test
[17]. KinbkicHi aaHi HaBeneHi y hopmaTi MefiaHa 3 HUX-
Him Ta BepxHim kBapTunamu (Me [Q1; Q3]). BigmiHHoCTi
BBaXanu CTaTMCTUYHO 3HadyLwmmu npu p < 0,05.

PesyAbTati

BvByanucsa natoMopdonorivHi 3MiHW nnaueHTn npu
COVID-19 y BaritHOi (mabn. 1). CnocTepiranocs 3Hu-
XXeHHs recTauiHoro Biky y Il rpyni nopiBHsHO 3 | rpynoto
Ta rpynoto nopiBHsHHA. BaxkicTb nepebiry COVID-19 y
BariTHoi B | rpyni 6yna nerkoto y 45 (47,8 %) Bunagkax,
cepenHbo Tsxkkoto y 40 (42,6 %) BnagKax Ta TSHKKOK Y
9 (9,6 %) Bunapkax. MNpw aHTeHaTanbHiN acikcii nnoaa
y 14 xiHok (41,2 %) Bys nerkuit nepebir COVID-19; 13
(40,6 %) nepeHecn 3axBOptOBaHHS CEPERHBLOI TSKKOCTI
Ta Tshxka chopma — 7 (20,6 %) Bunapakis. Hespaxaroum Ha
[eLLO BYLLY KifTbKICTb CMOCTEPEXEHb 3 TSHKKUM nepebirom
COVID-19 B Il rpyni nopiBHsIHO 3 | rpymnoto, CTaTUCTUYHO
3HaYyLLOI Pi3HNLI MixX rpynamu He BusiBneHo. B | rpyni
OLiHKY 3a wwkanoto Anrap 8-9 6anis (HopManbHWIA CTaH)
otpumanu 66 (70,2 %) HoBoHapomkeHux. OuiHky 7-8
6anis (nerkmin gucTpec) otpumana 22 autunn (23,4 %),
oujHKa 6-7 6anis — n'atb Aiten (5,3 %), oaHe HeMoBNS
(1,1 %) 6yno ouiHeHo B 3—4 Ganu (TSLKKWIA AUCTPEC).

Matonoria. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.

IMpu LBEOMY He crnocTepiranocs CTaTUCTAYHO 3HaYYLLOTO
3B'A3Ky Mix TskkicTio COVID-19 y BariTHOI Ta cTaHoMm
nroaa npy HapomKeHHi (mabs. 1).

[Mpn MakpockoniyHOMY AOCRIZXEHHI nnaueHTn
OCHOBHWX rpyn B roctpomy nepiogi COVID-19 B 100 %
CrnocTepiranucsa BUpaxeHi ANCLMPKYNATOPHI po3nagu
(mabn. 1): noBHOKPIB'A (puc. 1), KPOBOBWUINBK B KICTU
(puc. 1A, B, T), 8 M (puc. 15, [). Mpw upomy iHTEHCHB-
HICTb Ta PO3MOBCIOMKEHICTL KPOBOBUMMBIB NepeBaxana
y nigrpyni 1.2 (puc. 1A). MNpuBepTas yBary TEeMHO-BULLHE-
BV KOIIP KPOBI B MiCLISIX KPOBOBMIMBIB, SIKU M1 BBaXAIN
3a onocepeakosaHy o3Haky COVID-19, Lo nosicHoeTbCS
akTMBaLieto ibpuHoniay.

Yepes roctpe nopyLUeHHs kpoBooGiry B nigrpynax |.2
Ta I.2 6ynm HasiBHi BUKIHOYHO YepBOHi iHdhapkTh. 3i 36inb-
LUEHHSIM MOCTKOBIAHOIO iHTEPBarny BUPaXeHICTb NposiBy
AVCLMPKYNATOPHUX MOpPYLUEHb 3MeHLIyBanacs (rpynu
I.1 Ta II.1), cnocTepiranucs 4epBoHi Ta 6ini iHdapkTy
(puc. 1A). 36inbLUEHHS KINBbKOCTI OCTaHHIX MOSICHIOBAM
opraHisauieto YepBOHMX iH(DAPKTIB Ta BiKNageHHAM
¢ibpuHOigy B MiKBOPCMHYACTOMY MPOCTOPI (Migrpynu
1.1, 1.11) (puc. 3B, B, I') 3i 3MEHLLEHHAM OrO BiflbHOMO
Bigcotka (mabn. 1; puc. 14; puc. 25, T).

Brignn Burnsaa (puc. 3A) Ta B'Ana KOHCUCTEHLS
BiApi3HANa nnaueHTy niarpynu 11.2 3 HasBHUM reHepani-
30BaHUM iHTEpBINysuTom (puc. 35, B), wo 'y 22 (100 %)
6yB NpUYMHOKO BHYTPILLHBLOYTPOGHOI 3arnbeni nnopa. Y
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1b

Puc. 1. Matomopdonoriyni 3miHu npu COVID-19 y roctpomy nepioai xgopobu y BaritHoi. YepBoHi iHdapkTv nnaueHTw. A, B, I: BUrnag Ha po3piai. A: nnaueHTa npy aHTeHaTanbHin
acdikcii nnoaa Ha 36 TwxHi rectawii. Ha po3pisi YucneHHi kict 3 kposoBunueamu. Xeopina Ha COVID-19 3 35 TuxHs rectauii (nepebir cepeaHbOi TSXKKOCTI, MiABULLEHHS TeMnepa-
Typu o 37,2-38 °C). B: nnaueHTa xu1BoHapomxeHoro nnoga Ha 40 TvxHi rectauii, 7-8 6anis 3a Wwkanoto Anrap; y BariTHoi Baxkuin nepebir xBopobu 3 ABOGIHHO NHEBMOHIEH Ha
38-39 TuxHsix. I nnaLeHTa X1BOHapomKeHoro nnoaa Ha 41 TvkHi rectauii, 7-8 6anis 3a Wwkanoto Anrap; y BariTHoi nerkuii nepedir xsopobu Ha 31-32 TxHsX; 6e3 Temnepatypu,
6oni B cyrnobax, BTparta Hioxy, cmaky. b, A: KpOBOBUMMBY B Mix BOPCHHaMu XopioHa; b x5; A x760.

nigrpyni 1.2 BorHmLLEeBWit iHTepBinyauT (puc. 3, cmpinka)
syctpieea y 11 (27,5 %). 3ananbHa iHdinsTpauis B MMy
nigrpynax 1.2 ta I1.2 Takox npussoauna 4o 3MeHLIEHHS
BiACOTKy BinbHoro MI (mab6n. 1; puc. 36, B).

OcHoBHi Nigrpynu BiApI3HANMCS KinNbKIiCTHO TepMiHarib-
HUX BopcuH (mabs. 1). B nigrpyni 1.2 KinbKiCTb OCTaHHIX
Byna Takoto S i B rpyni NOPIBHAHHS (25 + 4), L0 NOsCHI0-
Basiocsi ChopMOBaHNM XOPIOHOM Ha MOMEHT iHDiKyBaHHS
BariTHoi (puc. 46, . B iHWwWX nigrpynax KinbkicTs Tep-
MiHanbH1X BOPCWH 3MeHLUyBanacs (puc. 4B). Y nigrpyni
1.2 ue obymoenioBanocs HezaBepLUeHNM hOPMyBaHHSAM
BOpCUHYacToro xopioHa (puc. 4A). Y nigrpynax .1 ta Il.1
3MeHLUEHa KiMbKiCTb TEPMiHANbHUX BOPCUH MOSICHIOBa-
nacs NOLIKOAKeHHsM CTOBOYpOBMX Ta HaNiBCTOBOYPOBWX
BOPCYH, LLO € [PKEPENOM A YTBOPEHHS TepMiHaNbHNX
BOPCUHOK (puc. 4B).

190 ISSN 2306-8027  https://pat.zsmu.edu.ua

B roctpomy nepioai COVID-19 cnoctepiranacs
nponichepaLisi rMaakom 30BMX BOTOKOH apTepion CToB-
6ypoBux BopcyH xopioHa (puc. 5A, B; mabn. 1). Mpocsit
CyanHn OyB 3MeHLLeHM. 3i 30iNblEHHSM TPUBANOCTI
MOCTKOBIAHOrO NPOMIXKY BigMi4anocs BiHOBMEHHS
npocaiTy cyamuu (nigrpyna 1.1) (puc. 56) abo ioro obni-
Tepauis — apTtepionocknepos, skuin B 100 % BusBnsecs
B migrpyni 1.1 (puc. 5IN). Takox metogom MSB BusiBns-
nocs gibpoayBaHHs CTPOMU CTOBOYPOBMX Ta MPOMIKHUX
BOPCUH XopioHa. BoHa HabyBana 6nakvTHOMO Komnbopy,
IO CBiAYNTb MPO BEMNWKY KiNbKICTb CMOMYYHOTKAHWH-
HUX BOJIOKOH (puc. 46). EM BusBnsnocs BigknageHHs
ibpuHy, MykoigHi Ta ibpUHOIAHI 3MiHM KONareHoBUX
BOJOKOH, LLIO MPOSIBUNIOCS NMOPYLLIEHHSIM X KOMMAKTHOCTI
Ta BTPATOL0 MOMepeYHOi MOCMYroBaHOCTi, FOMOreHisaLjieto
Ta pyWHyBaHHsAM BignosigHo (puc. SE, XK, 3). B ctpomi
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2A 2B

2b
2r

Puc. 2. Matomopdonoriuui 3miHu npu COVID-19 y BariTHoi. A: nnaLeHTa X1BOHapOKEHOTo nioaa Ha 38 TvxHi rectauii, 7-8 6anis 3a Anrap; y BariTHoi nerkuit nepebir xsopobu
Ha 19-20 TwxHsx. YepBoHi Ta 6ini iHchapkTh nnaueHTy. B: nnaueHTa npu aHTeHaTanbHil 3arnbeni nnoga Ha 36 TvxHi, COVID-19 Ha 32-33 TuxHi, nepebir cepeaHbOi TSHXKOCTI.
B, I BOPCUHM, OKOHTYPOBaHi (hibpKHOILOM. B: 3MeHLLEH KinbKiCTb Ta NPOCBIT CyauH BopcuH xopioHa; CD34, x400. I': T'E, x200.

3A 3b

3B

3r

Puc. 3. Matomopdonoriuni 3mitm npu COVID-19 y rocTpomy nepiogi XBopobu y BariTHOi. A: MakpOCKOMiHi 3MiHW NNaLeHTW Npu aHTeHaTanbHiit acdikcii nnoga Ha 30 TxHi recTauii:
TiM'siHWIA BUrNAA, 6niga, 8'ana. COVID-19 y BaritHoi 3 29 TuxHs recTauii (nerkuid nepeGir, nigBuweHHs Temnepatypu Ao 37°C). b, B: iHTepBinyauT: nelikountu, ibpuH y MM (*),
B: 3MeHLLEHWA NPOCBIT CyauH TepMiHanbHUX BopciH; CD34, x400. B: BopcuHW, OkoHTYpoBaHi hibpuHoigom; TE, x200. I BOrHULLEBMIA iHTEPBINY3UT B MALEHTI XWUBOHAPOLKEHOTO
nnoga Ha 35 TWXHi rectauji: Monogmii hibpUH YepBOHOMO KONbOPY (CTPINKa) Ta NEAKOLMTI MiX BOPCUHAMM XOPIOHA, BENWKA KinbKiCTb GNN3bKO pO3TaLLOBaHWUX TEPMiHAMbHIUX
BOPCUH, aHriomatos; MSB, x40.
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4A

4B

4b

ar

Puc. 4. CTpykTypHi 3miHn nnauentn npu COVID-19 y BaritHoi (B-T). A: BOPCUHM XOpioHa B TepMiHi BariTHOCTi 19—20 TWXHi (fpyna NopiBHAHHS), NepeBaxatoTb He3pini NPOMiXHi
BopcuHy. B: nnaveHTa B TepMiHi rectauii 39 TxHiB, KPOBOBUIMBM Mix ChOPMOBAHUMY TEPMiHANbHUMM BOPCMHAMM XopioHa. B, I: nnaueHTy X BuMX NNoAiB Npy AOHOLLEHIN BariTHOCTI
(COVID-19 Ha 19-20 TvxHi Ta 36-37 TxHsX BignosigHo). A, b x5. B, I - TE, x100.

BOPCYH BigMIYanocs 36inbLUEHHs KiNbKOCTi KONareHoBKX
BOMOKOH y nigrpyni 1.1 (puc. 5E, 3) npotw |.2 (puc. 54).
Cepep cnonyYyHOTKaHUHHUX BOMOKOH BUSBNANMCS
TL, — iHTepcTUUianbHi KNiTUHW 3 BepeTeHoNoAiGH!MM
sapamMy Ta JOBrMMM BigpocTkamu (Tenonogismu) [7,8,9].
PosTawoByBanucs knituHu 6inst cyauH (puc. 54) abo
nig 6asanbHo0 MeMbpaHow cuHuuTioTpodobnacta
(puc. 54). B roctpomy nepiogi COVID-19 sapa TL| 6ynu
anonTuYyHO 3MiHEHi 3 HEPIBHUMU KOHTYpamu, mapriHa-
ni3auieto Ta KoHOEHcaUie XpoMaTrHy, OTOYEHI TOHKMM
Lapom umtonnasmu (puc. 5E, XK, 3). B uutonnasmi teno-
MOAj BU3HAYanMcs AiNsaHKM NPOCBITNEHOI LMTONa3Mu,
Bakyoni (puc. 54, 3, puc. 7K, E), Habpsik MITOXOHAPIN.
Bigmivanaca dparmeHTauis BigpoCTKiB, 3MEHLUEHHS
foBxvHn Tenonogin. B nigrpyni |.1 BigpocTku TL, 6ynn
cToBLUeHI (puc. 5E). KinbKicTb konareHoBUX BOMOKOH
B CTPOMi BOPCUHM HaBKOMO KNiTWH 36inbluyBanacs 3i
36inbLUEHHSIM TPUBANOCTi NOCTKOBIZHOTO NMPOMIXKY
(puc. 5E), wo moxe cBigunTh Npo TpaHcdopmaLiio TL B
ibpobnactu (puc. 5XK).

B cTpomi TepmiHanbH1X BOPCHH XOPiOHa B OCHOBHUX
rpynax cnocrepirascsi Habpsik (puc. 6A, b; puc. 7A, B,
), wo npusBeno Ao 36inbWEHHAM BiACOTKY CTPOMU
(mabn. 1). Mpy UbOMY BiACOTOK CyOUH B TEPMIHArbHIN
BOPCUHI GYB 3MEHLLEHMI 32 PaXyHOK 3BY)XEHHS1 POCBITY
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CyAVH. HalMeHLIMIA NoKasHUK BUSIBUBCS B OCHOBHUX
rpynax B roctpomy nepiogi xsopobu (puc. 6A, b). 3i
30iNbLUEHHAM MOCTKOBIAHOrO iHTepBany y nigrpyni 1.1
HabpsiK 3MEHLLYBaABCS, MPO LU0 CBiAYUNO 3MEHLLEHHS
BiZICOTKA CTPOMU TEPMiHANbHNX BOPCUHOK NOPIBHSHO 3
nigrpynamu 1.2, 1.1 1a 11.2. Mpn LbOMy NPOCBIT CyauH
BiJHOBMIOBABCS, LLIO NPOSBAANOCS 30iMNbLLEHHSM BifCOTKY
CyouH y BopcuHi (puc. 76, I, E). Y nigrpyni 1.1 cyauHm
pO3TaLLOBYBanMcs brivbkye 4o LEHTPY BOPCUHU (puc. 56),
L0 € XapaKTepHOK 03HAKOK Ans MnaueHT! HU3bKOTo
rectauiiHoro Biky [18]. Y nigrpyni .2 6inbLu ueHTpanbHe
po3TallyBaHHs CyUH MoB'si3aHo 3 HabpsikoM (puc. 6A), a
y nigrpynax |.1 1a l.1 3 cpibposysaHHam cTpomm (puc. 5B,
. B obox Bunagkax TOBLUMHA BaCKyNOCUHLMTIANbHOT
mMeMbpaHw 30inbLuyBanacs.

Mpu EM npu COVID-19 y BaritHoi (puc. 31, [) B
3BY)KEHOMY MPOCBITi CYAUHW BUSIBNSNWCS arperoBaHi
eputpounTn (puc. 6A, B, XK; puc. 7A, b). B roctpomy
nepiozi x8opobu crnocTepiraBcs TpOMB03 — 3pyNHOBaHi
€pUTPOLMTY NepexkpuBani NpocsiT cyaunuu (puc. 63, XX).
BigmivaBca Habpsik uMTONIa3Mu, NPOCBITIEHHS LUTOMN-
na3mu eHgoTenianbHUX KnituH nigrpynm 1.2 (puc. 6B, [,
K). KinbkicTb LuTONnasmaTuyHnX ynsTpacTpyKTyp 3MeH-
LyBanacs. HasiBHi po3pusw KniTMHHUX MembpaH (puc. 2A,
A, ’K). B cyauHax nigrpynu 1.1 mapriHanbHi YacTuHm
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5A 5b
5B 5r
54 5E

5K 53

Puc. 5. MikpockoniyHi Ta enekpoHHo-MikpockoniuHi 3MiHu naueHTy npu COVID-19 npu BariTHoCTi B ocHOBHMX rpynax. A, A, XK: niarpyna |.2. B, E, 3: nigrpyna I.1. A, B, A-3: pparmeHTH
HaniscToB6YpoBoi BOpcuHM. A: nponichepaLlist rnafkvux M'A3iB CTIHKW 3 3BY)XXEHHSIM NPOCBITY CYAUHYU B FOCTPOMY Nepiofi XBopobu. b: BiGHOBNEHHs NPOCBITY CYANHU 3i 36inbLUEHHSAM
nocTKOBIAHOrO iHTepBany A, b: ekcrpecisi rnaakoM S30BOro akTUHY Y CTiHLi apTepion cToBOypoBMX Ta HaniBCcTOBOYPOBMX BOPCUH XopioHa, x200. B, I: nnaLeHT MepTBOHapPOAKEHNX
nnogis. COVID-19 Ha 32-33 ta 2021 TxHsX BignosigHo; MSB. 3MeHLLEHHS KinbKoCTi TepMiHamnbHUX BOPCUH. B: BOPCUHN, OKOHTYpOBaHi ¢hibpuUHOIfOM (YepBOHMIA Konip —«Momno-
vy ibpuH); dibpos cTpomm BopeuH (6nakuTHui konip); x40. I': obniTepaLis npocsiTy aptepion (cTpinka); x100. E, : TL| cepen konareHOBMX BONOKOH CTpOMM BopcyuHu; x6000.
A, 3: Bakyonisiuist umTonnasmu Tenouutis, x10000. 1 - sgpo TL; 2 — sapo cuHumTioTpodhobnacTa. YopHi cTpinku — tenonogii.
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1

56,71 %

17,47 %

66,58 %

9,46 %

42,22 %

32,21 %

25,57 %

2 3

Puc. 6. MikpockoniyHi 3miHW cyauH TepmiHanbHoi BopcHu npu COVID-19 — 19. 1A: nigrpyna |1.2; 1B: niarpyna 11.2; LueHTpanbHa nokanisawis kaninspie y BOPCUHKaX XopioHa, Lo
xapakTepHa Ans Hespinoi nnaueHTW. 1B: rpyna nopiBHSHHSY; ekcnpecis MOHOKNOHanbHUX aHTuTin npot CD34 B eHpoTenii apTepion BopckH xopioHa, X630). KinbkicHe BU3HaYeHHS
Bi[COTKIB Cy/ZWH Ta CTPOMM Y TicTornoriYHOMY 3pisi TepMiHanbHoi BopcuHu: 2A, b, B: y rpachivHomy pepakTopi Microsoft Paint 3achap6oBaHuii npocBiT CyanH (YOpHUIA) Ta POH OTOYEHHS!
BOpPCUHK (3eneHuit). 3A, B, B: BU3HaYeHHS BiACOTKIB CyanH (YOpHUIA Konip) Ta cTpomu (cipuii konip), choH (3enenuit konip) y cepsici ONLINE JPG TOOLS.

194

KMiTUH eHOOTENit0 BUMMAZANU siK eNeKTPOHHO-LWiNbHi
TaK i NpoCBITNeEHi (puc. 6), BoHW Bynu sik Habpskni, Tak
i CTOHLUEHI 3 HE3BOPOTHO YLLKOZKEHUM eHAoTeniem 3
po3puBamu MeMbpaH, BEMVKUMU LIMTONNasMaTn4yHnmm
BaKyonsaMy Ha MicLji 3pyMHOBAHUX YNLTPaCTPYKTYPHUX
opraHen (puc. 6E). B nigrpyni |.1 eHgoTeniansHi KNiTMHW
YTBOPIOBANM YMCMNEHHI LMTOMNNa3MaTUyHi BigpOCTKM, WO
dopmyBanu NOMiHaNbHI MIKPOBOPCUHKM Ta MIKPOMiHO-
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LMTO3HI Beaukynm (puc. 6I; puc. 7B, I, a B nigrpyni 1.2
BUSIBUNMCS NMOOAMHOKI BIiAPOCTKM, 3 AeCKBAMOBaHUMU
MiKPOBOPCWHKaMW B MPOCBITi cyauHu (puc. 6/). B uuto-
nnasmi BUSBNAMINCS eNEKPOHHO-LLiNbHI, HAOPSKMi, roMo-
reHis3oBaHi MiToxoHapii. BazanbHa MembpaHa po3LwmpeHa
Ta poswenneHa (puc. 6/, I'). Anpa eHpoTenioynTis 3
anonTUYHUMM 3MIHaMU: 3 KOHAEHCALlE XPOMaTUHY Ta
iHBariHaLissMu sgepHoi obonoHku (puc. 7).
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7A 7B
7B m
A 7E
X

Puc. 7. Mikpockoniui Ta enexpoHHo-Mikpockoniyri avikm nnavenTv npu COVID-19 y BariTHoi B ocHOBHX rpynax. A, B, A, XX: nigrpyna |.2. B, I, E —niarpyna .1. A, B: TepMiHansHa BOPCUHA XOPIOHa;
eKcnpecist MOHOKMOHanbHxX aHTTin npot CD34 B expotenii apTepion BopcuH xopioHa, x1800. B: arperavjis eputpouuTia B npocaiTi cyauHu. A, T, X: HaBpsknuit, npocBiTneHwit eHaoTenin (Mapri-
HamnbHa YaCTUHA); YCTIEHHI BUMMHAHHS! LIMTONMA3MI 3 YTBOPEHHSIM JIFOMiHATMBHIX MIKpOBOPCHHOK. MiToXOHApIT Habpsikni, roMoreHi3oBani, enekpoHHO-LLiMbHI. E: CyivHa oTo4eHa BEMMKOHO KinbKiCTo
KonareHoBiX BONOKOH. CTOHLLIEHWIA eHAOTEN CyAMHIA, NPOCBIT CyAVHN 36inbLueHmit. XK: B cyauHax arperaLis epUTpOLMTIB, 3MEHLLEHHS! KinbKOCTi MiKpOBOPCUHOK CiHLuMTIOTpochobnacTa, E, XK: ae-
CTPYKTVIBHI 3MiHW NOOMIB TENonopiit (CTpinkw), BakyonisaLis Lutonnasmu. 1 — npocBit cyanku. 2 — eHpotenii. 3 — nepuuw. 4 — Tenouut. Ctpinku — Tenonopii. B, A, E x6000, I x10000, XK x2000.
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8A

8B

8b

8r

Puc. 8. Mikpockoniuri Ta EM amiu nnauext npu COVID-19 y BaritHoi. A: 6rin3bko poaTalLoBaHi TepMiHanbHi BOPCUHI XopioHa. B: dparMeHT 6rinbko posTalloBaHuX TEpMiHanbHIX
BOPCYH. EpUTpouuT B NPOCBITI CyaMHM, NPOCBITNIEHA EHAOTENIN, YNCTIEHHI BaKyoni B LUTONMA3Mi CUHLMTIOTpodoBnacTa, 3MiH1 MikpOBOPCUHOK. B: hparMeHT CyanHM TepMiHamnbHOI
BOPCUHM. I MIKpOBOPCUHKM CUHLMTIOTPOOBRAacTa Mix 6r13bko po3TalloBaHUMKU TEpMiHANBHIMU BOPCUHAMU. 1 — NPOCBIT CyauHN; 2 — eHpoTenii. 3 — sApo cuHUMTIOTpodhobnacTa;

4 — Bakyoni; 5 — eputpouur; 6 — MI; 7 —agpo engoteniounta. A - I'E, x1200. b, B x6000. I — EM, x10000.

B apgpax cuHumTioTpochobnacTa, Lo BKpUBAE 330BHi
BOPCUHM XOpiOHa, TaKoX CrocTepiranocs yLinbHEeHHs —
KapionikHO3, KoHAeHcaL|ii XpomMaTuHy Ta Ae3opraHisauis
Anepelpb. AnepHa obornoHka KniTH yTBOproBana 4uc-
NEeHHi BUNuHaHHs. B uutonnasmi Busensanocs opmy-
BaHHS1 BEMUKOI KiflbKOCTi BaKyonen — anonTUYHWX Tineub,
PO3LUMPEHHS LMCTEPH MMaAKoro eHaonna3maTuyHoro
petukynymy (puc. 85, IN). CkynyeHHs saep CUHLMTIOTPO-
¢hobnacta yTBOptOBaNM CUHLMTIANBLHI By3nuku (puc. 8A),
36inbLUEHHSs KiNbKOCTI Skvx BusiBunacs i nigrpyni 1.2. B
iHLIMX Migrpynax HaBmaku KinbkicTb ix Byna fOCTOBIpHO
3MEHLLIEHOI0, MOPIBHSIHO 3 rPYMO NOPIBHAHHS (Mabnuys
1). Ha noBepxHi cuHuuTioTpOohobnacTa nepeBaxHo B
TepMiHanbHMX BOPCUHAX XOpioHa Oy HasiBHI MikpoBOp-
cuHku (puc. 8 B,IN). B ctoBOYypoBuxX Ta HamiBCTOBOYpOBUX
BOPCUHAX XOPiOHa OCTaHHi 3HMKaKOTh B 3B’A3KY 3 MOSIBOKO
Ha noBepxHi BopcuH tibpuHoina (puc. 5B). 3miHn B M1
(kpoBOBMNMBM, 3ananbHa iHiNsTpaLls, BigknaaeHHs di-
6puHoiny (puc. 14; puc. 2I; puc. 36, B), a Takox 6nmsbke
po3TaLLyBaHHs TepMiHanbHWUX BOPcuH (puc. 8A, b, IN) npu-
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3BOAUIN 40 3MEHLLEHHS KifTbKOCTi MIKDOBOPCUHOK, 3MiHW
¢hopmu, cKopoUEHHS Ta NOBHOI ix BTpatu (puc. 85, B).

Mpun mikpockoniYHOMY AOCHIAXEHHI y BCiX cno-
CTEPEXEHHSIX OCHOBHWX Ipyn BUSIBNSIBCS MIALEHTUT.
XopioaMHIOHIT Ta 6a3anbHUi JeumnayiT cnocTepiraBcs B
100 % BunaakiB B rocTpoMy nepiogi XBopobu y BariTHOI.
IHTepBiny3uT BusBMBCS B roctpomy nepiogi COVID-19
B 100 % BUKIIOYHO NpW aHTeHaTanbHiN acgikcii nnoga
(mabn. 1), a npu HapomKeHHI xvBuM nnogomy 27,5 %. B
nigrpyni 1.1 xopioamHioHiT 3ycTpivascs B 92,6 % Bunagkis,
a 6azanbHun geumnayit — 96,3 %; B nigrpyni 1.1 — 25 %
Ta 72,7 % BignosigHo.

06roBopeHHA

HaBeneHi i npoaHani3oBaHi CNOCTEPEXEHHS MNaLEHTU
npu COVID-19 y matepi B pi3Hi TepMiHu recTauii y Bunag-
Ky HapOIKEHHS XXMBUM NIIOLOM Ta MPW aHTEHaTarbHil
acaikcii. B rpyni | HamMy nomiYeHo He3HaYHe NPONOHTYBaH-
HS TEPMIHIB BariTHOCTI, SIKe OnucyBany 1 iHLWi HayKoBLj,
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wo notpebye noganbluoro BueHeHHs [11]. Y Bunagkax
BHYTPILLHBOYTPOBHOI 3armbeni nnoaa HaBnaku recta-
LiHMIA Bik BYB HK4MIA Ta JOCTOBIPHO BiApi3HABCS Bif
rpyn | Ta NOpPiBHSAHHS, L0 0OYMOBMIOBANOCS HE3PIMiICTIO
3aXMCHUX MEXaHi3MiB NnaueHTn Npu iHgiKyBaHHI B Apy-
romy TPUMECTpI BariTHOCTI [3]. 3a pesynbratamu HaLmx
nonepesHix AOCMIMKEHb CTaH Nnofa npy HAPOLKEHHI
3as1exas BiJ BUPaXXeHOCTi naToMOpdonoriYHnX 3miH nna-
ueHTn cnpunumHennx SARS-CoV-2 (p < 0,0001) [11,13].
He 6yno BMSIBNEHO CTATUCTUYHO 3HAYYLLOI PI3HULI MiX
BaXKicTI0 nepebiry xBopobu BariTHOI Ta cTaHOM nnoga
NPV HAPOIPKEHHI, X04a KiNbKICTb CMOCTEPEXKEHD 3 TSXK-
kum nepebirom COVID-19 y BariTHOI Npu aHTeHaTarnbHil
acaikcii nnoga Gyna gewwo BuLwo. Takox He BUSBNS-
N0CS CTAaTUCTUYHO 3HAYYLLIOT PI3HML MiXX CTAHOM MaTepi
(BaxkicTb nepebiry COVID-19) Ta natomopdhonoriyHnmm
3MiHamMK NaveHTu, CnpudrHeHMMmn xBopoboto. ocnigHn-
K ONUCYHOTb NaLEeHTUT Npum nerkomy nepebiry xsopobu,
Ta MiHiManbHi naToMopdonoriyHi NPOSBK B MNaLEHTI pu
Baxkkomy nepebiry xsopobu 3 nHesMoHieto [19]. Ane Bu-
PaXeHICTb 3MiH B nnaueHTi, cnpuyimHeHnx SARS-CoV-2,
06ymMOBntoBana CTaH nrojaa npy HapomMKeHHi (OLiHka 3a
wkanoto Anrap) [11].

3a cBigYeHHsIMM iHLWKX aBTOpIB Ta pesynsratamm
HaLwmx nonepegHix gocnimkeHb [11], He3Baxaroumn Ha
onuncaHi naToMopdonoriYHi 3MiHW B MAIALEHTI Ha Mi3Hii
cTagii rectauii npu COVID-19 (nnaueHTWT Ta 03HaKu
manbnepdysii), aitn Hapogunucs MIP-HeraTuBHUMM 3
BiACYTHICTIO 03HaK rinokcii B 70,2 % ig MJTP-no3utuBHmMX
XiHok [20,21]. Lle noB’a3ytoTb € 3aXMCHUMU MeXaHiaMamu
npoTU BEpPTUKanbHOI nepedadi Bipyca, a came 3i 3Hu-
JXEHHSIM PIBHS1 aKTWBHOCTI (KOeKCnpecii) Ta KoHLEeHTpaLi
NPOTEiHy aHrioTEH3NHNEPETBOPIOKHOrO hepMeHTy Il Trny
(ACE2) Ta TpaHcMeMbpaHHOi CeprHOBOT NpoTeasu Tuny
2 (TMPRSS2) [4]. B nnauenTi npu COVID-19 BusiBnsecs
MNaLUeHTUT Pi3HOTO CTYNeHs BUpaxeHOoCTi. 3i 30inbLueH-
HSIM TPUBANOCTi MOCTKOBIAHOTO iHTepBasy iIHTEHCUBHICTb
3ananbHuX NposiBiB 3racana. IHTepsinysuT y nigrpyni 1.2
obmexyBaBcs BXe CHOPMOBAHUM KOTWUIIELOHOM 3pifol
nnaueHTu. (puc. 46, I'). B nigrpyni 1.2 HaBnakw, cnoctepi-
raBCs reHepanisoBaHWi iHTEPBITY3T, LLIO MOSICHIOBANOCS
HEe3pinicTo 3aXMUCHMX MexaHiaMiB nnaueHTv [13]. Takox B
Il rpyni BUsiBNAnacs GinbLua BUpaxeHiCTb NposiBy 6a3arb-
HOro JeumayiTy Ta cybxopianbHoro iHTepBiny3uTy Hag
iIHTEHCMBHICTIO 3ananeHHs y aMHIOTUYHWUX 0BOMOHKaX,
Ta CBigYMNO Npo BepTuKanbHy nepedady sipyca [18].

Bnnne SARS-CoV-2 Ha kniTMHW eHgoTenito — ak-
TMBaLis Ta Hekpos (niponTos) [3,4]. Mpsama aia Bipycy
Ha eHOoTENoUMTM (anoHekpo3 — 3a AaHumu Sankar K.,
2012), abo gis uuTokiHiB cTuMynboBaHa SARS-CoV-2
NpV3BOANTL O MPeeKNamncienogibHoro cuHapomy npu
KOpOHaBipyCHii xBopobi y MaTtepi, ane, Ha BigMiHY Big
npeeknamncii, CNiBBiAHOWEHHS PO34MHHOT fms-noaibHoT
TMpo3uHkiHaau-1 (sFit-1) i nnaueHTapHoro hakTopy pocta
(PIGF) y cvipoBaTLi KpoBi BariTHOI NULLIAETLCS B Mexax
Hopmu sFIt-1/PIGF<38 [22]. Takox HayKOBLi OMUCYOTb
nogibHi 3miHM nnauexHTn npu COVID-19 y BariTHOI Ta
nepeeknamncii [9,22]. B Hawwmx cnocTepexeHHsX npu
COVID-19 6ynu HasiBHI 03HaKk1 ANCAYHKLUIT eHaoTenito:
NOpYLEeHHs MiKpoumpKynauii, Habpsk uMTonnasmm
eHpoTenianbHUX KiTUH, PO3PUBY KIITUHHUX MeMOpaH,
[eckBamaLlif NIoMiHanbHUX MIKpOBOPCUMHOK Ta Heobo-
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poTHi amiku (puc. 7B, [, XK) (nigrpynu 1.2 Ta 11.2). Habpsik
CTPOMU NMPW3BOAMB [0 3MEHLUEHHIO NPOCBITY CyANH Ta
NPOSIBNSIBCS 3MEHLLUEHHSM BigcoTka ixX y BopcuHi (ma-
6nuys 1). Kpim uporo, npocsiT cyauH 6yB 06TypoBaHuii
3pyiiHOBaHUMYU epuTpoumTamm (puc. 7B, XK). Hecnpust-
NVBWM HacnigkoM Tpom6o3y 6yna obnitepalis npoceiTy
CyOVHMU, LLIO MPOSIBUIOCS 3MEHLLEHHSM KiMbKOCTi CYaVH B
BopcuHi (nigrpyna I1.1). 3a cBigveHHsMM HayKoBLiB nopaio-
Hi 3MiHV Si4pa i LMTOonMasmMm eHaoTeniounTiB (KoHAeHcauis
XpPOMaTWHY, anonTo3, iHBariHauii saepHoi 060MOHKY,
HabpskaHHA MITOXOHAPIN) Ta AWCTEeMiYHi 3MiHU (CTasw,
Tpomb03u y MPOCBITI CyAVH) BNNMBAKOT Ha MII0A0BY Nep-
ysaito [20]. 3i 36inbLUEHHAM TPUBANOCTi NOCTKOBIAHOIO
iHTEpBany HabpsK LMTONMa3mMn eHaoTenianbHUX KiiTuH
Ta CTPOMM TEPMIHaNbHWX BOPCUH XOPIOHa 3MEHLLYBanucs
(mabnuys 1). Hessaxatoum Ha Ue, Habpsk cTpommu nu-
LUABCS HasiBHWUM [0 MOMOriB, WO 306iMbLUyBano TOBLLWHY
BaCKynocuHLuTiansHoi Membpanu (puc. 6A, B). B Hopmi
TOBLLYHA OCTaHHbOI NPV AOHOLLIEHI BAriTHOCTi CTOHLUY-
€TbCA 32 PaXyHOK BUMUHAHHSA DeTanbHUX Kaninspie y
wap cuHuuTioTpocbobnacta [13]. Tomy CyauHu B rpyni
MOPIBHSAHHS PO3TALLOBYBaNMCs B nepudepiiHuX Bigainax
TepMiHarnbHoi BopcuHu (puc. 6B). B Habpsiknnx Bopcu-
HaxX OCHOBHUX Tpyn CyAMHM pO3TalloByBanmcs Gnmxye
[0 LEeHTPy nonepeyHoro 3pidy TepMiHanbHOi BOPCUHU
(puc. 6A, B). Kpim Toro, noTOBLUEHHSI BACKYNOCUHLIUTI-
anbHUX MeMbpaH CTatoTb NPUYMHOLO NATOMNOMYHOI aKTW-
BaLlii eHgoTenito, a pe4OBUHW, NPOAYKYBaHHI OCTaHHIMM,
NPU3BOAATL 40 MOPYLLEHHS! MIKPOLMPKYNALi B NPOCBIT
CyOMHM, Ba30KOHCTPUKLT; | 10 HAaBpsiky CTpoMM, rinokcii
Ta akTuBaLii gibpobnacTis, Yum 0ByMOBMIOKOTL Nofarb-
LumiA chibpo3 [23]. BnacHi cnocTtepexeHHst 4OBOASTb, WO
Habpsik Ta hibpo3 CTpOMM NPU3BOAMIN A0 30INbLUEHHS
TOBLLHW BaCKYNOCUHLMTIanbHUX MEMOpaH i € NPUYMHOI0
manbnepdyaii [13]. B nigrpyni .1 mu cnocTepiranm 36inb-
LUEHHS! KiNbKOCTi MIKPOBOPCUHOK Ta MIKPOMIHOLMTO3HMX
BE3UKYN Ha MOMiHanbHi NoOBEepXHi eHaoTeNiounTiB, WO
CBiAYMIIO NPO BiAHOBMEHHS (PYHKLOHANBHOI aKTUBHOCTI
eHporenito. Lle cynpoBompkyBanocs nocTynosyM BifHOB-
NeHHsAM (DYHKLOHANbHO CNPOMOXHOIO NPOCBITY CyOMH,
Ta NposiBNsAnocs 3binbLUEHHs BiACOTKY OCTaHHIX Y TepMi-
HanbHil BopcwHi (mabrnuus 1; puc. 76, I, E; puc. 85, B).

Habpsik CTpoMmM TepMiHanbHUX BOPCUH ByB NPUYMHOK0
3MmeHLLeHHs npocsiTy M B roctpomy nepiogi COVID-19.
M TpakTyloTb SK TPUBUMIPHY CUCTEMY KaHaniB Mix
BOPCMHaMW XOpioHa, BinbHMIA MI1 3abe3neyye ageksaTHy
matepuHceky nepdysito [18]. Kpososunuen 8 MI, cibpu-
HOin, HabpsK BOPCUH XOpioHa, 3ananbHa iHinbTpauis
3MeHwwysanu Bigcotok MM B nnauenTi [3]. Onucytotb
KOMMEHCATOPHWIA MEXaHi3M, a Came 3BiNbLUEHHS KinbKOCTi
CYHUMTIANbHUX By3nuKiB, Ans 30inbLUeHHs BigcTaHi Mix
BOPCUHaMU ANl BiGHOBINEHHS AeKBATHOT MIKPOLIMPKYNSLLT
[18]. B Hawmx cnocTepexeHHsX Hanbinblua WinbHICTb
CUHUMTIanbHUX BY3NWKiB BusiBUNacs B nigrpyni 1.2 npu
HaBINbLLIN KINbKOCTI HABPAKMX TEPMiHamNbHVX BOPCUH. B
rpyni 1.2, fie Bincotok MIM 6yB 36inbLUEHUIA, LLiNBHICTb By3-
TWKIB He BiAPI3HANAcs Bif rpyni NOPiBHAHHS. CUHUMTIANbH
BY3IVIKM JTOKaniayBanmcs B MicLsix 6rn3bko po3TaLLoBaHiix
TepMiHanbHKX BOpPCYH (puc. 6A, b), abo Mix BopcuHamu,
OKOHTYPOBaHWUMM PIGPUHOIAOM, i€ BUKOHYIOTb MEXaHIYHY
ponb Ans 36inbweHHs MM [18]. Mpu 36nvwkeHHi TepmiHanb-
HVX BOPCUH BUHMKanW HeoBOpOTHi 3MiHW MIKDOBOPCUHOK
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Ha NoBEPXHi cuHUMTIOTpOhobNacTa, Lo Npu3Boauu Ao
ix aTpodpii. MNepepaxoBaHi 3MiH1 NPU3BOAUNM [0 MOpPY-
LUEHHSI KPOBOMOCTa4aHHs B JaHNX AiNsHKaX, L0 € OfHUM
i3 eTaniB hopmyBaHHS NnaveHTapHoi AncdyHkuii [13].
ToMmy 30inNbLWEHHS KiNIbKOCTi CUHLMTIANbHUX BY3NUKIB
BBaXaKOTb O3HAKOIO MOPYLUEHHS MaTEPUHCLKOI nepdyaii
[18]. HasBHicTb anonTuyHmnx cuHUmMTIOTpOchobnacTiB Ta
KMITUH eHAoTenito CBiAYMTb NPO eHepreTuyHUn aedi-
LMT CMPUYUHEHWA LMTOKIHOBUM LITOPMOM Ta FiMOKCiet0
TKaHWH, WO akTuBye hibpobnacty. ICHylTb CBiAYeHHS
LU0 NOSIBA BEMMKOI KINMbKOCTI CUHLMTIANbHUX BY3NUKIB €
nposiBamMu ypaxeHHs TL| [9]. B Hawwmx crnoctepexeHHsx
sapa CUHUMTIOTpothobracTa CUHLMTIaNLHMX By3rkiB Byni
anonTUYHO 3MiHeHi. Lie NOSICHIOKTb BiACYTHICTIO KOHTPOSA
TL, Hag anonTo3oM cuHUmMTIOTpOdhoBnacTa Ta sik Hacnigok
— 30inbLUeHHs KinbkocTi ByanukiB [9].

B cTpomi TepmiHanbHoi BopcuHu migrpynm 1.1 mixx TL,
BUSIBMANOCS 30iNbLUEHHS KiNlbKOCTi KONareHOBYX BOMOKOH,
CMPUYMHEHUX rinokcieln. PapbysaHHa metogom MSB
TaKoX BUABIIO (PiGPO3yBaHHS CTPOMM BOPCYH Npu 3Binb-
LLIeHHI TpuBanocTi NocTKoBigHoro iHTepaany (puc. 4b).
Kpim Toro, nepeBaxHo B roctpomy nepiogi xsopobu EM
BUSIBMANNCS MYKOIAHI Ta iBpuHOIAHI 3MiHM OCHOBHOI
PEeYOBUHM MOB’A3aHi 3 MiABULLEHHSIM NPOHWUKHOCTI,
cnpuunHeHoi Bipycom SARS-CoV-2. 3a cBigyeHHsMU
HaykoBuiB TL| npucyTHi B cTpomi CTOBOYpPOBKX Ta npo-
MDKHVX BOPCYH Ta PETYTIOKTh CKOPOYyBasbHY akTUBHICTb
rmafkoM’S30BUX KNITUH CyOMH 3pinux Ta Hespinux Ta
npoMmixHUX BopcuH [7,8,9]. B roctpomy nepiogi xsopotu
Hamu BUSIBNANWCS AECTPYKTUBHO 3MiHeHi TL| (3MeHLLEeHHs
JOBXWHM TeNonogin, parmeHTaLis BigpocTKiB, Bakyosi-
3auis umtonnasmu (puc. 54, 3, puc. 7K, E), Habpsik mi-
TOXOHZPIN), Lo po3TaluoByBanmcs 6insa cyauH (puc. 7K,
E) Ta nig wapom cuHumTioTpochbobnacta. BeaxatoTb, Wwo
B TepMiHanbHWX BopcuHax TL| BigcyTHi, xo4a 3a cBig-
YEHHSIMM HayKOBLB OMKCaHi TENOUMTONOZIOHI KMiTUHN
B CTPOMi TEpPMiHanbHUX BOpCKH. My 3BepHynu yBary Ha
36epexeHiCTb MIKPOBOPCUHOK Ha MOBEPXHi CUHLIMTIOTPO-
¢hobnacra (puc. 7XK), Lo CBiAYNTL Ha KOPUCTb Nokanisavii
TL| B TepmiHanbHili BOPCUHI, Tak sik B CTOBOYpOBMX Ta
MPOMDKHUX BOPCUHAX MOBEPXHS BOPCUH 3aMiLLlyeTbCs
ibpuHoigom [2,9]. Takox Ha KOPUCTb TEPMiHaMNbHOT
BOPCUHM, OYHKLIA SKuX nonsirae y hopMyBaHHi Backy-
nocMHUMTIansHoi Membpanu, 6yni HasiBHI nepudepitHo
po3TalloBaHi cyauHu. B TepmiHanbHuUX BopcuHax 6ins
CyOMH, NPOCBIT sknx OyB 06TypOBaHWiA epuTpoLTamMm
(puc. 72K), BUSIBNSNUCS NOOAMHOKI AECTPYKTUBHO 3Mi-
HEHI KMiTUHM 3 BUAOBXEHUMY BigpocTkamu. BiporigHo B
[laHomy crioctepesxenHi TL| Bynu ypaxeHi BTOpUHHO, Mpo
LLO CBIYMTb TPOMBO3 CyaMHY, SIK O3HaKa NePBUHHOI ANC-
dyHKUiT engoTenito. TL| 3aBasiku cBoiM Tenonogisam dop-
MYIOTb Kapkac, L0 06yMOBIIIOE HANMPSIMOK POCTY CyaMH
(aHrioreHes), a TakOX peryniorTb TOHYC cyauH. OBopoTHI
3MiHM TenoumTiB (Habpsik, Bakyonisavis LuTonnamu, ane
36epexeHi Tenonogii B NeBHiN Mipi 3aaTHi NigTprmyBaTy
pereHepaLito eHaoTenito (BifHOBMNEHHS yHKLiOHaNbHOT
aKTUBHOCTI eHAOoTENito, Ta NPOCBITY CYAUH) Ta CTPOMM.
Mpn HeoGopoTHMX 3miHax TLI nopyLluyeTbea perynsuis
aHrioHeresy [8] (Binblu LeHTparnbHe po3TallyBaHHs Cy-
OVH Y TepMiHanbHWUX BOPCKHAX) Ta POCTY TEPMiHaNbHUX
BOPCWH, LLO MPOSIBNSANOCS 3aTPUMKOK POCTY XOpioHa
(migrpymm 1.1 Ta 11.1) [2]. 3a cBigyeHHamun aBTopiB TL|
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TpaHcgopmytoThest B (hibpobnactonogibHi kniTuHm, sk
Hacnipok — ibposyBaHHa ctpomu y nigrpyni 1.1 [7,8].
Takox BBaXaeTbCs, WO iBPo3 CTPOMU CIPUHUHEHUI
3MEHLUEHHSM KinbkocTi TLL Yepesa 3MeHLLEHHS KOHTPOMS
Hap akTuBHicTio (hibpobnacrtis [9]. MoaibHi 3miHM nna-
LIEHTW HayKOBLLi OMUCYHOTb NMPU NPeeKnamncii, npy oMy
BiAMIYaOTb TaKOX 3MiHU Mopdponorii Ta kinbkocTi TL, [9].

CyKynHiCTb BHLLE 3a3HAYEHUX NMATOMOPONOTiYHNX
3MiH € CBiAYEHHSIM HE3BOPOTHOTO ypaxkeHHs TLL B nigrpyni
II.1. MoxnuBo, Ue € OOHUM i3 YMHHWKIB POPMYBaHHS
XPOHIYHOI MnaueHTapHoi gucdyHkuii npu COVID-19 B
ZpyromMy TpUMecTpi BariTHOCTi Ta noTpebye noaansLLoro
[OCTiIKEHHS.

BucHoBKHM

1. Bnnue SARS-CoV-2 y BCix rpynax cnpuinHsna Ha-
Opsik Ta HeOOOPOTHI 3MiHM eHZOTENIANBHKX KMITUH CyAWH
BOPCUH XOPiOHa B rOCTPOMY nepiogi XBopobu.

2. MopdoreHes nnaveHTapHOi AUCHhYHKLIT 3yMOB-
neHun SARS-CoV-2: eHpoTtenianbHa AMCAyHKLis, nopy-
LUEHHS! MiKpoLWpKyNsALiT, 3ananbHa iHinbTpavis, Habpsik
CTPOMU TepMiHaNbHWUX BOPCYH 3 noganbLumMmM ibposom,
3MeHLLEeHHS NPOCBITY CYAUH Ta BiACOTKY BifibHoro M.

3. Posnagu mikpounpkynsuii Ta Habpsik BOPCUH
ctpomu npu COVID-19 npu3Boaunu 4o AECTPYKTUBHUX
3MiH TENOUWTIB, L0 0OMEXYE MOXNMBICTb aAEKBATHOIO
aHrioreHesy 1 perynsuii TOHyCy CyauH HE3PinNMX NPOMiX-
HUX BOPCUH.

4. He3BopoTHi 3MiHM TenouwuTis Ta ix hibpobnactny-
He AMdepeHLitoBaHHsA 3 noganswmnm ¢ibposom cTpomm
YHEMOXIMBIIOTb POPMYBAHHS TEPMiHANBHUX BOPCUH
xopioHa (rinonnagsisi, abo gucoLinoBaHa 3aTpumka [o3pi-
BaHHS MNaLleHTh).

MepcneKTMBM NOAAABLUMX AOCAIAKEHb. [locnigHuku
BiA3Ha4anm po3BUTOK NpeeknamncienogibHoro CuHapoMy
npu COVID-19 y BariTHOi Ta HasiBHICTb 3MiH B NnaLeHTi,
LLO paHiLLe crocTepirany npu npeeknamncii. Takox Hay-
KOBLIi ONWCYI0Tb YpaXeHHs TENOLMTIB NpU Npeeknamncii,
AKi NOSICHIOBANM 3MiHW NNaLeHTW, BPaxoByKUM yHKLIT
iHTepcTMUianbHUX KNiTUH. Pesynstati Haworo gocni-
[DKEHHS! AOBOAATh HEODXiAHICTb NoAanbLIOro BUBYEHHS
poni nnaueHTapHUX TenouuTis B hOpMyBaHHI nnaLeH-
TapHOI HeAOCTaTHOCTI.
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OuiHKa NOKa3HMUKiB AINiAHOTro 06MiHY Y XBOPUX 3 XPOHIUYHOIO CepLeBOIO
HeAOCTaTHICTIO iLuemiuyHoro reHesy 3 cynyTHboK MeTaboniuHoO
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Merta po6otn — ouiHUTK piBeHb HecaTnHy-1 y CMpOBATLI KPOBI Ta 10r0 B3aEMO3B'A30K 3 MOKa3H1KamMu ninigHoro obmiHy y
navuieHTiB i3 XpOHIYHO cepLeBoto HepocTaTHicTio (XCH) ileMiyHoro reHesy 3 Ta 6e3 cynyTHLOI MeTabosiyHOT naTonorii, Takoi
AK LykpoBuid giabeT (LLO) 2 Tny Ta OXUPIHHS.

Marepianu i meToau. [JocnimkeHHs oxonuno 225 nauieHTis i3 XCH Ha Tni iLwemivyHoi XBopoOu cepLs, po3nogineHnx Ha YoTupun
rpynu: Tpyna 1 (n = 75) — 3 LU 2 tuny i oxmpitksm; Tpyna 2 (n = 50) — 3 LA 2 tuny; Mpyna 3 (n = 50) — 3 oxupiHHAM; Mpyna
4 (n = 50) — 6e3 meTaboniyHux nopyLueHb. PiBeHb HecdaTuHy-1 BU3Ha4anm imyHodepMeHTHM MeTopoM. bioxiMiuHe gocni-
[DKEHHS BKIMIOYANo BU3HAYEHHS 3aranbHoro xonectepuHy (3XC), Tpurniuepuais (TT), xonectepuHy ninonpoTeigiB BUCOKOT
(XC NNBLLY,), Hnabkoi (XC JMHLL) Ta ayxe Huabkoi winsbHocTi (XC JIMAHLL), a Takox po3paxyHoK KoediLlieHTa aTeporeHHOCTi
(KA). MpoBoauBcs kopensuiHuin aHania (kputepin CnipmeHa).

Pesyabtati. Y rpynax nauieHTiB 3 cynyTHbOK MeTaboniyHow natonorieto (Mpynu 1, 2, 3) 6yno BUSIBNEHO CTAaTUCTUYHO
3HauyLLi 3BOPOTHI KOPENsLifHi 3B'3KM Mix piBHEM HecdaTuHy-1 Ta npoateporeHHumMu ninigamu (3XC, Tr, XC NMHLL, XC
JINAHLL), a Takox 3HavyLmii NpsiMUi 38’30k 3 aHTuateporeHHnm XC JIMBLL. Y umx rpynax, npu BULLMX piBHAX HecdaTu-
Hy-1, cnocTepiranocs 3Ha4yHe 3HmxeHHss 3XC (Ha 17,6-24,6 %), TT (Ha 11,3-49,6 %), XC JTMNHLY, (Ha 29,1-65,0 %) Ta KA
(Ha 49,7-59,6 %), a Takox 36inbLueHHs XC JNBLL (Ha 23,1-44,7 %). HatomicTb, y rpyni 4 (6e3 meTaboniyHnx NopyLUeHb)
BNNMB HecdaTuHy-1 Ha ninigHwiA npoddink ByB iHWKUM. Xova TI 3Hu3nnmcs Ha 28,6 %, iHwi nokasHukv (3XC, XC NMBLL, XC
JINHLL, KA) He AeMOHCTpyBanu CTaTUCTUYHO 3HadyLLMX 3MiH abo x 6ynm acoujiioBaHi 3 MiHIManbHUMM 3MiHamMy, LLO BKa3ye
Ha KOHTEKCTO3anexHicTb Aii HecdaTuHy-1.

BucHoBku. [MigBuLLEeHNI piBeHb HECdaTUHY-1 y CMPOBATLi KPOBI KOPENHOE 3 MOKPALLEHHSAM NinigHOro NPodinio y navieHTiB
i3 XCH iwemiuHoro reHesy, obTspkeHO LyKpOBUM AiabeTom 2 Tuny Ta/abo OXUPIHHAM, LLO MiAKPECTOE MO0 NOTEHLiNHY
npoTeKkTMBHY ponb. OfHak, 3a BigCYTHOCTI MeTabomMivHMX NOpYLLUEHb, Liei ePeKT € 3HaYHO MEHLL BUPaXXeHUM abo BiaCyTHIM,
Lo notpebye NoaanbLLOro AOCTIMKEHHS MEXaHi3MIB il HecdhaTuHy-1y pPisHMX KNIHIYHUX NOMynsALisiX.

Assessment of lipid metabolism parameters in patients with ischemic chronic heart failure
and concomitant metabolic pathology depending on nesfatinemia levels

K. M. Borovyk, O. I. Kadykova, P. H. Kravchun, V. D. Babadzhan, N. H. Ryndina,
A. 0. Sypalo

The aim: to evaluate serum nesfatin-1 levels and their correlation with lipid profile parameters in patients with ischemic heart
failure (HF) with and without concomitant metabolic comorbidities such as type 2 diabetes mellitus (T2DM) and obesity.

Materials and methods. The study included 225 patients with HF due to ischemic heart disease, divided into four groups:
Group 1 (n = 75) — with T2DM and obesity; Group 2 (n = 50) — with T2DM; Group 3 (n = 50) — with obesity; Group 4 (n = 50)
— without metabolic disturbances. Serum nesfatin-1 levels were determined using an enzyme-linked immunosorbent assay
(ELISA). Biochemical analysis included measurements of total cholesterol (TC), triglycerides (TG), high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and very-low-density lipoprotein cholesterol (VLDL-C), as well
as calculation of the atherogenic coefficient (AC). Correlation analysis was performed using Spearman’s rank correlation test.

Results. In patient groups with concomitant metabolic comorbidities (Groups 1, 2, and 3), statistically significant inverse
correlations were observed between serum nesfatin-1 levels and pro-atherogenic lipids (TC, TG, LDL-C, VLDL-C), along
with a significant direct correlation with the anti-atherogenic fraction (HDL-C). In these groups, higher nesfatin-1 levels were
associated with a significant decrease in TC (17.6-24.6 %), TG (11.3-49.6 %), LDL-C (29.1-65.0 %), and AC (49.7-59.6 %),
alongside an increase in HDL-C (23.1-44.7 %). In contrast, in Group 4 (patients without metabolic disturbances), the effect
of nesfatin-1 on the lipid profile was less pronounced. While TG levels decreased significantly (by 28.6 %), other parameters
(TC, HDL-C, LDL-C, AC) showed no statistically significant changes or only minimal variations. These findings suggest a con-
text-dependent role of nesfatin-1 in lipid metabolism, with more pronounced effects in the presence of metabolic comorbidities.
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OpwuriHaAbHiI AOCAIAXKEHHS

Conclusions. Elevated serum nesfatin-1 levels are associated with an improved lipid profile in patients with ischemic HF
complicated by type 2 diabetes mellitus and/or obesity, suggesting a potential protective role of this peptide in the presence
of metabolic comorbidities. In contrast, in patients without metabolic disturbances, this effect is markedly attenuated or ab-
sent. These findings underscore the need for further investigation into the underlying mechanisms of nesfatin-1 action across

different clinical populations.

XpoHiuHa cepuesa HegocTaTHiCTb (XCH) 3anuwaeTtbes
OAHI€EI0 3 HaMaKTyanbHiWKX Npobnem cyvacHoi kapai-
onorii Ta rpoOMaACbKoro 340POB’S, XapaKTepu3yHUnch
BMCOKOK MOLUMPEHICTIO, 3HAYHKM PiBHEM iHBanigu3avii
Ta BUCOKO cMepTHicTio [1]. Ocobnneo obTsKNMBIUM €
nepebir XCH ilemiyHoro reHesy, Lo CTaHOBUTb 3HAYHY
YacCTWHY YCiX BUMaAKiB CepLEBOi HeJOCTaTHOCTI Ta € npsi-
MUM HaCrigKOM aTepOCKIEPOTUYHOTO YPaXKEHHS KOpO-
HapHWX apTepin. AKTyanbHICTb NPOGNEMM NOCUITHETLCA
3pOCTaHHAM KOMOPOIAHMX CTaHiB, 30Kpema, CynyTHLOI
meTaboniyHoi natonorii, Takoi sk Lykpouii giabet (LU)
2 Tvny, oxupiHHA Ta aucninigemis [2]. Lii ctaHu He nuwwe
B3aEMHO 00TSKYHOTH Nepebir ogHe 0gHOTO, ane 1 3Ha4YHo
YCKNaZHIoTb AiarHOCTUKY, MiKyBaHHS Ta MpOrHo3 Ans
nauieHtie 3 XCH [3].

Ocobnuee micue B CTPYKTypi MeTaboniyHux no-
pyweHb nocigae gucbanaHc ninigHoro obmiHy, akun
€ KMYOBMUM (haKTOpOM PO3BUTKY aTepockneposy Ta
nporpecyBaHHs CepLeBO-CYAMHHUX 3aXBOPHOBaHb
[4]. HesBaxatoun Ha 3HaYHi JOCATHEHHSI Y BUBYEHHI
B3aEMO3B’A3KIB MiX NinigHMM npodinem Ta cepLeBo
HEAOCTaTHICTIO, ponb crneundiyHux Giomapkepis, LWO
BiOOpaXaroTb KOMMNMEeKCHI MeTaboniyHi 3MiHW, NnoTpebye
MoZarnbLUIOro YTOYHEHHS.

B ocTaHHi poku 3pocTae iHTepec 40 HOBMX BionoriyHo
aKTUBHUX NENTUAIB, SiKi PEryMioTb EHEPrETUMHUIA ToMe-
ocTa3 Ta metaboniyni npouecu. Cepen HUX ocobnmey
yBary npuseptae HecdaTtuH-1 — aHOpeKCUreHHUn nen-
TMA, Wo Gepe yyacTb y perynsuii anetuty, macu Tina,
meTaboniamy rnKo3n Ta MOXe MaTu BMMB Ha oyHK-
LiOHYBaHHS CepLEBO-CYANHHOI cuctemu [5]. PosymiHHA
B3aEMO3B'sI3Ky MiX piBHEM HecaTuHy-1, NoKasHMkamu
ninigHoro obmiHy Ta nepebirom XCH iwemiyHoro rexe-
3y B yMOBax CynyTHbOi MeTaboniyHoi naTonorii Moxe
BIiOKPWUTU HOBI NEPCNEKTVBY ANS PaHHbOI AiarHOCTUKY,
cTpaTudikaLii pu3nky Ta po3pobku iHaMBIAQYyanisoBaHMx
TepaneBTU4HKX cTparteriii. Came Tomy, BcebiyHa oLjHKa
LIX B3aEMO3B's13KiB HabyBae 0COONMBOI aKTyansHOCTi Ans
MOKPALLEHHS KMiHIYHUX pe3ynbTaTiB Ta AKOCTi XWUTTS navi-
€HTiB. 30Kpema, GinbLUiCTb A0CNimKEHb (OKYCYHOTLCS Ha
KOropTax 3 BUPaXXeHMM MeTaboniYH1MM MOPYLLEHHAMM,
TOAi 5K ponb HecaTuHy-1 'y nauieHTiB 6e3 cynyTHboro
L 2 Tvny 4v OXVpIHHS, ane 3 HasiBHUMMW CepLEBO-CYaNH-
HYMU 3aXBOPIOBAHHAMM, 3aIULLIAETLCH MEHLL BUBYEHOIO.
HepocrtaTHbo BUCBITIIEHO, YK 36epirae HecdaTuH-1 cBOI
MPOTEKTWBHI BNAcTUBOCTI LLOAO NinigHOro npodinto 3a
BiZiCyTHOCTI MeTaboniyHoro 0bTspkeHHs. Lie o6rpyHTOBYE
aKTyarbHICTb HaLIOro AOCTIIKEHHs, CNPSIMOBAHOrMO Ha
YTOYHEHHS B3aEMO3B'A3KIB MiX piBHEM HecdaTnHy-1 Ta
MOKa3HVKamu NinigHoro 0bMiHy B Pi3HUX rpynax naLieHTiB
i3 XCH iwemiyHoro reHesy.

Merta po6otu

OuiHnTy piBeHb NOKa3HUKIB NinigHOro obMiHy, cupo-
BaTKOBOrO HecdaTuHy-1 Ta BCTAHOBUTU KOPENsLiliHi

Matonoria. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.

3B’A3KM MK JOCTILKYBaHUMM NapaMeTpaMu y XBOpUX 3
iLleMi4HOI0 XBOPOBOI CepLs Ta XPOHIYHOK CEpLeBoo
HEeLOCTaTHICTIO B 3aNeXHOCTI BiJ CynyTHbOI MeTaboniyHoi
naTonorii.

Martepianu i meToAU AOCAIAKEHHA

Y pamkax gaHoro gocnimkeHHsi Byno obctexeHo 225
navuieHTiB, siKi NPOXOAMNM CTaLlioHapHe NikyBaHHSA y Kap-
AionoriyHomy BigainexHi KHM «Micbka kniHiyHa nikapHs
Ne 27» XMP m. Xapkosa. Mauientv 6ynv audepeHuino-
BaHi Ha YOTMPW rPynu Ha OCHOBI HASIBHOCTI Ta XapakTepy
cynyTHiX MeTaboniyHmx nopylueHb. pyna 1 (n = 75)
BkMnoyana nauieHTiB 3 XCH Ha tni IXC 3 noegHaHum
nepebirom L 2 tvny Ta oxupinHs; rpyna 2 (n = 50)
cknapanacs 3 xsopux Ha XCH Ta IXC i3 cynythim LI
2 tuny; rpyna 3 (n = 50) o6’egHana naujeHTie 3 XCH ta
IXC y noegHaHHi 3 oxupiHHAM, rpyna 4 (n = 50) — rpyna
NOPIBHSHHA — Cknaganacs 3 nauieHTis 3 XCH iwemivHoro
reHesy 6e3 BusBneHnx metabonivyHux nopyluexs. Bei
rpynn gocnimkeHHs Bynu 3icTaBHi 3a BiKOM Ta CTaTTHo,
Lo 3abe3neyye NOPIBHAHHICTb OTPUMAHWX pesyrbTaTis.

[ns BU3HaYeHHs KOHUeHTpauii HecdaTuHy-1 y
CUPOBATLj KPOBI (HI/MM) BUKOPUCTOBYBANM METOZ iMyHO-
(hepmeHTHOro aHanisy i3 3acTocyBaHHSM KOMEPLINHOIO
Habopy RayBiotech Human Nesfatin—1 ELISAKit (Kutan)
BIANOBIAHO A0 IHCTPYKLIN BUPOOHMKA, HA IMyHODEPMEHT-
Homy aHanizatopi «Labline-90» (AscTpis). Bci GioximiuHi
aHaniav BUKOHyBanmce y BioxiMiuHoMy Biaaini LeHTpans-
HOT HaykoBO-AoCNiAHOI Nabopatopii XapkiBcbKkoro HaLlio-
HanbHOro MeaunyHoro yHisepcutety MO3 Ykpainu.

BioximiyHWI aHani3 ninigHoro Npodinto BKNtovas
BU3HAYEHHS: 3aranbHoro xonectepuHy (3XC) Ta xonec-
TepwHy ninonporteigis B1cokoi winsHocTi (XC JMBLL). L
MOKa3HUKL BUMIpIOBanM NepoKCUAa3HUM METOLOM 3 BU-
kopucTaHHsaM peareHTiB «Cholesterol Liquicolor» (dipma
«Humany, Hime4unHa) y cupoBarLji kpoBi, cTabinizoBaHin
renapvHom; Tpurniuepugis (TT), piBeHb SKMX BU3HAYanu
(hepmeHTaTVBHUM KONMOPUMETPUYHIM METOLOM 3a 0MO-
moroto Habopy peakTtusie «Triglycerides GPO» (chipma
«Humany, HimeyunHa).

Ha ocHOBi oTpumaHux faHux Gynu po3paxoBaHi
[0[aTKOBI NMOKA3HUKM NinigHOro 06MiHy:

KoediuieHT aTteporeHHocTi (KA): po3paxoByBaBcs
3a copmynoto Knimosa A.M.: KA = (3XC - XC JINBLL)
/ XC NNBLL.

XonecTepuH ninonpoTeifiB fyXe HU3bKOT LWiNbHOCTI
(XC NNAHLL): pospaxoysascs 3a hopmynoto: XC JIMI-
HWW =Tr/2,2 x 0,45 (mmone/n).

XonecTtepuH NinonpoTeifiB HU3bKOT LWinbHOC-
Ti (XC NMHL) pospaxoByBaBcsa 3a OpMYIoH0:
XC INMMNHLL = 3XC - (XC NNAHLL + XC NNBLL) (Mmons/n).

AHTPONOMETPUYHI BUMIPIOBAHHA BKMHOYaNu BU-
3HaveHHss 06’emy Tanii (OT) i cterha (OC), a Takox
iHoekcy macy Tina (IMT) 3a chopmynoto Ketne (maca (kr)/
3picT (M?)) ons AiarHoCTUKM abaoMiHaNbHOTO OXMPIHHS.
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[JocnigxeHHs Mano cyBopi KpUTepii BUKMIOYEHHS
Ans 3abe3neyeHHs OOHOPIAHOCTI IPyn Ta YHUKHEHHS
BMNMUBY CTOPOHHIX (DakTopiB Ha peaynsratu. 3 go-
CMiPKEHHS BUKNIOYANWUCS nauieHTu 3: rocTpUMK Ta
XPOHIYHUMM iH(PEKLIHUMI 3aXBOPIOBaAHHSIMU B CTagii
3aroCTpeHHs, Bneplle AiarHoctoBaHum L 2 Tuny,
aBTOIMYHHVMMKM xBOpoBamu Ta AndysHUMK 3axBOpHO-
BaHHAMMW CMOMYYHOI TKAHWHW, FOCTPUMMW 3ananbHUMU
npolecamu, 3axXBOploBaHHAMM rinotanamyca, rinodisa
Ta LMTONOAIGHOI 381031, CUMNTOMAaTUYHUMM apTepianb-
HUMW rinepTeH3isiMK, NATONOriSMM KNnanaHHOro anapary
cepus, XPOHIYHUM OBCTPYKTUBHMM 3aXBOPIOBAHHSAM
nereHb, Lpo30M NeYiHKK, aHEMIEKD CEPEAHbOTO Ta TSX-
KOro CTYMEHS1, FOCTPUM iHCYNLTOM, FOCTPOIO niBo— abo
MPaBOLLMYHOYKOBOK HEAOCTATHICTHO, OHKOMOTYHUMM
3aXBOPHOBAHHSIMU, HAPKOMaHIEH, anKoroniamMom, cynyT-
HIMM NCUXIYHMMK po3naZamm, CyAMHHOK AeMeHLieto abo
iHLUMMKY MHECTUYHUMM MOPYLLEHHSMU, HE3OATHICTIO 0
YCBIZOMIEHOI 3roau, a TakoX y pasi BigMOBM Bif y4acTi
3 Oyab-SKMX MPUYMH.

CratnctyHa obpobka faHux mposogunacs 3 Bu-
KOPUCTaHHAM METOAIB NapameTpuyHoro aHaniay. 36ip,
KOpUryBaHHs, cucteMaTu3alis Ta Bidyanisauis gaHux
3qiiicHIOBanMcs 3a JOMOMOrOK eNEKTPOHHMX Tabnumub
Microsoft Office Excel 2010. OuiHka HopManbHOCTi po3-
noginy KifbKiCHWX NOKa3HUKIB NPOBOAMMAcS 3a Kputepiem
Konmoropoea-CmupHoBa. Y BUNagKy NigTBEpAKXEHHS
HOPMarnbHOrO PO3Moginy, AaHi ONMUCYBanMCs K cepenHst
apudmetnyHa (M) Ta cTaHgapTHa noxubka cepenHbLoro
(m). NS NOpIBHAHHA CEPeAHiX 3Ha4yeHb MiX rpynamu
3acTocoByBaBcs kputepiil F ilepa. Baaemoas’s3ok Mix
BMOipkamMm OLiHIOBABCS 3a JOMOMOrot0 KoedilieHTa Ko-
pensuii Cnipmena (r). CTaTUCTUYHO 3HaYYLLMIM BBaXKABCS
piBeHb p < 0,05.

[aHe gocnigkeHHs oTpumano cxeaneHHst Komicii 3
MUTaHb ETUKM Ta GIOETHKM XapKIBCbKOTO HaLiOHAIbHOrO
meau4Horo yHiepcuteTy (npotokon Big 03 BepecHs
2025 poky Ne 9). Yci yyacHukn JOCRiMKeHHs Hajanu
iHGhopmoBaHy nM1cbMoBY 3rogy. JocnimKkeHHs npoBogu-
nocs 3 JOTPUMaHHAM NPUHLMNIB BioeTrKY, BUKNaOEHUX
y lenbCiHCbkiv Aeknapauii « ETUYHI PUHLMIM MeAUYHNX
LocnimkeHb 3a yyacTto niofeiy Ta «3aranbHin aeknapa-
Lii npo 6ioetnky Ta npasa noanHM (KOHECKO)».

PesyAbTati

3riaHo 3 AM3aNHOM JOCTIMKEHHS | 3 METOH OLiHKM BNIIMBY
HecdaTuHeMii Ha NokasHUKK ninigHoOro 0BmiHy navieHTiB
3 XCH Ha i IXC 3 cynyTHiM LI 2 Tny Ta OXUpPIHHAM
Oyno posnogineHo Ha 2 Niarpynu, 3anexHo Bif PiBHSA
HecdatuHemii. o 1 nigrpynu yeinwno 33 ocobwm, y skmx
piBeHb CMPOBAaTKOBOIO HechaTuHy-1 6yB Hkye 1,375 Hr/
MP; 40 2 NiArpynuy yBINWINKM 42 nauieHTw, Y SKux piBeHb
C1pOBaTKOBOrO HecdhatuHy-1 6yB BuLle 1,375 Hr/mn. [ani
HaBeaeHo B mabnuuyj 1.

OuiHka nokasHukiB ninigHoro o6MiHy B 3anexHoCTi
Bifl PiBHSA HecaTMHeMIl NpoBOAMNAacs y Pi3HUX rpynax
naujeHTiB 3 XCH ilwemiyHoro reHesy 3 cynyTHbO MeTa-
GoniyHoto natonorieto Ta 6e3 Hei.

Y rpyni xBopux 3 XCH Ha tni IXC i3 cynyTHim LI 2
TWMY Ta OXMPIHHAM CroCTepiranucb 3HayHi BiAMIHHOCTI
B MinigHoMy Npodini 3anexHo Bif PiBHA CUPOBATKOBOTO
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HecaTuHy-1: y 2-i niarpyni BCTAHOBNEHO 3MEHLLEH-
Hs piBHa 3XC Ha 17,6 % nopisHSHO 3 1-10 nigrpynoto
(p < 0,05); piBHst TI' — Ha 11,3 % npw NOPIBHSAHHI 3 1-t0
nigrpynoto (p < 0,05); XC JNBLL nepesuyBaB Ha 44,7 %
Takui y 1-1 migrpyni (p < 0,05); XC JIMHLL, Bu3Havascs
Ha 29,1 % Hwx4un, Hix y 1-i nigrpyni (p < 0,05); piBeHb
XC NMNAHLL 6y Ha 11,3 % meHwun, Hix y 1-i nigrpyni
(p > 0,05); BcTaHOBMEHO 3HMXEHHSA KA Ha 49,7 % y no-
piBHSAHHI 3 1-t0 nigrpynoto (p < 0,05).

MauienHTiB 3 XCH Ha tni IXC 3 cynythim LI 2 Tuny
6yno TakoX po3nodineHo Ha 2 Miarpynu, 3anexHo Bif
piBHS HecdaTuHy-1 y cupoBsatui kposi. o 1 nigrpynu
yBilLWIo 28 ocib, y sk1X piBEHb CMPOBATKOBOMO Hecda-
TuHy-1 6yB Hwxye 1,375 Hr/Mn; 4o 2 migrpynu yBinLnm
22 naujieHT, y SKuX piBeHb CMPOBAaTKOBOO HecdaTuHy-1
6yB Buwe 1,375 Hr/mn (mabn. 2).

Y rpyni xeopux 3 XCH Ha tni IXC i3 cynyThim L[ 2
TUMY CnoCTepiranucb HaCTYMHi 3MiHW NOKa3HWKIB nini-
porpamu: y 2-i migrpyni 3XC 6y meHwwin Ha 21,8 %
nopiHsHO 3 1-t0 nigrpynoto (p < 0,05); piseHb TI ByB Ha
49,2 % Hwkue, Hix y 1-1 migrpyni (p < 0,05); XC NMBLY,
nepeByLLYyBaB Takuii Ha 42,5 % y nopiBHsHHI 3 1-t0 nia-
rpynoto (p < 0,05); XC JIMHLL 6ys Ha 65,0 % Huxye, Hix
y 1-i nigrpyni (p < 0,05); BU3Ha4anock 36inbLUeHHs piBHS
XC NMNAHLW Ha 146,9 % y nopiBHsiHHI 3 1-10 nigrpynoto
(p <0,05); KA 6yB Ha 59,6 % meHLuniA, HiX y 1-i nigrpyni
(p <0,05).

MauieHTiB 3 XCH Ha i IXC 3 cynyTHIM OXMPIHHAM
6yno posnogineHo HacTyMHUM YuHOM: Ao 1 miarpynu
yBIlLLNO 27 0Cib, Y sIKX piBEHb CPOBATKOBOTO HecaTy-
Hy-1 ByB Hvxye 1,375 Hr/mn; 4o 2 nigrpynu — 23 nauieHTw,
y SIKUX piBEHb CYPOBATKOBOTO HecthaTuHy-1 NnepeBuLLyBaB
1,375 Hr/mn (mabn. 3).

Y i rpyni NaLieHTiB TAKOX BUSBIIEHO CYTTEBI BiAMiH-
HOCTI: y 2-1 nigrpyni BcTaHoBMeHo piseHb 3XC Ha 24,6 %
HKYMiA nopiBHSHO 3 1-10 nigrpynoto (p < 0,05); piBeHb
Tl — Ha 49,6 % Hwkye, Hix y 1-i nigrpyni (p < 0,05); XC
JINBLW, nepesuwiyBas Ha 23,1 % Takui y 1-n nigrpyni
(p < 0,05); XC NMHLL, 6ys Ha 39,5 % Hwx4e, HiX y 1-
nigrpyni (p < 0,05); Bu3Havascs MeHwui Ha 50,0 % piBeHb
XC JINAHLL nopisHsiHo 3 1-t0 nigrpynoto (p < 0,05); KA
3MeHLyBaBcs Ha 51,7 % npu nopiBHsHHI 3 1-10 nigrpy-
noto (p < 0,05).

MopibHMM cnocobom Byno po3nogineHo i XBopux 3
XCH Ha ni IXC 6e3 cynyTHb0i MeTaboniyHoi naTonorii:
£o 1 nigrpynu yginwno 26 ocib 3 piBHeM CMPOBATKOBOMO
HecpaTuHy-1 Hkde 1,375 Hr/mn; 0o 2-1 — 24 nauieHTu
3 piBHeM cupoBaTkoBoro HeccatuHy-1 suwe 1,375 Hr/
mn (mabs. 4).

Y uin rpyni cnocTepiranucs HacTynHi 3MiHW: y 2-11
niarpyni 3XC 6yB Ha 0,8 % MeHLniA NopiBHAHO 3 1-10
niarpynoto (p < 0,05); piseHb TI" ByB MeHLLWiA 3@ Takuii
nokasHuK y xBopux 2-i migrpynu Ha 28,6 % (p < 0,05);
XC JINBL, 6yB Ha 0,8 % MeHLwwiA, HiX y 1-1 nigrpyni
(p > 0,05); XC JNNNHLL nepesuwyBaB Ha 2,8 % Takun
y 1= nigrpyni (p > 0,05); XC NMNAHLY, BusHavaBcs Ha
26,5 % meHLmiA, Hix y 1-i nigrpyni (p > 0,05); KA B 06ox
nigrpynax ctaHosus 1,14 (p > 0,05).

[1nsi NOPIBHAHHS OTPUMAHKX Pe3ynbTaTiB M rpynamm
o6CTexEHNX XBOPUX BYNo PO3rMNsSHYTO 3MiHU NOKA3HWKIB
ninigHoro o6MiHy 3anexHo B piBHA HecdaTuHy-1 Ta
HasiBHOCTi CynyTHbOI MeTaboniyHoi naTonorii.
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Y rpynax nauientis 3 XCH Ha Tni IXC, wo cynpo-
BOMKYHOTbCA MeTaboniuHot natonorieto (L4 2 Tvny,
OXMpiHHA abo X NOeAHaHHSs!), cnocTepiraeTbes YiTka
TEHAEHLIS: BULLMIA PiBEHb CUPOBATKOBOrO HectaTunHy-1
(y 2-1 nigrpyni) acowjtoeTbCs 3i CTaTUCTUYHO 3HAYYLLMM
NOKpaLLEHHAM BinbLLOCTI NOKa3HWKIB NinigHOro npodinto,
O CBIiAYATbL NPO MOrO MOTEHUINHY NO3UTUBHY POnb Y
3a3HayeHnx komopbigHux cTaHax. Y Beix rpynax 3 merabo-
nivHoto natonorieto (rpynu 1, 2, 3) Bia3Ha4aeTbCS 3HaYy-
Le 3HkeHHst 3XC y nigrpynax 3 BULLMM HecdhaTnHom-1
(Ha 17,6 %, 21,8 %, 24,6 % BignosigHo). HaTtomicTb, y
rpyni 6e3 metaboniyHmx nopyLeHb (rpyna 4) sHMKEHHS
3XC y nigrpyni 3 BULLMM HecchaTuHOM-1 Byno MiHimanb-
Hum (0,8 %). Cxoxa kapTuHa cnocTepiraetbes i ans TI.
Y rpynax xsopux 3 XCH npu IXC 3 LA 2 tuny Ta XCH
iLUEMIYHOTO MOXOMKEHHS 3 CYMyTHIM OXUPIHHAM (rpyna
2 i 3) BigMivaeTbCA 3HauHe 3HWKeHHs TI y migrpynax 3
BULLMM HecdhaTuHom-1 (Ha 49,2 % Ta 49,6 % BignosigHo),
a B 1 rpyni 3 noeaHaHo MeTaboniYHOK NaToNorieo — Ha
11,3 %. Takox, y 4 rpyni 6e3 metaboniyHNX NopyLleHb
crocTepiranocs 3HwkeHHs Tl Ha 28,6 % y nigrpyni 3
BULLMM HecdhaTHoM-1. Y rpynax xsopux 3 XCH npm IXC
3 meTaboniyHoto natonorieto (rpynm 1, 2, 3) cnoctepira-
€TbCs 3HAYHE 306iNbLUEHHS aHTMaTeporeHHoi dopakuii XC
JINBLW y nigrpynax 3 Buwwmm HeccatnHom-1 (Ha 44,7 %,
42,5 %, 23,1 % BignosigHo ). Y rpyni xBopux 6e3 meTa-
6oniyHnx nopylieHb (mabn. 4) BiACYTHA CTaTUCTUYHO
3HauyLa pisHuus B XC JNBLL, mix nigrpynamu 3 pisHum
piBHEM HecdhaTuHy-1, oe cnocTepiraeTbCsl MiHiManbHe
3HKeHHS Ha 0,8 %. Y BCix rpynax XBopwx, L0 Manu
CynyTHi0 MeTaborivHy NaTororito, Big3HaYaETbCS CyTTEBE
3HmxkeHHs XC JMHLY, y nigrpynax 3 BuwmM Hecdatu-
Hom-1 (29,1 %, 65,0 %, 39,5 %). Y rpyni xBopux 3 XCH
iLUEMIYHOTO MOXOMKeHHs B6e3 MeTaboniyHMX MopyLUEHb
He Gyno cratncTuyHO 3HadyLwmux amiH XC JIMHLL, xo4a
CMOCTEPIraeTbCs TeHAEHLiS A0 36inblueHHs Ha 2,8 %. Y
rpynax XBopux 3 MOEAHAHOK NaTOMOTIE Ta OXUPIHHAM
(rpynwn 1 Ta 3) BiamivaeTbest sHkeHHs XC JIMAHLL (Ha
11,3 % Ta 50,0 % BignosigHo). OgHak, y 2 rpyni focni-
[DKeHHs (3 cynyTHim LI 2 Tmuny) cnocTepiranocs 3HavHe
36inbwenHa XC JNINOHLL Ha 146,9 %, a B rpyni 6e3
meTaboniyHMX nopyLUeHb — 3HKEHHS Ha 26,5 %. Lo
cTocyeTbest KA, y BCiX rpynax 3 MeTaboniyHoro natonori-
€10 CriocTepiraeTbes 3Ha4He 3HkeHHs KA y nigrpynax 3
BULLMM HechaTuHoM-1 (Ha 49,7 %, 59,6 %, 51,7 % y 1,
2 1a 3 rpynax Bigno.igHo). Y rpyni 6e3 metaboniyHux no-
pyweHb KA He MaB CTaTUCTUYHO 3HaYYLLMX BiAMIHHOCTEN
MiX Migrpynamu, 3anuiuatounce Ha pisHi 1,14.

lNpoBeneHnin KopensuiiH1n aHania 4O3BOMMB BUSIBU-
TV B3aEMO3B'A3KM Mix PiBHEM HecdhaTuHy-1 Ta dhpakuismm
XOMECTEPUHY B Pi3HVX rpynax XBOpWX.

lNpoBeneHwit kopensLinHWiA aHani3 4eMOHCTPYE Npsi-
MUIN 3B'S30K PiBHSA HecaTuHy-1 3 NpoaTeporeHHMmM Ta
3BOPOTHUI KOPENSALIMHUI 3B'A30K 3 aHTUATEPOreHHUMM
cybnonynsauismMn XonecTepuHy KpoBi B rpyni XBOpKX Ha
IXC 3 cynyThim L 2 Tuny Ta oxupiHHaM (mabr. 5). Y rpyni
aocnigpxysaHux xsopux 3 XCH Ha tni IXC 3 noegHaHoto
MeTabosiYHOK NaToNorietd BUSIBEHO 3BOPOTHUIA KOpe-
NSALHWIA 3B’130K CepeaHbOl iIHTEHCUBHOCTI MiX pIBHEM
HecdatuHy-1 3 pisHem XC JIMHLL (r=-0,44; p < 0,05), XC
JINOHLL (r=-0,43; p<0,05), TI (r=-0,52; p < 0,05), a
Takox 3 3XC (r=-0,54; p>0,05)i KA (r=-0,22; p>0,05),
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OpwuriHaAbHiI AOCAIAXKEHHS

Tabauus 1. MokasHyky ninigorpamu B 3anexHOCTI Bif piBHS HecdaTuHy-1 B rpyni
xBopux 3 XCH Ha Tni IXC 3 cynyTHim LI 2 T1ny Ta OXMpiHHAM

{ niarpyna,n=33 | 2niarpyna,n=42 _lp |

3XC, mmonb/n 7,03+0,21
TI, Mmonb/n 3,01+£0,16
XC NNBLL, mmonb/n 0,94 + 0,07
XC NMHLL, mmonb/n 5,47 £ 0,33
XC NNAHLL, mmonb/n 0,62 £ 0,04
KA 6,48 + 0,61

579+0,27
2,67+0,1
1,36 £0,05
3,88 £ 0,41
0,55+ 0,06
3,26 £ 0,48

<0,05
<0,05
<0,05
<0,05
>0,05
<0,05

Tabauua 2. MokasHukuM ninigorpaMu B 3aneXHOCTi Bif piBHA HecaTuHy-1 B rpyni

xBopux 3 XCH Ha i IXC 3 cynytHim LI 2 Tuny

A niarpyna,n =28 | 2niarpyna,n=22_lp |

3XC, mmonb/n 6,04 +0,12
TT, Mmonb/n 2,40 £0,38
XC NNBLL, mmonb/n 1,46 +£0,19
XC NMHLL, mmons/n 4,09+ 0,44
XC NNAHL, mmonb/n 0,49 £ 0,07
KA 3,14+ 0,39

4,72+0,14
1,22+ 0,26
2,08 0,17
1,43 £0,71
1,21+0,04
1,27 £0,09

<0,05
<0,05
<0,05
<0,05
<0,05
<0,05

Tabauua 3. MNMokasHukuM ninigorpaMu B 3aneXHOCTi Bif piBHA HecaTuHy-1 B rpyni

xBopux 3 XCH Ha i IXC 3 cynyTHIM OXMpiHHAM

t niarpyna,n=27 | 2niarpyna,n=23 lp |

3XC, mmonb/n 6,18 £ 0,14
Tr, Mmonb/n 2,54 £0,18
XC NNBLL, mmonb/n 1,56 + 0,06
XC NMNHLL, mmons/n 4,10+ 0,51
XC NNAHL, mmons/n 0,52 £ 0,07
KA 2,96 £ 0,26

4,66 +0,18
1,28 £0,08
1,92 £0,04
2,48 0,63
0,26 + 0,04
1,43+0,37

<0,05
<0,05
<0,05
<0,05
<0,05
<0,05

Tabauua 4. MokasHukuM ninigorpaMu B 3aneXHOCTI Bif piBHA HecaTuHy-1 B rpyni
xBopux 3 XCH Ha Tni IXC 6e3 cynyTHboi MeTaboniyHoi natonorii

1 niarpyna,n =26 | 2niarpyna,n =2 _lp |

3XC, mmonb/n 5,31+£0,42
Tr, mmonb/n 1,68 +£0,19
XC NNBLL, mmonb/n 2,48 £0,11
XC NMHLL, mmons/n 2,49 £ 0,39
XC NNAHL, mmonk/n 0,34 £ 0,07
KA 1,14 £0,23

527+0,23
1,20+ 0,13
2,46 £0,08
2,56 £ 0,42
0,25+0,06
1,14 £0,52

<0,05
<0,05
>0,05
>0,05
>0,05
>0,05

AKi He JOCArnM piBHA JocToBipHOCTI. Cnabkuin npsimmin
KOpensiLiHui 38’830k HeccaTuHy-1 3 pisHem XC JTTBLL
(r=0,27; p < 0,05) 6yno BcTaHOBMNEHO y XBopux Ha IXC 3
cynyTHiM LI 2 Tuny Ta oXMpiHHAM.

Y rpyni nauienTi i3 XCH Ha Tni IXC Ta cynyTHim
O 2 tuny Gyno BCTAHOBNEHO MOMIPHUIA 3BOPOTHWUIA
KOpensaLinHUA 3B’A30K MiX piBHEM HecdaTuHy-1 Ta pis-
HSIMU NpoaTeporeHHWX niniais, Takux sk 3XC (r = —0,46;
p <0,05), Tl (r=-0,48; p <0,05), XC NMNHL, (r = -0,42;
p <0,05), XC NNAHLY (r = -0,40; p < 0,05). Lle cBiguuTb
npo Te, WO 3i 36iNbLUEHHAM piBHS HecdaTuHy-1 y Lmx
NavuieHTiB CNOCTEpIraeTbCst TEHAEHLUIS 4O 3HWKEHHS
KOHLEHTpaLii uux ateporeHHMx dpakuiin. BogHouac,
BUSIBMEHO NOMIPHUN NPSMUWIA KOPENSLiiHWIA 3B'A30K MixX
piBHEM HecdaTuHy-1 Ta piBHeM aHTuateporeHHoro XC
JINBLL (r = 0,39; p < 0,05), Wo Bka3sye Ha NiaBULLEHHS
XC NNBL, npu 3pocTaHHi HecdaTuHy-1. KopensauinHui
38’130k 3 KA 6yB cniabkum 3sBopoTHuMm (r = -0,20; p > 0,05)
i He JocAr piBHA CTaTUCTUYHOI 3HAYYLLOCTi (mabri. 6).
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Tabauusa 5. B3aemo3s’siskn Mix piBHeM HecdaTuHy-1 Ta nokasHukamu ninigHoro
06MiHY y XBOPYX i3 XPOHIYHOK CEPLIEBOIO HEAOCTATHICTIO Ha TN iLLeMiYHOT XBOpoGU
cepList 3 CynyTHIM LiykpoBuM aiabeTom 2 Tuny Ta oxupiHHsm (r_ = 0,38)

crit

MNMoka3HWK, oAUHULIi BUMipIOBaHHSA __

3XC, mmons/n -0,54 <0,05
TI, Mmonb/n -0,52 <0,05
XC NNBLL, mmonb/n 0,27 >0,05
XC NMHLW, mmons/n -0,44 <0,05
XC NNAHLL, mmonb/n -0,43 <0,05
KA -0,22 >0,05

Tabauua 6. Baemo3s’sikn Mix piBHeM HecdaTuHy-1 Ta nokasHukamu ninigHoro
06MiHY y XBOpYX i3 XPOHIYHOK CEPLIEBOI0 HEAOCTATHICTIO Ha TN iLlemi4HOi XBopobu
cepLs 3 CynyTHIM LiykpoBuM aiabeTom 2 Tuny

Moka3HuK, 0 AMHULI BUMIPIOBaHHSA __

3XC, mmonb/n -0,46 <0,05
TT, Mmonb/n -0,48 <0,05
XC NNBLL, mmons/n 0,39 <0,05
XC NNHL, mmons/n -0,42 <0,05
XC NNAHLL, mmons/n -0,40 <0,05
KA -0,20 >0,05

Tabanua 7. B3aemo3B’A3kM Mix piBHEM HecaTuHy-1 Ta nokasHukamm ninigHoro
06MiHY Y XBOPUX i3 XPOHIYHOK CEpLIEBOI0 HELOCTATHICTIO HA TNi iLLeMiYHOi XBOpobu
cepus 3 CyMyTHIM OXUPIHHAM

Moka3HuK, oguHULI BUMIpHOBaHHA _

3XC, mmonb/n -0,41 <0,05
Tr, mmonb/n -0,44 <0,05
XC NNBLY, mmonb/n 0,40 <0,05
XC NMNHLL, mmonb/n -0,39 <0,05
XC NNAHLL, mmonb/n -0,53 <0,05
KA -0,17 >0,05

Tabauus 8. Baaemo3B'si3ku Mix piBHEM HecdhaTuHY-1 Ta nokasHWkamm NinigHoro
0OMiHY y XBOPUX i3 XPOHIYHOK CepLIEBOIO0 HEAOCTATHICTIO Ha TNi iLLeMiYHOi XBOpobu
cepus 6e3 cynyTHLOI MeTaboniyHoi natonorii

MNMoka3HWK, oAUHULIi BUMipIOBaHHS __

3XC, mmons/n -0,27 >0,05
TI, Mmmonb/n -0,39 <0,05
XC NNBLL, mmonk/n 0,17 >0,05
XC NMHLL, mmons/n -0,35 >0,05
XC NNAHLL, mmons/n -0,14 >0,05
KA -0,28 >0,05

Y rpyni naujenTis 3 XCH Ha Tni IXC Ta cynyTHim
OXMPIHHSAM TaKoX Oynn BUSIBNEHI KOPENSILLiHI 38’ S3KM Mix
piBHEM HecdhaTuHy-1 Ta nokasHuKamu ninigHOro 0bMmiHy.
CnocTepiraeTbCca NOMIpHUIA 3BOPOTHUI KOPENsLINHUIA
3B'A30K MiX piBHeM HecgpatnHy-1 Ta 3XC (r = -0,41;
p<0,05), Tl (r=-0,44, p <0,05), XC NNAHLY (r=-0,53;
p < 0,05), XC nNHLW, (r = -0,39; p < 0,05). MomiTHUIA
NPSIMUIA KOPENSILIRHUIA 3B’930K ByB BCTAHOBNEHUI MiX
piBHem HecbaTuHy-1 Ta XC MNBLL (r = 0,40; p < 0,05, a
KOpensLiiHuiA 38’330k 3 koediLlieHTom aTeporeHHocTi (KA)
OyB cnabkvm 3BopoTHUM (r = -0,21; p > 0,05) i He gocsr
PiBHS CTATUCTUYHOI 3HaYYLLOCTi (mabn. 7).

lMpoBeaeHni KopensauinHuiA aHania y faHin rpyni ge-
MOHCTPYE AeLLO iHLLY KapTVHY B3aEMO3B's13KiB MOPIBHAHO
3 rpynamu 3 cynyTHbOK MeTabonivyHot natonorieto. TyT
crnocTepiratoTbes crabki 3BOPOTHI KOPENALiiHI 38’3k
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Mix piBHem HecdatuHy-1 ta 3XC (r = -0,27; p > 0,05),
XC nnaHL (r = -0,14; p > 0,05), XC NMHLL (r = -0,35;
p > 0,05), KA (r = -0,28; p > 0,05), siki He € CTaTUCTWN4HO
3HauyyLymKn. BcTaHOBNEHO [OCTOBIPHUIA MOMIPHMIA 3BO-
POTHMIA KOPENSLLINHMIA 3B’A30K Mix HecdhaTnHom-1 1a TI
(r=-0,39; p < 0,05), wo caiguMTb NpPO TE, WO 3i 36inb-
LUEHHSAM piBHS HecdaTuHy-1, piseHb TI” Mae TeHaeHLio
[0 3HWXEHHs (mabs. 8).

Takum unHom, y nadieHTisB 3 XCH Ha Tni IXC Ge3
CynyTHLOI MeTabonivHoi natonorii, nuwe ans T BusB-
NEHO CTAaTUCTUYHO 3HAYYLLMIA 3BOPOTHUN KOPENALINHWA
3B'A30K 3 piBHEM HecdaTuHy-1. [ns iHWMX NOKasHWKIB
ninigHoro o6MiHy 3B’A3kM Bynu cnabkumu i He JocArmnw
PiBHS1 JOCTOBIPHOCTI.

OTpumaHi pe3ynbratyt cBig4atb Npo Te, Lo BMIMB
piBHSI HecdaTuHy-1 Ha MokasHUKKM NinigHOro 0BMiHY €
6inbLU BUPXXEHNM Ta NEPEBAXKHO MO3UTUBHWM (3HIKEHHS
npoaTteporeHHnx pakui Ta KA, niaBuweHHs aHTua-
TeporeHHWX) y nauieHTiB 3 XCH iluemiyHoro reHesy, siki
MaroTb CynyTHIO MeTabonivHy natonorito. Y nauieHTis 6e3
CynyTHIX MeTaboniYHMX NopyLLEHb BB HectaTuHy-1
Ha ninigHWIA NPodinb € MEHLL OfHO3HaYHMM abo BiACY THIM
ana pesikvx nokasHukie, a ans XC JIMHLL, cnoctepira-
€TbCA HaBiTb TEHAEHLIS [0 3pOCTaHHs MpU BULLOMY
piBHi HecdaTuHy-1. LLlogo TT, y rpyni 63 meTabonivHmx
MopyLUEHb CMOCTEPIraeTbCs CTAaTUCTAYHO 3HaYYLLE 3HU-
XXEHHS AaHOr0 NOKa3HWKa, NOPIBHAHO 3 rpynamm XBOpUX 3
CynyTHLOK MeTaboMiYHO NaTonorieto. Lien «napagoke»
NiAKPECToe BaXIMBICTb PO3rnsay HecdaTuHy-1 sk noTeH-
LinHoro biomapkepa Ta TepaneBTUYHOI MiLLeHi, 0cobnmBo
Y KOHTEKCTi KOMOPGiAHNX MeTabomMiYHMX NOpPYyLLEHb Npu
XCH iwemiyHoro reHesy.

06roBopeHHA

OTpuMaHi Hamn pesynbTaT AEMOHCTPYIOTb CKNagHuA,
ane nepeBaXkHO NMO3UTMBHUI B3aEMO3B 30K MiXK PIBHEM
CYPOBATKOBOrO HecthaTuHy-1 Ta nokasHukamu ninigHoro
06MiHy y naujeHTis 3 XCH iLemiyHoro reHesy, ocobnmeo
y noeaHanHi 3 LI 2 Tuny Ta OXMPIiHHAM Ta Y3roKyoTbCs
3 Cy4acHUMM JaH1UMK niTepaTypu.

3a ocTaHHi poku psa AocnimkeHb NinTBEpLXKYOTL Oa-
raTorpaHHi epekTn HecatuHy-1, BKNIOYaKUM 1oro porb
y perynauii ninigHoro o6MiHy Ta cepLeBo-CyANHHOI C1c-
Temu. Haykosui [6,7,8], NigkpecntowTb, Lo HecdaTuH-1
3anyyeHun 4o perynavii xap4oBoi NoBediHKM Ta NinigHoro
0OMiHYy, iHriBYKYM HAKOMMYEHHS XXMPY Ta MPUCKOPHOKYM
110ro po3LLEneHHs, LLO B LiNOMY NepeLLKOIKAE PO3BUTKY
ninigo3anexH1X 3axBoptoBaHb, TaKUX SK OXMPIHHS Ta
meTaboniyHnii cuigpom. Lie nobpe kopentoe 3 Hawmmm
JaHumu wopo 3HkerHst 3XC, TI ta XC JMNHLW y na-
LieHTiB 3 oXupiHHam Ta LI 2 Tuny npy BUCOKOMY piBHI
HecdaTtnHy-1.

HocnimkeHHs Chen et al. Ha MuwwaymMx mMoaensx
diabeTnyHOI kapgiomionaTii nokasanu, WO NiKyBaHHS
HecdaTtnHoM-1 nokpallye YyTnuBiCTb 4O iHCYRiHY Ta
nocnabntoe giabetnyny gucninigemito, 3HKYIOUM PiBHI
3XC, TI Ta JINHLL [9]. Lle nopatkoBO NigTpPUMYE Halle
CMOCTEPEXEHHS LLIOZI0 NO3UTUBHOTO BNIMBY HECATUHY-1
Ha minigHWi npodoink y nauiexTis 3 LA 2 tvny.

[esiki focnifxeHHs BKa3yloTb Ha Te, LLO piBEHb Hec-
atnHy-1 moxe ByTV 3HMXKEHWIA NpK iLLEMIYHIN XBOPOGi
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cepus Ta rocTpomy iHpapkTi Miokapaa, LWo MOoXe CBig-
YUTM NPO MOrO 3axMCHy ponb. Hampuknaa, AoCnimKeHHs
Kuyumcu et al. BusBUNo Huxdi piBHi HecdaTuHy-1 y
nauieHTiB 3 MOBINIbHUM KOPOHAaPHUM KPOBOTOKOM, LLO
acoLjtoeTbCs i3 3ananeHHsAM Ta eHaoTenianbHOK Anc-
dyHkuieto [10].

Ockinbkn HecdaTuH-1 Mae peryniolynii BNnme Ha
€eHepreTU4HUI MeTaboniam, cepLeBy (yHKLilo Ta 3MeH-
LLIEHHs1 MacK Tina, 1oro porb sik Biomapkepa Ta NoTeH-
LiNHOT TEpaNeBTWNYHOI MiLLIeHi B KOHTEKCTI MeTaboniyHoro
CHHZPOMY Ta CEPLEBO—CYANHHUX 3aXBOPIOBAHb aKTUBHO
pocnigxyetses [11,12,13]. Oeski nybnikauii 3a3Havatots
HeraTMBHY KOpensuilo MiX piBHEM HecdaTtuHy-1 Ta
iHoekcom macwu Tina, HbA1c, 3XC ta Tl y naujeHTis 3
npeniabetom [14]. Lie y3romkyeTbCs 3 HaWWMKM pesynb-
TaTamm LLOAO 3HWKEHHS aTEPOreHHMX Ninigis y rpynax 3
MeTabomiYHOK NaTonorieto.

«Mapapokcy, BusiBneHwi y rpyni xsopux 3 XCH iwe-
Mi4HOro reHe3y 6e3 MetaboniyHoi naTororii, BigkpuBae
HOBI MUTAHHS LLIOAO CKNagHOCTI perynauii ninigHoro 06-
MiHy Ta poni HecchaTuHy-1, NiAKPECTIOYMN HEOOXIOHICTb
noganbLUMX JOCNIMKEHb ANs PO3yMiHHSA 1oro GaraTo-
rpaHHMx edoekTiB. Tak, Ha NpoTuBary AOCNIMKEHHIO Luo
JJ etal. [6], B skomy po3rnsigaloTbCst CnpUsTivBi ehekTr
HecdatvHy-1 (Hanpuvknag, iHribyBaHHs ninoreHesy, nocu-
NEeHHs NiNoniay), Ta 1oro pornb y NinigHoMy 0BMiHi, Lei
BWCHOBOK € LliKaBWM i MOTEHLIINHO YHIKanbHUM, OCKiNbKM
BiH BKa3ye Ha CKMagHiLLli Ta, MOXIIMBO, KOHTEKCTO3aNEXHI
MexaHi3mu Iii HecdaTuHy-1, HixX BBaXanocs paHille.
BiH Moxe cBiguuTh Npo Te, WO BMMB HecdaTuHy-1 Ha
ninigHWiA 06MiH Moxe BifpisHATHCA abo ByTu MeHLL BUpa-
XEHWM 3a BifCyTHOCTI MeTaboniyHOro 06TsKEHHS, a60 X
1oro fist Moxe ByTu nepekpuTa iHLUMMW PETYNSTOPHUMU
LunsiXaMu, Hanpuknag, reHeTUYHO onocepeaKoBaHO
Bignoeiaat. Tak, Yanar F et al. [15] y cBoemy pocni-
[DKEHHI BUSIBUNW, LLIO CNeLmdivHi reHeTUYHi Bapiavii, Taki
sk SNP rs214101 y redi NUCB2/HectatuHy-1, MOXyTb
6esnocepeaHbO MoaynoBaTM MeTaboniyHi napameTpy,
MiAKPECToYM BMIIMB rEHETUKW Ha Aito HecaTuHy-1.

MigcymoBytoum, Hawi AaHi ceigyaTb Npo Te, WO
BULLMIA piBEHb HecdaTnHy-1 y cupoBaTLi KpoBi MOXe
BigirpaBaT NPOTEKTUBHY POSib Y MOKPALLEHHI NinigHoro
npodpinto y nauiexTiB 3 XCH iwemiynoro renesy Ha tni LI
2 Tuny Ta/abo OXMPIHHS, L0 NiAKPINIKETECSA Cy4acHUMM
HaykoBuMU AaHumu. OgHaK MexaHi3mu, Lo Nnexatb B
OCHOBI X epeKTiB, Ta MOTEHLiNHI BigMIHHOCTI y BNAMBI
HecdaTuHy-1 y naujieHTiB 6e3 meTaboniyHoi natonorii
BYMaratoTb NOAAnbLUMX NOrMUBneHnx JOCnimkeHb Ans
KpaLLoro po3yMiHHS oro idionoriyHol poni Ta KniHiYHoro
3HaAYeHHS.

BucHoOBKU

1. [aHe JocnigkeHHs NigTBEpMXYE BUCOKY MOLLK-
peHicTb Ta obTsxnuBMiA nepebir XPOoHiYHOI cepLeBoi
HEOCTaTHOCTI iLIEMIYHOTO reHesy, sika YacTo CynpoBo-
LDKYETBCS LyKPOBUM iabeToMm 2 Tuny, OXUPIHHAM Ta Auc-
ninigemieto. Lii koMopbigHi cTaHn B3aEMHO MOCWITIOIOTb
HEraTVBHUI BNIMB HA CEPLIEBO-CYANHHY CUCTEMY, 3HAYHO
YCKNaAHIOUM [iarHOCTUKY, NiKyBaHHS Ta NPOrHO3 Ans
nauieHTiB. BUBYEHHS TaKMX KOMMIEKCHIX B3aEMO3B's13KiB
€ KPUTUYHO BaXMMBWUM A1 Cy4acHOi Kapgionorii.
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2. Y naujieHTiB 3 XPOHIYHOK CepLeBolo HegocTaT-
HICTIO Ha TNi iWeMi4yHOi XxBOpoOK cepus, 0OTHKEHOH
CynyTHIM LlykpoBuM iabeTom 2 Tuny Ta/abo OXupiHHAM,
MPOOEMOHCTPOBAHO, LU0 BULLWIA PiIBEHb CUPOBATKOBOTO
HecaTuHy-1 acouitoETbCS 3i CTAaTUCTUYHO 3HAYYLLMM
MOKPALLEHHAM MOKasHWKiB ninigHoro obminy. Lle Buse-
NSETLCA Y AOCTOBIPHO GiNbLL HU3bKUX PiBHSIX 3aranbHOMO
XONeCTepUHyY, TPUrMILEPUAIB, XOrNecTepuHy ninonpoTeiais
HU3bKOI Ta Ay>ke HI3BbKOI LLINIbHOCTI, @ TaKOX KoediLlieHTa
aTeporeHHoCTi, NpU o0fHOYaCHO Ginbll BUCOKMX PIBHSIX
XONEeCTEPUHY NINONPOTEIAiB BUCOKOI LWinbHOCTI. Lle mig-
TBEpPIXKYE, L0 HecaTnH-1 MOXe BifirpaBaTh Baxrmy
NPOTEKTUBHY POrb Yy KOpeKLii aucninigemii B ymoBax
MeTabosiYHOro CTPECy.

3. [ocnigpxeHHs BUSIBANO HEOMiKyBaHi KOpensLiiHi
3B'A3KM Y MALIEHTIB 3 XPOHIYHOK CEpLEBOD HeaocTaT-
HICTIO iLleMiYHOro reHesy 6e3 cynyTHiX MeTaboniyHmx
nopyLLUeHb. Y Ll rpyni niaBULLEHUI piBEHb HecdaTnHy-1
HE MaB CTaTUCTUYHO 3HAYYLLIOrO NO3UTUBHOTO BMIIUBY Ha
6inbLUICTb NOKa3HUKIB NiNiAHOrO Npodqinio, a B AesKNX
BUNaakax (Hanpvknag, 4ns XonecTepuHy ninonpoteiais
HU3bKOI LLiNbHOCTI) HaBITb acOLLitoBaBCA 3 TEHAEHLE0 40
30iNbLUEHHS, Todi Sk Ansa Tpurniuepuais 6yno 3adikco-
BaHO CTATVCTUYHO 3HaYYLLE 3HKEHHS. Lieit «<napapokey
CTaBMTb Nif CyMHIB YHIBEPCANbHICTb NPOTEKTUBHMX edhek-
TiB HecaTuHy-1 Ta BKasye Ha MOXNMBY KOHTEKCTO3a-
NEXHICTb MOrO Aji, WO BUMarae noganbLumx nornméneHmnx
JOCTiMKeHb 4115 3'ACyBaHHSA MeXaHi3MiB, SKi MOAYIHOHTb
1ioro BNnMB 3a BiacyTHOCTI MeTaboniyHMX po3nagis.

MepcneKTUBU NOAAALLUMX AOCAIMKEHb. Pesynbratu
JOCTIMKEHHS MiOKPECTIOTb NOTEHLINHY LiHHICTb HEC-
¢hatuHy-1 sk Biomapkepa ana cTpatudikauii pusmky
Ta MOHITOPUHTY eeKTUBHOCTI MiKyBaHHS y NavujieHTiB
3 XPOHIYHOK CepLIeBO HELOCTATHICTHO iLLEeMIYHOro
NOXOMKEHHS!, 0COBNMMBO y NoeaHaHHI 3 MeTaboniyHo
naTonorieto. BusiBneHi 38'93k1 TakoX BiAKPMBAKOTL Nep-
CMNEKTMBM ANs pO3pobKM HOBUX TEpPaNEeBTUYHMX CTpaTe-
rin, cnpsMOBaHUX Ha MOAYNALi0 piBHS abo aKTWBHOCTI
HecdaTnHy-1 3 METO NOKPALLEHHS NiNiZHOrO 06MiHY Ta
CepLEBO-CYANHHUX HacniaKiB.
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Comparative assessment of video capsule endoscopy

OpwuriHaAbHiI AOCAIAXKEHHS

and computed tomography in the diagnosis of small bowel tumors

in patients with gastrointestinal bleeding
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Aim: this study aimed to comprehensively compare the diagnostic capabilities of modern video capsule endoscopy (VCE) and
standard computed tomography (CT) in detecting small bowel tumors in patients presenting with gastrointestinal bleeding.

Materials and methods. We performed a retrospective analysis of diagnostic data from 128 patients exhibiting clinical man-
ifestations of small bowel bleeding. The patients were divided into two clinically comparable groups based on their chosen
diagnostic approach. Group | comprised 65 patients who underwent VCE, while Group Il included 63 patients whose diagnosis
was facilitated by contrast-enhanced CT. A crucial inclusion criterion for all patients in both groups was prior gastroscopy and
colonoscopy that failed to identify the source of bleeding.

Results. The study’s findings demonstrated a substantial difference in the diagnostic efficacy of the methods. In the VCE
group, tumors as a cause of bleeding were identified in 11 (16.9 %) patients, whereas in the CT group, an analogous diag-
nosis was established in only 6 (9.5 %) patients. A pivotal observation was that among Group Il patients with negative CT
results, subsequent application of VCE led to the detection of an additional 7 small bowel tumors, none exceeding 10 mm in
size. This clearly indicates the superior diagnostic value of VCE for identifying small bowel neoplasms, particularly those of
diminutive size, compared to CT.

Conclusions. This research substantiates that VCE exhibits significantly higher diagnostic effectiveness compared to CT for
detecting small bowel tumors up to 10 mm. The detection rate was 16.9 % for VCE versus 9.5 % for CT (p < 0.05), thereby
justifying its application for the early and precise diagnosis of this pathology.

MopiBHAAbLHE OLHIOBAHHA BiA€OKaNCyAbHOI eHAOCKONI|
Ta Komn'loTepHoi Tomorpadii B AlarHOCTULL NYXAUH TOHKOI KULUKK
B NaU€HTIB i3 LUAYHKOBO-KULLKOBOKO KPOBOTEUED

A. 0. MuasiHoBCbKa, fl. M. deneluTHebkUM, B. K. Muporoecbkuii, M. O. MocuneHko,
B. B. CopokiH, C. 0. 3no06eHelp, 0. P. ABopcbka

Meta po6otn — feTanbHe MOpiBHAMbHE OLHIOBAHHS [iarHOCTUYHWMX MOXIIMBOCTEN Cy4acHOi TEXHOMOrii BifeokancynbHoi
engockonii (BKE) Ta ctaHgapTHoi komn'toTepHoi Tomorpadii (KT) Anst BUSIBNIEHHS NYXSIMH TOHKOT KULLKKM B MaLLEHTIB i3 LWyH-
KOBO-KMLLIKOBOIO KPOBOTEYEHO.

Marepianu i meToau. 34iNCHUNM PETPOCTIEKTUBHUIA @Hani3 AiarHOCTUYHMX faHux 128 nauieHTiB i3 KNiHIYH1MM NposiBaMU Kpo-
BOTeMi 3 TOHKOI KULLIKW. [TaLieHTiB noainunu Ha ABi KNiHIYHO 3iCTaBHi rpynu 3anexHOo Bif AiarHOCTUYHOrO METOAY, LLO 3acTocy-
Banu. [o rpynu | 3anyumnu 65 nauieHTis, sikum BukoHaHo BKE, a fo rpynu [l — 63 nauieHTw, B AKX AiarHOCTUKY 34iCHUNM 3a
[Z10MOMOTOH KOHTpacT-niacuneHoi KT. Baxnmeui kputepiit 3anyyeHHs Ans BCix naLieHTiB 000X rpyn — NonepeaHs racTpockonis
Ta KOrNoHOCKoNis, Nif vac SKUX mxepena KpoBoTeYi He BUSIBIEHO.

Pesyabtatu. Y peaynbrati JOCNigKeHHs BCTAHOBWIM CYTTEBY Pi3HMLIIO 3@ AiarHOCTUYHO edpekTUBHICTIO MeToziB. Y rpyni BKE
MyXHK SK NpUYnHY kposoTeui BusiBneHo B 11 (16,9 %) nauienTis, a B rpyni KT wen giarHo3 BctaHoBneHo nuwe y 6 (9,5 %)
nauieHTis. Y nauieHTis i3 rpynu I, ski 3a gaHumu KT manu HeraTuBHUI pesynsTar, nig Yac HactynHoi BKE BusiBneHo we 7
MyXWH TOHKOI KMLLKK, LU0 3@ po3mipamu He nepesuLlyBanu 10 mm. Lii AaHi nigTBepmKyoTh BULLY AiarHOCTUYHY LiHHICTb BKE
ANS BUSIBMEHHS HOBOYTBOPEHb TOHKOI KMLLKX, OCOBNMBO HEBEMMKIX, NOPIBHAHO 3 KT.

BucHoBku. BKE mae cyTTeBO BULLY AiarHOCTUYHY eheKTUBHICTb NOPIBHAHO 3 KT Ans BUABMEHHS NYXIMH TOHKOI KULLKU
po3mipom MeHLue Hix 10 MM, YacToTa BusiBneHHst nyxnuH ctaHosuna 16,9 % ans BKE Ta 9,5 % ans KT (p < 0,05). Ui aaHi
06I'pyHTOBYHOTb AOLINBHICTb 3acTocyBaHHA BKE ans paHHbOi Ta TOYHOI AiarHoCTvkw Uiei natonorii.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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Original research

The past decade has witnessed a rising incidence of
malignant neoplasms within the digestive system. Among
these, small bowel tumors represent a distinctive position,
accounting for approximately 3% of all gastrointestinal
malignancies [1]. The primary challenge in their diagnosis
stems from the small intestine’s anatomical intricacies,
rendering it less accessible to conventional endoscopic
modalities such as gastroscopy and colonoscopy [2].
Pathologies in this segment of the intestine can often
remain asymptomatic for extended periods or present
with non-specific clinical signs. This frequently culminates
in delayed diagnosis, which, in turn, precipitates the de-
velopment of complications and the dissemination of the
neoplastic process [3].

Technological advancements, notably the advent of
video capsule endoscopy (VCE) into clinical practice,
have transformed the non-invasive and comprehensive
examination of the small intestine. Unlike enteroscopy,
VCE does not permit biopsy or therapeutic interven-
tions. However, enteroscopy is an invasive procedure
necessitating general anesthesia and is associated with
arelatively high risk of complications. Furthermore, even
with balloon-assisted enteroscopy, complete visualiza-
tion of the entire small bowel can be challenging due to
adhesions or complex anatomical variations. Thus, VCE
emerges as a compelling alternative for such patients
[4,5,6,7,8].

The diagnostic utility of traditional radiological meth-
ods, such as computed tomography (CT) and magnetic
resonance imaging (MRI), is limited in detecting small
bowel tumors, particularly when their size is less than
10 mm. This limitation can be attributed to intestinal
peristalsis during the procedure, abdominal organ move-
ments during patient respiration, and the high probability
that small lesions may be missed if they do not fall within
the scanner’s plane of section. In our view, the strate-
gic deployment of video capsule endoscopy offers a
valuable opportunity to enhance the early diagnosis of
small bowel neoplasms in patients with gastrointestinal
bleeding [9,10,11,12,13].

Aim

This study aimed to comprehensively compare the diag-
nostic capabilities of modern video capsule endoscopy
and standard computed tomography in detecting small

bowel tumors in patients presenting with gastrointestinal
bleeding.

Materials and methods

This study rigorously adhered to the bioethical principles
outlined in the Helsinki Declaration. All participating pa-
tients provided informed consent prior to their inclusion in
the study. A comprehensive analysis was performed on
the diagnostic data of 128 patients suffering from small
bowel bleeding. Patient ages ranged from 17 to 65 years,
with a mean age of 41.0 + 1.1 years. The cohort included
60 (46.8 %) males and 68 (53.2 %) females.

Patients were stratified into two distinct groups based
on their diagnostic approach. Group | comprised 65 pa-
tients with clinical presentations of small bowel bleeding
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who underwent video capsule endoscopy between 2010
and 2024. Prior to VCE, all patients in this group had
undergone gastroscopy and colonoscopy, neither of
which identified the source of bleeding. Group Il included
63 patients with small bowel bleeding whose diagnosis
was performed using a radiological method, specifically
contrast-enhanced computed tomography, also between
2010 and 2024. Similarly, all patients in Group Il had pre-
viously undergone negative gastroscopy and colonoscopy
for the bleeding source.

The patient groups were comparable in terms of
age and gender, ensuring homogeneity for analysis. It is
pertinent to note that the study is retrospective in nature,
and patient allocation to groups was based on clinical
practice rather than randomization. This approach may
introduce selection bias and is acknowledged as a limi-
tation of this study.

All patients in both groups were prepared for their
respective examinations using polyethylene glycol
preparations according to standard instructions and
followed a low-residue diet for three days prior to the
procedure.

Video capsule endoscopy was performed using
the OMOM1, OMOM2, and OMOM HD systems. The
system typically consists of a specialized antenna belt,
a data recorder for video capture, a disposable video
capsule, and dedicated software. Patients, in a fasting
state, swallowed the video capsule with a small amount
of water. The capsule traversed the gastrointestinal tract
propelled by intestinal peristalsis, transmitting images to
the recorder for storage. Data from the recorder were
subsequently downloaded to a computer program for
detailed physician analysis.

Computed tomography scans were performed on
GE Revolution EVO (128 slices) and Siemens Somatom
Go (32-64 slices) tomographs, with the administration
of iodine-containing contrast agents administered for
enhancement.

Following surgical interventions, resected gross
specimens were dispatched for pathohistological ex-
amination. Biopsy samples were fixed in 10 % neutral
buffered formalin solution (pH 7.4) for 24-36 hours.
Histological sections, 4-5 pum thick, were prepared
from paraffin blocks using a rotary microtome. These
sections were then stained with hematoxylin and eosin
(H & E) and subjected to periodic acid-Schiff (PAS)
reaction. Additionally, immunohistochemical (IHC)
analysis was conducted using monoclonal antibodies
against CD138, CD68, CD20, and a-SMA. Microscopic
examination was carried out using a Zeiss “Primo Star”
light microscope.

Results

The examination results for patients in Group | are pre-
sented in Table 1.

As shown, VCE identified the following causes of
bleeding: erosive enteritis in 24 (36.9 %) patients, small
bowel angioectasias in 15 (23.0 %), small bowel tumors
in 11 (16.9 %), Crohn’s disease in 8 (12.3 %), and small
bowel diverticulain 2 (3.0 %) patients. In 11 patients within
this group, small bowel tumors were determined to be the
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cause of bleeding. All these patients underwent surgical
intervention involving resection of the tumor-containing
small bowel segment. Pathohistological examination of
the resected tumors revealed the following diagnoses:
gastrointestinal stromal tumors (GIST) in 4 cases (Fig. 1),
neuroendocrine tumors (NET) in 3 (Fig. 2), lymphomas in
2 (Fig. 3), adenocarcinomaiin 1 (Fig. 5), and hemangioma
in 1 case (Fig. 4). The sizes of these tumors ranged from
5 mm to 10 mm.

The results of examinations conducted in Group |l
patients are summarized in Table 2.

As observed, in 46 (73 %) patients within this group,
computed tomography failed to identify the source of
bleeding. Crohn’s disease of the small bowel was diag-
nosed in 8 (12.6 %) patients, tumors in 6 (9.5 %), and
diverticula in 3 (4.7 %). Consequently, in 6 patients of
Group I, small bowel tumors were identified as the cause
of bleeding. These patients subsequently underwent
surgical resection of the affected segment. Postoperative
histological examination of these tumors revealed the
following diagnoses: 1 GIST, 1 NET, 1 lymphoma, and
3 adenocarcinomas. The sizes of these tumors ranged
from 20 mm to 50 mm.

To evaluate the diagnostic efficacy of each modality,
a comparative statistical analysis was performed. The
detection rate for small bowel tumors was significantly
greater in the VCE group (Group I) at 16.9 % (11 of 65
patients) versus the CT group (Group Il), where the
rate was 9.5 % (6 of 63 patients). This difference was
statistically significant (p < 0.05, x? test). Additionally,
there was a statistically significant disparity in the size
of the tumors identified by each method. VCE was more
adept at detecting smaller tumors (ranging from 5 mm
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Fig. 1. GIST of the Jejunum (indicated by arrows).

Fig. 2. NET of the Upper Third of the Illeum with Surface
Ulceration (indicated by arrows).

Fig. 3. Lymphoma of the Jejunum (indicated by an arrow).
Fig. 4. Hemangioma of the Jejunum.

Fig. 5. Adenocarcinoma of the lleum.

Table 1. Results of examination in Group | patients

Number of patents 2

Erosive Enteritis 24 36.9
Small Bowel Angioectasias 15 23.0
Small Bowel Tumors 11 16.9
Crohn's Disease 8 12.3
Small Bowel Diverticula 2 3.0
Source Undetermined 5 7.6
Total 65 100.0

Table 2. Results of examination in Group Il patients

Number of patents %

Source undetermined 46 73.0
Crohn’s disease 8 12.6
Tumors 6 9.5
Diverticula 3 4.7
Total 63 100.0

to 10 mm), while CT typically identified much larger
lesions (ranging from 20 mm to 50 mm) (p < 0.001,
Mann-Whitney U-test).

Akey finding of the study was that patients in whom
CT did not detect a source of bleeding (n = 46) subse-
quently underwent video capsule endoscopy. VCE results
in this subgroup revealed: 7 additional small bowel tumors,
28 erosive enteropathies, 8 angioectasias, and 3 cases
of small bowel Crohn’s disease. Histological analysis of
these newly identified tumors confirmed that 5 were GISTs
(Figs. 6,7, 8, 9).

Importantly, the size of these tumors typically did not
exceed 10 mm.
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Fig. 6. Gastrointestinal stromal tumor (GIST) of the small intestine. A: low-power view (H & E,
x40) reveals a spindle-cell tumor arising from the muscularis propria.

Fig. 7. Gastrointestinal stromal tumor (GIST) of the small intestine. B: high-power view (H & E,
x400) shows spindle cells arranged in fascicles with eosinophilic cytoplasm and elongated nuclei.

Fig. 8. Gastrointestinal stromal tumor (GIST) of the small intestine. C: Immunohistochemical
staining for KIT (CD117) demonstrates strong cytoplasmic and membranous positivity. x100.

Fig. 9. Gastrointestinal stromal tumor (GIST) of the small intestine. D: Immunohistochemical
staining for KIT (CD117) demonstrates strong cytoplasmic and membranous positivity. x400
and 2 were NETSs (Figs. 10, 11, 12).

Fig. 10. Well-differentiated neuroendocrine tumor (NET) of the small intestine. A: Low-power
view (H & E, x100) displays nests and trabeculae of uniform cells involving the mucosa and
submucosa.

Fig. 11. Well-differentiated neuroendocrine tumor (NET) of the small intestine. B: Chromogranin
Aand synaptophysin immunostains show diffuse cytoplasmic positivity in neoplastic cells. x100.

Fig. 12. Well-differentiated neuroendocrine tumor (NET) of the small intestine. C: Chromogranin
Aand synaptophysin immunostains show diffuse cytoplasmic positivity in neoplastic cells. x400.
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Discussion

In this study, we meticulously compared the diagnostic
utility of video capsule endoscopy and computed to-
mography for identifying small bowel tumors in patients
presenting with obscure gastrointestinal bleeding. Our
findings demonstrated a statistically significant superiority
of VCE. The tumor detection rate was 16.9 % in the VCE-
first group (Group I), compared to 9.5 % in the CT-first
group (Group II) (p < 0.05).

Furthermore, our research underscored a key ad-
vantage of VCE in identifying small neoplasms. Tumors
detected via VCE were considerably smaller (5-10 mm)
than those found by CT (20-50 mm), a difference that
was statistically significant (p < 0.001). This was further
evidenced in 46 patients from the CT group, where initial
scans were negative; a follow-up VCE successfully iden-
tified 7 additional tumors, all under 10 mm.

Taken together, these findings strongly suggest that
video capsule endoscopy is a substantially more sensitive
modality for the early diagnosis of small bowel tumors, par-
ticularly for detecting small lesions missed by standard CT.

Our results are consistent with and augment findings
from other studies. For instance, Heo et al. presented a
retrospective study evaluating the role of VCE in iden-
tifying the cause of obscure gastrointestinal bleeding
in patients with negative CT heterography [14]. In their
study, 30 patients underwent VCE after negative CT en-
terography, and a definitive diagnosis was established in
17 (57 %) of these patients based on VCE results. Our
research not only corroborates these conclusions but
also encompasses a larger patient cohort and employs
newer generation video capsule systems with improved
technical parameters.

Conclusions

1. The application of video capsule endoscopy pos-
sesses high diagnostic value for detecting small bowel
tumors, especially those up to 10 mm in size, in patients
with gastrointestinal bleeding following negative gastro-
and colonoscopy results.

2. Video capsule endoscopy demonstrated signifi-
cantly superior efficacy compared to computed tomogra-
phy in diagnosing small bowel tumors up to 10 mm that
manifested as gastrointestinal bleeding, with detection
rates of 16.9 % versus 9.5 % (p < 0.05) respectively.

3. The findings corroborate that diagnostic efficiency
for small bowel tumors is markedly enhanced through the
utilization of video capsule endoscopy, enabling earlier
and more precise diagnosis and facilitating timely and
appropriate treatment.

Limitations of the study

Despite the compelling results, it is imperative to acknowledge the
limitations of this work. Firstly, the retrospective and non-randomized
nature of the study introduces a risk of selection bias, as the choice
of diagnostic method might have been influenced by the patient’s
initial condition or other clinical factors. Secondly, the extended
patient recruitment period (14 years) spans a period of significant
evolution in both CT and VCE technologies, which could have
impacted comparative effectiveness at different time points. Future
prospective, randomized controlled trials are necessary to further
validate the obtained results.
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MopiBHAAbHE AOCAIAKEHHA QYHKLIOHAAbHOI aKTUBHOCTI

OpwuriHaAbHiI AOCAIAXKEHHS

MOHOHYKA€APHUX KAITUH KPOBi 3a NPOAYKLIEIO LIUTOKIHIB Nia BNAUBOM

HaHOYACTUHOK AiOKCUAY TUTAHY 3 Pi3HUM BMICTOM CipKH in vitro

0. M. ABopoBCbKUNDAEF A |, KypueHko®AEF B, M. Pa6oBon®LBCOE
B. C. CaBueHko®?5¢, 0. 0. ABopoBCcbka®3CE

*HaujoHaAbHWI MearuHHiA yHiBepeuTeT iMeHi 0. 0. BoromoabLia, M. KuiB, YkpaiHa, 2AY «IHCTUTYT yponorii imeHi akaaemika 0. ®. BosiaHosa

HAMH Ykpainu», M. KuiB, HallioHaAbHUIA yHIBEPCUTET OXOPOHM 3A0Pp0B’s iMeHi M. A. LLiynuka, M. KuiB, YkpaiHa

A - KOHLIENLLst Ta AM3alH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs c1aTTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHA CTaTTI

Meta po60T1 — BUBHMTI BNAIMB HAHOYACTMHOK TiO, (aHaTady) 3 pisHMM BMICTOM CIpKW Ha (hyHKLIIOHANbHY aKTUBHICTb MOHO-
HyKneapHuUX KNiTWHK NeprudepuyHoI KPOBI 30POBKX AOHOPIB B yMOBAX in vitro 3a npogykuieto uuTokiHis IL-1B, IL-4, IL-6, TNF-a.

Marepianu i metoau. O6’ekTaMu OCRIZKEHHS CyryBaB HAHOMOPOLLIOK AiOKCUAY TUTaHY KpUCTanivyHoi (hopMu — aHaTas, pos-
Mipom 21-28 HM 3 pisHumM BMicToM cipkm (0,04 %, 0,16 %, 0,83 %), po3pobnexwid IHCTUTYTOM NpoGnem matepiano3HascTBa
imeHi |.M. ®paHueBuya. MoHoHykneapHi KniTuHU nepudeprnyHoi KpoBi AoHOpiB-406poBonbLiB (n = 30) in vitro iHkybyBanu B
YMOBaX BifiCy THOCTi CTUMYIIIOIOHOrO areHTa, npu CTuMynauii MitoreHom ®A Ta npu cTumynsuii cycriensin HaHoYacTuHok TiO,
no 10 mkn B koHuUeHTpauisx 0,3 mr/mn, 3 mr/mn i 30 mr/mn. ImyHodbepmeHTHUM MeTopom (ELISA) B cynepHaTtaHTax MOHO-
HyKMeapHWX KNiTWH BU3Ha4anm KoHUeHTpauito uutokiHie (IL-1B, IL-6, IL-4, TNF-a), TeCcTyBaHHS NPOBOAMIOCS 32 LONOMOro
iMyHothbepmeHTHOro aHanizatopa «Stat Fax-303 Plus».

Pesynstatu. locnimkeHHs in vitro nokasasny, Wo HaHoMaTepian y KOHUEHTpauisx, nodnHatoum 3 0,3 mkr/mn ana HaHo-TiO,
30,16 % i 0,83 % BMICTOM Cipku 30aTeH NPUrHivyBaTW PYHKLIIOHAMNBHY aKTUBHICTb MOHOHYKIEapHUX KITUH nepudepudHoi
KpOBi 3 JOCTOBIPHUM 3MEHLLEHHAM NpoayKLUii LmTokiHiB IL-1B, IL-6, TNF-a, IL-4 y aoHopis (p < 0,05), Lo mMoxe nopyLLysatut
byHKLiOHanbHMIA CTaH iMyHHOI cucTemu. Mig Bnnmeom HaHo-TiO, 3 0,04 % BMiCTOM Cipki y KOHUeHTpaii 30 MKr/Mn Ha Mo-
HOHYKIeapHi KNiTMHW nepudepuyHOi KPoBi CNocTepiranoch CTaTUCTUYHO 3Ha4YMMe 3meHLweHHs npoaykuii TNF-a (p < 0,05), a
npogykuist IL-6, IL-1, IL-4 gocTOBIpHO He 3MiHIOBanack y NOPIBHAHHI 3i CMOHTAHHOK NPOAYKLIE0. TakoxX AEMOHCTPYHOTb, LLO
Aisi HaHo4acTVHOK TiO, Ha iIMyHOKOMMETEHTHI KNITUHW TICHO 3aneXWTb B BMICTY GIPKW B iX CKNagi: Y/M BULLOIO € KOHLEHTpa-
LSt Cipky, TUM BinbLU BUPaXXEHUM € NPUrHiYeHHs NpoayKuii knto4yoBux LumTokiHiB (IL-1B, IL-6, TNF-a, IL-4). Lle cBigunts npo
30aTHICTb HAHOYACTWUHOK 3 MOAUIKOBAHNM CIPKOBMICHUM NPpOdineM YNHUTY AndepeHLinoBaHUIN BNINWB Ha iMyHHY BiANoBiab,
LLIO BaPItOE Bif, HENTPANbHOMO A0 NMOTEHLIMHO IMYHOTOKCUYHOTO.

BucHoBkU. DyHKLiOHarNbHa aKTUBHICTb MOHOHYKIEAPHMX KIITUH NepudepryHOI KPOBi MPUTHIYYETHCA 3a MPOAYKLIE LIMTOKIHIB
(IL-1, IL-6, TNF-a, IL-4) nig BnvMBOM AOCNimKyBaHWX HaHOYaCTUHOK TiO, y BiANOBIAHNX KOHLEHTpauiax y paai HaHo-TiO,
(0,04 % S), HaHo-TiO, (0,83 % S), HaHo-TiO, (0,16 % S). BmicT cipku 0,16 % i binble B HaHo4acTMHKax TiO, Bkasye Ha ixXHIO
GinbLLy iIMyHOTOKCUYHICTb. [list HaHo4acTMHOK TiO, Ha NPOAYKLito LIMTOKIHIB MOHOHYKMEapHUMM KITiITUHaMI NeprdepuyHOi KDOBI
Bapiloe 3aNeXHO Bif BMICTY CipKU, LLIO BKa3ye Ha NPSIMUIA 3B’A30K MK XIMIYHM CKnagoM HaHoMaTepiany Ta Aoro NOTEHLIAHO0
iIMYHOTOKCUYHICTHO.

Comparative study of the functional activity of blood mononuclear cells
by cytokine production under the influence of titanium dioxide nanoparticles
with different sulfur content in vitro

0. P. Yavorovsky, A. I. Kurchenko, V. M. Riabovol, V. S. Savchenko, 0. O. Yavorovska

Aim. To investigate the effect of titanium dioxide (TiO,) nanoparticles (anatase form) with varying sulfur content on the functional
activity of peripheral blood mononuclear cells (PBMCs) from healthy donors in vitro, based on the production of cytokines
IL-1B, IL-4, IL-6, and TNF-a.

Materials and methods. The objects of the study were titanium dioxide (TiO,) nanopowders of the anatase crystalline form, with
a particle size of 21-28 nm and varying sulfur content (0.04 %, 0.16 % and 0.83 %), developed at the |. M. Frantsevich Institute
for Problems of Materials Science. Peripheral blood mononuclear cells (PBMCs) from healthy volunteer donors (n = 30) were
incubated in vitro either without a stimulating agent, with the mitogen phytohemagglutinin (PHA), or in the presence of TiO,
nanoparticle suspensions (10 pL) at concentrations of 0.3 mg/mL, 3 mg/mL, and 30 mg/mL. Cytokine concentrations (IL-1p,
IL-6, IL-4, and TNF-a) in the PBMC supernatants were measured using enzyme-linked immunosorbent assay (ELISA). The
tests were performed using a Stat Fax-303 Plus ELISA reader.

Results. In vitro studies demonstrated that the nanomaterial at concentrations starting from 0.3 pg/mL, specifically TiO, nan-
oparticles with 0.16 % and 0.83 % sulfur content, suppressed the functional activity of peripheral blood mononuclear cells, as
© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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evidenced by a statistically significant decrease in the production of cytokines IL-1B, IL-6, TNF-a, and IL-4 in donor samples
(p < 0.05). This suggests a potential disruption of immune system function. In contrast, exposure to TiO, nanoparticles con-
taining 0.04 % sulfur at a concentration of 30 pg/mL resulted in a statistically significant reduction only in TNF-a production
(p < 0.05), while IL-6, IL-1B, and IL-4 levels did not significantly differ from spontaneous cytokine production. Moreover, the
data indicate that the immunomodulatory effect of TiO, nanoparticles is closely related to their sulfur content: the higher the
sulfur concentration, the more pronounced the suppression of key cytokine production (IL-1, IL-6, TNF-a, IL-4). Overall, these
results highlight the ability of sulfur-modified nanoparticles to exert differential effects on the immune response, ranging from
neutral to potentially immunotoxic outcomes.

Conclusions. The functional activity of peripheral blood mononuclear cells, in terms of cytokine production (IL-1B, IL-6, TNF-a,
IL-4), is suppressed by the tested TiO, nanoparticles at specific concentrations, following the order: nano-TiO, (0.04 %
S) < nano-TiO, (0.83 % S) < nano-TiO, (0.16 % S). A sulfur content of 0.16 % or higher in TiO, nanoparticles is associated
with increased immunotoxicity. These findings suggest that the effect of TiO, nanoparticles on cytokine production by periph-
eral blood mononuclear cells varies depending on the sulfur content, indicating a direct relationship between the chemical

composition of the nanomaterial and its potential immunotoxicity.

HaHo4acTuHky MmeTanis, iX OKCMAIB Ta iHLIMX CMOMNYyK
Mal0Tb YHiKarbHi BNacTUBOCTI, ik pOBNsATb iX KOPUCHUMU
B pi3HMX cdepax 3acTocyBaHHs, BKMtoYarun Gionorito
i MeaunumHy. ACOPTUMEHT i 0BCsAr iX BUKOPUCTaHHS
3pOCTaloTh 3 KOXKHUM POKOM. 30ifbLUEHHS BUKOPUCTaH-
HA HaHomartepianis BUKNMKae CTypbOBaHICTb Yepes
MOXJIMBUI HEraTyBHUI BMIIMB Ha NpaLiBHUKIB y cdepi
iX BMPOBHMLTBA Ta 3acToCyBaHHS. HaTypHi ririeHiuHi
Ta ekcrnepuMeHTanbHi LOCMMKEHHS in vivo Ta in vitro
cBigyath, WO HaHOMaTepianum MOXyTb CMPUYNHUTH
BUHWKHEHHS BUPOBHNYO 0B6YMOBREHUX i NPOeCiiHNX
3axBoptoBaHsb [1,2].

MeTanoBMiCHi HaHOYaCTVUHKM MOXYTb BNAMBATK Ha
iMyHHY cMCTeMy 4epe3 3anarieHHsl, OKUCMoBamNbHNIA
CTpec i MOZynALit0 PiBHA LMTOKIHIB. Lii echekT MOXyTb
NPU3BECTM [0 IMYHOCYNPECii, 3HWXKYHUM 30aTHICTb
iMyHHOI cuCTeMU pearyBaTi Ha natoreHu abo iMyHoCTu-
MynALii, WO NOTEHUIHO MOXe MPU3BECTU OO0 peakLin
rinepyyTtnmeocTi [3,4,5]. MeTanoBMiCHi HaHOYaCTUHKK
MOXYTb B32EMOLIATM 3 Binkamu nna3mu KpoBi Ta iHWnmm
Giomonekynamu, 3MiHIOUM iXHIO Gi0aKTMBHICTb, WO, Y
CBOIO Yepry, BUKNMKaTUMeE NEBHi 3MiHu opraHismy [5,6].

3acTocyBaHHS HAHOYACTMHOK iN VIVO AN MeauyHNX
Linen yacto obMexyeTbCa AeKinbkoMa TpyaHOLLamu,
BKIKOYaK0M 3ananbHi peakLii Ta KNiTUHHY TOKCUYHICTb,
HEeOoYiKyBaH1IN PO3MOAIN i BUBEAEHHS 3 OpraHiamy, a Takox
HEeOCTaTHIO JOCTaBKy 10 KOHKPETHOI MiLleHi. Lli ecnpu-
ATNMBI ABULLA MOXYTb ByTU 3HAYHOIO MipOIO NOB’A3aHi 3
B3aeMofj€eto cuctemu Binok-HaHoYacTHHKa in Vivo 3 yTBo-
peHHsam binkoBoi kopoxw. Lap agcopboBanmx GinkiB Ha
MoBEPXHi HAHOYACTUHOK BNNMBAE Ha 6ionoriyHy noBeaiHKy
HaHOYaCTUHOK i 3MIHIOE TXHIO (DYHKLIIOHAMBHICTb, Yac Bif
yacy Npu3BoAsaYY A0 BTpaTh abo nocvneHHs dyHKLii [7,8].

Y pocnipxeHHi [3] ouiHeHo BNAMB CyMilli HaHoYac-
TUHOK MeTanis (Ag, Cu, Fe tTa MnO,) B [o3i 4,0 mr/kr
npu nepoparnbHoMy BBefeHi Lypam npotsrom 90 fi6.
ABTOpamMu BCTaHOBMEHO, 30KPEMA, LLIO HAHOYACTUHKM
meTanis MOXyTb NPWU3BECTU A0 IMYHOCYNPECi, Okuchto-
BasbHOIO CTPECY, IUTOMITUYHOTO MOLLUKOMKEHHS MEMOpaH
renaTouuTiB i NiABULLEHHS PiBHS aKTUBHOCTI (hepPMEHTIB.

HaHouacTtuHkm, oTpmani nig yac 3D-apyky 3 nopo-
LUKy 3 HepXaBito4oi CTani, AeMOHCTPYBanu 3HauHi iMy-
HOCYNPECWBHI ePeKTH, L0 NPOSBMSINCA NPUTHIYEHHAM
nponichepatmBHOi GyHKLji T-nimcoumTie i T-3anexHnx
B-kniTuH, 3 NOMipHOIO CTUMYRALiEt0 haroLMTapHOT aKTUB-
HOCTi MOHOLMTIB Ha MOAENi KPOBI JIOAMHK, a NPoayKLUis
LIMTOKIHIB XapakTepuayBanach 36inbLueHHaM piBHS TNF-a
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i NpUrHiYeHHsMm pieHa IL-8 Ta yacTkoBo pisHs IL-6 [9].

MexaHi3mu iMyHOTOKCWYHOI Aii HAHOYaCTWHOK Me-
Tanis i ix cnonyk Ao KiHus He po3kpuTi [8]. 3okpema, He
BMBYEHWUM 3anuLLIAETLCS BNNWB HaHOMaTepianis Ha oc-
HOBI JiOKCUAY TUTaHY 3 Pi3HUM BMICTOM CipKu Ha iMyHHY
CHCTEMY NpW TOMY, LLIO BOHW HabyBatoTb BCE LUMPLLIOIO
BUKOPWCTaHHS B Bionorii Ta MeauLmHi.

Merta po6otu

BuBueHHs BrnuBY HaHovacTuHOK TiO, (aHaTasy) 3 pisHUM
BMICTOM Cipku Ha oyHKLIOHaMbHY aKTUBHICTb MOHOHYKITE-
APHUX KMITUH NepudepuyHoi KpoBi 30OPOBUX AOHOPIB
B YMOBaX in vitro 3a npogykujeto uutokiHis IL-16, IL-4,
IL-6, TNF-a.

Martepianu i meToAU AOCAIAKEHHA

O6’ekTamm JOCTigKEeHHS CryryBanii Tpy HaHOMOPOLLKY -
OKCUAY TUTaHY, KPUCTanNiYHOi (hOpPMM — aHaTas, pPo3mMipom
21-28 Hm 3 pisHum BMmicToM cipki (0,04 %, 0,16 %, 0,83 %)
po3pobneHi IHCTUTYTOM Npobrnem MaTepiano3HaBcTBa
imeHi |. M. ®paHuesnya HAH Ykpainu.

Y pocnigpxeHHi B3anu yyactb 30 340pOBUX [OHO-
piB-AobpoBOMbLIB, Yy SKUX Nicns iHGHOPMOBaHOI 3roau
6yna B3dTa nepudepnyHa KpOB ANst OCMIIKEHHS in
vitro. locnimkeHHs NpoBeAeHi 3 AOTPUMAHHSAM MPUHLK-
nis 6ioeTukyn, BUKNageHnmm y FenbciHCbKin Aeknapauii
BcecBiTHbOI MeanyHOi acouiauii « ETWYHI npuHUmMnn me-
AVYHUX JOCNIIKEHD 32 YYACTHO NIOAUHU Y SKOCTi 06’ekTa
OOCMiMKEHHSI», NpoToKoN 3acigaHHsa Kowmicii 3 nuTaHb
6ioeTnYHOT ekcnepTran Ta eTUKW HayKOBWX AOCTIIKEHb
HaujioHanbHoro megmyHoro yHiBepcutety imeni O. O.
Boromonbug (npotokon Big 23.06.2025 poky Ne 196).

MoHOHYyKNeapHi KNiTUHW NepudepuyHoOi KpoBi
(T-nimdpouuTn, B-nimcpoumtin, NK-kniTMHM, MOHOLUTM
i OEHAPUTHI KMITUHW) BUAINAMM i3 3aCTOCYBaHHAM rpa-
JieHTa winbHocTi ¢ikonn-seporpaduHy (1,076-1,078)
i nomiwanm B KyneTypaneHe cepegosule RPMI-1640,
wo Mictutb, 10 % embpioHanbHOT Tensyoi cupoBaTky,
40 mkr/mn reHTamiumHy, 5x10M 2-mepkanToeTaHon i
3 % L-rniotamiHy. KniTwHHy cycneHsito B KOHUeHTpaLii
1,5 x 108 kn/mn iky6ysanu 24 rogux B CO,-iHkybaTopi
npu 37°C 6e3 CTUMYMIOKYOrO areHTa, Npu CTUMynALji
mitoreHom ®T'A, B koHUeHTpaUii 30 MKr/Mn, a Takox npu
cTumynALji HaHo-TiO, no 10 MK cycreHaiit HaHO4aCTVHOK
B koHUeHTpauisx 0,3 mr/mn, 3 mr/mn i 30 mr/mn.

Pathologia. Volume 22. No. 3, September - December 2025


https://pat.zsmu.edu.ua/

OpwuriHaAbHiI AOCAIAXKEHHS

1 IL-1B
250 250 250
200 171,30 200 171,30 200 171,30
p<0,01 p<0,01
150 150 150
p<0,01 p<0,05
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50 K2 3190 3190 50 I 50 I 030" 26714 o0 e
169" 14,18 1) gye }
0 0 . 0
TiO, (0,04 % S) TiO, (0,16 % S) TiO, (0,83 % S)
H OrA CnoHT. m 0,3 mr/mn B 3 mr/mn = 30 mr/mn

Puc. 1. MopiBHsANbHa npoaykLis IL-1B MOHOHYKNeapHUMM KNiTuHaM1 nepudepruyHoi KPoBi in Vitro y A0OHOPIB NiA BNAMBOM HAHOYACTUHOK aHaTasy 3 PisHMM BMICTOM Cipki, NKr/m1.

2 IL-6
250 250 250
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p<0,01 p<0,01
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p<001 p<0,05
100 100 p<0,01 100 p<0,05
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TiO, (0,04 % S) TiO, (0,16 % S) TiO, (0,83 % S)
H OrA CnoHT. m 0,3 mr/mn H 3mr/Mn = 30 mr/mn

Puc. 2. MopisHanbHa npoaykuist IL-6 MOHOHYKneapHUMK KNiTMHaMM NepudepryHOI KPOBI in Vitro y AOHOPIB Mif BNAMBOM HAHOYACTUHOK aHaTasy 3 Pi3HUM BMICTOM CipKu, MKT/M.

IMyHocbepmeHTHUM MeTogom (ELISA) B cynepHaTaH-
Tax MOHOHYKIIEAPHUX KITITUH BU3HAYanm KOHLEHTpaLio
umTokiHiB (IL-1B, IL-6, IL-4, TNF-a), TecTyBaHHS NpoBo-
[unocs 3a LONoOMOro iMyHOepPMEHTHOrO aHani3atopa
«Stat Fax-303 Plus».

CratuctyHa obpobka iHdopmalii npoeaeHa 3a
Zonomoroto nakety nporpam «MedStat V.5.2.». Matema-
TYHa 06pobKa OTpMMaHKX pesyrnbTarTiB 34ilcHIOBanach
3 ypaxyBaHHAM NepeBipKy MOKa3HMKIB HA HOPMarbHUI
posnogin 3a kputepiem-W LWanipo-Yinka. [ns cratuc-
TU4HOI 06POBKM BUKOPUCTOBYBaNMCA NapameTpuyHi
KpuTepii cTatucTukmn: kputepin CTblogeHTa, aucnep-
CiHWIA aHani3, MeTod MHOXMHHKX NnopiBHSHL Ledde;
HenapameTpuyHi: W-kputepiin BinkokcoHa, paHrosui
ofHodakTopHMiA aHani3 Kpyckana—Yonnica, MHOXUHHi
MOPIBHAHHA 3a KpuTepiem [JaHHa. BigmiHHICTL BBaxa-
JIM CTaTUCTUYHO 3Ha4mmoto npu p < 0,05. Pesynstatu
onvcyBamu sk cepegHe (M) +, cepenHe kBagpaTuyHe
BigxunexHs (SD).

Pe3yabTatu

OuiHKa (hyHKLiOHaNbHOI aKTMBHOCTI MOHOHYKNEeapHUX
KNiTUH nepudpepuyHoi KpoBi 3a npoaykuieto IL-1B nig
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BNNMBOM HaHOMaTepianiB y JOHOPIB B yMOBaX in Vitro.
IL-18 € npo3ananbHUM LMTOKIHOM, SIKWiA Bigirpae Bu-
pilansHy ponb Y PisHWX i3ioNOrivHMX i NaToNorivHNX
npoLecax, BKIH0Yakuy iMyHHy BiZMoBigb, 3ananeHHs Ta
nporpecyBaHHs 3aXBoproBaHHS. BiH 6epe yyacTb y Gara-
ThOX 3aXBOPIOBAHHSIX, Bif paKy Ao AiabeTy Ta cepLieBo-Cy-
AVHHWX 3aXBOPIOBaHb. PerynioBaHHs aktmeHoCTi IL-16 €
CKIaQHUM i BKITKOYaE Taki MexaHiamu, sik ybiksiTunauis,
sika 0OMeXye Moro poaLLenneHHs kacnasor-1 i Hauinoe
1oro Ha gerpagadito. Lie ToHke HanawTyBaHHS Mae Bu-
piLlanbHe 3HaYeHHs Ans 36anaHcyBaHHA aHTUMIKPOBHMX
peakuiii i 3anobiraHHa HagmipHOMy 3ananexHto [10].

KinbkicTe uuTokiny IL-1B, Wo BMAINSETHCA MOHO-
HYKIEapHUMW KMiTMHaM1 nepudepuyHoi KpoBi in vitro
npv AoAaBaHHi MiToreHa oitoremorntotuHiHa (PrA), npu
CMOHTaHHiI npoaykuii (CNoHT.) Ta npy BNAMBI HaHoYac-
TUHOK aHaTasy 3 pi3HUM BMICTOM CipKu NpefcTaBneHi Ha
pucyHKky 1.

£K BMAHO 3 pucyHKy 1, Npy CTUMYNALiT MOHOHYKMeap-
HUX KNiTUH nepudpepunyHoi kposi (MKIK) cycneHsismm Ha-
HouacTuHok TiO, (0,04 % S) B koHUeHTpauisx 0,3 Mr/mn, 3
mr/mn i 30 Mr/Mn He BUKMMKANO AOCTOBIPHKX 3MiH MPOTK
cnoHTaHHoi npogykuii IL-1B. Mpw Bnnwsi cycnensii HY
TiO, (0,16 % S) B koHUeHTpaLisx 0,3 mr/mn, 3 mr/ms i 30
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3 TNF-a
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Puc. 3. MopiBHsAnbHa npoaykwis TNF-o MOHOHYKneapHAMM KNiTHamu nepudepuyHoi KpoBi in Vitro y AOHOPIB Nia BNNMBOM HAHOYACTUHOK aHaTasy 3 Pi3HUM BMICTOM CipK, NKr/Mn.
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Puc. 4. MopisHsanbHa npoaykuist IL-4 MOHOHyKNeapHAMK KNiTMHaMM NepudepruiHOT KPOBI in Vitro y AOHOPIB Mif BNMBOM HAHOYACTUHOK aHaTasy 3 Pi3HUM BMICTOM CipKu, MKT/MA.
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Mr/mMn crocTepiranocs JOCTOBIPHE 3MEHLLEHHS NPOAYKLT
IL-18y 2,52 pa3u, 3,02 pasn i 3,68 pasu BignosigHo. Mpu
Brinmsi cycnensii HY TiO, (0,83 % S) B koHueHTpauisx 0,3
mr/mn, 3 mr/mn i 30 Mr/mn cnocTepiranocs 4OCTOBipHe
3MeHLEeHHs npoaykuii IL-18'y 1,41 pasu, 1,6 pa3u i 2,12
pas# BignoBigHo.

OuiHka ¢pyHKLiOHaNbHOI aKTUBHOCTi MOHOHYKMe-
apHUX KNiTMH nepudepuyHOi KpoBi 3a npoaykuieto IL-6
nia BNNMBOM HaHOKOMMO3UTHUX MaTepianis y fOHOPIB
B yMOBaX in vitro. IL-6, skuit cnovaTky OyB BU3HaYeHUI
K pakTop AndbepeHuiauii B-kniTuH, € 6aratodyHkLio-
HanbHUM LIUTOKIHOM, SIKWIA peryntoe iMyHHy Bianosidp,
remMornoes, BianoBigb rocTpoi hasu Ta 3ananeHHs. IL-6
Mae BUpiLLanbHe 3HaYeHHS 4ns iIMyHHOTO ToMeocTasy,
BNMMBAKOYM SK HA BPOMKEHUW, TaK i HA aganTUMBHUN
iMyHiTeT. BiH nigTpuMmye iMyHOKOMNETEHTHICTb, TOBTO
3[aTHiCTb rocnogaps pearyBatu Ha iHdekuii, i bepe
y4acTb Yy BiAMOBIAi B roCTpin hasi Ta MexaHiamax iMyH-
Horo 3axucty [11].

PiBeHb cekpeLii LTOKiHY IL-6 MOHOHYKNeapHUMM Ki-
TMHaMW NeprdepUYHOT KPOBi in Vitro 3a yMoB cTUMynsLii
MiTOreHoM cpitoremarnioTuHiHOM (PIA), Npu CNOHTaHHIN
npopykuii (CNoHT.) Ta nig BNIMBOM HAHOYACTUHOK aHaTasy
3 Pi3HMM BMICTOM CipKM NOAAHO Ha PUCYHKY 2.
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£IK nokas3aHo Ha puCyHKy 2, Mpu CTUMYNALii MOHO-
HYKIEapHUX KMiTUH NepugepuyHoi KPOBi CyCneHsismm
HaHouacTuHok TiO, (0,04 % S) He BUKnMKano 4OCTOBIp-
HWUX 3MiH MPOTW CMOHTaHHOI Npogykuii IL-6. Mpwu Bnnuei
cycnensii HYTiO, (0,16 % S) B koHUeHTpaLisx 0,3 mr/mn,
3 mr/mn i 30 mr/mn cnocTepiranocs AOCTOBIpHE 3MeH-
LeHHs npogykuii IL-6 y 3,4 pasw, 4,08 pa3u i 4,68 pasu
BignosiaHo. Mpu Bnnwmsi cycnensii HY TiO, (0,83 % S) B
koHueHTpauisx 0,3 mr/mn, 3 mr/mn i 30 mr/mn cnocTepira-
N0Cs JOCTOBIPHE 3MeHLUeHHs npoaykuii IL-6 y 1,83 pasu,
2,0 pasu i 2,46 pa3su BiaNoBigHO.

OuiHka hyHKLiOHaNbHOI aKTUBHOCTI MOHOHYKeap-
HUX KNiTUH NnepudepuyHoi kKpoBi 3a npoaykuieto TNF-a
nig BANUBOM HaHoMaTepianiB y AOHOPIB B yMOBax
in vitro. TNF-a € TpaHcmembpaHHum Ginkom tuny |,
SKUIA Mae MeMbBpaHo3B'si3aHy abo po3unHHY opmy i €
npoTOTMNOM npefcTaBHuka HagpoauHu TNF. TNF-a e
MNeioTPONHUM LIMTOKIHOM, MOB'SI3aHWM i3 perynsiuieto
CMCTEMHOTO 3ananeHHs Ta 3ax1McTom opranismy [12].

Mpoaykuito uutokiHy TNF-a MOHOHYKeapHUMK Krii-
TUHaM¥ neprdeprHHOI KPOBi in Vitro 3a yMoB cTUMynsLi
citoremarnioTuHiHoM (PIA), Npu CNOHTaHHIN cekpeLii
(CnoHT.) Ta nig BNAYBOM HAHOYACTVMHOK aHaTasy 3 PidHM
BMICTOM CipKv NOAAHO Ha PUCYHKY 3.
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FK BUOHO 3 pUCYHKY 3, Npu CTUMYNSLi MOHOHYKNe-
apHUX KIMiTUH NepugepryHOT KPOBI CyCNEH3IIMM HaHOYac-
THOK TiO, (0,04 % S) B KoHUEHTpauisx 0,3 mr/mn i 3,0
MI/MI HE BUKNWKano JOCTOBIPHWX 3MiH MPOTM CMIOHTaHHO!
npoaykuii TNF-a, a B koHUeHTpauii 30 mr/mn cnocTepi-
ranocst 4ocToBipHe 3meHLeHHs npoaykuii TNF-ay 1,29
paan. Mpu Bnnmsi cycnensii HY TiO, (0,16 % S) B KoH-
ueHTpauisx 0,3 mr/mn, 3 mr/mn i 30 Mr/mn cnocTepiranocs
[0CTOBiIpHE 3MeHLUeHHs npoaykuii TNF-a y 2,17 pa3u,
2,49 pasu i 3,47 pa3w BignosigHo. Mpu BNmMBI cycneHaii
HY TiO, (0,83 % S) B koHUeHTpaUisx 0,3 Mr/mn, 3 Mr/Mn
i 30 mMr/mn cnocTepiranocs 4OCTOBIPHE 3MEHLLEHHS NPO-
aykuii TNF-a'y 1,35 pasu, 1,7 pasu i 1,87 paau BignosigHo.

Bu3HayeHHA ¢yHKLiOHaNbHOI aKTUBHOCTI MOHO-
HyKreapHUX KNiTMH nepudepryHoi KpoBi 3a NpoAyKLicto
IL-4 nig BNnuBOM HaHOMaTepianis y AOHOPIB B yMOBax
in vitro. IL-4 mae BupilLanbHe 3Ha4YeHHs Ans audepeH-
uiauii HaiBHMxX T-knitH CD4 y knitvim Th2, siki xapakTe-
pusytoTbes cekpeuieto IL-4 Ta IL-5. Lia audepeHuiauis
€ BaXMVBOW ANs PO3BUTKY Th2-nogdibHUX JOMOMDKHUX
edheKTopiB, AKi BXMMBI ANS iIMYHHOT BIANOBIAI HAa NeBHi
naToreHu Ta npy anepriyHmnx peakuisx. Y B-knituHax IL-4
Kepye nepemmkaHHaM knacy imyHornobynitis (Ig) Ha 1gG1
Ta IgE. Kpim Toro, IL-4 HeobxigHuMIA Ans reHepalii Ta nig-
TpUMKY Bignosigen IgE, [k € KpUTUYHUMK NpK peakLisx
rinepyyTnMBOCTI HEranHOro TWMy. AnepriyHi 3axsopto-
BaHHS MOXYTb BMHUKATK Yepe3 MOpyLUEeHHs perynsuii
iMyHHOI cuCTemMH, L0 cnpuumHeHe akTueauieto CD4+
T-xennepis Apyroro TWMy Ta NiABULLEHOIO CeKpeLieto
LIMTOKiHIB, 30kpema |L-4. Liel LunTOKiH CTUMYMIoE CUHTE3
IgE, akTMBaLiO TYYHMX KMITWH i €03nHOoiniB, LLO 3peLu-
TOH MPV3BOAWTL A0 PO3BUTKY anepriYHOro 3ananeHHs Ta
¢hopmyBaHHs Taknx anepriyHmnx xsopob, sk bpoHxianbHa
acTMa, aneprivyHni puHiT i gepmatut [13].

OTpuMaHi Hamy pesynsTaT BU3HAYEHHS (PyHKLo-
HarbHOi aKTVBHOCTI MOHOHYKIeapiB NeputepuyHoI KPOBi
no npoaykuii IL-4 npu cTumynawii ditoreMarnioTUHIHOM
(PrA), npy cnoHTaHHI npoAaykuii (CroHT.) Ta nig BnnMeom
HaHOYaCTVMHOK aHaTaay 3 Pi3HVIM BMICTOM Cipki1 HaBEAEHO
Ha pUCYHKy 4.

£k nokas3aHo Ha PUCYHKY 4, Mpy CTUMYNALiT MOHO-
HyKneapHuX KnitTuH nepuepuyHoi KpoBi CyCneHsisimm
HaHouacTuHok TiO, (0,04 % S) He BuKnMKarno AOCTOBIP-
HUX 3MiH MPOTK CMOHTaHHOI Npogykuii IL-4. Mpwn BNnmBI
cycnensii HY TiO, (0,16 % S) B koHueHTpauisx 0,3
mr/mn, 3 mr/mn i 30 Mr/mn cnocTepiranocs 4OCTOBipHe
3MeHLLeHHsI npoaykuii IL-4 y 1,89 pa3un, 2,27 pa3n i 5,06
pasu signosigHo. Mpu Bnnwmsi cycnensii HY TiO, (0,83 %
S) B koHUeHTpauisx 0,3 mr/mn, 3 mr/mn i 30 mr/mn cno-
CTepiranocst 4OCTOBIPHE 3MEHLLEHHS npogdyKuii IL-4 y 1,42
paau, 1,54 pa3u i 1,74 pasu BignoBigHO NPOTU CMIOHTAHHOI
npoaykuii IL-4.

06roBopeHHA

OTpuMaHi pesynbTaTi Halloro JOCTiMKEeHHs CBigYaTh
NpO BUPA@XEHW iIMyHOCYNPECHBHUI eheKT HaHoYac-
TuHoOK TiO, (aHatas), MoANIkoBaHUX PI3HUM BMICTOM
CipKY, OO0 MOHOHYKNEeapHuUX KNiTUH nepudepuyHol
KpOBi 300poBKX AOHOPIB. MNpy BNAMBI HAHOYACTUHOK
3 MigBULLEHOK KOHLEHTPALEe Cipku cnocTepiranocs
[OCTOBIpHE NPUrHIYEHHs NPOAYKLi KMOYOBUX LIMTOKIHIB
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OpwuriHaAbHiI AOCAIAXKEHHS

— IL-1B, IL-6, TNF-a Ta IL-4. Ockinbku came Ui LIUTOKIHW
€ NPOBIAHMMMW MefiaTopamMn MiXKKMITUHHOT B3aeMogii
iIMYHOKOMMETEHTHUX KIITUH, 3HWKEHHS iXHBOI cekpewii
MOXE CBIAYMTW NPO NOTEHLiNHE POpMyBaHHs iMyHoae-
ILUMTHUX CTaHIB Yy pasi TPMBANOro KOHTAKTY OpraHiamy
3 nogibHMMKU HaHomatepianamu. Bigomo, wo IL-13 Ta
TNF-a BigirpatoTb NPOBIAHY POsb Y 3anycKy 3anansbHol
BiZnoBizi, Toai sk IL-6 3abe3neyye sk cuCTEMHI edekTu
rocTpoi hasu, TaK i aKTVBaLLiK0 aganTUBHOTO IMYHITETY, a
IL-4 B13Havae gudepeHLuiauito T-xennepis Apyroro Tuny
Ta cunHTes IgE [10,11,12,13]. Takum YnHOM, KOMMNMEKCHe
MPUrHIYEHHS CekpeLlil X LIMTOKIHIB MOXHa po3rnagaTtv
K 03HaKy CMCTEMHOI iMyHOCYNpeCii.

MopniOHi pe3ynkTaT OTPUMaHi i B iHWWKMX ekcrepu-
MeHTanbHUXx pobotax. Tak, y JoCTiLKEHHSIX CyOrocTporo
iHransuinHoro BrnmBy HaHodactok TiO, y muwei Gyro
MOKa3aHo 3Ha4He 3HIKeHHS piBHiB IL-4, IL-18 Ta nomipHe
npurHivenHs npoaykuii IL-2, IL-10, IL-17A, IFN-y, IL-6 i
TNF-a [14]. Lle neMOHCTpyE, Lo iMyHOCYNpecuBHa Aist
TiO, € BinTBOPIOBAHMM ABULLEM | NOLUMPKOETHCS HA PiaHi
mozeni. Pasom i3 TvM, pe3ynsTaTi HaLoro JOCmKEHHS
He NOBHICTHO 36iratoTbesl 3 AaHnMK, oTpuMaHumu Luca Di
Giampaolo Ta cnisaeT. [15], siki nokasanw, Lo BnnvB HaHo-
yacTok TiO, Ha MOHOHYKIIEapHi KNiTVH JIOAMHM CyMpOBO-
[xyBaBcs niasuLLeHHsm pisHa TNF-a, IL-10 ta IL-4 npu
BiZICYTHOCTI 3HavyLmx 3miH IL-6 Ta IL-1B. Lii BigmiHHOCTi,
Ha Hally iyMKy, 3yMOBIIEHI He NULLe Pi3HUMKU METoAaMU
CWHTE3Y HAHO4YACTUHOK, @ N BIMIHHOCTSIMM Y KPUCTaNIYHIN
¢hopmi (aHaTas, pyTun um GpyKiT), ZOMILLKOBOMY CKMagi Ta
NOBEPXHEBKX BNACTUBOCTSX, SKi BU3HAYalOTb 30aTHICTb
[0 YTBOPEHHs GinkoBoi kOpoHW. Bigomo, Lo came 6in-
KOBa KOpOHa, (hOPMYHUNCH HA NMOBEPXHI HAHOYACTUHOK
y BionoriyHnx cepenoBuLLax, BU3Hayae ixHo BionorivyHy
iAEHTUYHICTb | MOXe CYTTEBO 3MIHIOBATW iMYHOMOrYHI
BMACTMBOCTi HaHOMarTepianis [16,17].

Halwli JaHi Takox AeMOHCTPYHOTh YiTKY 3anexHICTb
MiXX BMICTOM CipKW B CKnagi HaHO4aCTWMHOK AioKcuay
TWUTaHy Ta CTyNeHEeM MPUrHIYEHHS LIMTOKIHOBOT NPOoayKLii.
HainbinbLu BUpaxeHuii iMyHoCynpecrBHUMIA echekT crocTe-
piraBcs NPy BUKOPWUCTaHHI 3paskiB i3 cepeaHiM BMICTOM
cipku (0,16 %), Togi sk MiHiManbHa koHueHTpauis (0,04 %)
He Npu3BOAMNa A0 JOCTOBIPHMX 3MiH. Lie Moxe nosicHo-
BaTMCb 0COBMMBOCTAMYM NOBEPXHEBOI XiMii HAHOYACTUHOK
Ta IXHbOI B3aemogieto 3 Binkamu nna3mu i KniTMHHAMN
peuentopamu. CipkoemicHi mogudikadii TiO, saarHi
3MIHIOBaTW €NeKTPOCTaTUYHI XapaKTEPUCTVKV NOBEPXHI
Ta popMyBaHHs BINKoOBOI KOPOHM, IO MPSIMO BMMBaE
Ha 6i0aKTUBHICTb HAHOYACTUHOK. Y LIbOMY KOHTEKCTI
pesynbTaTi Halwoi poboTK y3romKylThCs 3 Cy4acHUMU
ySIBNEHHSAMM Npo «protein corona-driven bioactivity»
HaHomaTepianis, 3rigHO 3 IKUMU came NMOBEPXHEBI BNa-
CTUBOCTI, a He NuLLe XiMIYHWIA cKnag Yu po3Mip YaCTUHOK,
BM3HAYaloTb CMEKTP iXHbOI BionorivHoi Aji [16].

3 NpaKTU4HOT TOUKM 30pYy BUSIBMEH edheKT MOXHa
iHTEpNpeTyBaT ABOSAKO. 3 0AHOr0 6OKY, 30aTHICTb HaHO-
4acTuHOK TiO, i3 GIPKOBMICHIMM AOMILLIKAMU MPUTHIYYBATY
CeKpeLlito Npo3ananbH1X LIMTOKIHIB Moxe ByTu BkopucTa-
Ha SIK MOTEHLiNHUIA NpoTM3anarnbHuiA abo imyHocynpecmB-
HWUIA IHCTPYMEHT Y GioMeanYHNX TEXHOMOTISX, HaNpWKnazs
Mpw NiKyBaHHi ayTOIMYHHVIX Ta anepriyHnx 3axBoptoBaHb.
3 iHwworo 6oky, cuctemHe npurHiveHHs IL-1B, IL-6 i TNF-a
MOXe CTaHOBWUTW CEPNO3HY Hebe3neky Ans opraHismy,
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3HWXYHOUM OrO 30aTHICTb 40 NPOTUMIKPOGHOrO Ta npo-
TWUMYXJIMHHOTO 3aXUCTY. Lle CTBOPOE PU3NKN BUHUKHEHHSI
iHbeKUinHMX ycknagHeHb abo xpoHisalii 3anansbHoro
npoLecy npu TPUBANoMy NpodecinHoMy KOHTaKTi 3 Ha-
Homatepianamm [1,2].

HeobxiaHO Takox 3a3Ha4NUTK, LLO HaLLe JOCTmKEHHS
Mae neBHi 0OMexeHHs. [Mo-neplie, BOHO NPOBEAEHe
B YMOBaX in Vitro, Wwo He Bigobpaxae BCiei cknagHocTi
iIMYHHWX peakLin B opraniami. [Mo-gpyre, My aHanisysanu
0BOMEXKEHY KINMbKICTb LIMTOKIHIB, TOAI SIK ANst KOMMIIEKCHOT
OLiHKY iIMYHOTOKCYHOCTI oLinbHUM 6o 6 4ochimKeHHs
LUMPLLIOrO CnekTpy meaiaTopis, BkMoyHO 3 IL-10, IFN-y,
IL-17 Ta IL-23. MNo-TpeTe, BMBYAnacs nuwe KOpoTKO-
YyacHa eKcro3uuisi HaHOYaCTUHOK, TOAI AK Y pearnbHUX
YyMOBAX N0AMHA MOXe nigaaBaTvicsa TpUBanomy BrMBYy
HU3bKWX KOHLIEHTpaLili HaHoMaTepianis. Y mManbyTHix
JOCTiMKEHHSAX JOLIMBHO OLUIHMTY SIK AOBrOTPMBANy Aito,
TaK i BNAMB HAHOYACTUHOK Ha iHLUi KNITUHHI nonynsauii —
NK-KniTUHW, 4EHAPUTHI KNITUHKW, Makpodary — a Takox
npoaHani3yBaTi MOMEKYNAPHi MexaHi3amu, BKITOYHO 3
enireHeTYHUMM 3MIHaMW.

Takum YMHOM, Hale AOCNIMXEHHS MiATBEPOXYE,
W0 MOAMIKOBAHI CIPKOK0 HaHoYacTMHKM TiO, YMHATL
BUP@XEHUN iIMYHOCYNPECUBHUIA BNIUB Ha NPOAYKLIiO
LIMTOKIHIB MOHOHYKNEapHUMW KNiTMHaMu nepucepuyHoi
KpoBi. BussneHun echekT 3anexuTb Bid BMICTY Cipky,
LLO CBiYMTL NPO MOXIMBICTb LinecnpsiMoBaHoi Mogu-
(hikauii HaHOYaCTMHOK ANsA perynauii ixHboi BioakTmB-
HocTi. BogHovac, oTpuMaHi pesynbsratit nigKpecnionTb
HEOoOXIOHICTb PETENLHOr0 TOKCUKOMOMYHOMO KOHTPOIIO
Ta OUiHKM ©e3nekn Npu 3poCTalyoMy 3acTOCYBaHHi
HaHomarepianie y Gionorii Ta MeguuUKHI. 13 3a3Ha4YeHoro
BUMIIMBAE, LLO BUBYEHHS iN Vitro BNvBY HaHOMaTepianis
Ha iIMyHOKOMMETEHTHI KIITUHW € OfHUM 3 KITOHOBMX Napa-
METPIB MPY BU3HAYEHHI iX iIMyHOCTeLMMdIYHOT aKTUBHOCTI
i MOXe CrnyryBaTit OCHOBOO AJ11 ONTUMI3aLii noganbLUmx
NpOMINaKTUYHNX 3aX0LiB.

BucHOBKU

1. JocnimkeHHs in vitro nokasanu, Wo HaHomaTe-
piany y KoHueHTpauiax Big 0,3 MKr/Mn ang HaHo-TiO,
30,16 % i 0,83 % BMiCTOM Cipku 3gaTHi NpUrHivyBaTm
yHKLiOHaNbHY aKTUBHICTb MOHOHYKMEapHUX KNiTUH
nepugepnyHoi KpoBi 3 JOCTOBIPHUM 3MEHLLEHHSM
npoaykuii uutokinis IL-1B3, IL-6, TNF-a, IL-4 y goHopis
(p <0,05), wo moxe nopyLyBaTh (OyHKLiOHAMbHWIA CTaH
iMyHHOI cucTemu.

2. Mig Brnveom HaHo-TiO, 3 0,04 % BMICTOM Cipku y
KOHUeHTpauii 30 MKr/M1 Ha MOHOHYKNEapHi KMiTUHW ne-
pUhepUYHOI KPOBI CNOCTEPIranoch CTaTUCTUYHO 3HaYUMeE
3meHLerHs npogykuii TNF-a (p < 0,05), a npogykuis IL-6,
IL-1B, IL-4 pOCTOBIpHO HE 3MiHIOBanachk y NOPIBHSHHI 3i
CMOHTAHHO NPOAYKLEH0.

3. ®yHKUiOHanbHa aKTMBHICTb MOHOHYKMEapHUX
KNiTUH NepudepuyHoOi KPOBi MPUrHIYYETLCA 32 NPOAYK-
uieto umtokiie (IL-1B, IL-6, TNF-q, IL-4) nig Bnnueom
AocrimkyBaHux HaHodacTuHok TiO, y BiANOBIgHUX
KOHLieHTpaLiax y paai HaHo-TiO, (0,04 % S), HaHo-TiO,
(0,83 % S), HaHo-TiO, (0,16 % S). HasBHicTb Cipku GinbLue
0,16 % B HaHouacTuHkax TiO, BKkasye Ha ixHio Ginbliy
iMYHOTOKCUYHICTb.
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4. BcraHoBneHo, Wo Ais HaHoyacTuHok TiO, Ha
NPOAYKLit0 LIMTOKIHIB MOHOHYKNE€apHUMK KRiTUHaMu
nepuepryHOI KPOBI Bapitoe 3anexHo Bif BMICTY Cipku,
L0 BKa3ye Ha MPsSIMUIA 3B'A30K MK XiIMIYHUM CKnagom
HaHoMatepiarny Ta ¥ioro NOTEHLINHO iIMYHOTOKCUYHICTIO.

5. inst po3pobku AepKaBHUX MEAMKO-CaHITapHUX
HOPMAaTUBIB BMICTY B Pi3HMX 00’€KTax JOBKINNs Metano-
BMiCHWX HQHOYaCTUHOK, KPiM 3aranibHOTOKCMYHOIO ehek-
Ty, NOTPIOHO BpaxoByBaTH iMyHOTOKCUYHMWIA BMIIUB, SKWIA
MOXE BUXOAMUTU MIMITYHO4MM NOKA3HWUKOM Y BCTAHOBIEHHI
rPaHNYHO AOMYCTUMUX KOHLIEHTPALLi.
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The systemic biocompatibility of implant materials is crucial for ensuring their safety, since materials such as titanium (Ti),
hydroxyapatite (HAp) and, in particular, alumina (Al,O,) can affect vital organs beyond the site of implantation. While alu-
mina-based coatings are valued for their mechanical stability, experimental studies suggest that aluminium ion release can
cause toxicity to the liver and immune system.

The aim of the study is to evaluate the organ-specific toxicity of Ti bone implants, both with and without functional-protective
coatings, by conducting a histopathological analysis of the liver, kidney and spleen in an experimental model.

Materials and methods. Cylindrical Ti pins, either uncoated, alumina-coated (Al), or HAp-coated, were produced and char-
acterized previously. Ninety-five female Wistar rats were divided into four groups (Ti-, Al-, HAp-groups, and sham control).
Implants were inserted into the right femur following by postsurgical treatment and observation. Liver, kidney, and spleen
tissues were collected at 1, 2, 4, and 8 weeks and processed for blinded histopathological evaluation using a semi-quantitative
scale (based on ISO 10993-11:2017). Statistical analysis utilized Kruskal-Wallis tests, with p < 0.05 denoting significance.

Results. In the first week after implantation, all groups showed hepatocellular swelling, sinusoidal congestion and moderate
portal mononuclear infiltration in the liver. They also showed tubular epithelial swelling and focal lymphocytic infiltration in the
kidneys and follicular hyperplasia in the spleen. By the second week, these inflammatory alterations persisted but generally
decreased, showing no significant difference from the sham-operated control group. By the fourth week, hepatocyte swelling and
periportal infiltration were evident primarily in the Ti-group, while the Al,O,- and HAp-coated groups showed only mild reactions.
Renal infiltration remained more pronounced in the Ti-group. By the eighth week, liver morphology was almost normal in all
groups, with only minimal residual periportal infiltration. The kidneys showed only slight tubular swelling. While most splenic
changes had resolved, some Ti-group specimens retained follicular hyperplasia, indicating a prolonged systemic response.

Conclusions. This study confirms that all tested Ti-based biomaterials are acceptable in terms of systemic biocompatibility. No
necrosis or irreversible organ damage was observed, indicating an absence of toxicity induced by the materials. The initial,
transient histological changes were nonspecific responses to surgical stress. Systemic responses indirectly correlated with
the implant surface. HAp coatings demonstrated the most favourable systemic profile due to their robust osseointegration,
whereas uncoated Ti resulted in prolonged immune activation. This highlights the importance of coatings that promote rapid
and complete osseointegration in minimizing long-term systemic effects.

CYCTeMHUI BNAUB TUTAHOBUX IMNAQHTATIB i3 KOPYHAOBOIO KepaMiKoto:
ricTonaTonoriyHMM aHani3 y Lwypis

0. 0. boHaapeHkKo, A. I. Boxko, C. A. Kaamukosa, . 0. ManbLeB,
I. C. WnoHbKa, O. €. NockyToB

CucTemHa BiocyMiCHICTb iMnnaHTauiHUX MaTepiania Mae BUpiLLanbHe 3Ha4eHHs Ans ix 6e3ne4YHOro BUKOPUCTaHHS, OCKINbKY
TaKi matepianu, Ak Tuta (Ti), rigpokcnanatut (HAp) i, 30kpema, OKcuA aniomiHito (Al,O,), MOXyTb BNNIMBATY Ha XXUTTEBO BaX-
NVBI OpraHK no3a MicLieM iMnnaHTauii. Xoua noKpuTTS Ha OCHOBI OKCUAY aroMIHiItO LiHY0Tb 3a iXHI0 MeXaHiYHy CTabinbHicTb,
eKcnepuMeHTanbHi JOCHIIKEHHS MOKa3yoTb, L0 BMBIMbHEHHS IOHIB antoMiHil0 MOXe MaTh TOKCUYHI edpekTy Ans neviHku 1
iMyHHOI ccTemu.

Meta po6oTu - OUHUTM OpraHoCNeLMIUHY TOKCUYHICTb KICTKOBMX IMMMAHTATIB i3 TUTaHy (3 (YHKLOHANbHO-3aXUCHUMM
NOKPUTTAIMU Ta 6€3 HUX) LLNSXOM FICTONATOMNOrMYHOTO aHanidy NeviHky, HUPOK i CeNnesiHKN B eKCepUMEHTAasbHIN Mogeni.

Marepianv i MmeToan. LiuniHapuyHi TMTaHoBi Wtndpv 6e3 nokpuTTA, 3 nokputTam 3 Al,O, abo 3 NoKpUTTAM 3 HAp BUrOTOBIEHO
11 CXapakTepu3oBaHo paHilue. ExcnepumenT aaincHunm Ha 95 camkax wwypis ninii Wistar, skux noginunu Ha yotvpu rpynu: Ti,
Al, HAp i koHTponbHY — 6e3 iMnnaHTaTiB. IMnnaHTaTi BBEAEHO B MPaBy CTETHOBY KiCTKY, Haaani 34ilicHunu noctonepavinHe
BE[EHHS TBAPWH i COCTepexeHHs. TKaHWHW NeYiHKKM, HUPOK i CenesiHkn B3sSTO Yepes 1, 2, 4 i 8 TuxHiB, 06pobrneHo ans
CNoro ricTonaTomnoriyHoro OLiHIOBaHHS, WO nepeabadano BUKOPUCTAHHSA HaniBKiNbKiCHOI Wkanu (Ha ocHoBi ISO 10993-
11:2017). CtatncTUYHUIA aHani3 3gicHunK 3a gonomoroto TecTy Kpackena—Bonnica; npu p < 0,05 BigmiHHOCTI BU3Ha4eHO
AK CTAaTUCTUYHO JOCTOBIPHI.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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OpwuriHaAbHiI AOCAIAXKEHHS

Pesyabtati. Y nepwmin TuxaeHb Nicns iMnnaHTauii B yCix rpynax BU3HAYEHO rigponivyHy AereHepaLito renatouuTis, Be-
HO3HMIA 3aCTilt | NOMiIpHY NepunopTanbHy MOHOHYKINeapHy iHginbTpaLiio B nediHui. BusiBneHo Takox Habpsik TyBynsipHoro
eniTenito Ta pokanbHy iHTEPCTULIAHY NiMdoLmMTapHy iHDINbTpaLito B HUpKax i honikynapHy rinepnnasito B cenesiHui. o
ZPYroro TUXHs Ui 3ananbHi 3MiHu 36epiranucs, ane 3aranom 3MeHLUMNCS; BiAMIHHOCTI NOPIBHSHO 3 KOHTPONBHOK FPYNo
HeBiporigHi. Ha yetBepTui TvkaeHb HAabpsK renaToumTiB i NnepunopTanbHa iHgINbTpaLUis BUpaxeHi nepeayciM y rpyni
Ti, a B rpynax i3 nokputtam Al,O, i HAp B13Ha4eHO n1Le NOMIpHI peakLii. 3anarbHa iHginbTpauia HUPOK sanuwanacs
GinbL BupaxeHoto B rpyni Ti. Ha BocbMuin TwxaeHb MOpAHOnorisi MeYiHKM NpakTUYHO BignoBigana HopMi B ycix rpynax, 3
MiHIManbHOK0 3anMLLKOBOK NEPUNOPTaribHOK 3ananbHO iHMINLTPaLIelo. Y HUPKax BUABIIEHO HE3HAYHI riApOoniyHi 3MiHKW
KaHanbLiB. Xoya BinbLuicTb 3MiH y cenesiHui 3HUKnK, aesiki 3paskv y rpyni Ti 36epiranu donikynapHy rinepnnasito, Wo
BKa3ye Ha TpuBasy CUCTEMHY 3anaribHy peakLito.

BucHoBku. BcTaHOBNEHO, LU0 BCi NpoTecToBaHi biomatepianu Ha 0cHOBI Ti NPUIAHATHI B acnekTi cMcTeMHOI biocymicHocTi. He
BUSIBNIEHO HEKPOTUYHIX 3MiH aB0 HE3BOPOTHOTO NOLLKOZKEHHS OPraHiB, LLIO CBIAUUTL NPO BiACYTHICTb TOKCUYHOCTI, CNIPUYUHEHOT
martepianamu. [NoyaTkoBi, TUMYACOB FCTOMOMYHI 3MiHW — HeceLmdidHI peakwii Ha XipypriyHe BTpyyaHHs. CucTemHi peakuii
onocepeakoBaHo KopentoBany 3 TUMoM NoBepxHi imnnaxTary. MokputTa 3 HAp Manu HancnpusTiMBILLWA CUCTEMHUI BNIVB
3aBAsKN MiLHIA OCTeoiHTerpaLii, a iMnnaHTaTi 6e3 NoKpPUTTIB acoLitoBanmncs 3 TPUBaNo akTUBaLliet iIMyHHOI cuctemu. Lie
NiATBEPAXKYE BAXNMBICTb MOKPUTTIB, LLIO CNPUSIOTL LUBUAKIN | NOBHIN OCTEOIHTerpaLli, Ans MiHimMisaLii BinganeHnx CUCTEMHUX

edekTiB.

The biocompatibility of implant materials is critical to their
long-term success in biomedical applications. Aluminium
oxide (Al,0,), titanium (Ti) and hydroxyapatite (HAp) are
widely used due to their favourable mechanical properties
and inherent bioactivity in specific contexts [1,2]. While
these materials are often considered to be either bioinert
or bioactive at the implant site, their potential systemic
effects on distant organs remain an important area of in-
vestigation. Itis crucial to understand the systemic impact
of implant materials on major organs such as the kidneys
and liver, as well as on peripheral immune organs such
as the spleen, in order to ensure the overall safety and
efficacy of implant-based therapies [3].

The liver and kidneys play pivotal roles in maintaining
systemic homeostasis, including the metabolism and
excretion of various substances, including potentially
released ions or nanoparticles from implant materi-
als [3,4,5]. The liver, as the primary site of detoxification,
is susceptible to alterations in its cellular structure and
function in response to systemic exposure to foreign
materials [4]. Similarly, the kidneys, responsible for filter-
ing waste products from the blood, may be affected by
circulating substances, leading to functional impairment
and histological changes [5].

The biocompatibility of implant materials is a critical
parameter for ensuring their safety and long-term per-
formance in clinical settings. Ti and HAp are among the
most widely utilized materials in orthopedic and dental
implants due to their mechanical strength, corrosion re-
sistance, and favorable interactions with bone tissue [2].
While these materials are generally considered bioinert
at the site of implantation, the impact of ALO, on vital
organs such as the liver, kidneys, and spleen remains
controversial [6,7,8].

Laboratory rodent studies demonstrate that the liver
and the immune system are the primary targets for toxicity
of alumina-based biomaterials [6,7,8,9]. Liver damage is
characterized by the hepatocellular degeneration and
necrosis, liver sinusoid congestion, inflammation, and
fibrosis. Systemic inflammation and impaired phagocy-
tosis are the hallmarks of alumina-based toxicity, which
was widely documented [7,8]. Particularly, it was reported
that toxic effects have been attributed to A** release lead-
ing to a number of adverse outcomes: oxidative stress,
inflammation, mitochondrial dysfunction, genotoxicity,

Matonoria. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.

cell cycle dysregulation, and programmed cell death [7].
However, it is also evident that the spatial appearance of
Al-based composites significantly affects their cytotoxic-
ity [9,10,11]. Therefore, the studying specific models of
alumina implant coating is required for clarification of its
toxic effects mechanisms, as well as its potential adverse
effects on human health.

Aim
To evaluate the organ-specific toxicity of Ti bone implants,
both with and without functional-protective coatings, by

conducting a histopathological analysis of the liver, kidney
and spleen in an experimental model.

Materials and methods

The manufacturing process of the implants, along with
their physical and chemical properties, has been detailed
in previous publications [12,13] and depicted briefly
in Fig. 1.

The prepared cylindrical pins were intramedullary
implanted into the right femurs of 95 female Wistar rats,
with an average age of 17 weeks and a mean body
weight of 250 g. Primarily, all animals were divided into
seven groups based on implant type that is thoroughly
described in our previous publications [12,13]. However,
exclusively for the purpose of this study, we regrouped
the animals according to the unique chemical compounds
of the implants (Fig. 1):

1) titanium-only implanted animals (Ti-group): in-
cludes the use of implants that contained the untreated
titanium wire (Ti, n = 5), sandblasted titanium wire (TS,
n = 5), sandblasted titanium wire sprayed with titanium
powder (TSP, n = 5) or titanium wire (TSPT, n = 5) using
the plasma torch;

2) animals implanted with alumina-coated implants
(Al-group): sandblasted titanium wire sprayed with ALO,
(TSPC, n = 10) or combined spraying with titanium wire
and AL,O, (TSPTC, n =10);

3) implanted with HAp-coated implants (HAp-group,
n = 20);

4) 15 more rats were used as a sham operated
control group.
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Titanium pin: =15 mm, d = 1.5 mm

Ti TS TSP TSPT TSPC TSPTC HAp
Ti-group Al-group HAp-group
native plasma spraying hydroxyapatite

with Ti-powder

sandblasting plasma spraying

with Ti-wire

All surgical procedures, anesthesia protocols, and
pharmacological treatments, including euthanasia, were
performed as previously described in our prior publica-
tions [12,13]. The rats maintained under standard labo-
ratory conditions with a 12-hour light / dark cycle and had
free access to water and a standard chow diet containing
10 % fat. All experimental procedures adhered to ethical
standards as per the Law of Ukraine No. 3447-|V and the
European Directive 2010/63/EU, with approval from the
Biomedical Ethics Committee of Dnipro State Medical
University (meeting minutes of the Biomedical Ethics
Committee of Dnipro State Medical University No. 31,
dated 15.10.2025).

After euthanasia, tissue samples from kidneys, liv-
ers, and spleens were harvested at 1, 2, 4 and 8 weeks
post-implantation. To standardize the sampling process,
only the left kidney from each rat was collected. The
samples were fixed in formalin, then dehydrated through
a graded isopropanol series (70 %, 80 %, 95 %, and three
changes of 100 %, each for 90 minutes), cleared in xylene,
and embedded in paraffin via two changes of molten par-
affin, each lasting 120 minutes. The paraffin-embedded
specimens were then mounted into blocks using a Histo-
Star embedding system (Thermo Fisher Scientific, USA).

Serial sections no thicker than 4 pm were cut using a
Thermo HM 3558 microtome (Thermo Fisher Scientific,
Germany). Each tissue section was stained with hema-
toxylin and eosin for routine histological analysis.

Ablinded method was used for the histopathological
examination, which was verified by two independent
experts using an optical light Axio Imager 2 microscope
(Zeiss, Germany) at magnifications of x100, x200, and
x400. The systemic (liver and kidney) biocompatibility
of the coatings was assessed, taking into account the
presence of the following histopathological phenomena:
inflammatory infiltrate (polymorphonuclear and mononu-
clear cells), fibrosis and vascular congestion (fibroblasts
and blood vessels). In addition to these tissue changes,
cellular swelling, micro- and macrovesicular steatosis, ne-
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alumina
(ALO,)

Fig. 1. Diagram of the implant surface modifications: schematic view of the implant cut surface with different coating applications, explained in the legend at the bottom, and the
corresponding experimental group arrangement according to the chemical compounds of the most superficial layer.

crosis and apoptosis were also considered when assess-
ing the inflammatory response in the liver and kidneys.

According to the ISO 10993-11:2017 specification
[14] and based on tissue responses stimulated by dif-
ferent coatings and the sham group, tissue inflammation
was classified using well documented semiquantitative
scoring system [15,16] as follows: GO — absent; G1 mild
— up to 25 inflammatory cells per field of view (FOV); G2
moderate — 26-125 inflammatory cells / FOV; and G3
severe — more than 125 inflammatory cells / FOV. Eval-
uations were performed at 4 and 8 weeks of observation
to exclude the non-specific tissue responses related to
the post-surgical stress.

A statistical analysis of the semiquantitative histo-
pathological evaluation was conducted using GraphPad
Prism version 8.0.2 (263) for Windows (GraphPad Soft-
ware, San Diego, California, USA; www.graphpad.com).
The non-parametric Kruskal-Wallis and post hoc Dunn’s
tests were used to compare evaluated histopathological
data. A significance level of p < 0.05 was used as a
reference point.

Results

In the first week following the implantation, swelling of
hepatocytes in the periportal zones and moderate, diffuse
mononuclear infiltration of the portal tracts were observed
in the livers of animals in all study groups. Congestion of
the central veins with sinusoidal dilatation and focal, mi-
crovesicular steatosis of hepatocytes were also observed
in the periportal zones. Among all the groups investigated,
only the kidneys showed significant changes in the form
of swelling of the convoluted tubule epithelium with foci
of stromal lymphocytic infiltration during the first week. By
the end of the first week, hyperplasia of lymphoid follicles
with the formation of germinal centers was evident in the
spleen tissue.

At the end of the second week after the surgery, the
aforementioned changes were evident in all experimental
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Fig. 2. Histopathological changes in liver (A-C, J-L), kidneys (D-F, M-0), and spleen (G-I, P-R) following the implantation of the investigated materials after 4 and 8 weeks of the
experiment. Notable cellular swelling in the liver, which is still present in some samples from Ti-group (A). Chronic interstitial inflammation (arrows) occurs in all specimens from
different groups with variable severity. Follicular hyperplasia with formation of germinative centers (asterisk) is visible in all specimens following 4 weeks of the implantation (G-1);
in Ti-group they are still present after 8 weeks (P). Hematoxylin and eosin staining; magnification: x100 (B, C, F-I, K, L, N-R), x200 (A, D, E, J, M).
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Table 1. Assessment of the inflammatory response in the liver specimens.

Implant material Inflammation grade p (4-8 weeks)

4 weeks 8 weeks

R [
10 4 1 12 3

Sham 0 0 0 1.000
Ti-group 1 7 12 0 9 1 0 0 0.0005*
Al-group 0 14 5 1 10 10 0 0 0.0056*
HAp-group 1 16 3 0 12 8 0 0 0.021*
p (groups) <0.0001* 0.1849 -

*: statistically significant difference.

Table 2. Assessment of the inflammatory response in the kidneys.

Implant material

Inflammation grade

p (4-8 weeks)

Sham 4 9 2 0 6 9 0 0 1.000
Ti-group 1 6 1 2 8 11 1 0 <0.0001*
Al-group 0 1 8 1 10 9 1 0 0.0001*
HAp-group 1 12 7 0 5 14 1 0 0.0901

p (groups) 0.0051* 0.4946 -

*: statistically significant difference.

groups and the sham-operated group. However, there was
atendency towards decreased inflammatory infiltration in
the liver and kidney stroma, as well as reduced splenic
lymphoid follicle hyperplasia. However, no significant
histological differences were found between the investi-
gated groups and the specimens from the sham-operated
animals.

By the fourth week, swelling of hepatocytes was only
still observed in the Ti-group (Fig. 2A), and moderate lym-
phoplasmacytic infiltration was detected in the periportal
tracts (Table 1). Meanwhile, the “coated” groups (Al and
HAp) and the sham group exhibited mild lymphohistiocytic
infiltration of the periportal tracts, with minimal pathological
changes observed in the hepatocytes. Interstitial lymphoid
infiltration was also present in the renal stroma, though
it was more pronounced in some samples from the Ti
group (Fig. 2D, Table 2). Lymphoid follicular hyperplasia
was observed in spleen specimens from all experimental
groups (Fig. 2G-1), but not in the sham-operated group.

After eight weeks, there were no significant pathohis-
tological changes in liver tissue in any of the groups with
implants or the sham-operated group, except for minor
lymphoplasmacytic infiltration of the periportal tracts
(Fig. 2J-L). In the kidneys, there was slight swelling
of the convoluted tubule epithelium and scarce diffuse
lymphocytic infiltration of the stroma (Fig. 2M-0). Splenic
tissue showed germinal centre involution, except in a few
specimens from the Ti-group where hyperplastic follicles
were still present (Fig. 2P).

Discussion

The present study aimed to evaluate the systemic ef-
fects of intraosseous titanium implants with functional
protective coatings containing alumina ceramics. The
objective of this assessment was to determine the safety
and biocompatibility of these materials in comparison with
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conventional HAp-based coatings. A histological exam-
ination of the liver, kidneys, and spleen were conducted
to identify possible systemic responses beyond the local
bone-implant interface.

During the first and second weeks following im-
plantation, the observed morphological alterations in
the examined organs exhibited uniformity across all the
experimental groups, including those that underwent a
sham operation. These early changes, characterized by
hepatocellular and tubular epithelial swelling, moderate
interstitial inflammation and lymphoid follicular hyper-
plasia, are likely to reflect non-specific postoperative
responses to surgical trauma, anesthesia and antibiotic
treatment[17,18]. The uniformity of these findings across
groups indicates that they were not directly related to the
implant materials.

However, at four weeks following the surgical proce-
dure revealed that hepatocellular swelling was observed
in the Ti group exclusively. This pattern may indicate a
systemic stress response associated with immune acti-
vation, rather than a direct hepatotoxic effect of titanium.
Furthermore, persistent lymphoid follicular hyperplasia
was observed in the Ti group up to eight weeks, suggest-
ing prolonged activation of the adaptive immune systemin
response to ongoing interaction with the implant surface.
This finding is consistent with the data obtained from the
peri-implant tissues of the same animals, as described in
a previous publication [12]. The study demonstrated the
lower stability of titanium implants lacking functional pro-
tective coatings, the increased formation of wear particles
and the more pronounced peri-implant fibrogenesis ob-
served in this group (Ti, TS and TSP) [12]. Notwithstanding
these observations, titanium remains a well-established
biocompatible material [2].

The absence of sinus histiocytosis or particle-laden
macrophages in lymphoid tissues in this study supports
the stability of the implant surface and low degradation
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rates. Nonetheless, the continued presence of mild folli-
cular hyperplasia in the Ti group following a period of four
weeks may be indicative of delayed osseointegration and
incomplete implant stabilization. This, in turn, could lead
to mechanical irritation of the peri-implant tissues during
movement, a phenomenon that is in accordance with prior
reports documenting this occurrence [19].

In contrast, titanium implants coated with Al,O,
induced only mild and transient hepatic alterations that
had largely resolved by eight weeks, suggesting a weaker
and short-lived systemic response. This finding provides
further support for the hypothesis that mechanical sta-
bility and satisfactory osseointegration are characteristic
features of alumina-coated implants. In the present study,
the most favourable systemic profile was demonstrated
by HAp-coated implants, which showed minimal organ
responses at later stages. This finding is consistent with
the well-recognized bioactive and osteoconductive nature
of HAp coatings.

Of particular significance was the absence of any
necrotic or irreversible changes observed in any organ,
thereby confirming the absence of specific toxic effects of
the materials that had been tested. The histological alter-
ations detected appear to represent a transient systemic
immune response to the presence of a foreign body in
bone tissue, rather than toxicity induced by the materials.
Furthermore, coatings that promoted faster osseointe-
gration were associated with milder systemic responses,
which further highlights their biological compatibility.

Overall, the mild lymphoid hyperplasia in the spleen
and the limited inflammatory changes in the liver and
kidneys reflect a transient, regulated immune activation
involving both innate and adaptive mechanisms. The
liver and kidneys are particularly susceptible to circulating
inflammatory mediators due to their central roles in metab-
olism and detoxification. Notwithstanding the non-existence
of toxic degradation products, surgical implantation in itself
has been demonstrated to elicit systemic cytokine and
stress responses, resulting in temporary histological alter-
ations. In order to ensure the validity of the interpretation of
biocompatibility studies, it is essential to distinguish these
non-specific changes from material-specific effects. This is
corroborated by the observation of comparable outcomes
between experimental and sham-operated animals at early
time points, with significant differences emerging only after
a four-week implantation period (p < 0.0001 for the liver
and p = 0.0051 for the kidneys; refer to Table 1, 2). These
findings underscore the necessity for the implementation
of proper control groups, rigorous timing methodologies,
and standardised conditions in the realm of biocompatibility
research. Furthermore, the value of systemic histological
evaluation is highlighted, not only to confirm the absence of
toxicity, but also to elucidate the broader biological respons-
es to implant materials. This information can inform future
improvements in implant surface design and clinical safety.

Conclusions

The present study highlights the systemic histological
responses of major organs, including the liver, kidneys and
spleen, to the implantation of titanium-based biomaterials
with varying surface modifications.
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1. The systemic biocompatibility of the implant mate-
rials tested (uncoated titanium, alumina-coated titanium,
and hydroxyapatite-coated titanium) was found to be
satisfactory. Observations conducted over a period of
up to eight weeks revealed no evidence of necrosis or
irreversible organ damage in any of the groups. This
finding serves to confirm the absence of material-induced
toxicity. The initial histological changes observed were
non-specific, transient responses to surgical stress, which
resolved or diminished uniformly across all groups at
early time points.

2. The effectiveness of the implant surface was direct-
ly correlated with the systemic responses. Hydroxyapa-
tite-coated implants exhibited the most favourable
systemic profile, inducing the mildest and most transient
responses due to their pronounced osteoconductive
properties. Conversely, the uncoated Ti-group demon-
strated protracted systemic immune activation, which is
presumably indicative of delayed osseointegration and
consequent chronic mechanical irritation. This finding
indicates that the utilisation of coatings that facilitate rapid
and complete osseointegration is imperative in order to
minimise long-term systemic repercussions.

Perspectives of subsequent scientific research. In
the subsequent publication, we will present the results
of an immunomorphological study of diverse biomark-
er expression, as well as ELISA analysis of collected
serum samples. It is anticipated that these findings
will reveal the molecular mechanisms of peri-implant
bone healing.
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According to the World Health Organization (WHO), diabetes mellitus remains one of the most prevalent and rapidly increas-
ing non-communicable chronic diseases worldwide. Over the past few decades, there has been a consistent trend towards
an increase in the number of patients in developed, as well as low- and middle-income countries. This trend is driven by a
complex set of factors, including urbanization, sedentary lifestyles, poor nutrition, overweight and obesity, population aging,
as well as comorbid pathology.

The aim of this study was to identify and analyse the expression of genes involved in the morphological and secretory regu-
lation of B-cells and their alterations in response to damage under conditions of the development of experimental dexameth-
asone-induced diabetes.

Materials and methods. The analysis of gene expression involved in the morphological and secretory regulation of B-cells, as
well as changes associated with their damage, was performed using real-time reverse transcription polymerase chain reac-
tion on a CFX-96 Touch™ amplifier (Bio-Rad, USA) with the RT?Profiler™ PCR Array Rat Diabetes kit (QIAGEN, Germany).

Results. Based on the PCR analysis, the activity of the investigated genes involved in the morphological and secretory regu-
lation of B-cells can be categorized as follows: Parpl — a gene exhibiting increased expression compared to the control group
of animals; Enppl, Ide, Trib3, Ucp2, Ccl5, Cd28, Icaml, 112b, Tgfbl, Tnfrsfla — genes demonstrating decreased expression
compared to the control group of animals; Ceacam1, Dusp4, Retn, Ctla4, Ifng, Ikbkb, 1110, I14r, 116, Igfbp5, Tnf—genes in which
no significant changes were detected in the samples relative to the control group of animals; Adrala, Agt, Foxc2, Slc2a4,
Srebfl, Tnfrsflb — genes whose expression was not detected.

Conclusions. The development of dexamethasone-induced diabetes significantly increased expression (AACt < 30) of the
Parpl gene by 3.06-fold compared with the control group of animals. Under dexamethasone-induced diabetes, significantly
decreased expression (AACt < 30), relative to the control group, was observed for the following genes: Enpp1 (12.55-fold), Ide
(3.31-fold), Trib3 (7.74-fold), and Ucp2 (9.76-fold), which are involved in the mechanisms of insulin secretion regulation, Ccl5
(2.27-fold), Cd28 (23.98-fold), Icam1 (4.54-fold), 1112b (4.38-fold), and Tgfb1 (3.76-fold), which are associated with autoimmune
destruction of B-cells; and Tnfrsfla (130.97-fold), which is implicated in survival and apoptosis mechanisms. The expression
of Adrala, Agt, Foxc2, Sic2a4, Srebfl, and Tnfrsflb was not detected under conditions of dexamethasone-induced diabetes.

MoneKyAApHi MexaHi3MK peryAauii Ta yIWKOAKEHHA 6eTa-KAITUH Npu pO3BUTKY
€KCnepUMeHTaAbHOro AeKCaMeTa30HOBOrO AiabeTy

T. B. IBaHeHKo, A. B. BUHOKypoBa

3rigHo 3 JaHuMK BcecBiTHBOI opraHisaLii 0XopoHW 300pOB's, LKPOBWIA iabeT 3anuiiaeTbes OAHIE0 3 HANMOLLMPEHILLNX
i HaMWBWMALE 3POCTAUMX HEIHEKLIMHNX XPOHIYHWMX NaTororii y CBITi. 3a OCTaHHiI AECATUNITTA CrnoCTepiraeTbes CTilka
TeHAEeHLis [0 36iNbLUEHHS KiNbKOCTi XBOPYX SIK Y PO3BUHEHMX, TaK i B KpaiHax i3 HU3bKUM Ta cepeaHim piBHeM Joxoay. Taka
[VHaMika 3yMOBIEHa KOMMIIEKCOM YMHHWKIB, cepes sikux — ypbaHisalisi, ManopyxnmBuii cnocib xuTTs, HepauioHanbHe
XapyyBaHHs1, HaAMipHa Maca Tina Ta OXUPIHHA, CTapiHHA HAaCeNeHHs, a TaKoX CyrnyTHS NaTonoris

MeTa po60TH — BU3HAYEHHS Ta aHani3 ekcrpecii reHis, Lo 6epyTb y4acTb y MOPONOriyHil Ta CEKpPETOpHI perynsuii 6eTa-kniTuH
Ta 3MiHM NpY iX YLIKOKEHHI 338 YMOB PO3BUTKY EKCNEPUMEHTarbHOrO JeKCaMeTa3oHOBOrO LIYKPOBOTO AjabeTy.

Marepianu i meToau. AHania ekcnpecii reHis, Lo 6epyTb y4acTb Yy MOPAONOrivHiiA Ta CEKPETOPHii perynsiuii 6eTa-kniTuH Ta
3MiHV NP IX YLLIKOMKEHHI NPOBOAMIN 3a AOMNOMOTO0 METOAA NOMiMePa3HOi NaHLIoroBoi peakLii 3i 3BBOPOTHOK TPAHCKPUNLIED
B PeXuMi pearbHoro yacy Ha amnnicikatopi CFX-96 Touch ™ (Bio-Rad, CLLIA) 3a gonomoroto Ha6opy RT?Profiler™ PCR
Array Rat Diabetes (QIAGEN, HimeuyyuHa).

Pesyabtatu. 3a pesynsratamu npoegeHoro MNP fOCHiMKEHHS MOXHA PO3MOAINUTY aKTUBHICTL AOCMIMKYBaHMX TeHiB, Lo
6epyTb y4acTb y MOPCOIIONiYHIlN Ta CEKPETOPHI perynsuii 6eTa-kniTuH HAaCTyMHUM YMHOM: Parpl — reH 3 BUCOKOH EKCMPECIED
B MOPIBHSAHHI 3 KOHTPOMbHO rpynoto TBapuH; Enppl, Ide, Trib3, Ucp2, Ccl5, Cd28, Icaml, 1112b, Tgfbl, Tnfrsfla — renm 3
HU3bKOK EKCPECIEl0 B NOPIBHSAHHI 3 KOHTPOMNbLHO rpynoto TBapuH; Ceacaml, Dusp4, Retn, Ctla4, Ifng, Ikbkb, 1110, Il4r, 116,
Igfbp5, Tnf — renn B SIKUX He BUSIBNEHI 3MiHM B 3pa3kax Mo BiJHOLLEHHIO 40 KOHTPONbHOI rpynu TBapwH; Adrala, Agt, Foxc2,
Slc2a4, Srebfl, Tnfrsflb — reHn ekcnpecisi skux He Gyna BUSIBNEHOLO.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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BucHoBku. Po3BNTOK AeKkcameTasoHOBOrO AjabeTy focToBipHO (ae AACT < 30) niasuiye ekcnpecito reHa Parpl B 3,06 pasu
B NOPIBHSIHHI 1O KOHTPOIbLHOI rpynu TBapuH. IMpu po3BuTKy AekcameTasoHoBoro Aiabety goctosipHo (ae AACT < 30), no
BiHOLLIEHHIO 1O KOHTPOILHOI FPYNM TBAPWH, AEMOHCTPYBAsIM HU3bKY eKCrpecito reln Enppl B 12,55, Ide B 3,31, Trib3 B 7,74,
Ucp2 B 9,76 pasis, siki 6epyTb y4acTb y MexaHiamax perynsuii cekpewii iHcyniHa, renn Ccl5 B 2,27, Cd28 B 23,98, Icaml B
4,54, 1112b B 4,38, Tgfhl B 3,76 pasis, ski 6epyTb y4acTb y MexaHi3Max ayToiMyHHOI eCTpyKUii 6eTa-kniTuH Ta reH Tnfrsfla B
130,97 paau, sikuii 6epe yyacTb y MexaHiamax BUXMBaHHA Ta anonTo3y. Ekcnpecia rexis Adrala, Agt, Foxc2, Slc2a4, Srebfl,
Tnfrsflb npu po3BUTKY AeKcaMeTasoHOBOrO fjiabeTy He Byna BUSIBNIEHOLO.

According to the World Health Organization (WHO),
diabetes mellitus remains one of the most prevalent and
rapidly increasing non-communicable chronic diseases
worldwide. Over the past decades, there has been a
consistent trend towards an increase in the number of
patients in developed, as well as low- and middle-income
countries. This trend is driven by a complex set of factors,
including urbanization, sedentary lifestyles, poor nutrition,
excessive body weight and obesity, population aging, as
well as comorbid pathology [1,2,3].

The constant increase in disease prevalence imposes
a significant burden on healthcare systems, as the treat-
ment of diabetes and its complications requires substantial
financial, human, and material and technical resources.
Consequently, the problem of diabetes mellitus is regard-
ed not only as a medical but also as a socio-economic
challenge, necessitating multisectoral collaboration, the
enhancement of preventive programmes, and the de-
velopment of effective strategies for early detection and
comprehensive treatment aimed at reducing morbidity,
disability, and mortality rates [4].

Particular scientific attention has been directed
towards the mechanisms underlying the regulation and
impairment of pancreatic B-cells, given their role in insulin
production and their morphological and functional alter-
ations during the development of diabetes. Identification
and characterisation of the genetic mechanisms regulating
these processes are of crucial importance for a deeper
understanding of the molecular basis of diabetes patho-
genesis, as well as for the development of innovative
strategies for its prevention, laboratory diagnostics, and
therapy.

The expression of genes involved in the regulatory
mechanisms of pancreatic -cells can change under the
influence of various exogenous and endogenous factors,
including metabolic disorders, arterial hypertension,
hypoxia, and others. Existing data on quantitative and
qualitative alterations in -cells, automated cell-counting
results, and insights into the molecular processes of
B-cell damage in the context of experimental dexameth-
asone-induced diabetes provide an opportunity to gain
a deeper understanding of the genetic mechanisms un-
derlying disease development and to determine relevant
criteria and approaches for the laboratory diagnosis of
this pathology.

Aim

The purpose of the work was to determine and analyse
the expression of genes involved in the morphological
and secretory regulation of B-cells, and to characterise

their alterations during -cell injury in experimental dex-
amethasone-induced diabetes mellitus.
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Materials and methods

The study was conducted on 10 male Wistar rats, which
were divided into two groups (five animals per group).
The first group comprised the control (intact) animals.
Experimental type 2 diabetes mellitus was induced in the
second group as follows: 18-month-old male Wistar rats
received, for 30 consecutive days, a modified diet consist-
ing of hydrogenated vegetable fats (5% of the total food
mass) and, on alternate days, replacement of drinking
water with a 20% aqueous fructose solution. In parallel
with the dietary modification, subcutaneous injections of
dexamethasone were administered at a dose of 0.125
mg/kg from day 1 to day 7 and from day 24 to day 30.

For the reliability of the experiment and laboratory
confirmation of the development of dexamethasone-in-
duced diabetes, which represents one of the established
models of type 2 diabetes mellitus in humans, blood
glucose concentration was measured in all experimental
animals of the second group two weeks after the initiation
of dexamethasone administration, and again on day 30
of the experiment. Glucose levels were assessed using
a Gluco Card-1l glucometer (Japan).

Following decapitation of the experimental animals
under thiopental anaesthesia (50 mg/kg), blood samples
were collected for the biochemical determination of insulin,
and pancreatic tissue was excised. The pancreas was
fixed in Bouin’s solution for 20 hours and, after standard
histological processing, embedded in Paraplast (McCor-
mick, USA).

Total RNA was isolated from paraffin-embedded
tissue blocks using the PureLink™ FFPE Total RNA
Isolation Kit (Thermo Fisher Scientific, USA) according to
the manufacturer’s instructions. Prior to extraction, tissue
sections were deparaffinized, digested with proteinase
K, and RNA was purified using silica spin columns. To
prevent genomic DNA contamination, samples were
treated with DNase I.

Complementary DNA (cDNA) synthesis was performed
using 100-500 ng of total RNA with the RevertAid™ Re-
verse Transcriptase Kit (Thermo Fisher Scientific, USA)
following the manufacturer’s protocol. Reverse transcription
was carried out using random hexamer primers under the
following conditions: 25 °C for 5 min, 42 °C for 60 min,
followed by enzyme inactivation at 70 °C for 5 min. The
resulting cDNA was stored at —20 °C until use.

Gene expression analysis, with genes listed in Table
1, was performed using the RT? Profiler™ PCR Array Rat
Diabetes (QIAGEN, Germany) according to the manufac-
turer’s instructions. Real-time PCR reactions were carried
out on a CFX-96 Touch™ system (Bio-Rad, USA) under
the following conditions: initial denaturation at 95 °C for
10 min, followed by 50 cycles of 95 °C for 15 s, primer
annealing at 60 °C for 30 s, and elongation at 72 °C for
30 s. Fluorescence intensity was recorded automatically
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Table 1. Molecular markers of insulin secretion regulation and mechanisms of -cell regeneration and death

Genes involved in the regulation of Genes involved in the mechanisms of Genes involved in the mechanisms of
insulin secretion by B-cells autoimmune destruction of B-cells B-cells proliferation, survival, and apoptosis

Enpp1, Ide, Trib3, Ucp2, Ceacam1, Dusp4, Retn, Cclb, Cd28, Icam1, 1112b, Tgfhl, Ctla4, Ifng, Ikbkb, 1110, Parpl, Tnfrsfla, Igfbp5, Tnf, Tnfrsflb
Adrala, Agt, Foxc2, Slc2a4, Srebfl 114r, 116

Table 2. Gene expression activity involved in the regulation of insulin secretion by B-cells in rats with experimental pathology relative to the intact control
group and normalization relative to internal reference genes (Ct/ACt/AACY)

Genes with
undetectable
expression

Genes with increased expression compared to Genes with decreased expression

compared to the control group (AACt < 30

Genes without detectable changes
relative to the control group

the control group (AACt < 30)

Not detected Enpp1 (fold change: D* —0.024170, C* - 0.303292), Ceacaml, Dusp4, Retn Adrala, Agt,
Ide (fold change: D* — 0.026999, C* — 0.089374), Foxc2, Slc2a4,
Trib3 (fold change: D* — 0.004625, C* - 0.035817), Srebfl

Ucp2 (fold change: D* - 0.001095, C* - 0.010691).

D*: diabetes, C*: control.

Table 3. Gene expression activity involved in the mechanisms of autoimmune destruction of -cells in rats with experimental pathology relative to the
intact control group and normalization relative to internal reference genes (Ct/ACt/AACY)

Genes with
undetectable
expression

Not detected

Genes with increased expression compared to Genes with decreased expression

compared to the control group (AACt < 30)

Genes without detectable changes
relative to the control group

the control group (AACt < 30)

Not detected Ccl5 (fold change: D* —0.004714, C* - 0.010691),
Cd28 (fold change: D* — 0.004638, C* — 0.111242),
Icam1 (fold change: D* - 0.002353, C* — 0.010691),
1112b (fold change: D* — 0.002444, C* - 0.010691),

Tgfb1 (fold change: D* — 0.002843, C* - 0.010691).

Ctla4, Ifng, Ikbkb, 1110, I14r, 1I6

D*: diabetes, C*: control.

Table 4. Gene expression activity involved in the mechanisms of proliferation, survival, and apoptosis of -cells in rats with experimental pathology
relative to the intact control group and normalization relative to internal reference genes (Ct/ACt/AACt)

Genes with increased expression Genes with decreased expression Genes without detectable changes | Genes with
compared to the control group (AACt < 30) compared to the control group (AACt < 30) relative to the control group undetectable
expression

Parp1 (fold change: D* - 0.032715, C* - 0.010691).  Tnfrsfla (fold change: D* — 0.005396, C* — 0.706769).  Igfbp5, Tnf Tnfrsflb

D*: diabetes, C*: control.

at the end of the elongation step of each cycle using
the SYBR Green channel. Amplification specificity was

insulin secretion by pancreatic B-cells as follows: genes
with increased expression compared to the control group

confirmed by melt curve analysis.

The analysis included genes with significantly
increased expression compared to the control group,
genes with significantly decreased expression compared
to the control group, genes with no statistically significant
changes relative to controls, and genes with undetectable
expression levels. Statistical analysis of PCR data was
performed using GeneGlobe software (QIAGEN, Germa-
ny) with the AACt method [5]. Fold-Change (2°(- AAC,))
is the normalized gene expression (2*(- AC,)) in the Test
Sample divided the normalized gene expression (2/\(-
AC,)) in the Control Sample. Fold-Regulation represents
fold-change results in a biologically meaningful way. Fold-
change values greater than one indicate a positive- or
an up-regulation, and the fold-regulation is equal to the
fold-change. Fold-change values less than one indicate
a negative or down-regulation, and the fold-regulation is
the negative inverse of the fold-change.

Results

The performed PCR analysis enabled the classification
of gene expression activity involved in the regulation of
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(AACt < 30), genes with decreased expression compared
to the control group (AACt < 30), genes without statisti-
cally significant changes relative to the control group, and
genes with undetectable expression (Table 2).

The activity of genes involved in the morphological
mechanisms of autoimmune destruction of B-cells was
distributed as follows (Table 3).

The functionality of genes involved in the mechanisms
of B-cell proliferation, survival, and apoptosis was distrib-
uted as follows (Table 4).

Discussion

The decreased expression of the genes Enpp1, Ide, Trib3,
and Ucp2 (see Table 2) in rats with experimental dexa-
methasone-induced diabetes, all of which are involved
in the regulating of insulin secretion by B-cells, can be
interpreted as a manifestation of a complex adaptive and
pathological response of the islet apparatus to metabolic
stress. Each of these genes performs a specific molecular
function that influences the insulin-secretory phenotype
of B-cells, and alterations in their expression may reflect
both complementary and compensatory mechanisms.
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Enppl is generally regarded as an inhibitory factor
in insulin signalling: increased expression of Enppl is
associated with insulin resistance in peripheral tissues
and exerts a negative impact on insulin receptor signalling.
In the context of B-cells, decreased Enppl expression
may represent a compensatory mechanism aimed at
enhancing the intracellular insulin signalling cascade to
sustain secretion under conditions of peripheral insulin
resistance [6].

The Ide gene regulates both intracellular and extra-
cellularinsulin turnover. Adecrease in Ide expression may
lead to reduced intracellular degradation of proinsulin and
mature insulin, which could theoretically result in a tran-
sientincrease in insulin content within secretory granules.
However, it simultaneously imposes an increased burden
on the endoplasmic reticulum (ER). Such alterations may
contribute to short-term compensation of insulin secretion
but, in the long term, may impair B-cell survival through
ER stress and the activation of inflammatory signalling
pathways [7].

Trib3 is an adaptive regulator that modulates the
PI3K/Akt pathway and is associated with ER stress and
glucotoxicity. In numerous models, Trib3 expression is
elevated under conditions of overnutrition, obesity, and
acute glucose stress, where it inhibits Akt-dependent
pathways and impairs B-cell survival and function [8].
Therefore, the decrease in Trib3 observed in our dia-
betes model may be interpreted in two ways: 1. as a
reactive “release of inhibition” of the Akt pathway, aimed
at preserving the survival and secretory capacity of the
endocrine apparatus; 2. as a marker of disrupted ER-
stress regulatory circuits, reflecting the exhaustion of
adaptive responses.

Ucp2 is a mitochondrial protein that uncouples oxi-
dative phosphorylation, thereby reducing ATP production.
In B-cells, Ucp2 induction is associated with decreased
glucose-stimulated insulin secretion due to a lower ATP/
ADP ratio and, consequently, incomplete closure of
KATP channels [9]. In this context, the decrease in Ucp2
expression observed in diabetic rats may enhance ATP
production and potentially augment glucose-stimulated
insulin secretion. This finding can be interpreted as a
compensatory mechanism in response to peripheral
insulin resistance or B-cell mass reduction.

In summary, the concomitant downregulation of
Enppl, Ide, Trib3, and Ucp2 observed in our study may
reflect a complex interplay of adaptive and dysfunctional
processes: 1. compensatory alterations aimed at pre-
serving or temporarily enhancing the secretory capacity
of B-cells (decrease in Ucp2 and Enppl expression); 2.
indicators of proteostasis dysregulation and ER stress
response (decrease in Ide and Trib3 expression).

The downregulation of genes (see Table 3) associated
with autoimmune B-cell destruction in rats with experimen-
tal diabetes indicates a complex reorganization of the islet
immune microenvironment and may have dual implica-
tions, in particular it may reflect the suppression of the
local proinflammatory profile, thereby potentially reducing
the recruitment and activation of cytotoxic effector cells,
or it may demonstrate the exhaustion of protective and
regulatory mechanisms that normally maintain tolerance
or restrain chronic inflammation.
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Ccl5 is a key chemokine responsible for the recruit-
ment of mononuclear cells and specific T-lymphocyte
subpopulations into tissues. Increased local secretion of
Ccl5 has been associated with more pronounced insu-
litis in both experimental models and patients [10]. The
reduced Ccl5 expression observed in our study may indi-
cate compensatory suppression of chemokine signaling
within the islets to limit further effector cell recruitment,
or alternatively, may reflect the exhaustion of the cellular
capacity to produce chemokines as a consequence of
chronic inflammation or cellular dysfunction.

Cd28 s a principal co-stimulatory molecule for T cells,
critical for the activation of naive T lymphocytes and for
the maintenance of the regulatory T cell (Treg) population.
Reduced Cd28 expression in the tissue context may re-
flect both a diminished local potential for stimulation (and
thus reduced effector activation) and a disruption of Treg
homeostasis, which, over time, may contribute to the loss
of tolerance [11]. Therefore, the interpretation of our find-
ings depends strongly on the spatial and cell-type-specific
context: decreased Cd28 expression directly in pancreatic
B-cells (if such expression occurs) may have different
consequences compared to alterations in parenchymal
or infiltrating immune cells within the islet, a question that
warrants further investigation.

Icaml is a key molecular component mediating
leukocyte adhesion and the formation of immunologi-
cal synapses. In numerous models, increased Icaml
expression in B-cells or in the endothelium has been
correlated with enhanced immune infiltration and the
progression of insulitis, whereas reduction or complete
absence of Icaml suppresses the development of
diabetes [12]. Therefore, the unexpected downregula-
tion of Icam1 observed in our study — contrary to most
literature reports — may represent a protective response
aimed at limiting effector cell adhesion and migration,
or, alternatively, may reflect cellular injury or dysfunction
resulting in the loss of responsiveness to proinflammatory
signals.

The 1112b gene encodes the p40 subunit, which is a
component of both IL-12 and IL-23 — cytokines that are
pivotal for the differentiation of Th1 and Th17 responses.
Elevated IL-12/IL-23 production has been linked to the
induction of robust cell-mediated autoimmune responses
[13]. Therefore, it can be postulated that the downregula-
tion of 1112h in the studied context may attenuate Th1/Th17
polarization and temporarily reduce the aggressiveness
of the immune response.

Tgfbl is a multifunctional cytokine, central to the
maintenance of immune tolerance, the induction and
function of regulatory T cells, as well as the regulation of
B-cell recovery and apoptosis. Reduced Tgfbl expres-
sion in the islets is typically interpreted as a loss of local
immunoregulatory mechanisms, thereby increasing the
risk of uncontrolled autoimmune activation. Conversely,
excessive Tgfbl expression may limit autoimmunity but
can also contribute to fibrosis [14]. The observed down-
regulation of Tgfb1 in our study may represent one of the
key factors promoting the progression of autoimmune
destruction, particularly if accompanied by a concomitant
reduction in regulatory T cells or an increase in effector
Th1/Th17 markers.
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The downregulation of Ccl5, Cd28, Icam1, 1112b, and
Tgfbl observed in our experimental diabetes model points
to a profound reorganization of the immune architecture
within the studied samples, combining elements of tran-
sient anti-effector adaptation with potential exhaustion of
regulatory mechanisms.

In rats with experimental diabetes, significant altera-
tions were observed in the expression of genes regulating
the mechanisms of proliferation, survival, and apoptosis
of pancreatic B-cells (see Table 4). In particular, reduced
Tnfrsfla expression, the absence of Tnfrsflb, and in-
creased Parpl expression may critically affect on the
functional state of B-cells.

The Tnfrsfla and Tnfrsflb genes encode receptors
for tumor necrosis factor alpha (TNF-a), which play a
pivotal role in the regulation of apoptosis and inflammatory
processes. The TNFR1 receptor (Tnfrsfla) is capable of
inducing both survival and apoptotic signaling depending
on the activation context [15]. The absence of Tnfrsflb
may disrupt the balance between these pathways, en-
hancing pro-apoptotic signaling and thereby contributing
to B-cell death [16].

Parpl is an enzyme responsible for DNA repair and
the regulation of cellular metabolism. Elevated Parpl
expression can result in excessive activation, resulting
in the depletion of NAD* and ATP, disruption of energy
homeostasis, and the initiation of apoptosis or necroptosis
[17]. In the context of diabetes, excessive Parpl activity
may contribute to the loss of functional $-cell mass and
the progression of hyperglycemia [18].

The observed alterations in gene expression in rats
with experimental dexamethasone-induced diabetes
create animbalance between survival and apoptotic sig-
naling pathways, thereby promoting the loss of functional
cell mass and the progression of hyperglycemia. These
changes also lead to dysregulation of insulin secretion
and autoimmune destructive processes, highlighting
the potential of molecular laboratory diagnostics and
subsequent targeted therapies for the protection of
pancreatic islets.

Conclusions

1. The development of dexamethasone-induced
diabetes significantly increased the expression of
the Parp1 gene by 3.06-fold compared to the control group
of animals (AACt < 30).

2. In the development of dexamethasone-induced
diabetes, relative to the control group of animals, signifi-
cantly reduced expression (AACt < 30) was observed for
the following genes: Enppl (12.55-fold), Ide (3.31-fold),
Trib3 (7.74-fold), and Ucp2 (9.76-fold), which are involved
in the mechanisms of insulin secretion regulation; Ccl5
(2.27-fold), Cd28 (23.98-fold), Icam1l (4.54-fold), 112b
(4.38-fold), and Tgfbl (3.76-fold), which participate in
the mechanisms of autoimmune B-cell destruction; as
well as Tnfrsfla (130.97-fold), which is involved in the
mechanisms of survival and apoptosis.

3. The expression of the genes Adrala, Agt, Foxc2,
Slc2a4, Srebfl, and Tnfrsflb was not detected in the
context of dexamethasone-induced diabetes.
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MepBHHHI 3MiHM rinokamny LypiB NiCAS BNAUBY
noBiTPAAHOI BUOYX0BOI XBUAI

10. B. Ko3noBa®@®BCP, C. B. KosanopOAEF

AHINPOBCLKMI AEPXaBHUI MEAUYHMI YHIBEPCHTET, YKpaiHa

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

Meta po60T1 - BCTQHOBUTU NEPBUHHI yNbTPACTPYKTYPHi 3MiHM B obnacti CA1 rinokamny LUypiB Micns OgHOKPaTHOro BNvBY
NOBITPSHOI BUGYXOBOI XBWI.

Marepianu i meToau. [locnimkeHHs NpoBeAeHO Ha 300poBKMX 12 CcTaTeBO3pinuXx Lypax-camusx niHii Wistar, saroto 220-270 ,
L0 YTPMMyBanucb B CTaHAAPTHWX YMOBax BiBapito [JHINPOBCLKOrO AepXaBHOTO MEAMYHOro yHiBepcuTeTy. Teapuhu Bynn
BUMaZKOBMM YMHOM PO3AiNeHi Ha 2 rpynu: ekcrnepumMeHTanbHa (n = 6) Ta koHTponbHa (n = 6). LLlypis ekcnepuMeHTanbHoi
rpynu nigaasanu BNnmBy noBiTpsiHOT BUByxoBoi xauni Tuckom 30,1 + 2,9 kla. Yepes 1 roguHy nicnst BNvBy TBapuH 060X
rpyn HapKoTW3yBanu rarioTaHoM Ta NPOBOAWIIN €BTAHA3I0 3 HACTYMHUMM KPaHIOTOMIEID, BUNYYEHHSAM rinokamny Ta, 3a CTaH-
[apTHOK0 METOAMKOID, MPOBOAUNM eNEKTPOHHO-MIKPOCKOMiYHe JocnimkeHHs. Bei MmaHinynauii nposoaunucst BignosigHoO J0
YMHHOTO 3aKOHOAABCTBA 3 BIOETUYHOrO NOBOMKEHHS A0 EKCNIEPUMEHTANbHUX TBAPWH.

Pesyabrati. BcTaHoBneHo, WO oaHOKpaTHUA Bnnme Brubyxosoi xauni Tuckom 30,1 + 2,9 klMa npuaBoamBe [0 iHAYKOBaHOI BY-
6YyXOM TpaBMU rofIOBHOTO MO3KY, NPO LLO CBIAYMN BIACYTHICTb pO3pKBY MEMOPaH KIiTUH 3 BUXOAOM LMTOMIa3MU Ta opraHen
Yy NO3aKMITUHHWIA NPOCTIP Ta BiACYTHICTb NOBHOTO PO3PUBY CYAWNH 3 MAaCUBHUMU KpOBOBUMBaMW. O3HaKN NEPBUHHOTO YLLKO-
[DKEHHS HEVPOHIB XapaKTepuayBanuch 36inbLLUEHHSM NMPOHUKHOCTI MeMOpaHM siapa Ta PO3piMmKEHHSIM SiAEPHOMO XPOMATUHY,
CyTTEBMM HaBKOMNOSIAEPHUM HabpskoM, BaKyonisaLielo LUTonna3mMm Ta no3akniTuHHAM HabpsikoM. BUsiBUnW NOLLKOMKEHHS
CyanH remato-eHuedaniyHoro 6ap’epy y BUrMsAi nepuBackynspHOro Habpsiky, NOTOBLLEHHS Ta po3LUapyBaHHS MembpaHu
CyAvWHM Yepes ii HabpsiK, a B CyaHHOMY pycni 6ynu HasBHi kaBiTaviiHi bynbbaLuku. TpaBmaTu3allii 3a3Hanv il HepBOBi BOMNOKHA,
Ha LLO BKa3yBaso po3LUapyBaHHs MieniHy.

BucHoBku. BcTaHOBUNM HasiBHICTb HabyxaHHS! HEMPOHIB i 30iNbLUEHHS1 NPOHMKHOCTI MeMOpaHn siapa Ta Moro Habpsiky,
po3LuapyBaHHs MieniHOBUX BOMIOKOH (3MEHLLEHHS KOeiLieHTiB cdepnyHOCTi akcoHanbHux Ha 11 % (p < 0,05) Ta AeHAPUTHUX
33 % (p < 0,01) npodinis rinokamny ekcnepumMeHTanbHUX LLypiB). O3HaK1 NEPBUHHOTO YLLKOMKEHHS BHACNIAOK BMMBY
BNGYXOBOI XBUIi BCTAHOBIIM 300Ky remaTo-eHuedaniyHoro 6ap’epy y BUrnsAai neprBackynsapHoro Habpsiky, MOTOBLLEHHS Ta
posLapyBaHHs MembpaHu CyauH yepes ii Habpsik (3BinbleHHs BIGHOCHOT NMOLL €NeKTPOHHO-NPO30PUX AINSHOK Ha 47 %
(p<0,01) rinokamny ekcnepuMeHTanbHUX LLypiB). HasiBHICTb KaBiTaLiiHOT GynbbalLkv y CyauHi rinokamna Bkasye Ha TpyBanicTb
NEPBUHHOIO YLIKOMKEHHS Yepes ii 3AaTHICTb 34iNCHIOBATM riapasnivHi yaapy.

Primary changes in the rat’s hippocampus after exposure
to an air blast wave

Yu. V. Kozlova, S. V. Kozlov

Aim. To identify the primary ultrastructural changes in the CA1 region of the rat’s hippocampus after a single exposure to an
air blast wave.

Materials and methods. The study was conducted on healthy 12 sexually mature male Wistar rats weighing 220-270 g, kept
under standard conditions in the vivarium of Dnipro State Medical University. The animals were randomly divided into two
groups: experimental (n = 6) and sham (n = 6). The rats of experimental group were exposed to an air blast wave with a
pressure of 30.1 + 2.9 kPa. One hour after exposure to the blast wave, animals in both groups were anaesthetised with halo-
thane and euthanised, followed by craniotomy, removal of the hippocampus and conducted electron microscopic examination
using standard procedures. All manipulations were carried out in accordance with the rules of current legislation on bioethical
treatment of experimental animals.

Results. It was established that a single exposure to a blast wave with a pressure of 30.1 + 2.9 kPa resulted in mild trauma,
as indicated by the absence of cell membrane rupture with cytoplasm and organelles escaping into the extracellular space
and the absence of complete vessel rupture with massive haemorrhages. Signs of primary neuronal injury included increased
nuclear membrane permeability and nuclear chromatin rarefaction, significant perinuclear oedema, cytoplasmic vacuolisa-
tion, and extracellular oedema. Damage to the blood-brain barrier vessels was detected in the form of perivascular oedema,
thickening and delamination of the vessel membrane due to its oedema, and cavitation bubbles were present in the vascular
lumen. Nerve fibres were also traumatized, as indicated by myelin delamination.

Conclusions. It has been established that swelling of neurons and increased permeability of the nucleus membrane and its
oedema, as well as delamination of myelin fibres (a decrease in the sphericity coefficients of axonal profiles by 11 % (p < 0.05)
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and dendritic profiles by 33 % (p < 0.01) in the hippocampus of experimental rats). Signs of primary injury due to the impact
of the blast wave were found on the side of the blood-brain barrier in the form of perivascular oedema, thickening and de-
lamination of the vascular membrane due to its oedema (47 % increase in the relative area of electron-transparent sections
(p <0.01) of the hippocampus of experimental rats). The presence of a cavitation bubble in the hippocampus vessel indicates
the persistence of the initial damage due to its ability to cause hydraulic shocks.

Bubyxo-iHaykoBaHa TpaBma ronioBHoro mMo3ky (BITIM)
€ Pi3HOBMAOM YepernHo-mo3koBoi Tpasmu (UMT), wo
pO3BMBAETLCS BHACMIAOK BNnmBY BWOYXxoBoi xBuni (BX)
[1,2]. BITTM € 0cobnueo noLUMpeHoto nif Yac BOEHHNX
KOHCDNIKTIB, 30KpeMa y CbOrofeHHi Yepes NoBHoMacLLTab-
He BTOprHeHHs Pocii Ha TepuTopito YkpaiHu, B Xogi SKoro
BiOYyBatoTbCS sIK nokanbHi 6oMoBi Aji, Tak i MacoBaHi
aTaky Ha UMBIMbHI MiCTa i3 3aCTOCYBaHHAM MiTanbHKUX
anaparis, fki MatoTb 60MOBI YaCTUHM i3 BUBYXIiBKOIO.

OcobnmBo HebesneyHoto € BITIM nerkoro cTyneHto
BaXXKOCTI, 5ika 4acTO 3a/MLLIAETLCA HEMOMIYEHO Yepes
BiZICYTHICTb BNNMBY [OAATKOBWX (haKTOpiB BUOYXY (ynam-
KiB, rasiB, TepmiuyHoro dpaktopy) [3]. NpoTe BCTaHOBMNE-
HO, WO HagiTb nerka BITIM npu3sognTb A0 TpuBanux
NOpPYLUEHb KOTHITUBHUX (PYHKLi rONMOBHOTO MO3KY 3
PO3BUTKOM HevpoaereHepadii. Taki Hacnigku 3Ha4YHO
MOFIPLLYIOTb AKICTb XUTTS Ta 3MEHLLYIOTb MPpaLe3aaTHICTb
i TOMy MatoTb Bernmke MeauyHe Ta coLjianbHO-eKOHOMIYHE
3HauveHHs [4,5].

Cknapnicts BITTM noB’si3ytoTe 3 0coGNMBOCTAMU
BMMBY ETIONONYHOTO hakTopy — BUOYXOBOI XBUI, SiKa,
3aBASKM CBOIM (Di3NYHUM XapaKTepUCTVKaM, NPU3BOANTb
[0 ANEY3HOTO YLLIKOAKEHHS FONTOBHOIO MO3KY, Ha BiMIHY
Big knacuyHoi YMT [6,7].

HasiBHi MopchonorivHi SOCHimMKEHHS pO3KPMBaKOTh
0COBNMBOCTI YLLKOZKEHHS FTONMOBHOIO MO3KY BUOYXOBO
XBunerw. 3okpema BCTaHOBMEHO, WO BinbyBaeTbcs no-
pYLLEHHS CyAnH remato-eHuedaniyHoro 6ap’epy (FEB),
aKTUBYETLCS Helipo3anarneHHs, sike, Yepesa «xubHe Konox»
CyAVHHMX Ta MeTaboni4YHMX NOpYLLEHb MOXeE NATPUMYBa-
TUCb [OBIMI Yac Ta NPU3BOANTY O HelipofereHepaTue-
HUX 3MiH y BUMMsAI HAaKONWYEHHs Tay-binka [8,9,10,11].

lMpoTe BcTaHOBNEHI 03Haku BITIM BinbLue cTocytoTb-
€S BTOPVMHHWX 3MiH, @ NepBMHHUM Hacnigkam Bnnmey BX
npVaINsoTL Mano ysarn. Beaxaemo, Lo ypaxyBaHHs B
AiarHocTuui Ta NikyBaHHi HaBedeHUX NEPBUHHUX 3MiH,
BCTGHOBIEHUX B XO4i NPeACTaBNeHOro AOCHimKeHHs,
CMPUATUMYTb MONEPemXeHHI0 akTUBaLii BTOPUHHUX
MeXaHi3MiB YLLKOKEHHS FONOBHOMO MO3KY NiCns BBy
BMOyx0BOi XBWIi.

Merta pobotu

BcTaHOBMTW NEPBUHHI yNBTPACTPYKTYPHi 3MiHM B 0bnacTi
CA1 rinokamny LUypiB Nicns OQHOKPaTHOro BMMBY MOBi-
TPSIHOI BMOYXOBOT XBUTTI.

Marepianu i meToAU AOCAIAKEHHA

[locnimkeHHs NpoBeaeHO Ha 300POBMX 12 CTaTeBO3PINMX
Lwypax-camuax niHii Wistar, saroto 220-270 r, wo yTpu-
MyBanm1Cb B CTaHAAPTHUX YMOBAX BiBapito [IHINPOBCHKOro
JepXaBHOMo MeanyHoro yHisepeuteTy (AMY). TeapuHu
Oynn BMNAAKOBUM YMHOM PO3ZiNeHi Ha 2 rpynu: ekc-
nepumeHTansHa (n = 6) Ta koHTponbHa (n = 6). Lypis
eKcrepyMeHTanbHOI rpynu nigaaeany Bnnvsy BUOyxoBoi
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xBuni. [insa uboro, B naboparopii kadeapy naTonoriyHoi
aHaTomMii, Cy4oBOI MeaMLWHU Ta NaTonorivHoi disionorii
OOMY, TBapyH nomiLLany B eKcuKaTop EMHICTIO 3 NiTpw,
fogasanu 3 M npenapary iHransuinHoro aHecTeTuka
(Halothan Hoechst AG, HimeuuuHa), rnnbuHy Hapkosy oui-
HIOBanM 3a BifCYTHICTIO POriBKOBOTO Ta NepeBepTanbHOro
pednekciB i 3aranbHol Miopenakcauieto [12]. Hapani
M’SIKO (hiKCyBanv Ta po3TaLLoByBany rofoBok ynepes 0
[ynbHOrO 3pi3y NPUCTPOIO Ha BiACTaHi 5 CM Ta OAHOKPATHO
nifAaeanu BnnvBY MOBITPSIHOI BUOYXOBOI XBUIi TUCKOM
30,1 £ 2,9 kMa. MpucTpiii ans reHepaLii BUOyxoBOT XBUTTi
npencTaeneHnin Tpyboto, sika nogineHa Ha 2 kamepu —
BMCOKOIO Ta HU3LKOTO TUCKY, MiX SIKUMU pO3TaLLOBAHO
€rneKTpOMarHiTHU knanaH. B kamepy HW3bkoro TUCKy
KOMMPECOPOM HarHiTanocs nositTpa Ao 15 atmocdep,
BiZKPMBANW KnanaH, nicrns 4Yoro NoBiTps Nepexoauso y
Kamepy HU3bKOTO TVCKY, PO3pUBaNio OAHOPa30BY NyMOBY
mMeM6paHy 3aBTOBLUKM 1 MM | BNMBAno Ha TBapuHy [13].

Yepes 1 roauHy nicns BnnmBy BUOyxoBOT XBWIi TBa-
pWH 060X rpyn HAapKOTW3yBaIM rafoTaHoOM Ta NPOBOAWIN
€BTaHasilo 3 HaCTYMHOLO KparioToMieto. Hapani Bunyyanu
rinokamn Ta cpikcyBanu 3a 4onoMorow 2,5 %-0 po3unHy
rroTapanbgerigy, Wwo surotosnanv Ha 0,1 M dhocdaTHo-
my 6ychepi (pH 7,3). MocTdikcavito maTepiany nposoaunu
y 1 %-y 6ydpepHomy posumti O O, npotsrom 1 roguHu.
3HEBOAHEHHS TKaHWUHW NPOBOAWIIN 3@ IOMOMOTOH CIIMPTIB
BUCXIAHOT KOHLEHTpaLii Ta NponineHoKcuay, nicnst Yoro
marepian nomiwanm B Enox-812 («SPI-Pon™ 812 Epoxy
Embedding Kit», CLLA).

EneKkTpoHHO-MiKpockoniyHe AOCTimKEHHS MPOBOAUIN
B nabopatopii kadeapu megnuHoi Gionorii, hapma-
KorHoaii, 6otaHiku Ta rictonorii AAMY 3a ctaHgapTHO
cxemoto [14,15]. YnbTpaToHki 3pisu 3aBToBLUKKM 60-80
HM BMrOTOBNSANW 3a JONOMOrOK yrsTpamikpotomy YM-
TN-6M («SELMI», YkpaiHa) Ta poamiLLlyBanm Ha ONopHMX
MigHux citoukax (Mesh Regular Grid 200). MoggiiiHe
KOHTpacTyBaHHS 3a PelHonbacom nposogmnu 5 %-m
BOAHUM PO34MHOM ypaHinauetaty npotsarom 10 xB
npu Temnepatypi +37 °C 3 HacTynHow iMnperHavjeto
PO34MHOM LMTpaTy CBUHLI 3a MeTofoM PeliHonbaca
npotsarom 15 xB. [locnigxeHHs NpoBoaMnY 3a LONOMOTOH
TPaHCMICIAHOTO eNeKTPOHHOro Mikpockona MEM-100-01
(«SELMI», Ykpaina) npw Hanpy3i npuckopeHHs 70-75 kB
i nepBMHHMX 36inbLueHHsx 200-500 Hm (x10000-20000)
3a cTaHgapTHoto cxemoto. [locnimkeHo yci nons 3opy Ta
npoBeAeHo hoTOiKCALLit0 3HAYYLLMX 3MiH 32 AOMOMOTOH
umdpoBoi cuctemm Bueogy 3o0bpaxeHs SEO-SCAN.

[ns KinbkicHoi BiAHOCHOI OLiHKM Habpsiky B nipami-
[anbHOMYy Lwapi rinokamny npoBOAWIY MOPGOMETPUYHE
[OCTIDKEHHS LUMSXOM BUKOPUCTaHHA nporpamu Fiji Is
Just ImageJ [16]. LindppoBsi 306paeHHs enekTpoHorpam
36epiranu B jpg-chopmarti Ta nepeHocunm B iHTepdeiic
nporpamu. BukopucTosyroum nporpamHi Mogyni (nnariim),
Threshold, Analyze/ Set Measurments/Measure, Ha iHBep-
TOBaHWX YOPHO-Binmnx 306paxxeHHsIX aBTOMAaTUYHO BU3HA-
yanm % BigHOCHOI MIIOLLIi eNeKTPOHHO-MPO30PUX LiNISHOK.
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Tabauus 1. KinbkicHi MopdomeTpuyHi nokasHuki nipamigHoro wapy obnacti CA1 rinokamny

MNMoka3HWK, oAUHULI BUMipIOBaHHSA KoHTponbHa rpyna, M + SD EkcnepumeHTansbHa rpyna, M = SD

BigHocHa nnoLya enekTpoHHO-NPO30pUX AinsiHOK, %
KoediLlieHT cchepnyHOCTi akcoHanbHUX npodinis y rinokamni, oa
KoediuieHT cdhepnyHoCTi AeHAPUTHUX Npodinis y rinokamni, o

15,97 £ 0,62 34,21 +1,34*
0,83+0,05 0,74 £ 0,06**
0,86 +0,12 0,58 +0,13"

* BiMIHHICTb MiXk KOHTPOIBHOK Ta eKCepUMEHTanbHO rpynamm npu p < 0,01, **: BiAMIHHICTb MiX KOHTPONBHOIO Ta eKcnepuMeHTanbHo rpynamu npu p < 0,05

[1ns BU3HAYeHHS Ha enekTpoHorpamax Mopdonoriy-
HOI HEOAHOPIAHOCTI aKCOHANbHUX Ta AEHAPUTHUX NPOdi-
niB y nipamiganbHoMy Lapi rinokamny 3a 4ONOMOrot Ljiei
X Mporpamu po3paxoByBanu KoediLlieHT chepuyHOCTi
(circularity index). (C = 4xS/P?, ge S ue nnowa sugi-
neHoro ob'ekTa, a P — nepumeTp Lboro x ob'ekta). Liei
nokasHuK ByB BigOOPaKEHHsM CTyneHto AedOpMOBaHOCTI
npOodisnto BiJPOCTKIB HENPOHIB.

MatemaTunko-CTaTUCTUYHWIA aHani3 ByB NpoBeaeHwit
3a JONOMOrot0 NporpamHoro 3abeaneyeHHs STATISTICA
6.1 (StatSoftinc., cepiitHuin Homep AGARI09E415822FA).
lMepeBipky rinoTe3n HOpManbHOCTI po3nodiny cepea
LOCTIKYBaHUX KiNbKICHUX O3HaK NPOBOAWIM 3a KpuTe-
piem LWanipo-Yinka. Hagani po3paxoByBanu cepegHto
apucmetnuHy (M), ctaHgapTHe BigxunenHs (SD). Ons
OLLiHKM BigMIHHOCTEN MiX €KCMEPUMEHTANbHOK Ta KOH-
TPONbHOK rpynamm BUKOPUCTOBYBaNN CTaTUCTUYHUIA
Kputepin U-kputepin ManHa-YiTHi. KpuTuiHe 3Ha4eHHs
PiBHS CTATUCTWUYHOI 3HAYMMOCTI () ANs aHani3y npuima-
nocsi <5 % (p < 0,05).

Bci maHinynauii nposoaunmcs BignosigHo Jo 3a3ga-
nerigb po3pobneHoro i 3aTBepAXKEHOrO NaHy Ta NpaBun
YMHHOTO 3aKoHodaBcTBa: 3akoH YkpaiHu «[po 3axucT
TBapWH Bif, XXOPCTOKOrO noBomxeHHs» Big 21.02.2006
poky Ne 3447-1V, 3akoH Ykpaihn «po 3aTBEpmKEHHS
NopsiKY NPOBEAEHHS HAaYKOBMMU YCTaHOBaMM AOCHIfIB,
eKcrepuMeHTiB Ha TBapuHax» Big 01.03.2012 poky Ne
249, «EBponencbka KOHBEHLSt PO 3axMUCT XpebeTHMX
TBapWH, WO BUKOPUCTOBYHOTLCS ANS AOCMIAHUX Ta iH-
Lumx HaykoBwx Uinew (ETS 123)» (1986 p.), «dvpexTuBa
2010/63/€C Esponencbkoro napnameHty Ta Pagn €C
Bi 22 BepecHs 2010 poKy Npo 3axmCT TBapWH, O BU-
KOPUCTOBYIOTBCA B HAYKOBWX LiNsSX», @ TakoX 3rigHO 3
KepiBHMLTBOM 3 fOrnsay Ta BUKOPUCTaHHS nabopartop-
Hux TBapuH i ARRIVE [17], wo 3acsBig4eHo BUTAMOM 3
npOTOKOny 3acifaHHs komicii 3 GiomeanyHoi eTuku JOMY
Big 18.12.2024 poky Ne 23.

PesyAbTati

AHani3 Ta MOPIBHAHHA €NEeKTPOHHMX MikpodhoTorpadin
obnacti CA1 rinokamny LLypiB KOHTPOMbHOI Ta ekcne-
PUMEHTanbHOI rpyny MokasaB CyTTEBI BiAMIHHOCTI. Ha
pucyHKy 1 npegctaBneHo obnactb CA1 rinokamny 3
remoKaninsapoM LLypa KOHTPOIbHOI rpynu.

Ananis mikpocpotorpadii o6nacti CA1 wypa KoH-
TPOMbHOI FPyNu Nokasas 36epexXeHHst LiniCHOCTI MembpaH
KNiTH, siapa He 30inbLueHi, MiToxoHapii 6e3 3MiH. Takox
YCTaHOBUNM HOPMasbHe pO3TallyBaHHA i LiMiCHICTb
yCiX LuapiB CTiHKM remokaninapa. ToBwmHa 6a3anbHoi
mMeMO6paHu remokaninsipis 6yna piBHOMIpHO po3nogineHa
YNpOZOBX CBOEI AOBXMHU. Ha BCix npenapatax obnacrTi
CA1 rinokamny LypiB KOHTPOMNbHOI rpynu 6asanbHa
membpaHa remokaninapis Mana uitki KoHTypu. Membpana
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a4ep MiKporfianbHOi KNiTUHW Ta onirogeHapounTa Lina,
He notoBLleHa. MieniHoBi BOnokHa KOMNaKTHi, MatoTb
itk KoHTyp. O3HaK Habpsiky He BCTAHOBIEHO.

Takox, B o6nacti CA1 rinokamna LLypiB KOHTPOIbHOI
rpynM HEMpPONiNb CKNafaBcs 3 NEPENETEHNX HEMPOHHNX
Ta rmianbHKX BiAPOCTKIB, siKi Mix COBOL0 KOHTaKTyBanm Ta
YTBOPIOBaNM sk CUMETPUYHI, TaK i aCUMETPUYHI CUHaNCH,
MI€ENIHOBI BOMOKHA HE Manu 03HaK YLUKOKEHHS Ta Ha-
6psky (puc. 2).

Ha pucyHkax 3-5 npefcraBneHi HanbinbL BuUpasHi
3MiHW B obnacti CA1 rinokamna LLypiB ekcrnepumMeHTanb-
HOI rpynu, SIKi BUHVKIV Yepes 1-y roguHy nicns Bnnvey BX.

YneTpacTpyKkTypHuii aHanis obnacti CA1 rinokamny
eKCneprMEHTarnbHUX LLYypiB BKa3ye Ha Te, LU0 BB
nosiTpsiHol BX tckom 30,1 £ 2,9 klMa 3ajiicHioBaB TpaBs-
MaTuyHuiA edoekT. Mpo Le ceigumnm BiacyTHICTb po3puBy
MeMOpaH KIiTUH 3 BUXOOOM LMTOMMasMu Ta opraHen y
MO3aKMiTUHHWIA NPOCTIP Ta BIACYTHICTb NOBHOO PO3pUBY
CyOMH 3 MaCVBHUMM KPOBOBWITMBAMM, 8 BCTAHOBIEHI YLLI-
KO[DKEHHS! HEe MPU3BOAMIN 0 HEKPO3Y Ta HOCUNM BinbLu
(hyHKLiOHaNbHUI XapakTep.

Ha pucyHky 3 BisyanisyeTbcst 8p0 HelipoHa obnacri
CA1 rinokamna 3i 36inbLUEHHSAM NPOHWKHOCTI ioro Memb-
paHu Ta po3pimMKEHHSM SAEPHOTO XPOMATUHY, CyTTEBUIA
HaBKONOSAEPHUIN HAaBPSIK.

Ha enektpoHorpami obnacti CA1 rinokamna wypa
eKCrepUMEHTanbHOI rpynu (puc. 4) Takox YiTKO Bidya-
ni3yeTbCs NepUBacKynsapHUA HabpsiK, MOTOBLLEHHS Ta
po3LiapyBaHHa MeMbpaHu cyauHu Yepes ii Habpsik.
Bkpati uikaBoto 3Haxigkoto Oyno BUSHAYEHHS HAsSBHOCTI
KaBiTaLiiHux 6ynsballok B npocsiTi cyaunH obnacti CA1
rinokamna TBapWH eKCNepUMEHTarbHOI rpynn HaBiTb
Yyepes 1-y roauHy nicns snnuey BX.

Ha ynsTpacTpyKTypHOMY piBHi Takox 6yno BcTaHoBIe-
HO BaKyoni3aLito LUTONMa3Mm, LLO € 03HAKOH BHYTPILLHBO-
KNiTUHHOTO HabpsKy [18], @ TaKoX NO3aKMITUHHMIA HABPSIK,
306ifbLLUEHHS] MPOHUKHOCTI MeMOpaHn sapa acTpouuTa,
HEPIBHOMIPHWIA PO3MOAIN SAEPHOMO XPOMAaTUHY Ta CyTTEBE
po3LLapyBaHHs MieniHy HepBOBMWX BOMOkoH B obnacTti CA1
rinokammy ekcriepumMeHTanbHuX LWypis (puc. 5).

Onsa nigTBepoXeHHs Habpsiky Ta 3MiH MieniHOBKX
BOJIOKOH, LU0 Bi3yani3yloTbCsi po3paxyBanu BiJHOCHY
nroLly enekTPOHHO-NPO30pKX AiNAHOK rinokamny, Ko-
edilieHTN chepuyHOCTi akCoHanbHUX Ta OeHOPUTHUX
npodinis (mabn. 1).

BigHocHa nnowa enekTpoHHO-MPO30pUX LifISHOK
nipamigHoro Lwapy rinokamny 6yna 6Ginbloto Ha 47 %
(p < 0,01) y WwypiB ekcnepuMeHTanbHOI rpyni NOPIBHS-
HO 3 NMOKa3HWUKOM KOHTPOIbHOI rpyni, IO CBiAYUTL Npo
3MEHLUEHHS LWiNbHOCTI LUMTOMNa3MaTUYHUX CTPYKTYP
BHacnigok Habpsiky. BogHouac, koediLieHT cdeprnyHocTi
aKkcoHanbsHux npodinie 6ys mMeHwe Ha 11 % (p < 0,05)
i KoedillieHT chepnyHOCTi AeHAPUTHKX npodinie ByB
meHLUe Ha 33 % (p < 0,01) y ekcriepuMeHTanbH1X TBapuH
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Puc. 1. O6nactb CA1 rinokamny Lypa KOHTPONbHOI rpynu. EnexkTpoHHa Mikpodotorpa-
i1, scale bar =500 nm, 36inbLuenHst x20000. 1 - remokaninsp, 2 — SAPo MikpornianbHoi
KNITUHKM, 3 — SAPO onirofeHapoumTa, 4 — CKynyeHHs MikpodinameHTis, 5 — MieniHoB
BOJOKHA.

Puc. 2. MieniHoBi BonokHa B o6nacTi CA1 rinokamna Lypa KOHTPOnbHOT rpynu. EnekTpoH-
Ha MikpodpoTorpadis, scale bar = 500 nm, 36inbueHHs x20000. 1 — mieniHoBi BONMOKHa.

Puc. 3. O6nacTb CA1 rinokamna Lypa ekcrepumeHTanbHoi rpynu. EnektponHa mikpo-
dotorpadpisi, scale bar = 200 nm, 36inbLuenHst x10000. 1 - Habpsik, 2 — AP0 HENpoHa,
3 — 30HM 36iMbLUEHHS TPOHNKHOCTI MeMOPaHK sfpa HelpoHa.

Puc. 4. CyauHa rinokamna Lypa ekcnepumeHTanbHoi rpyni. EnektponHa mikpodo-
Torpadis, scale bar = 500 nm, 36inbLueHHs x20000. 1 — nepuBackynsipHuin HaBpsik,
2 — epuTpoLmTH, 3 — eHpoTeniouuT, 4 — KaBiTaLjiiHa bynbbalLka.

Puc. 5. MieniHosi BonokHa B obriacti CA1 rinokamna Lypa ekcriepuMeHTarnbHoi rpynu.
EnekTpoHHa mikpodpotorpadisi, scale bar = 200 nm, 36inblwenHs x10000. 1 — posLa-
pyBaHHS Mi€NIHOBMX BOMOKOH, 2 — Bakyoni3awjis LmTonnasmu, 3 — 84po actpouuTa.

MPOTY 3HaYeHb KOHTPOSbHMX LLYPIB. Taki 3MiHW BKa3ytoTb
Ha aechopmaLlito Ta HabpsIK aKCOHIB | AEHAPUTIB, @ TAKOX
X MexaHi4He YLLKOZKEHHS BHACMiAoK BNnMBY BUGYXOBOT

06roBopeHHA

Bigomumun Ha cborogHi Hacnigkamu BITTM € KorHiTuBHi
MOPYLUEHHS, IO MOB’A3YI0Tb 3 YLUKOMKEHHSM rinoKam-
na — CTPYKTYPOO FOMOBHOMO MO3KY, sika € NPOBIAHO Y
perynsuii npoLiecis noeeaiHk1 Ta nam’aTi [2]. Xova icHye

1
3
5
XBUN.
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6arato MopbonoriYyHMX JoChiMKeHb rinokamna nicns
BnnuBYy BX, nepBWHHI yNbTPacTpyKTYpHi 3MiHW JocTe-
MEHHO He BCTaHOBIMEHI.

Bpaxosytoun aaHi BuB4eHHs YMT, BcTaHoBneHi y
NPencTaBneHoMy AOCHIMKeHi 30iNbLWEHHST MPOHUKHOCTI
MeMbpaHu sigpa HelpoHiB obnacti CA1 rinokamna 3 pos-
PIXEHHSAM SiAEPHOTO XPOMATWHY, IKi CTanm NepBUHHIM
HacnigkoMm TpaBMaTu4HOro BnnuBy BX, BkasyloTb Ha
NOPYLUEHHS! HEMPOHANBHOMO FOMEOCTAa3Yy, L0 NPU3BOANTH
[0 aKTMBaUii Hepo3ananeHHs Ta 3MEHLLEHHSI HeMpon-
NacTUYHOCTI | cuHanToreHesy [19].
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BcTaHoBneHi ynbTpacTpyKTYpHi 03HaKW KIITUHHOTO
Habpsiky B o6nacti CA1 rinokamna ekcnepuMeHTanbHUX
LLYPIB TAKOX BKa3ylOTb Ha NOPYLUEHHS! HEPOHAMNLHOTO
romeoctasy. EkcnepvmeHTanbHi OCHIMKEHHS cBifYaTh
npo Te, LU0 TOMOBHOK NaHKOK NaTtoreHesy HabyxaHHs
HeVpOHIB Bigpasy Nicns BNnMBY TPABMAaTUYHOO (hakTopy
€ NOPYLUEHHS (OYHKLIT AOHHMX HacociB MembpaHu 3 Ha-
CTYNHUM HaaXOMmKeHHsM oHiB Na* Ta Boau W, ik Hacni-
[I0K, 3MiHOI0 (PyHKLIOHaNbHOI aKTUBHOCTI HEMPOHIB [20].

Takox, B MexaHi3Mi po3BUTKY TpaBMaTU4HUX Ha-
Opsky Ta 3ananeHHs kiTuH Ta ix opraHen obnacti CA1
rinokamna BaxIMBUM € i MOPYLUEHHS CYAWH remaTo-eH-
uedaniyHoro 6ap’epy. Takuil BUCHOBOK Y3rofKyeTbCst
i3 Cy4aCHUMM JOCHIDKEHHAMK, SKi BKA3yOTb Ha Te, WO
nopywexHs TEB € 6e3nocepeaHiM Hacnigkom nepBuH-
Horo BnnmBy BX, fka iHiLilo€ NopyLLIeHHs HEPBOBO-TYMO-
panbHOi perynswii CyAWHHOTO TOHYCY, L0 NPU3BOAUTbL 0
BasoaunsATauii, a Takox 36iNbLUEHHS MPOHWUKHOCTI CyaUH
[21]. Taki 3miHV BTOPUHHO NpW3BOASATL A0 rinonepdysii,
rinokcii, meTaboni4HKx NopyLIeHb, PO3BUTKY OKCUAATMB-
HOTO CTpecy i HAAXOMKEHHS MPO— Ta 3ananbHUX Media-
TOpIB A0 FOMOBHOIO MO3KY [22].

Baxnueum CTano BUSBNEHHS B CyOMHaX KasiTa-
LinHoi 6ynbbaluky, Lo BKkasye Ha TPUBAniCTb KagiTaLlin-
Horo edpekTy, TO6TO i Ha NPOLOBXKEHHS MEPBUHHOTO
YLUKOMKEHHS. ApKe BIigOMO, WO SK isnyHe sBuLLe,
KaBiTaLis — Le MicLleBe YTBOPEHHS 3 PiAVHW B AinsHKax
HU3bKOrO TUCKY Napora3oBux OynbOaLlok 3 HACTYMHUM
X pyViHyBaHHSIM MpU NOTPansiHHI B AiNSHKY 3 NigsuLLe-
HUM TuckoM. Mpuyomy pyiiHauis 6ynbbaLlok BUKNMKae
MiCLieBi rigpaBniyHi MiKpoy#apy HaABKMCOKOI YacToTu Ta
TWCKy. Taki piski nepenaau TUCKY xapakTepHi ana BX 3
NOYaTKOBMM BUCOKVM TUCKOM Ta MOZarbLUMM Pi3K1M A0ro
3HYDKEHHSM, LLO MPU3BOANTL A0 KaBiTaLiNHOM eekTy sK
B CMCTEMI LUNYHOYKIB FONIOBHOMO MO3KY, TaK i Mo3a HuMK,
30Kpema B KpOBOHOCHMX CyauHax [23]. 3miHa yepena nig,
Zieto BX Takox cnpusie yTBOPEHHo kaBiTaLiinHux bynbba-
LUOK BHACMifoK 3MiHW BHYTPILLHBOYEPENHOTO TUCKY [24].
HesanexHo Bif NpuyunH 3anycky KasiTauji, OynbaLuku,
LU0 YTBOPUNMCS, PO3pMBaOTLCS, 36iMbLLYIOTL TUCK piau-
HW, IO MpU3BOAMTL [0 rippoyaapy. Lle, cBoeto yeproto,
NPU3BOAWT [0 YLLUKOPKEHHS | pO3PUBY TKAHUH, CUHANCIB
Ta KNiTWH FONOBHOIO MO3KY, L0 0BYMOBIOE YHIKamNbHY i
cneunivHy MopconoriyHy KapTuHY, XapakTepHy Ans
BITIM [25].

OpnHouacHo i3 3a3Ha4eHM 3MiHamK, Yepes 1-y rogu-
Hy nicns Bnnuey BX, B obnacti CA1 rinokamna Tpaemo-
BaHMX LLLYPiB BUSIBWNM 1 NOLUKOMKEHHS MiENiHY HEPBOBUX
BOJIOKOH Y BUIMSA| MOro posLiuapyBaHHs Ta Aecopmalii
AKCOHIB | AEHAPUTIB, LLO TAKOX CTano 03HAKOK NEPBUH-
Hux 3miH BITTM. Lle He Tinbku npu3BoguTts 40 roCTpuX
(pyHKUiOHANbHUX NOPYLUEHb, @ N Mae HECIPUATIIMBUI
MPOrHo3. K 3asHayeHo y JOCnimKeHHi [26], nepBuHHe
TpaBMaTUYHE YLIKOMKEHHS MiEMiHy 3anyckae BTOPUHHE
MOPYLUEHHs NPOoLeciB pemieniHisaLlii, dyyHKLi akCOoHIB Ta
KMiTUH MO3KY, LLIO NPU3BOAUTL O NPOrPeCcyBaHHs Norip-
LUEHHS! KOTHITUBHUX (DYHKLiiA.

TakuM YWHOM, BCTAHOBMEHHI MEPBUHHI ynbTpa-
CTPYKTYPHI 3MiHM BHacnigok Bnnmey BX 6eanocepenHo
CMPUSIOTb 3aMyCKy BTOPUHHUX METabomMiYHMX 3MiH, po3-
BWUTKY OKCWUAATVMBHOIO CTPECY, @ TaKoX nopyLueHHs MEB,
3okpema B obnacti CA1 rinokamna wypi Bxe yepes 1-y
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OpwuriHaAbHiI AOCAIAXKEHHS

roguHy nicns snnvey BX. Lii npouecyt MoXyTb CpUUmMHATY
MOPYLLEHHS CYHANTUYHOI nepeaavi, 3MiHu metaboniamy
HeVPOHIB Ta PO3BUTKY Helipo3ananeHHs, Lo NPU3BOANTb
[0 (yHKLiOHaNbHUX po3nagiB.

BucHoBKHM

1. YnsTpacTpykTypHUMin aHania obnacti CA1 rinokamny
LLypiB Yepes 1-y roanHy nicns OgHOKPATHOrO BMVBY MO-
BITPsiHOI BOyx0Boi xBuni Tuckom 30,1 + 2,9 klMa nokasas
HasiBHICTb HabyxaHHSI HEMPOHIB i 30iNbLUEHHS MPOHUK-
HoCTi MemBpaHu siapa Ta 1oro Habpsiky, posLLapyBaHHs Ta
Aedopmalito MieniHOBUX BOMOKOH, LLIO MiATBEPAXKYETLCS
3MEHLLEHHAM KOEQILLIEHTIB CChepUYHOCTI aKCOHAbHUX Ha
11 % (p < 0,05) Ta aenpputHmx 33 % (p < 0,01) npodpinia
obnacti CA1 rinokamny ekcnepuMeHTanbHUX LLypiB y
MOPIBHSHHI 3 MOKA3HWKaMM KOHTPOMbHWX TBapUH.

2. BCTaHOBMNEHO O3HAKN MEPBUHHOTO YLUKOMKEHHS
BHacnigok BnnuBy BUOYx0BOi XBWIi 360Ky remaTo-eHLe-
¢haniyHoro 6ap’epy y BUIMSAAi nepuBackynspHoro Habpsiky,
MOTOBLLEHHS Ta PO3LLAapyBaHHA MeMOpaHu CyauH Yepes
ii HabpsiK, Ha Lo BKa3ye N 30inbLIEHHS BiHOCHOI nno-
L enekTPOHHO-NPO30puX AinsHok Ha 47 % (p < 0,01)
nipamigHoro wapy obnacti CA1 rinokamny ekcnepumer-
TanbHVX LypiB NOPIBHAHO 3 KOHTPOMBHUMI TBAPUHAMM.

3. HasBHicTb kaBiTauiiHOT Oynbbalku y cyauHi
obnacti CA1 rinokamna vepes 1-y roguHy nicns BnvBy
BMOyx0BOi XBWIi BKA3y€ Ha TPUBAIICTb MEPBWUHHOTO YLU-
KOIPKEHHS Yepes 1T 3aaTHICTb 34INCHIOBATK rigpaBiiyHi
yaapu.

MNepcnekTBM nopanbLIMX AOCAiAKeHb. [loganblue
OOCNIIKEHHS y Pi3Hi eTanu NoCcTTpaBMaTUYHOro nepiogy
[03BONNUTb BUSIBUTY BTOPWHHI 3MiHW Y TONIOBHOMY MO3KY
nicns BnnmBy BUGYXOBOI XBWIi Ha yNLTPaCTPYKTYPHOMY
PiBHi.

®iHaHCcyBaHHA

Po6oTa BrKOHaHa B pamkax NAaHOBOI iHiLiaTHBHOI HayKOBO-
/OCAIAHOT TEMU KadeAPH NATOAOTiUHOT aHaTOMii, CyAOBOT MEAMLIMHM
Ta NaToAOriYHOT Qisionorii AHINPOBCHKOMO AEPXaBHOTO MEAUYHOTO
yHiBepcuTeTy «[laToreHe3 NOLKOAKEHHS LIEHTPaAbHOI HEPBOBOT
CUCTEMM Ta BHYTPILLHIX OPraHiB MiCAA BIAMBY EKCTPEMAaAbHUX CTaHiBy,
Ne pepxaBHoi peectpaii 0124U005073 (2025-2028 pp).
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MopdonoriuHi 3MiHU nepecapXeHoro BOAOCCA
NpPW AiKyBaHHi pybL,eBoi NoCTTpaBMaTUUHOI anonewii

0. A. TMHAMYGABPEF | "M, CaBuupbKa®®

AY «HalioHaAbHUI HayKOBWI LEHTP Xipyprii Ta TpaHcnAaHToorii imeHi 0.0. Lanimosa» HAMH Ykpainu, Kuis

OpwuriHaAbHiI AOCAIAXKEHHS

A - KOHLIEMNLLS Ta AM3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

Merta po60T1 — B1B4EHHS MOPCHONOTiYHMX 3MiH Y NepecabKeHX BONMOCSHUX Gonikynax Ans BU3Ha4eHHs eeKTUBHOCTI MeToay
FUE B ymoBax iLuemi3oBaHwX, pyOLEeBMX TKaHWH.

Marepianu i metoau. [lo rpynum gocnimkeHHs Bxoamno 10 nauieHTis 3 pybueBoto nicnatpaBMaTiyHo anoneLieto abo BiacyT-
HICT}0 BONIOCCS BHACTILOK PEKOHCTPYKTUBHUX BTPYYaHb. JlikyBaHHsi NPOBOAMMOCH 3 BUKOPUCTaHHSM TpaHcnnaHTauii Bonoces
metogom FUE (Follicular Unit Extraction) 3 DHI (Direct Hair Implantation). Bue4anuck cTpykTypHi 0co6nmBocTi BONOCSHOI
CYMKV Ta BOMOCSHOI LmBynmHKW, CTyniHb BacKynapusauii nepecamkeHoro donikynspHoro 06’eaHanHs (rpadpta). OTpumMaHi
pe3yneTaTi NOPIBHIOBANMCH 3 4aHUMM NPU JOCTIMKEHHI 300poBKX onikyniB.

PesynbraTi. [py nopiBHSHHI HA MIKPOCKOMIYHOMY PiBHI 300POBOIO Ta NEPecagKeHOro BONOCCA AoBeAeHa 30epeeHiCTb rpadhTa
Ta 110ro NPWKMBIEHHS B MiCLIi TpaHcnnaHTawji, WO CBigYMTb NPO BUCOKUIA piBeHb aganTauii ¢honikyniB y 3MiHEHUX TKaHWHaX.
[Mpu KNiHiYHiA oLiHLI nauieHTV BigMiTUnK BigMiHHWMIA (80 %) Ta Aobpwuit (20 %) pesynbtati. CTynMiHb MPUKUBIEHHS CTAHOBMB B
cepeaHboMy 90 % Big nepecageHoi KinbkocTi rpadiTiB. TakuM YMHOM, NPU OTPUMAHHI YCiX NPaBW TEXHIKWM BUKOHAHHS ne-
pecaaku Boroccst merogom DHI My He BigaHavanu nigBuULLEHOrO pyavKy BTPATK BOOCSHWX (POMiKyniB Yepes iX MOLLKOMKEHHS].

BucHoBku. TpaHcnnaHTaLis BONoccs nicns ekcumsii Moxe 6yTu yCnillHO BUKOPUCTaHa NS BiHOBIMEHHS BOSIOCSIHOMO MOKPUBY,
[N MacKyBaHHS po3pisiB Ha BONOCUCTIN YacTWHi ronosw abo Ans BiGHOBMNEHHS nepeaHbOi NiHii pocTy Bonoccs. MNepecaaky
Bonoccst metogom FUE 3 imnnaHTauieto DHI MoxHa BBaXaTu Haibinblw 6e3ne4HnM Ta NepcrekTuBHUM METOAOM Anst
30epeXXeHHs1 KUTTE3AATHOCTI BOMOCAHMX (honikynie, 0COOIMBO B YMOBaX iLLEMI30BaHMX pyOLEBUX TKAHWH.

Morphological changes in transplanted hair in the treatment of
cicatricial post-traumatic alopecia

0. A. Hyndych, I. M. Savytska

The aim is to study the morphological changes in transplanted hair follicles to determine the effectiveness of the FUE method
under conditions of ischemic and scar tissue.

Materials and methods. The study included 10 patients diagnosed with cicatricial post-traumatic alopecia or alopecia resulting
from reconstructive surgical procedures. All patients underwent hair transplantation using the follicular unit extraction (FUE)
technique combined with direct hair implantation (DHI). The structural characteristics of the hair follicle and hair bulb, as well as
the degree of vascularization of the transplanted follicular units (grafts), were examined. The obtained results were compared
with data from healthy hair follicles, serving as controls.

Results. Microscopic examination revealed that the transplanted grafts maintained their structural integrity and demonstrated
successful engraftment at the recipient sites, indicating a high level of follicular adaptation within the altered (ischemic or scarred)
tissues. During clinical assessment, patients reported excellent (80 %) and good (20 %) results. The degree of engraftment
was on average 90 % of the transplanted number of grafts. Thus, when all the rules of the DHI hair transplant technique were
followed, we did not observe an increased risk of hair follicle loss due to their damage.

Conclusions. Hair transplantation after extraction can be successfully used to restore the hair cover, to mask incisions on the
scalp or to restore the anterior hairline. FUE hair transplantation with DHI implantation can be considered the safest and most
promising method for preserving the viability of hair follicles, especially in conditions of ischemic scar tissue.

MeToauka BigHOBNEHHS BONOCSHOrO NOKpMBY Byna 3a-
nponoHoBaHa y 1959 poui (N. Orentreich) ans nikyBaHHs
aHOpPOreHeTUYHOI anonedwii, i BigTo4i MeTog cTaB Hagd-
3BMYanHo nonynspHum [1,2]. Ha cborogni ranysb TpaH-
CcnnaHTauii Bonoccs LUBMAKO PO3BMBAETHCH, MeToAMKA
MOXe CTaTVt epeKTMBHUM CNOCOBOM BiHOBIIEHHS POCTY
BOMOCCS B 30Hax py6bLieBuMx anonewii, a Takox nicns pe-
KOHCTPYKTUBHUX Onepalii B obnacti ckansny [2,3,4,5,6].

[Mpy pekoHCTPYKLiT LLIKIpK roNoBM TpaHcnnaHTawis doni-
KYMSIPHWX OAMHWLE MOXe ByTu BYKOHaHa Ha 3aroeHOMy
py6ui Bin oniky Ta HaBiTb Ha KNaNTsX Ta LUTYYHIA AepMmi
[3]. Takmm YnHOM, TPAHCNNAHTALLS BONIOCCS MOXE 3HAYHO
MOKPALLWTY 3arabHUN BUMMSA NICNS PEKOHCTPYKTUBHIX
npoueayp.

OnucaHo H13Ky MeTogiB 3abopy honikynspHUX oau-
HUUb [7]. HanoLumpeHiLwmm metogom ByB 3abip CMy»Kku

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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NOTUIMYHOT YacTuHK LKipn ronosm (FUT) Ta nepeuHHe
3akputTa Aedekty [8]. MisHiwi cnpobu MiHiMi3yBaTK
3aXBOPHOBAHICTb [OHOPCHKOI AiNAHKM NpM3Benu 4o no-
KpaLLeHHs TeXHONOrii eKCTpaKLil honikynsapHUX oanHULLb,
32 [JOMOMOTrot0 K0T OKpeMi (honiKynsapHi oguHuL 3abm-
patoTbecst 6e3nocepefHbO 3i LLUKIpYU TOMoBwW, YHUKaKYK
po3pisy, 3okpema Metog FUE (Follicular Unit Extraction).
lNepecapka Bonocca metogom FUE — minixipypriyHa npo-
Lenypa, y Xogi sikoi rpyna BonocsiHux dhonikynis (rpad)
BUNYYaETLCS Ta NEPEMILLAETLCS 3 JOHOPCHKOI 30HM 0
30HM anonewi LLsixoM MikpoTpaHcnnaxTauii [8,9,10,11].
OpHak, Uein MeToa 3aneXuTb Bif TEXHIKKM, TOMY iCHye
MiABWLLEHWIA PU3NK BTPATU XKUTTE3OATHUX BOINOCSHWX
onikyniB Yepes 3HaYHi MOKa3HWKX nepepisis, Npo SKi
noeigomnsnocs asTopamu [3,5,6,7,8].

AHania gxepen niteparypw, siki 3'IBUNMCb B OCTaHHI
LeCATMPIYYS Ta MPUCBSAYEHI MiKyBaHHIO came py6bLieBux
anoneviit, nokasas, LU0 Ycnix nepecaaku Boroccst B py6-
LieBY TKaHWHY B13HaYaBCs aBTOPaMu Ha OCHOBI BUKITHOYHO
KMiHIYHMX criocTepexeHb Ta 3a40BOMEHOCTI NaLiEHTIB Big
oTpumaHoro pesynsrary [9,10,11,12]. MNepekoHnueux ga-
HUX NPO NAaTOMOPONOrivHi 3MiHW B NPOLECi NPUXMBIEH-
Hs1, SIKi BinOyBanmcs 3 BONOCsiHAM ¢horiKyrnom B yMOBax
pybLeBOi TkaHWHW, 3HAWTW He BOANOCh, Xo4a Le Mae
NPYHLMMNOBE 3HAYEHHS AN BU3HAYEHHS ePeKTBHOCTI
metony FUE Ta nporHosy ycniHocTi nikyBaHHs [13,14].

MeTta pobotu

BuBueHHs MOphonoriYH1X 3MiH y nepecamikeHnx Boro-
CsHMX dhoniKynax Ans BU3Ha4eHHs epeKTUBHOCTI MeToay
FUE B ymoBax iLuemi3oBaHux, py6LEeBMX TKaHVH.

Marepianu i meToAU AOCAIAKEHHA

[ocnigpxeHHs 3aiincHioBanu, 4OTPUMYKOYUCE NPUHLMNIB
lenbciHebKoi Aeknapadii (npotokon Ne 06.06.2025 p.
3acigaHHs KoMicii 3 meguyHoi etk HauioHanbHoro
HayKOBOro LIeHTpY Xxipyprii Ta TpaHcnnanTonorii im. O.0.
Wanimoea HAMH Ykpainwn Big 6 yepsHs 2025 poky).
Bci obcTexeHi Haganu nucbMoBy iH(POPMOBaHY 3rogy
Ha y4acTb.

[o rpynn gocnimkeHHs yinwnm 10 nauieHTis 3 py6-
LIeBOI0 anorneLiieto BHaCcNiLOK TpaBM Ta PEKOHCTPYKTMB-
HUX BTPYYaHb, NikyBaHHs MPOBOAMIIOCH 3 BUKOPUCTAHHSIM
TpaHcnnanTauii Bonoccst metogom FUE 3 DHI (Direct
Hair Implantation).

Cepepn nauieHTiB 6yno 6 xiHok Ta 4 YonoBiky Y BiLli
20-58 pokis. ETionoriynumu caktopamm anoneuin B
uin rpyni Gynu: oniku (n = 4), TpaBmu (n = 2), 3aKpUTTA
AeeKTiB NOBHOLLIAPOBUMM LLKIPHAMM TpaHCTNaHTaTaMu
(n = 4). OocnigxyBanicb MopchonoriyHi 0Co6nMBOCTi
nepecamxeHnx BONOCAHUX rpadTiB B 30HYy anonewii
yepes 1 pik nicns npoueaypw (4iameTp BONOCAHOT Lnby-
NHY, WINBHICTb CyAUH reMOLMPKYNSTOPHOTO pycna Ta
MroLla agunoumTia) Ta NOPIBHIOBANMCS 3 aHaMNOrMYHUMK
NoKa3H1KaMm1 300pOBOro Boroccs. BonocsHui rpact —Le
HeBenukuin oparmeHT Lukipu (0,6 — 1,2 MM) 3 BONOCAHUMU
donikynamu (1 — 4 conikynu).

Mepecanky BONOCCS BUMKOHYBAnu Mig MiCLEBUM
3HeboneHHsM po3unHom KnsiiHa. Ak JoHOpCbka 30Ha B
ycix Bunagkax Gyna BMKOpWCTaHa MOTUIUYHA AiNsiHKA.
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3a oaguH ceaHc b6yno nepecamkeHo Big 500 go 3200
dhonikynspHmx 06’egHaHb.

Micns Buny4eHHs donikynu iMnnaHTysanuck 6e3no-
cepenHbOo B 30HY 3pinux pybuiB abo NoBHOLIAPOBKX ay-
TOAEPMOTPAHCMIIaHTAaTIB Yepes 1-2 poku nicns onepadlii.

IMnnaHTauis rpadTie NpoBogMnack 3a METOANKOK
DHI 3 BukopuctanHsm pydkv Choi gns imnnaHTauii ¢o-
MiKyNiB Y peLmnieHTHY 30HY.

Yepes 1 pik nicns npouenypu Kinbka nepecamkeHnx
rpadoTiB BuMy4anuch 3 30HM Nepecagku Ta MopiBHIOBa-
NUCb 3 HAaTUBHWM BONMOCCAM NaLlieHTa, BUMYyYEHOro 3i
300pOBOI AiNSHKM ckanbmny. B ycix Bunagkax ue byna
NOTUIYHA JiNsHKa.

Cnovatky npoBoaunu cynpasiTanbHe AOCHILKEHHS
rpadis 3 BukopuctaHHam 0,1 % po34mHy METUIIEHOBOTO
CUHBLOTO, SIKE JO3BOMSANO OLHUTY IXHill MPWXKWUTTEBWN CTaH
Ta B3aEMO/i0 3 HABKOMULLHBOK TKaHWHOLO. [icns Lporo
martepian (ikcyBanu y HelTpansHoMy 3abydepeHomy
10 % po3uuHi hopmanbaerigy, yLwinobHoBany y napadini
3a 3aranbHO NPUIHSATO CXEMOIO Ta BUrOTOBNSANN 3pi3u
TOBLUMHOW 3 MKM, siki 3abapBntoBanu reMaTtokCuniHoMm
Ta €03MHOM.

[na rictonoriyHnx [ocnimxeHb BUKOPUCTOBYBABCS
JOCNIAHULBKMIA ONTUMYHMIA Mikpockon Leica DM 500.
dotorpacdyBaHHa npenapartiB 34iNCHIBANOCh 3 BUKO-
pucTaHHaM dotokamepm Leica ICC50 HD. Mopdome-
TpuyHa obpobka AaHux NpoBoaMnach 3a JOMOMOro
BijeoaHanisatopa 1 kKomm'toTepHoi nporpamu Paradise,
po3pobrneHoi HayKoBO-BUPOOHMYOKO KOMMAHIED «EBay.
[MopiBHAHHS MixX BUMIpaMu, 34INCHEHMMI Ha Npenapartax
300POBOrO Ta NepecagkeHoro BONOCCs, MPOBOAWIM 3a
aonomoroto t-kputepito CtbtogeHTa. P <0,05 BBaxkanocst
CTATUCTUYHO 3HAYYLLMM.

PesyAbTati

Mpw 3a6apeneHi 0,1 % po34MHOM METUNEHOBOTO CUHBOTO
3[10pPOBOTO BOSIOCCS Y BOMNOCSHIN CyMLi HAaBKOSO BiA3Ha-
Yanmes OYHKLIOHYHOMI CyLMHW reMOMIKPOLMPKYNSATOPHOMO
pycna. BonocsHuii Cocouok B AESKMX BONOCWH ByB AeLLo
3rnampKeHnin (3rnakeHiCTb COCoMKa CroCTepIraeTbes y
NPUPOOHO CTapitoyoro Bomoccs). EnitenianbHi knitnHm
BOJIOCAHOrO ¢hornikyna MiCTUIN rpaHynu Menaxiny, Bisy-
anbHO Manu marxe HYopHui konip (puc. 1).

Y BONOCSHI CymUi nepecagXeHoro Bomoccs npu
3abapsneHi 0,1 % pPo34MHOM METUNEHOBOIO CUHLOTO Bif,
COCOYKa 10 BEPXHBOT YACTUHM NEVikK, TOBTO A0 LWKIPHOro
MOKPUBY, LLIMbHICTb (PYHKLIOHANBbHO aKTUBHUX Kaninspis
6yna feLlo MeHLa, Hix y cymLi 300poBoro. BonocsHui
COCOYOK 3rnajKyBaBcs, OyB MEHLU BUPAKEHUN, HiX Y
300pOBOTO, KOINareHoBi BOMOKHa NOMipHO Habpsikanu, Lo
CBiAYMIO NPO MEHLL IHTEHCMBHE KPOBOMOCTaYaHHs BOMO-
CSHOT LMBYNMHW. KNiTHU BONOCSHOT LIMOYNWHM TaKoX K
B HOPMi MICTUNM rpaHynn MenaHiHy. HaBkono BonocsiHoi
unbynuHu Byna nomitHa gobpe 36epexeHa BonocsaHa
cymKka TunoBoi bynoBu, T06To 6e3 o3Hak pyOLoBaHHS.
®ibpoumnTy Ta KonareHoBi BOMOKHA, LU0 ii yTBOPIOBany,
6ynu posTaLLoBaHi AeLlO LWMPLLMMK NPOLLIApKaMM HiX Yy
3[10pPOBOTO BONOCCS. B HVXHIl YaCTUHI BONIOCCS HAaBKOINO
BOMOCSHOI CyMKM Bif3Havanvcs 36epexeHi XMpoBi KNitu-
HU rinogepmu TMNoBoi 6yaoBw (puc. 2).

Bumipu nnowwi agunoumTie, po3TalloBaHUX HABKOMNO
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Tabauus 1. MNopiBHANbHI pesynbTaTi 4OCiQKeHb 300POBOrO Ta NEPECaKEHOMO BONOCCS

Moka3HuK, oAUHULI BUMipIOBaHHA 3popoBe Bonoccs MepecapxeHe Bonoccs

LL{inbHiCTb CYAUH reMOMIKPOLMPKYNSTOPHOTO pycna, CyauH Ha 1 Mm?
[JliaveTp BonocsiHoi UMbynuHu, x10° m
Mnowa agunouuTie, x10°¢ mM?

20,7£0,9* 18,5+ 1,1
141,70 £ 11,81* 130,02 + 12,15
3646,85+144,88" 2984,04+164,35

*: p < 0,05 — BiporiAHiCTb NOKa3HKIB NepecahkeHoro BONOCCS MOPIBHSHO 3 MOKa3HMKaMM 300pOBOro.

Puc. 1. 3nopoBe BONOCCs B 30Hi KOPeHs. 1: KDOBOHOCHI CyAnHM, 2: BonocsiHa LubynuHa. CynpasitanbHuii npenapat. 3abapeneHHs MeTuneHoBUM cuHiM. 36inblueHHst x100.

Puc. 2. MepecappxeHe BONOCCs. 1: HABKOMO BOMOCSHOI CyMKU afunoLyuTt rinoaepmn TMnosoi ByAoBw, 2: BonocsiHa LnbynuHa, 3: BonocsiHa cymka. CynpasiTanbHuil npenapar.

3abapBrieHHst METUNEHOBUM CUHIM. 3BinbLueHHs x100.

BOMOCSIHOI LnBynuHK, Ta AiaMmeTpy BONOCSHUX LMOYInH
NPOBOAMIINCH Ha CyMpaBiTanbHWX Npenaparax, 3abap.-
neHux 0,1 % po34MHOM METUNEHOBOMO CUHLOIO, Yepes
Te, LU0 TKaHWHMW 3a3HaBany 3Ha4HO MEHLLIOTO BMIMBY, HiX
nicns yLwinbHeHHs y napadii Ta BUroTOBMEHHS MOCTIHMX
npenaparis.

IMpu BUMipax aiameTpy BONOCAHMX LybynuH Byna su-
ABMEeHa BiporigHa BigMiHHICTb TiNbKy Ha CynpasiTanbHUX
npenaparax, BUMIpy Ha NOCTilHKX npenapatax, 3abaps-
NEHUX reMaToKCUITIHOM Ta €03MHOM, 3HaYyLLOi Pi3HUL
MiXX 300POBVIM BOSIOCCAM Ta NepecamKeHUM He BUSIBUI.

MopchoMEeTpUYHI AOCNIgKEHHS NOKasanu, Wo B
30Hi MepecagxeHoro BONOCCS AELL0 3MEHLIYETHCS
nnowa agunouutis (mabn. 1). B rinogepmi 3gopo-
BOrO BOMOCCA CepefHs nrowa KniTuH JopiBHiOBana
((3646,85 + 144,88)x10°m?) (n = 10), Bapiauis cTaHoBUNa
12,56 %. CepeaHs nnoLya agunouuTiB B rinogepmi nepe-
capkeHoro Boroccs cknagana ((2984,04 + 164,35)x10°
®m2) (n = 10), Bapiauis ctaHosuna 17,42 %, 10610
BiXWUINEHHS MiXX MiHIManbHOK MMOLLE Ta Makcumarb-
Hoto Byno GinbLUMM Yy BUNAaKy NepecagkeHoro Bonoces,
a cepeaHs nrnolla MeHLWot. He 3Baxaroun Ha BUsiBneHi
po36ixHOCTI, HaBeZeHi AaHi CBigYaTh, LLIO NMOLLA XMPOBWX
KNITWH 3anuianacs B Mexax A0omycky, 06yMOBNEHOro Ans
XUPOBUX KMiTUH B 060X BUnagkax [15].

Ha rictonoriynnx npenapartax, 3abapeneHux rema-
TOKCWITIHOM Ta €03MHOM, 340POBE BOSIOCCS Maro TUNoBY
©6ya0BY, KNITUHM BOMOCSHOT LMBYnnHM 6e3 ocobnneocTei
(puc. 3). HaBkono BONOCSHOI LIMOYNMHM Ta BOTIOCSHOTO
coco4ka bynum NoMiTHi aannoLUTL riNoAePMU, BOTNOCSHMIA
COCOYOK 0OpE BUpaXeHUit, 10ro Kaninspy NoBHOKPOBHi
(puc. 4, 5). B gocnimxeHnx 3paskax 30opoBOro BONOCCs,
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CyOMHHA LWiNbHICTb HABKOMO BOMOCSHOI CyMKM Ha 1 MM?2
cknapana 20,7 £ 0,9 (n = 10), n — KinbKiCTb BUMIpIB.

Y BONOCSHil CyML nepecapkeHoro Bonoccs bynu no-
MITHI BiIKpUTi (PYHKLIIOHANBHO akTUBHI kaninspu (puc. 6).
KonareHoBi BOIOKHa BOMOCSHOI CyMKX Manu MoMipHUi
HabpsiK, GiNbLL BUPaXXEHUIA B HWKHIA YaCTUHI HaBKOIIO
BOMOCSIHOI LiMBYIMHY, LU0 NOB’'S3aHO 3i 3HUKEHHSIM KpO-
B0ODiry B cyamnHax MiKpOLMPKYNSTOPro pycna Liei 30HM.
BigaHavyanucsa nomipHi atpodivHi 3MiHK canbHKX 3anos,
LLI0 pO3TaLLIOBYBaNIMCb HABKOIIO BOIOCCS Ta BiAKpMBanmcs
y BOMOCSHY NilKy, NpoTe Ui 3MiHW CyTTEBO He BMnvBa-
NN Ha cTaH TpaHcnnaHTaty (puc. 7). depma HaBkomno
rpacpta 6yna GinbL yLlinbHeHa NOPIBHSHO 3 HATUBHO,
MpOTe KiNbKiCTb KPOBOHOCHMX CYAMH TyT Byna 3Ha4Ho,
Habnmxaroumcb Maibke Lo HopMu 11 cknagana 18,5 £ 1,1
cyavH Ha 1 Mm2(n = 10), Wwapw eniTenito KOPEHEBOI Nixau
Ta BOMOCSHOI MiiKX Mano YuM BiApPI3HANMCA Big Niku
340poBoro Bonocces (puc. 8).

06roBopeHHA

Takum YnMHOM, NpoBeAeHe AOCTiMKEHHS! Nokasarno, Lo
nepecapKeHe BOMoccs B HOBUX yMOBaX OTPUMYE JocTaT-
HIO KiNbKICTb MOXVBHMX PEYOBUH ANs 30epexxeHHs MOBHO-
LiHHOTO (pyHKUiOHYBaHHS. MiKpOOTOUEHHS, L0 BUHUKAE
B AiNsHUi NepecamkeHoro Bonoccsl, A03BONsE rpadTam
36epiraTi CBOK XUTTEQIANBHICTb Ta HABITb BNINBATU HA
CcTaH py6LeBoi TKaHWHY B 30Hi iMnnaHTauji. B Uil TkKaHWHi
Yy 30Hi po3TallyBaHHs nepecamxeHnx rpadTie Ha vac
[OCTiMKEHHs! (Yepes OAWH piK Micns MigcagKyBaHHS)
36inbLUyBanacs Yactka aMopHOI PEYOBMHM, Yepes Lo
py6LieBa TkaHWHa CTaBana MeHLL LUiNnbHOW, 36inbLyBa-
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Puc. 3. 3gopose Bonoccs. 1: kaninspu cocouka, 2: BONocsiHa LnbynnHa. 3abapBrneHHs reMaToKCUIiHOM Ta e03uHoM. 36inbLueHHst x400.

Puc. 4. 3popose Bonoccs. 1: BonocsHa LnbynuHa Ta 2: cepefHs YacTuHa 3i CTpukHeM. 3abapBreHHs reMaTokeuniHoM Ta eo3nHoM. 36inbLuenHs x100.

5 6

Puc. 5. 300poBe BONOCCA B 30Hi BONOCAHOI Miliku. 1: BONOCSHA Milika, 2: BonocsiHa Cymka, 3: kOpeHeBa Mixea, 4: CTpuKeHb Bornoccs. 3abapBneHHs reMaTokCUniHOM Ta eosu-
HoMm. 36inbLuerHs x100.

Puc. 6. MepecamkeHe Bonoccs, 3 yHKLiOHaNbHO akTUBHUMM Kaninspamu (1). 2: BonocsiHa LmbyniHa, 3: 03Hakv Habpsiky. 3abapBreHHs reMaTokeuniHoM Ta eoauHoM. 36inbLueHHst x400.

7 8

Puc.7. MNepecamkeHe Bonoccs. CepenHs YacTHa 3 aTpodiuHo 3MiHEHOK canbHOI 3ano03oto (1). BonocsiHa cymka 6e3 o3Hak py6bLtoBaHHs (2). 3abapBneHHs reMaTokcuiHoM Ta
e03iHoM. 36inblueHHs x100.

Puc. 8. MepecamkeHe Bonoccs. 30Ha BONOCAHOI Niliky 3 NOTOBLLEHUM enifepmicom (1), AeLLo YLinbHEHO A4epMoto (2) Ta CyaMHaMm reMoMIKpOLMpKynsATOpHoro pycna (3), kope-
HEBOIO NixBOIO (4). 3abapBneHHs reMaTokcuniHoM Ta eo3uHoM. 36inbLueHHs x100.
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Nach LWiNbHICTb CyAMH reMOMIKPOLIMPKYNSTOPHOTO pycna
(mabn. 1).

OTxe, noBefeHa 3b6epexeHicTb rpadTiB Ta ix
MPYDKMBIIEHHS B MiCUi TpaHCMnaHTauii, Wo CBigunTb
MpO BUCOKWIA piBeHb aganTalii BONocsHWX donikynis y
3MiHEHWX TKaHUHaX.

[Mpw KNiHIYHIA OLiHLI pe3ynbTaTy, nauieHTy Big3Haum-
v oro sk BigMiHHWIA (80 %) Ta o6pun (20 %). CTyniHb
NPWK1BNEHHS cTaHoBMB B cepeaHbomy 90 % Bia nepe-
capKeHoi KinbkocTi rpadoTie. OTpyUMaHi AaHi HaBiTb AeLo
nepeBepLUMnY Halli OYiKyBaHHS, OCKINbKW B fiTepatypi
onucaHi AaHi BigCoTKy npuxmvenenHs 77,4 —87,9 % [5,12].
BBaxaemo, L0 OCHOBHO NMPUYKHOI TaK1X Pe3ynbTaTiB
MOFO CTaTu 3aCTOCYBaHHS iHWOro Metoay 3abopy
rpadis, 3okpema strip-metogy (FUT), fe yLWKOmKEHHS
BOMOCSHWX honikyniB, Ha HaLw nornsia GinbLu MMOBIpHE,
OCKiNbKM Npy NpaBuIIbHOMY BUKOHAHHI 3 BUKOPUCTAHHAM
HaNCyYacCHILLIMX TEXHIYHUX NPUCTPOIB, TPAHCEKLA TpaH-
cnnaxTaTtie 3a gonomorot FUE 3anuwwaetbes MeHLle
4 % [14]. Came penikaTHUI 3abip honikynsapHUX oguHULL
Ans 3abe3neyeHHs XUTTE3LATHOCTI TPaHCMaHTaTIB €
BaXNUBUM.

Takum YvHOM, NPV [OTPUMAHHI YCiX MPaBUM TEXHIKNA
BMKOHaHHSA nepecagku Bonoccs metogom DHI, Mu He
Bij3Ha4anu niaBMLLEHOr0 PU3NKY BTPATW BOMOCSHUX
donikynie Yepes X NOLUKOAXKEHHS, SIK KOHCTaTyBanu aB-
TOpW nonepeaHix gocnimkeHs [3,5,6,7,8]. XKntreaaatHicTb
rpadiB 6yna nigTBEpIKEHA HAMU HA MIKPOCKOMIYHOMY
piBHi.

BucHOBKU

1. Mepecaaky Bonoccst metonom FUE 3 imnnaHTauieto
DHI moxHa BBaxkaT HabinbLw 6e3nevHnM Ta nepenex-
TUBHUM METOAOM ANst 30EpeXeHHSs XKUTTE3LATHOCTI
BOMNOCSHMX hOnNiKyniB, 0COBMMBO B yMOBAX iLLIEMi30BaHMX
pybLEBMX TKaHWH.

2. OocnigxeHi mopdonoriyHi ocobnusocTi nepe-
CcafpkeHnX rpadoTiB Ta iX NPYKVBIEHHS B MICLi TPaHCTNaH-
Tauii, cBia4aTb NPO BUCOKWI pPiBEHb adanTaLlii BONOCAHMX
donikynie y 3MiHEHNX TKaHWHAX.

3. MepecapxeHe BOMOCCS, MNOBHOLIHHO MPWXMBMS-
I04MCb, NMO3UTUBHO BMIMBAE Ha CTaH py6LEeBOi TKAHUHU
30Hi iMNNaHTaLiT, SMEHLLYIOUM ii LLMBHICTb Ta 30iMnbLLyo4m
KpoBOMocTa4aHHs.

MepcnekTMBU NOAAALLUMX AOCAIAKEHb. OTpUMaHi
pe3ynsTaTii npy MOPIBHSAHHI HA MIKPOCKOMIYHOMY PiBHI
3[10POBOrO Ta NepecaKeHOro BONOCCS Y NaLieHTiB 3 BTO-
PUHHUMM pyBLIEBMMM anoneLisiMu J03BONSAOTb BNEBHEHO
KOHCTaTyBaTU (haKT NPUXKMBNEHHS Ta aganTauii doniky-
NiB Y 3MIHEHMX iLLEMi30BaHWX TKaHWHaX, L0 J03BONUTb
LLMPOKO BUKOPMCTOBYBATY METOA NEpecaaky BOnoccs B
XipypriuHii npakTui. Mpote B AaHiit poboTi po3rnsaanvch
NULLe NOCTTpaBMaTUYHi (B TOMY YuChi MICMSIONIKOBI) Ta
nicnsionepawiiHi anonewii, CNpUYMHEH Nepecagkow
HEBACKYNSAPU30BaHWX LLKIPHUX TpaHCnnaHTaTiB. CnexTp
PEKOHCTPYKTUBHUX Onepaviit ckanbmy 3HaYHO LLUMPLLIWNA,
TOMY NWUTaHHSA NOKPALLEHHS eCTETUYHUX pesynbTaTiB
nicns BiflbHOT Nepecagkn CKnagHnx KOMMEKCiB TKaHWH
3 BigfaneHux AinsHok Tina 6e3 BONOCSHOMO NOKPUBY €
aKTyanbHUM, a OTXe BUMarae noganblunx AoChigKeHb
B HanpsiMKy BM3HAYeHHS TEPMIHIB Ta ocobrnmsocTen

Matonoria. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.

OpwuriHaAbHiI AOCAIAXKEHHS

NPUXMBMEHHS BONOCAHUX (hOnikyniB B yMOBaX BinbHOI
MiKpOXIpYpriYHOi nepecaakm KnanTis.
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CyuacHi niaxoau A0 AiarHOCTMKM Ta AiKyBaHHA abcueciB neviHKu

B. . Apewko®PF 1. 0. MixeeB®1¢, B. B. HoBak®**8, H. 0. fApewko®*E, f. C. M. AAbbatok®2AC

13anopisbKkuit AePXaBHUI MEAUKO-GapMaLEBTUUHIA YHIBEPCUTET, YKpaiHa, 2KoMyHanbHe MIANPUEMCTBO «AHINPONETPOBCbKa 0BAACHA KAIHIUHA
AikapHs im. |. I. MeuHunkoBa» AHINponeTpoBCHKOI 06AacHOi paan», M. AHINpo, YkpaiHa

A - KOHUEeNLiA Ta AM3arH AOCAIAXEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTatTi;
F - octatouHe 3aTBEPAXEHHS CTaTTI

Merta po6otv — Ha nigcTaBi ynbTpa3BykoBOi CeMioTUKN abeLieciB neviHkv BU3HaumTMCs 3i cnocobom onepalii B 3anexHocti  Katouosi cnosa:
BiZ, BNAcHO po3pobneHnx cTagii hopmyBaHHS rHINHOro ocepeaky. iHTEpBeHLUilHa
coHorpadis,
abcuecu neviHku,
AanapocKoNiyHi
onepaltlii.

Marepianu i metoau. [JocnimkeHHs npoBeaeHo y 80 xBopux 3 abcLiecamm NeYiHKK, ONepoBaHWX 3a LONOMOTOH iHTEPBEHLNHOT
coHorpadii (IC), nanapockonivHux onepauin (J10), nanapoTomii, a Takox noegHaHoro BukopuctanHs IC i J10. 3a BnacHnmu
HanpavtoBaHHAMK PO3pobneHi YNsTPa3ByKOBi XapakTEPUCTUKA PO3BUTKY Ta hOpMyBaHHS abCLIECIB NEYIHKM 3 BUINEHHAM
YoTupbox ctadin. Y 40 (60 %) xBopux, siKi cknanu 0CHOBHY rpyny, ¥3[] npoBoAMnock NpoTAroM BCbOro 3ananbHOro npoLecy:
Bifl NEPLUMX O3HAK NTOKArNbHOrO 3ananeHHs 4o cragii hopMyBaHHs nioreHHoi kancynu. Came coHorpadiuHi xapakTepucTuku )
3anarnbHOro MPOLECY CTanu OCHOBHUMM YMHHUKAMK Y BUGOPI CrOCOBIB NiKyBaHHS, TEPMIHIB | 06'EMIB XipypriYHNX BTpyYaHb. 22‘;";2";(:2)25'
Mpv ubomy, komm'totepHa Tomorpadbisi (KT) npoopmnack Ha cTagii AiarHoCTUHHOTO NOLLYKY Ta ANcEepEHLiansHOT AiarHOCTUKN @ o4eag
TiNbKU y HEBENWKOT YacTUHN XBopuX — 27 (33,7 %). MpoBigHUM 3anuiuaBcs METoA ynbTpasByKoBOI AiarHocTuku Ta IC, To6To

«METOf [liarHoCTye — METOA onepyey. Y rpyny nopiBHAHHSA yBinwnm 32 (40 %) nauieHTn, AiarHOCTUYHO-NiKyBanbHa nporpama

KoTpux BymyBanach Ha TpaauLiiHux 3acagax. Bcim xBopum Ha eTanax fikyBaHHs NpOBOAMIOCH MiKpoGionoriYHe oCHimKEHHS!

ocepefKy 3ananeHHs 3 AeackanadiiHow Ta LinecnpsMoBaHo aHTnbakTepianbHO Tepanieto.

Pesyastati. Bubip meTogy onepaTtuBHOMO nikyBaHHs Barato B YoMy 3anexas Bif cTagii popMyBaHHS THINHOTO OCepesKy,
vioro nokanisauji, BaxkocTi cTaHy xBoporo. ¥ 90 % naujieHTiB 3aranbHWiA CTaH OLHIOBABCS Sk CEPeaHbOro Ta BaXKOro CTy-
neHs, y BCix xBopux byna gibpunbHa Temneparypa Tina, y 85 % — nuxomaHka i CUMITOMMU FHIAHOI IHTOKCVKaLLi. B ocHOBHIl
rpyni BYUKOPUCTOBYBaBCA AndepeHLiiioBaHuii migxia Ao Bubopy cnocoby onepallii Ha nigcTasi po3pobneHux coHorpadivHmx
KpuTepiiB cTagiHOCTI hopMyBaHHs abcLecy, a TakoK TEXHOMOMYHMX MOXIMBOCTEN KOXHOTO 3i cnocobiB. PisHuus mopdo-
NOriYHOro CybCTpaTy, reTEPOreHHICTb PIAMHHOTO KOMMOHEHTY, CTYMiHb POPMYBaHHS Kancynu, a TakoX fokanidavis ocepeaky
[03BOMSANW MPOBOANTY BUGIP MiX XipypriuHuMu MeToamkamu. B ocHoBHil rpyni nepesaxanu onepadii IC — 37 (77,1 %), wo
3HAYHO MepeBMULLYBArIO YacToTy LMX onepauiil B rpyni nopisHsHHA (X2 = 9,39; p = 0,002). YacTtoTa BukoHaHHs J1O B rpyni
nopiBHAHHSA cknana 53,1%, Wo BiporiaHO BULLE, HiXX B OCHOBHIl rpyni — 14,6 % Bunaakis. MoegHaHe BukopuctaHHs IC Ta
J10 Hamu 6yno BukopucTaHi B NikyBaHHi 4(8,3 %) xBopux OCHOBHOI rpynu. OnepaLlisi BKIKoYana nanapockonito i MyHKLto
abcuecy nig koHTponeM coHorpada 3 NofasnbLLIo PoBOTO NanapoCKoNiYHOTO IHCTPYMEHTY Ta YNbTPa3ByKOBOrO AvceKkTopa
(NpoBOAMBCS LUMPOKMIA JOCTYN [0 NOPOXHMHM abCLeCy i 30BHILUHE MOro ApeHyBaHHS). [0eaHaHHS ABOX METOAVK HIBEMHOIOTL
HeOonikv KOXHOI 3 HUX OKPEMO, a 3aranom rapaHTyoTb NO3UTUBHUI pe3ynbTat. JlanapotomHi onepadii Tuny KnepmoHaa ta
iHLLi B OCHOBHIlA rpyni XBOPWX NpM NikyBaHHi abcLeciB He BUKOPUCTOBYBanuCh. B 0CHOBHIN rpyni cepepHii nicnsonepavinHni
nikKko-aeHb cknas 21,3 £ 1,2 g6, wo Ha 16,5 % (p < 0,05) MeHLe aHanoriYHOro NoKasHyKa B rpyni NOPIBHAHHA — 25,5 % + 1,6
1i6. 3a pesynsratamu nikyBaHHs neTanbHUX BUNaakis He Hyno.

BucHoBku. Po3pobneHi ynbtpassykoBi KpUTEPIT YOTUPLOX CTaAil hopMyBaHHs abcLeciB NeviHkv LO3BOMNSKOTL BUKOPUCTOBYBATH
AndbepeHuinoBaHniA nigxig Bu6opy cnocoby XipypriyHoro nikyBaHHsl, WO crpusie 3HxeHHo B 9 pasiB (p < 0,05) kinbkocTi
MOBTOPHUX MYHKLIN PIAVHHWX CKYNYeHb Ta 3MEHLLEHHI0 TpMBarnocTi nepebyBaHHs nauieHTa B cTauioHapi Ha 16,5 %. Mpu
NoYaTKOBKX NEPLUMX ABOX CTadisx (POpMyBaHHS abCLECiB NeYiHKM AOLINBbHO 3aCTOCYBaHHS IHTEPBEHLLIMHOI cOHOrpadii, sIK GinbLL
6€e3ne4yHOro Ta ManoTpPaBMaTUYHOrO METOZY, LLIO JO3BONSE 3 BUCOKOH YyTnmBicTio (91,3 %) AiarHocTyBaTy 3aXBOPHOBaHHS,
npoBecTW AudepeHUianbHy AiarHoCTUKY, paHHE MikpobionoriyHe AOCNimKeHHs ocepeaKy i BYacHO nepepsaTh npouecu
MporpecyBaHHs 3ananbHOro NpoLecy.

Modern approaches to the diagnosis and treatment of liver abscesses Keywords: |
interventiona

V. H. Yareshko, lu. 0. Mikheiev, V. V. Novak, N. O. Yareshko, Y. S. M. Albaiiuk ultrasonography,
liver abscesses,

The aim. To determine the optimal surgical approach for liver abscesses based on ultrasound semiotics and self-developed  laparoscopy.
staging of purulent center formation.

Pathologia.

Materials and methods. The study was conducted in 80 patients with liver abscesses, operated on with the help of interventional 2025:22(3:245-250

sonography (IS), laparoscopic operations (LO), laparotomy, as well as the combined use of IS and LO. According to his own
research, ultrasound characteristics of the development and formation of liver abscesses were developed, with the allocation
of four stages. The informativeness of ultrasound was monitored from the first signs of a local inflammatory process to the
stage of pyogenic capsule formation. Therefore, the main group consisted of patients who were operated on according to their
own developed ultrasound characteristics — 48 (60 %), and the comparison group consisted of 32 (40 %) who were operated
on according to generally accepted diagnostic signs. Computed tomography (CT) was performed at the stage of diagnostic

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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search and differential diagnosis in a small part of patients — 27 (33.7 %). And the method of ultrasound diagnostics and IS
remained the leading one, i.e. “the method diagnoses — the method operates”. This is confirmed by the fact that in both groups,
50 (62.5 %) operations were performed using IS at various stages of abscess formation.

Results. The choice of the method of surgical treatment largely depended on the stage of destruction of the abscess center and
its localization, the severity of the patient’s condition. It is important to note that almost all patients (100 %) had elevated body
temperature, 85 % had fever and symptoms of purulent intoxication. In 90 % of patients, the general condition was assessed
as moderate and severe. In the main group, a differentiated approach to the choice of the method of operation was used on
the basis of the developed sonographic criteria for the stage of abscess formation, as well as the technological capabilities of
each method. The morphological difference of the substrate, the heterogeneity of the liquid component, the degree of capsule
formation, as well as the localization of the cell made it possible to choose between these methods. In the main group, there
were significantly more IC operations — 37 (77.1 %), which significantly exceeded the frequency of operations in the comparison
group (x2 = 9.39; p = 0.002). The frequency of performing LO in the comparison group was 53.1%, which is probably higher
than in the main group — 14.6 % of cases. We used the combined use of IS and LO in the treatment of 4 (8.3 %) patients of
the main group. The operation consisted of a laparoscopy and its puncture under the control of a sonographer, followed by
the operation of a laparoscopic instrument and an ultrasonic dissector (a wide access to the abscess cavity was performed
with its external drainage). The methods eliminate the shortcomings of each of them separately, and generally guarantee a
positive result. Laparotomy operations of the Clermont type and others in the main group of patients were not used in the
treatment of abscesses. All patients at the stages of treatment underwent a microbiological study of the focus of inflammation
with de-escalation and targeted antibacterial therapy. In the main group, the average postoperative bed-day was 21.3 + 1.2
days, which is 16.5 % (p < 0.05) less than the similar indicator in the comparison group — 25.5 % + 1.6 days. According to the
results of the treatment, there were no deaths.

Conclusions. The proposed ultrasound-based classification of liver abscess formation enables a differentiated approach to
surgical treatment, leading to a 9-fold reduction (p < 0.05) in the number of repeated fluid drainage procedures and a 16.5 %
reduction in hospital stay duration. In the early stages of abscess formation, interventional sonography is recommended as
a safer and less invasive technique, offering high diagnostic sensitivity (91.3 %), facilitating differential diagnosis, enabling
microbiological analysis, and effectively preventing disease progression.

Ha nepumni nornsa, nutaHHa abeuecis NeviHky, Sk oce- MeTta p060TM
penKy nokanbHOro rHIHOMo NPOoLECy, € 3pO3yMinMu Ans
XipypriyHoro TpakTyBaHHs. Cy4acHi MeToam fiarHocTuku
i TexHonorii onepaTMBHOMO 3abe3neyeHHst 403BONSHOTh,
B MeBHill Mipi, BBaxatu npobnemy BupilueHoto [1,2]. 3a
OCTaHHi POKM NeTanbHICTb Ta YCKNaaHEHHs Npy NikyBaHHi
abcueciB neviHkv 3meHwunacs B pasu [3]. Ane ue He

Ha nigcrai ynbrpasBykoBoi cemMioTUKM abeLeciB NeviHku
BU3HAUMTUCA 3i cNOcoBOM onepalii B 3anexHOCTi Big
BIIaCHO po3pobneHnx ctagii PopMyBaHHS THiliHOrO
0CepesKy.

3MEHLUMIO aKTyanbHOCTi Npobnemu y 38°A3Ky 3 Heobxia-
HICTIO OTPVUMYBAaTW rapaHTOBaHi NO3WTVBHI pe3ynsTaTu
NiKyBaHHS Ta MiHiManbHi nicnsonepaviiHi ycknagHeHHs,
30iNbLUMTY BIACOTOK paHHLOI AiarHOCTWKY i JOCTOBIPHO
pO3LWMPUTY MUTOMY Bary mManoiHBa3vBHWX onepawin 3i
CKOPOYEHHSIM TepMiHiB MikyBaHHs i peabiniTauiiHoro
nepiogy [4]. B piarHOCTWYHO-NiKyBansHOMY npoLeci
BaXXIIMBO paLlioHarnbHO BUKOPVCTOBYBATU KOMITHOTEPHY
Tomorpadito (KT), a Tako po3LLMPUTI MOXIUBOCTI Yrb-
Tpa3BYKOBOTO JOCHIKEHHS, IK METOZY AiarHOCTUKY, TaK i
MeTOoaYy OnepaTuBHONO MiKyBaHHS!, Tak 3BaHOI iIHTEPBEHLN-
Hoi coHorpadii (IC). Ceoi nokazaHHs Ta NpoTUNoKa3aHHs
MatoTh i nanapockonivHi onepadii (J10), a ix noegHaHe
BUKOpWCTaHHSA 3 IC 3HaYyHO pO3WMPIOTL AianasoH
onepauiin B NnikyBaHHi abcLeciB NeviHky, HiBeno4n He-
Z0NiKK KOXXHOTO 3 HMX OKpeMo. MasoiHBa3nBHi TeXHOMorii
0c00nMBO edheKTUBHI Ha paHHixX cTadisix 3aXBOPtOBaHHS
[5,6]. Pospobnera Hamu ynsTpa3sykoBa cemMioTvka cTa-
JiiHoCTi po3BMTKY abcLieciB NeYiHKMW, BULINEHHS YOTUPLOX
CTapii, JO3BONSE Ha NEPLUMX ABOX, B BiNbLLOCT BUNaakis
0BMEXMTUCH MYHKLINHAMKY @B0 NYHKLUINHO-ApPEeHaXHUMM
metogamm [7]. Kpim Toro, Y3[1 003BOMSiE 3 BUCOKUM Bif-
COTKOM YyTNMBOCTi MOHITOPUTM €Tanu nicnsionepauinHoro
nepiogy, a npy HeobXiAHOCTI NiKBIAOBYBATY 3aNMLLKOBI
PIOVHHI CKyNYeHHS!, SK MOXIIUBI yCKNaAHEHHs B nicnsio-
nepawinHoMy nepiogi i, TakvM YHOM, 3Ha4YHO CKOPOTUTU
YMCrO onepavii 3 NanapoTOMHOTO JOCTYMY.
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Marepianu i meToAM AOCAIAKEHHA

Pesynbtatyt gocnimkeHHs 6asyoTbest Ha nikyBaHHi 80
(100 %) xBopwx 3 nioreHHMKM abcuecamm neviHku. Bu-
KIHOueHi 3 OCTiMKEeHHS XBOPI 3 XomnaHrioreHHUMu abeLe-
CamMu NP MexaHiYHilN XXOBTSHULI pisHOro reHesy. MNoai6Hi
KPUTEpIi BUKIIOYEHHS [O3BONMIM ONpaLoBaTh rpyny
XBOPWX, Y SikMX He Byno HeobXigHOCTi BUKOPUCTaHHS Sk
KOHCepBaTUBHUX, TaK i oNepaTUBHIX METOAMK, NMOB’A3aHNX
3KOB4YHOKaM 'IHOK XBOPODOH, OHKOMOMYHOO NATONOTiEHD
Ta cneumdgiyHoo iHekLieto.

Ha eTtani giarHOCTMYHOro MOLWYKY BUKMOYamnm
Taki 06’€MHi YTBOPEHHS MeYiHKW, SK HeyCKnaAHEeHi
LMCEHTOreHETUYHI KiCTW, mMapasuTapHi 3aXBOptoBaHHS
neviHK1, LOBPOSKICHI | 3MOSIKICHI NYXMMHK, B TOMY YmnCHi
METaCTaTU4YHOrO XapakTepy Ta iHWy 06’'eMHy NaTomnorito
neviHku. Bik xBopux cknas (48,4 + 4,7) poku, TepMiHu
3axBoptoBaHHs ctaHoBunn (10,2 + 2,2) nobw. MNauieHTw
Oynn po3nogineHi Ha ABi rpynu: OCHOBHa rpyna — 48
oci6 (60 %), onepoBaHUx 3a BMACH!MM po3pObneHUMH
YNETPa3ByKOBUMM 03HaKaMW abCLECIB, rpyna nopiBHSIH-
Hs1 — 32 xBopux (40 %), siki Bynu onepoBaHi 3a 3aranbHo
MPUAHSTYMM AiarHOCTUYHUMU O3HaKamm (PETPOCNEKTUB-
HWIA aHani3). Mpynu Bynu cniBcTaBHi 3a BIKOM Ta CTaTTHo.

IHhOpMaTUBHICTb YNbTPa3BYKOBOrO AOCHIMKEHHS
(Y3[) BincTexyBanach Bif NepLinx 03HaK NoKanbHOro
3ananbHoro npouecy Ao KiHUeBoi cTagii hopMyBaHHS
nioreHHoi kancynu abeuecy i cknana 90 %. BigHocHoO
Y3[ cnpaLboByBaB NPUHLMM «METOA AiarHOCTyE — MeTos,
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onepye». OCHOBHOHO YNbTPa3BYKOBOK 03HAKOHK NOYaTKy
3aXBOPIOBAHHA € Bi3yanisaLjisi 30HW MNOEXOreHHOCTi 3
HEYITKUMM KOHTYpamu i cnabot andepeHuialieto Big
300pOBOI NapeHxiM1 NeYiHK1, 6e3 PiAMHHOTO KOMMOHEHTY
(IcTapis). MposiBamu || cTagii € Bisyaniaalis reTeporeHHoi
CTPYKTYPW, KON Ha T1i FiNOEX0reHHOro YyTBOPEHHS! MOsIB-
NSAOTLCA PIAVHHI CKyNMYEeHHS HenpaBKIbHOT (POpMK, iHKO-
TV 3MMBHOTO XapakTepy, 6e3 YiTKNX KOPAOHIB 3 JOCTaTHLO
30HOIO FiNOEXOreHHOCTi HaBKOMMLLHBLOT NapeHxiMu. Konm
B 30Hi AECTPYKLii MPOSBNSAETLCA PiAUHHE YTBOPEHHS,
yacTiLLe 3 HEOAHOPIAHUM KOMMOHEHTOM, (DOPMYETLCS He-
BUpaxeHa kancyna (He 6inbLue 1,0 Mm) — Lie cneumndiyHi
03Haku hopmyBaHHs abeuecy |l cragii. Mpw Bidyanizauii
rinepexoreHHoi kancynu 2,0 Mm i Ginblie, konu BoHa
YiTKO AnepeHLitoeTbCA Bi HABKOMWLLIHBOI MapeHXiMm
MEYiHKK, @ B MOPOXHWHI NPOCTEXYIOTLCS MNEPEXOreHHi
BKIMHOYEHHS — Lie o3Haku abeuecy IV cragii. Mpu All Ha
1171V cTagii BaxmBum ABNSETLCA NOKanisavis ocepenky
BiJHOCHO CETMEHTIB NeviHk1 3a Ans Bubopy cnocoby
0nepaTUBHOTO MiKyBaHHS.

YnbTpasBykoBe 0OCTEXEHHS OpraHiB 4epeBHOi
MOPOXHUHW MPOBOAMIIOCS 3 BUKOPUCTAHHSM anaparis
Mindray M9, Toshiba Xario XG Ta cektopanbHX i NiHiAHNX
natyumkis 3 yactototo 3-3,5 MIT.

KT npoBoamnack BUKITKOYHO Ha CTagii AiarHOCTUYHOTO
MOLLYKY Ta AudepeHLianbHOI fiarHOCTUKW Y HEBENUKOT
yactuHu xsopux 27 (33,8%). Komm'ioTepHa Tomorpadis
npoeoamnacs 3 BukopucTanHam anapaty SOMATOM
Emotion Siemens (Hime4unHa).

MeToAu CTaTUCTUMHOTO aHaAi3y OTPUMAHUX AaHMX.
CraTuctnyHe Ta MaTemMaTuyHe OnpawuloBaHHA AaHWX
BMKOHYBaIM, 3aCTOCYBaBLLV NaKeT NPUKIaAHNX Nporpam
Statistica 6.0 (StatSoft Inc., CLUA).

HopmanbHicTb po3noginy KifbKiCHUX 03HaK aHaniay-
Banu 3a gonomoroto Tecty LLanipo-Yinka. Mapametpy,
L0 Manu HOpMaribHUA PO3MOAiN, HaBedeH: K CepeaHe
apudMeTMyHe Ta cTaHaapTHa noxubka (M + m). [Ans
NOKa3HUKIB, SKi Manu po3noAin, Lo Bigpi3HABCS Big
HOPMarnbHOro, iaHi OMNCOBOI CTATUCTWKW HaBEAEHO K
mefiaHa, HUXHIN | BepxHin ksaptuni — Me (Q25; Q75).
KateropianbHi jaHi npencraeneHi y Burnsai abcontoTHoOI
(n) Ta BigHOCHOI YacToty (%).

KinbkicHi nokasHWkW y rpynax nopisHioBanm, 3acTo-
coBytoum kputepii CTblogeHTa (4ns HOpManbHOTO pPo3-
noginy o3Hak), MaHHa-YiTHi (ans poanoginy o3Hak, Lo
BiAPI3HAETLCA Bif HOPManbHOro). BiporigHiCTb pisHMLI
[NS KaTeropianbHNX 3MiHHUX BU3Ha4anu 3a JOMoMOrot
Kputepito xi-kBagpat [lipcoHa Ta TOYHOrO KpUTepito
diwepa. Pi3HMLI NOKa3HWKIB BBaXKanm AOCTOBIPHOM,
SKLLO piBEHb 3HaYyLLOCTi 6yB BULLMM, Hix 95 % (p = 0,05).

B3aem03B’s13ku Mixx OTPUMaHUMK JaHUMK OLiHIOBa-
1 3a JOMOMOrOK KOpensuinHoro aHanisy 3a Cnipme-
HoM. 3HaueHHs koedilieHTa kopensuii (r) ouiHoBanucs
3a Wwkanoto Yegaoka.

YyTnmBicTb Ta cneumndivHICTb 4iarHOCTUYHUX KpUTEPI-
iB po3paxoByBasiv 3a JOMOMOrOK HYOTUPUNINbHOT TabnmLj.

Pe3syAbTati

Y Bcix xBopux Oyna nigBuiieHa Temnepatypa Tina, y
85 % 3 nuxomaHkor. Y 90 % XBOpMX 3aranbHuin CTaH
OLLiHIOBABCS 5k cepeHbOro Ta Baxkoro ctyneHs. Y 10 %

Matonoria. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.

OpwuriHaAbHiI AOCAIAXKEHHS

XBOPUX 3ararnbHui cTaH 6yB BKpa BaXKUM (TEPMIH 3a-
XBOPHOBaHHS GinbLue 2-x TvxkHiB). Y 60 xBopux (76,0 %)
abcuecy poamillyBanucs B npasii goni neviHku, y 17
(21,5 %) — B niBin goni, y 3 navuienTis (2,5 %) — B 060x
[onsx nedviHku. PosTtallyBaHHs no cermeHtam: S| — 4
(5,0 %); Sl -6 (7,5 %); SIll -5 (8,3 %); SIV-3 (2,5 %);
SV-15(20,9 %); SVI-13 (14,4 %); SVII - 20 (26,3 %);
SVIII - 14 (15,1 %). Bubip meToay onepaTuBHOTO iKy-
BaHHS B rpyni NOPIBHAHHS 3anexas Bif 3aranbHOi COHO-
rpaciyHOT OLiHKM CTaHy NapeHXiMu NeYviHKku, nokanisavii
abcLecy Ta BaxKoCTi CTaHy XBOpOro. B 0CHOBHIN rpyni
BMKOPUCTOBYBaBCS AndepeHLinoBaHwii nigxig 4o Brbo-
py MeTofy 3 ypaxyBaHHSIM po3pobneHnx CoHorpagivHmx
KpuTepiiB cTapinHocTi All, a Takox BpaxoByBanmcCb
TEXHOMNOTiYHI MOXIMBOCTI KOXXHOrO 3i criocobiB. PisHuus
B MopdonoriyHoMy cybCTpaTi, @ caMe reTeporeHHicTb
PiOVMHHOTO KOMMOHEHTY, CTYNiHb (hOPMYBaHHS Kancyrnu,
a TakoX Nokanisauis ocepeaky 403BONANM NPOBOAUTU
BUOIp MK LUMM METOAMKaMM. YNETpa3ByKoBE 0DCTEXEH-
HS1 OpraHiB YepEeBHOI MOPOXHUHM NOYUHANN B NOSOXKEHHI
XBOPOrO Ha CMUHI, @ NOTiM Ha niBoMy Gouj, Lo cnpusie
KpaLLin Bidyaniavwii npaBoi YacTK1 NeviHKk1, BUBOASYM
il 3 pebepus. |HKONM NepesoaMny XBOPOro B HaniBCK-
[i4e MONOXEHHS 3 3aBEAEHHSM NPaBOi PyKy 3a ronosy.
BukopucToByBanoch Aekinbka BapiaHTIB CKaHyBaHHS:
caritansHe (iHpopmalis Npo po3mipy neviHku), none-
pekoBe (iHhopmaLlis NPO HWXHIO NOMYy BEHY, NEYiHKOBI
BEHW) Ta iHLLi.

OCHOBHMMU aHATOMIYHUMMW OpPIEHTUPAMU MEYIHKM
6yna cermeHTapHa bygoBa neviHky 3a KyiHo 3 aHaToMiy-
HMU YTBOPIOBAHHSAMU: NPaBga i NiBa BOPiTHa BEHA, HUXHS
nora BeHa, Npasa, CepeaHs i niBa NeyiHKoBi BEH, XOBY-
HUIA MiXyp, Kpyrna i cepnoBuaHa 38'A3kK, Npasa HupkKa, a
TaKoX BOpITHA BEHA, ii AiameTp (Hopma 12 MM), HasiBHICTb
Tpomby B ii npocsiTi. [lonnepiscbke 06CTEXEHHS BUKO-
pUCTOBYBanu Anst AUpepeHL;itoBaHHS abCLECIB NEYiHKM
BiJ, @HEBPU3MU CYAWH i reMaToM NeYiHKu.

[Mpu oBCTexEHH XBOPOro 3BepTanit yBary Ha posmipy
| eXOCTPYKTYpPY NEYiHKM, CTaH MapeHxiMu (Lmpo3, nopTarnb-
Ha rinepTeHsis), 06'eMHNX YyTBOPEHb, CTaH BHYTPILLHLO i
rno3a NeYiHKOBYIX KOBYHWX MPOTOKIB, HA HASIBHICTb KOHKpe-
MEHTIB B XOBYHOMY MiXypi, CTaH MigLLyHKOBOI 3a5103u i
napanaHkpeaTuyHoi KniTkoBuHW. Mpw nigo3pi Ha abeuec
neviHKK, NiCNst peTenbHOro aHanidy ckapr XBOporo, aHa-
MHe3y, NabopaTopHMX MOKa3HUKIB Ha MOYATKOBMX CTadisX
npv Y3[] 3BepTanu yBary Ha nigo3pini 30HM He3Ha4HOI
YU MOMIPHOI 3HUXEHOI EXOreHHOCTI, il HeOQHOPIAHICTb
Ta HeYiTKICTb KOHTYpIB. Lli noyaTkoBi nokasbHi 3MiHK na-
PEHXiIMM NEeYiHKM NPU yNbTPa3BYKOBI CEMIOTUL OLHMIN
Ak | cTagito hopmyBaHHs.

Mposiamu |l cTagii Al € Bisyanisavis AinsHOK retepo-
FEeHHOI CTPYKTYPW, KOMW Ha TAi FiNOEXOreHHOro YTBOPEHHS
NOSIBNAOTLCA PIAVHHI BKMIOYEHHS HenpaBunbHOT hopmMu,
iHKOMW 3NMBHOTO XapakTepy, 6e3 YiTKUX KOPLOHIB, a iHOfi B
BUIMSAi PO3MEXYBaHHS Ha aHEXOTEHHY YaCTUHY | €XOreH-
Hy 3 KancynonogioHUM yTBOpeHHsM (40 2,0 MM) Ha pi3HIX
AinsHKax i 4OCTaTHBbO LUMPOKOKO 30HOH FiMOEXOreHHOCTi
HaBKOMULLUHBLOT MapeHxiMu.

Mpu [l cTagii Al moxHa po3rnsgat sk piguHHe
YTBOPEHHS 3 HEYITKMMMW KOHTYpaMu, B OKPEMMUX MiCLIX
NiABULLEHOT €XOreHHOCTi, HEBUPAXEHOI Kancymnow
Kancymnoto pi3Hoi iIHTeHCUBHOCTI, AinsHkamu o 3,0 M.
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Original research

Tabauus 1. Buaw onepadinn npu Al 3anexHo Big ctaii popmyBaHHs

OcHoBHa rpyna, n = 48 Fpyna nopiBHsAHHSA, n = 32

Bua onepauii

1o

NyHKUis

NyHKUis
+ ApeHyBaHHs

IC +J10

Jlanapotomis

Crapin copmyBaHHsa Al Crapin copmyBaHHsa Al
0 0 0 0 0 0 0

o*
18,8 %
0 3 19% 6 0 2 5 6
63% 396% 125% 63% 156% 189%
0 0 5 2 0 0 12 5
104% 42% 375% 156 %
0 0 1 3 0 0 0 0
21% 63%
0 0 0 0 0 0 0 2
6,3 %

* p < 0,05 - BiporigHa pi3H1LUA MiXX AaHUMK OCHOBHOI rpynu Ta rpynit NOPIBHSHHS.

1

100 %

80 %

60 %

40 %

20 %

0%

53,1
40,6
14,6
83 6,3
[ moo 0
IC J1(0] IC+J10 TNanapotomisi

m OcHoBHa rpyna pyna nopiBHAHHA

Puc. 1. Poanogin onepatnsHuX BTpyYaHb 3 npusogy All no rpynax.
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Abcuec B kancyni — IV cTagis ¢hopMyBaHHS Mae 3a-
ranbHOBIAOMY exorpadiuHy KapTUHY: PiAWHHE YTBOPEHHS
3 HEOHOPIAHUM CKIagoM, APIOHUMU TinepexoreHHUMM
BKIMIOYEHHAMMU, YiTKO AndepeHLitoeTbCA Bid HABKOMMLL-
HbOI MapeHXiMM 3a PaxyHOK FiNepexoreHHoi Kancynu,
ToBLUMHOO 5,0 cMm i BinbLue.

[o rpynwn nopiBHsiHHS yBinwnmu 32 xeopux (40,0 %) 3
Ti€0 X NaTONOriEt0, 3 aHANOTIYHUM NIIAHOM 06CTEKEHHS,
ane Bynu onepoBaHi 3a 3aranbHO NPUAHATAMM iarHoc-
TUYHUMM O3HakamK abcueciB neviHky 6e3 ypaxyBaHHs
CTafiNHOCTI MPOLEeCy Ha MiACcTaBi PETPOCMEKTUBHOIO
aHaniay icTopii xBopobu, gaHux Y3[, KT, peHHTreHomno-
TYHMX NOKA3HWKIB.

IMpoBigHy ponb B NikyBaHHi XBopux 060X rpyn Bigirpana
IC: Ha pisHuX cTagisx hopmyBaHHs abeLiecis 6yno BUKOHa-
Ho 50 (62,5 %) onepaliiii. 3acTocyBaHHs 4aHOro METoAY, SIK
GinbLu 6e3nevHOro Ta ManoTpaBMaTMyHOro, JOCTYMHOM A0
3aJHiX Big4inis NeviHKK, 4O3BOMSANO0 NPOBOAUTM AVHAMIYHE
CrOCTEPEXEHHS 3a nicnsonepaLintium nepiofgom.

Posnogin onepatuBHuX BTpyYaHb 3 npusogdy All no
rpynax NnpeacTaBneHo Ha pucyHKy 1, 3 Ikoro BUAHO, LU0 B
OCHOBHIV rpyni 3Ha4HO NepeBaXxany onepaLlii 3a 4onomo-
roto IC — 37 (77,1 %) Bunagkis, o B 1,9 pa3u nepesuLLy-
Bano YacToTy B rpyni nopiBHsHHs (X2= 9,39; p = 0,002).

lNoka3au 4o nanapockoniyHWX onepalit BU3Ha4anucb
nepL 3a BCe aHaTOMIYHOK nokanisauieto, CTyneHem
[AECTPYKTUBHUX 3MiH NapeHXiMu NeYiHKK 3rigHo 3anpono-
HOBaHOI Knacudikauii. Hanbinbw agekBaTHO MeToauka
npauitoe npu cybkancynbHWx abeuecax nepeaHix Bianinis
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nedviHku. Yactota BukoHaHHsa J1O B rpyni NOPIBHAHHSA
cknana 53,1 %, Wwo BiporiaHO BULLE, HiXk B OCHOBHIlA rpyri
- 14,6 % Bunagkis (x2= 11,81; p = 0,0006).

MepcnektnBHM B nikyBaHHi All € noegrare IC Ta
1O, wo 6yno Hamu BuKopuCTaHo B nikyBaHHi 4 (8,3 %)
XBOPWX OCHOBHOI rpyni. MeToamKm HIBENIOOTb HEoMiKv
KOXHOTO 3 HMX OKPEMO, @ 3arasioM rapaHTyoTb NO3UTUB-
HUM KIHLEBUI pe3ynbTat nikyBaHHs. CyTb nonsirae B TOMY,
Lo mig Yac namapockonii (konu abclec 3HaxoauThes
iHTpanapeHxiMaTo3HO) NPOBOAMTLCS OTO MyHKLiS Mg
KOHTpOneM coHorpada 3 eBakyaLlieto rHoto. [lani, opieH-
TYKUUCh Ha Xif, NYHKLINHOI rofku, 3a LOMOMOror nanapo-
CKOMIYHOTrO IHCTPYMEHTY Ta YNbTPa3ByKOBOrO AMCEKTOpa
MPOBOAUTLCS BUCIHEHHS CHOPMOBaHOI Kancynu, skomora
LUMpLLE OISt aAeKBATHOTO 30BHILLHBOTO APEHYBaHHSI.

B rpyni nopiBHSHHS 0gHOMY XBOpPOMY 3 (Dibpo3H1MU
3MiHaMu Kancynu abceLecy BUKOHaHa NanapoToMist 3 pe-
3eKLUjieto NiBOT A0Mi NEYIHKY i LLie OfHOMY — NULLIE 30BHILLHE
ApeHyBaHHs abcuecy 3 goctyny 3a Knepmongowm. Mogi6-
HWX onepaLiii B OCHOBHIA rpyni XBopux He Gyno.

Buawn onepauin npu Al 3anexHo Big cTagii hopmy-
BaHHs1 NpeacTaBneHo B mabsuui 1.

3rigHo 3 HaBeAeHUMU faHumu B mabnuui 1, npu
nepLUMX NOYaTKOBMX ABOX CTafisx abcLeciB BUKopucTo-
ByBanacb BUKkNouHo IC —y 14 (17,5 %) xBopwx, 4 3 AKnX
BCTaHOBIEHI 30BHILLHI ApeHaxi. B 9 (18,8 %) Bunagkax
OCHOBHOI rpynn [oCTaTHLO Byno nuiie nyHKuii 3 Mop-
dponorivHmum | BakTepionoriYyHMM AOCHIMKEHHAM, TO4i SIK
B rpyni NOPIBHAHHSA AaHa TakTVka He 3acTocoByBanacs
B xogHoMmy 3 Bunagkis (p = 0,05 3a kputepiem diwwepa).
[ins1 BCiX XBOPUX NpoBeAeHa MaHinynsLis Gyna B4acHot,
nopsia 3 NPOBEAEHOK0 LINECnpsiMOBaHOK aHTUbakTepi-
anbHOI0 Ta 3aranbHo Tepanieto, O3BONMIa nepepaaTy
MpoLiecu NporpecyBaHHs Ta, B KIHLEBIN cTafii, 4o ocTa-
TOYHOTO OfYKaHHS.

Cnip 3asHauuTw, wo npw Il ctagii AMN B OCHOBHIl
rpyni Takox nepesaxHo nposoamny [C (MyHKuis + apeHy-
BaHHs) — 39,6 % Bunapkis (x>= 4,17; p = 0,041), Togi sk
B rpyni nopiBHsHHSA nepesaxanu 10 — 37,5 % Bunapkis
(x*=6,88; p=0,009).

BigHocHumm Hegonikamu IC npwm I, a ocobnmeo 1V
cTapiji, € mani giametpu apeHaxis. B cBoili poboTi mu
BUKOPUCTOBYBanW katetepu 8-18Fr no Tvny «CBUHAYMIA
XBICT», WA MOXe ByT1 HeaZleKBaTHUM BiflbHOMY BiZITOKY
ryCTOro rHO, a iHoAi i HEKPOTU30BaHKX TKaHWH. Takox
3BY>yBanu nokasm Ao |C BigcyTHiCTb 6e3neyHoi TpaekTo-
pii NPOXOMKEHHS! IHCTPYMEHTY, BaXKi MOPYLLEHHS CUCTEMM
remokoarynsii.

JlanapockoniyHi onepadii, siki 6ynu npoeeaeHi y 7
(8,8 %) xBOpPUX, BYNK 0Br'pyHTOBAHI NpyM CyBKanCynsapHUX
abcuecax i ix nokanisauii B nepeHix Biaainax neviHku,
[OCTYNHUX NS BiNbHOrO BUKOPUCTAHHS Manapockoniy-
Horo iHcTpymeHTy. Kpim Toro nmpwm IV cragii 6yna Heob-
XiAHICTb B LUIMPOKOMY BUCIYEHHIO TOBCTOCTIHHOI Kancynu
yNnbTpa3ByKOBMM AMCEKTOPOM abo anapaTtom Ligasyre, a
TaKoX HEODXIAHICTb 30BHILLHBOTO APEHYBaHHS K MiHIMYM
[BOMa Tpy6Kamm LLIMPOKOTO AjameTpy, Lo 6yno cknagHnm
3aBAaHHsAM ans 3actocyBaHHsa IC npu win cTagii All.
YacTnHa nanapoToMHMX onepaLlin cknana nuwe 6,3 %
B rpyni NopiBHAHHS. BCiM XBOpPUM Ha eTanax NnikyBaHHs
MPOBOAMIIOCH MiKpOGionoriyHe JOCNImKEHHS Ocepenky
3anarneHHs. 3a KinbKiCTio BUCIBY nepeBaxarna MOHOIH-
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thekuis — go 88,6 %, MikpobHi acouiauii — go 13,6 %.
Y 5,7-6,8 % Bupginanncs MRSA wramu cTadinokokis.
YyTnmBICTb BUAINEHNX KYNbTYP Y XBOPUX OCHOBHOI rpy-
My Ta rpynu MOPIBHAHHSA CTaTUCTUYHO HE BiApisHANMCS
((p=0,05). BinbLictb xBopwX 3 |-l cTagisMu Manu vy TnK-
BICTb 0 UMNPOIOKCaLMHY Ta METPOHIZa30ny. Y XBOpUX
3 |Ili IV cragismu Bigpa3dy A0 OTPUMaHHS pe3ynbraTiB
6akTepionori4Horo aHanidy kapboniHemu, a npy HasiBHOCTI
cencucy y noeaHaHHi 3 niHesonigoM. AHTMbakTepiansHa
Tepanis 6e3yMOBHO NPOBOAMIIACS 3 AE3MHTOKCUKALHOK
Tepanieto, sika BKrovana B cebe Taki npenapatu sk

1) po34mH rntoko3u abo xnopuay HaTpito, Gi3po34mMH
Ta iHLLi COMbOoBI NpenapaTyn 3acToCOByBanMcs npu nopy-
LUEHHi BOAHO-COMNbOBOrO GanaHcy;

2) KOMOiAHI PO34MHM BUKOPVCTOBYKOTLCS MpW MOpy-
LUEHHsIX KPOBOOOIry;

3) AiypeTuku fonomararoTb nonepeanTn Habpsik;

4) pO34uHY A1S NapeHTeparibHOro XapyyBaHHS 3aCTo-
COByBanucs Ans 3abesneyeHHs opraHiamy NoXMBHUMM
peyoBMHaMK.

3a pesynbratamu nikyBaHHS NMeTanbHUX BUMNaaKiB
He byno.

MoBTopHi NyHKuii BukoHaHi 6 (18,8 %) xBopum 3
rpynu nopisHsHHS, konw nicnst JTO BuHMKNa notpeba B
BuKopucTaHHi IC ons nikeigaulii 3anuLLKOBKX MOPOXHIH,
LLIO MPOSIBASANMCS NEPCUCTYHOYOL iHdbeKLieto. BogHoyac B
OCHOBHIW rpyni NOBTOpHa NMyHKUis npoeeaeHay 1 (2,1 %)
XBOPOTO, WO B 9 pa3 Hux4e, HiX B rpyni NMOPIBHAHHS
(p < 0,05 3a kpuTepiem diuepa).

B ocHOBHIW rpyni cepeHii nicnsonepauinHnin nix-
KO-AeHb cknaB (21,3 £ 1,2) A6, wo Ha 16,5 % (p < 0,05)
MEHLLE aHamnoriyHoOro nokasHuka B rpyni NOPIBHSAHHS —
(25,5 +1,6) pi6.

06roBopeHHA

be3ymoBHO, cBoevacHa giarHocTuka All Mae BupiLLanbHe
3HaYeHHs, LWOAO KiHLEeBOro pesynbsraty nikyBaHHs. Han-
NEPLUOK KIiHIYHOK O3HAKOK NATomnorii € NigBULLEHHS
Temneparypu Tina 4o dibpunbHUX 3Ha4eHb, Lo NoTpebye
Ha Mo4vaTKOBIN cTadii 3aXBOPIOBaHHS AiarHOCTUYHO-OM-
(hepeHLINHOro NoLLYKyY, NPU3BOAUTL [0 Pi3HOMAHITHUX
KOHCYNbTaLin, ocobnvBo Ha TNi anepriyHmx peakuin,
XPOHIYHWX CyNyTHIX 3aXBOPIOBaHb, NEPEHeCeHNX onepa-
TMBHMX BTPYy4aHb. CTPiMKe NOripLUEHHS 3aranbHOro CTaHy
navieHTa TinbKy ycKnaaHoe npoLiec NpodinbHOI rocnita-
nisauii XBOporo i agekBaTHOI XipypriyHoi gonomorun. Ha
[JaHoMy eTani BupiLlanbHUM cTae NpogecinHiCTb | 4OCBIf,
nikapst Y3[ B piarHocTuLi 06'€EMHUX YTBOPEHb MEYIHKM.
[Mpwv pyTUHHOMY | NOBEPXHEBO NPOBEAEHOMY YIbTPa3By-
KOBOMY [OCTIiIKEHHI PU3VKI HENPaBWIbHOI AiarHOCTUKM
MOXYTb B3arani BifTEpMiHyBaT/ Ha HEBU3HAYEHU Yac
cneuianisoBaHy gonomory. [liarHOCTUYHI MOMUIKK Cro-
CTepiratoTbCs 0COBNMBO YaCTO Ha MOYATKOBUX CTadisX
dhopmyBaHHs abcLEeCy, KoMK 3aranbHii BaXKWIA, @ iHKOMM
i CeNTUYHWIA CTaH, NPEBarntoe Haj NMoKM L0 He3HaYHUMM
NOKanbHUMM 3MiHaMK B 30Hi 3anarneHHs, XxapakTepHUMu
ansa Y3[ npu abeueci neviHki. A mix Tm, Y3[] Ha Beix
eTanax po3BUTKY 3aXBOPIOBaHHs, MOXe GYTI NPOBIAHUM
AK AjiarHOCTUYHUM, TaK i MikyBarnbH1M 3acobom. Komm'to-
TepHy Tomorpadito (KT) He cnig BuKknto4aTi 3 npoTokony
00CTEXKEHHSI XBOPUX MPY 06’ EMHUX YTBOPEHHSIX NEYiHKY,

Matonoria. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.

OpwuriHaAbHiI AOCAIAXKEHHS

ane il ponb Baxnuea TiNbKW Ha eTani AiarHOCTUYHOTO
MOLLYKY Ta AMhePEHLIHOI AiarHocTvku. B noganbLuomy,
NiKyBanbHO-AiarHOCTUYHI MYHKLUT, 30BHILLHE ApeHYyBaHHS,
KOHTPOIb Tevii micnsonepawinHoro nepiogy, nikeigavis Ta
MOBTOPHI NYHKLT piAyHHUX CKYNYeHb MOBHICTIO BiAnoBiga-
10Tb TEXHOMNOrYHUM MoxnmBocTaM IC. Tomy, gocnimkeHi
HaMK xapakTepHi ynbTpa3ByKOBI 0O3HaKW cTagivt popmy-
BaHHS abCLECy NEeYiHKM € BXNMBUMU, 6O apryMeHTYOTb
3aCTOCYBaHHS ManoiHBa3VBHYX XipYPriYHNX BTPyYaHb SK
NepLUOYEProBuMX i NPOBIAHUX.

HavinowwpeHriwmm BapiaHTOM nikyBaHHA NepLuoi
NiHiT A € iHTepBeHLjHe nikyBaHHs. Al MOXHa ApeHy-
BaTV abo 3a 4oNoMOorot acnipalii ronkoto, abo LWNsxom
BBEEHHSI APEHaXHOro kateTepa nig koHTponem Y3[
abo KT. Mpu yepeswwkipHin acnipauii ronka 16-18 Ga
BCTaBNSAETLCH B NOPOXHUHY abCcLecy, i BMICT BiACMOK-
TyeTbCs 40 NOBHOI eBakyaLlii. MogibH1M YnHoOM nig yac
YepesLLKIPHOro KaTeTepHoro ApeHyBaHHs katetep 8-14
F BCTaBNSAETbCA B BOTHULLE YPEXKEHHS | 3anvLIaeTbCs
Ha micuj. [oTiM BiH 3MMBAETbCA CaMOMNIMBOM, MOKN He
cnycTowmnTbes. [ekinbka AoChiMKeHb BUSIBUMY, LLO Ye-
pesLuUKipHe KaTeTepHe ApeHyBaHHS € BinbLu edheKTUBHUM,
HXX YepesLUKIpHa ronkosa acnipavisi, OCKiflbkii BOHO Mae
BULLL MOKa3HUKM €(PEKTUBHOTO MiKYBaHHS.

IHTEPBEHLIiiHE NiKyBaHHs! Mae Garato nepesar, y Tomy
yucni € MiHiManbHO iHBa3VBHOK NPOLEAYPOIo, ska He
notpebye 3aranbHoi aHecTesii. BOHO Takox Mae MeHLLNI
PU3MK YyTBOPEHHS CMIaoK, KOHTaMIHALLi Ta BIGHOCHO HIKYY
BapTICTb MOPIBHSHO 3 XipypriYHnm gpeHaxem. Jeskivn a-
TOpaMu NokasaHo, LLO iHTepBEHLiNHe NikyBaHHS He edhex-
TvBHe B 15-36 % Bunapkis. € Kinbka MOXMMBUX NPUYMH
Takoi HeedeKTUBHOCTI. All, AKUI € MYyMBTUMOKYNALIRHIM,
MOXe cTaTu npobremMoto Ans ApeHyBaHHs BCiX BIiACIKiB.
Kpim Toro, A, sIkuin MICTUTb B'A3KY PianHY Ta HEKPOTUYHY
TKaHWHY Ba)XKO MOBHICTIO ApeHyBaTy Yepe3 OrioKyBaHHs
karetepa. 3Ha4yHUM hakTOPOM pU3VKy HEBLAYI IHTEPBEH-
LiiHOrO NikyBaHHs € rinoans0ymiHemis. MpuynHa Takoro
36inbLUEHHST pU3MKY AeLLo He3posyMina. OgHak HU3bKWNA
piBeHb anbByMmiHy MOXe CBiAUUTH NPO TSHKKICTb OCHOBHOTO
cencucy. Hessaxatoum Ha MiHiMaribHy iHBa3WBHICTb, LLO
YCKIaAHIETLCSA KPOBOBUIMBOM i XOBYHUMY HOPULIAMU.

XipypriyHe BTpy4aHHSi BBaXaeTbCA MOYATKOBUM
nikyBaHHAM po3puBy All, NEpPUTOHITY, aHaTOMi4YHO
CKIaHoro 4OCTyny Ta CynyTHLOI NaTonorii, Wo notpebye
XipypriYHoro BTpyyaHHs. [NoyaTtkoBe XipyprivHe nikyBaH-
HS TakoX Moxe ByTu nokasaHe ans Ginbmnx abeuecis
po3mipom > 3-5 cM y piameTpi. [poTe B nitepatypi 3a-
NMULLIAKTBCS AesKi Cynepeykm LL0A0 HaKPaLLIoro nigxody
[0 NikyBaHHS BENMKKX abcuecis.

AHania fxepen nitepatypu nokasas, Lo 3 2001 poky
KiNbKICTb IHTEPBEHLINHNX APEeHaxHWX NpoLeayp 3pocna
BinbLU HiX yaBiYi, TOLI SIK KINBKICTb XipYprivHUX APEHAKHUX
npoueayp 3meHwwmnacs npudnuaHo Ha 20 %. Bubip me-
To4y NikyBaHHS 3HA4YHOKO MiPOIO 3anexuTb Bif pO3Mipy Ta
KoHcucTeHLii abeuecy. OnHe aocnimkeHHs 3a yyacTio 48
nauieHTiB i3 Benukumu (> 3 cM) ogHOOuUMCTMK abeLieca-
MU, SIKUM MPOBOAWIIN iIHTEPBEHLIINHI ApeHaxHi npoLieaypu
3 0HoYacHo aHTubioTVkoTepanieto nokasano 83% ycni-
Xy. Benuki MmynstunokynsuinHi A, ski nikysanu LUASXOM
YepesLUKIPHOro ApeHaxy Ta aHTMBIoTMKaMu, Manw nuLue
33 % ycnixy, Togi sk Benvka MynbsTUIOKynsLiiHa rpyna,
Ky NMiKyBanu XipypriyHum gpeHaxkem, Gyna ycrillHow
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Ha 100 %. MopiBHAHHS LyX pe3ynbsraTis i3 pesynsratamu
nofibHMX AOCNIMKEHb NPOAEMOHCTPYBANO KpaLLi KMiHIYHi
pesynsTaTti npw XipypriyHoMy ApeHaxi AN nauieHTis
3 Ginbwmmn abeuecamu. OgHak Ferraioli et al. npone-
MOHCTPYBarnu aHanorivHi nokasHuku ycnitHocTi 95,4 %
i 93,4 % pns YepesLKIpHOTO ApPEHaxy i XipypriYHoro
[peHaxy BignoBigHo.

Mpwn BUGOPI Migxoay 4O MiKyBaHHS! BaXMMBO BPaxo-
ByBaTV 3aXBOPHOBAHICTb i CMEPTHICTb LuX npouenyp. Y
MWHYFIOMY XipypriYHUN ApeHax acoLitoBaBCs 3 BUCOKUM
piBHEM CMepTHOCTI, sika konmeanucst Big 10 % po 47 %.
QuikyBaHO, LLIO LieV BUCHOBOK NPaBAMBWIA, OCKINbKM NaLieH-
W, BigiOpaHi Ans XipypriYyHoro BTpy4aHHs, 3a3su4ait Manm
abcuecy BinbLLKX po3MmipiB, BaXKWIA aHAaTOMIYHUIA JOCTY,
YWCHEHHI CynyTHi 3aXBOPIOBaHHS abo iHLLI yCKnagHtokoui
dhakTopw. MopiBHIOYM MoaanbHOCTI, 6arato gocnimkeHb
He BUSIBUIW CyTTEBOI PI3HNLYi B CMEPTHOCTI NPU XipyprivHo-
My apeHaxi. OgHak Ferraioli et al. BusiBunw, Lo rpyna nav-
€HTIB, IKUM NMPOBOAUNM XIPYPriYHWI ApeHax Mana 3Ha4yHO
BYLLLY 3aXBOPIOBAHICTb (9,1 %) NOPIBHAHO 3 rpynoto, Skin
NPOBOAMNM Yepe3LUKipHWA ApeHax. Haenakw, Tan et al.
HE BMSIBUNM iCTOTHOI Pi3HMLi B 3aXBOPIOBAHOCTI MK LIUMU
ABoma rpynamu. LlinikoM iMOBIpHO, LLO pi3HULS B pO3MIp
BUOIpKM Ta BiGHOCHOMY pO3Mopini Mix rpynamu NnikyBaHHs
MOSICHUMA Pi3Hi pesynbTaTy X ABOX JOCHIMKEHD.

Oxpim po3mipy Ta koHcvcTeHLii abeuecy, npu Bubopi
cTparterii NikyBaHHs! Crif BpaxoByBaTy T1n abeLecy, npu
LIbOMY HeoOXigHO JOTPUMYBATUCS NMEBHOTO anroputMy
BUOOPY NiKyBaHHs.

BucHoBKU

1. Mpwn nepwux ABox cTagisx dopmyBaHHs Arll
JouinbHo 3actocyBaHHs IC, sk Ginbly Ge3neyHoro Ta
ManoTpaBMaTU4YHOrO METOZY, L0 JO3BONISIE 3 BUCOKOHK
yytnmsicTio (91,3 %) npoBecTy AudepeHLiansHuii aia-
THO3, @ TAKOX MikpobionoriyHe JOCTIMKEHHS OcepeaKy Ta
BYaCHO NepepBaTy NPOoLeCU MPOrpeCcyBaHHS 3ananbHOro
npouecy.

2. 3acTocyBaHHs AudepeHLinoBaHoro niaxogy y
BMUOOPI TakTUKM XipypriyHoro nikyaHHst Al 3 ypaxyBaH-
HAM cTagil (hopMyBaHHS OCepeaKy 3ananeHHs crpusie
3HKeHHO B 9 pasiB (p = 0,05) KinbKOCTi NOBTOPHMX
MYHKUA PIBMHHWX CKyNYeHb Ta 3MEHLLEHHIO TpMBanocTi
nepebyBaHHs navjeHTa B ctaujioHapi Ha 16,5 %.

MepcneKTUBU MOAAAbLUMX AOCAiAXKEHb. OTpUMaHi
pesynbTaTv JOCniAXeHb MiATBEPAXYIOTb 3HAYMMICTb
3aMponNOHOBaHOI YNLTPa3BYKOBOI CEMIOTMKM abcueciB
MeYiHKM, 0COONMBO CTaAIMHICTb iX PO3BUTKY 3 YITKMMM
npiopUTeTaMN B CTOPOHY MasioiHBa3MBHUX TEXHOMOTIN
npu iX NikyBaHHi. KoXHa 3 3anporoHOBaHKX TEXHOMOrIN
MO>€ BMKOPUCTOBYBATUCh ik CAMOCTIiHO, TaK MOEAHAHO
Mix coboto, Lo 3HAYHO MiABULLYE SKICTb Ta MO3UTMBHI
pe3ynbTaTu NikyBaHHs abcLecis NeYiHKu.

ETUYHe cXBaneHHA

Komicist 3 nutaHb 6ioeTrkn 3anopiabkoro ApXaBHOTO MEAUKO-
(bapmaLeBTUYHOTO YHIBEPCUTETY PO3TASHYA MaTepiann, HaBEAEHi
y CTaTTi, Ta He BUABMAA MOPYLUEHb ETUYHWX CTAHAAPTIB, BUKAAAEHMX
Y YUHHUX HOPMATUBHUX AOKYMEHTAX, BKAtOUAOUM [eAbCIHCbKY
AeKknapaLito, KoHBeHLjto Paan €Bponu Npo npaBa AHOAMHM Ta
6ioMeAnLIMHY Ta IHLLWMX MPABOBKX akTax (MPoToKoA Bia 24.04.2025
poky Ne 5).
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EXiHOKOKO3 M'AKUX TKaHUH CTerHa

0. A. CeitAvubka®1BCP O, B. PA60KOHBb®?PE, B, 0. TyMaHCbKUWD2CEF,
B. B. OH1LLEeHKODYEC T, A, KyuyrypHa®?38¢

KAIHIYHMM BMNAAOK

'HaBYaAbHO-HAYKOBUIA MEAMYHUIA LIEHTP <YHIBEPCHUTETCHKA KAIHIKa» 3anopisbKoro AepXaBHOTO MEAUKO-GapMaLEBTUUHOO YHIBEPCHUTETY,
YkpaiHa, 23anopisbkuii AepXaBHUN MEAMKO-GapMaLeBTHUHMI YHiBepcUTeT, Ykpaita, *MeanuHuid LeHTp «HOHIMear, M. 3anopixoks, Ykpaita

A - KOHUENLiA Ta AM3arH AOCAIAKEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Meta po6oTu — npoaHaniayBaTit KNiHIYHWIA BUNAZoK eXiHOKOKO3Y piaKiCHOI Nokanisauii — B M'sIKUX TKaHWHaxX CTErHa, Bpaxo-
BYIOUM 3aCTOCOBAHY AiarHOCTUYHY TaKTUKY 1 iHAMBIAyanisoBaHWii Nigxia A0 NPU3HAYEHHS NPOTUNApasMTapHOro MiKyBaHHS.

Marepianu i meToau. MpoaHaniaoBaHo MeauyHy AoKyMeHTaLjto naujeHTku C. Bikom 38 pokiB, sika nepebyBana Ha cTaLioHap-
HOMY nikyBaHHi, Hazani — nig TpyBanMM ambynaTopHUM CNOCTEPEKEHHAM 3 NPUBOAY eXiHOKOKO3y (npoTsarom 2022—-2024 p.) B
HaeyanbHo-HayKoBOMY MeOMYHOMY LIEHTPI « YHIBEpPCUTETCbKA KIiHika» 3anopiabkoro AepKaBHOrO MeAMKo-hapMaLeBTUYHOMO
yHiBepcuTeTy.

Pesynstati. HaBeeHo kniHiYHE CNOCTEPEXEHHS BKpaii pigkicCHOro BapiaHTy nokanisauii kictv Echinococcus granulosus y
MiZLKIPHIN KIITKOBMHI CTErHa. 3aBaskv KOMMMEKCHOMY NiAXoAy 40 AiarHOCTVKW EXIHOKOKO3Y, Lo nepeabayas 3acToCyBaHHs ce-
PONOrivHOro, NaTOMOPCHONOriYHONO Ta Pi3HUX METOAIB BisyaniaaLii, cTana MOXIMBOH iAeHTUIKaLIS KOMOIHOBAHOTO YpaXKeHHS.
Bepyum [0 yBarn MHOXMHHY nokanisawito eXiHOKOKOBUX KiCT, Nigxia [0 NikyBaHHS XBOpOi nepenbayas XipypriYHe BUAANeHHs
KICTW 3 MIALUKIPHOT KIITKOBWMHW MPaBOro CTETHA Ta TpMBane KOHCEpBATUBHE MeAVKAMEHTO3HE NikyBaHHs anbbeHaasonom,
OCKiMNbKI Y NpaBili nereHi BUSIBNEHO EXIHOKOKOBY KICTY Manux po3mipis. [icnsi JOCArHEHHs cepoHeraTviBallii Ta kanbumdikavii
KiCTV B nereHi Tepanito anbbeHaasonom npunuHEHo.

BucHoBku. HaBeaeHwit kniHivHWI Npyknag niaTBepaxye HeoOXiaHICTb KOMMMEKCHOTO AiarHOCTUYHOTO nigxoay Ao Bepudikauii
PigKICHUX | MHOXMHHMX NoKaniaaLin kict Echinococcus granulosus Ta iHauBigyanisaii nikyBaHHs.

Eechinococcosis of the soft tissues of the thigh

0. A. Svitlytska, 0. V. Riabokon, V. 0. Tumanskyi, V. V. Onyshchenko, T. A. Kuchuhurna

Aim: to analyse a clinical case of echinococcosis of rare localisation — in the soft tissues of the thigh, taking into account the
diagnostic tactics used and an individualised approach to antiparasitic treatment.

Materials and methods. The medical records of patient S., 38 years old, who underwent hospital treatment and subsequent
long-term outpatient observation for echinococcosis during 2022-2024 at the Medical Educational and Scientific Center
“University Clinic” of Zaporizhzhia State Medical and Pharmaceutical University were analysed.

Results. The study demonstrates the clinical observation of an extremely rare variant of Echinococcus granulosus cyst local-
isation in the subcutaneous tissue of the thigh. An integrated approach to the diagnosis of echinococcosis using serological,
pathomorphological, and various imaging methods made it possible to identify the presence of a combined lesion. Taking into
account the multiple localisation of echinococcal cysts, the patient’s treatment approach included surgical removal of the cyst
from the subcutaneous tissue of the right thigh and long-term conservative drug treatment with albendazole, considering the
small size of the echinococcal cyst in the right lung. Based on the results of seronegativity and calcification of the cyst in the
lung, albendazole therapy was discontinued.

Conclusions. This clinical example confirms the need for a comprehensive diagnostic approach to the verification of rare and
multiple locations of Echinococcus granulosus cysts and individualised treatment.

ExiHokoko3, cnipuumHennin Echinococcus granulosus, €
OAHIEI0 3 HANTSXKYMX 300aHTPOMOHO3HWX NapasuTapHNX
iHBa3iN, NOLUMPEHICTb KO B Pi3HKX KpaiHax CBIiTy CTaHO-
BuTh Big 0 4o 79 Bunagkis Ha 100 Tuc. HaceneHHs [1]. Exi-
HOKOKO3 — OfjHa 3 Napa3nTapHuX iHBasil, SKin BcecBiTHS
opraHisaList oxopoHy 300poB'’s (BOO3) Hapae npioputeTy
KOHTpONi [2]. EXIHOKOKOBI KICTI Han4acTiLLe foKani3ytoTb-
cs1 B neviHui (65-70 %) i nerensix (go 25 %) [3].

HwHi nocunioeTbCsa akTyanbHicTb npobnemu exi-
HOKOKO3Y, OCKiNnbKM 36iMbLUYETLCS KinbKiCTb BUNAAKIB
koMOGiHOBaHOI NokasisaLii exiHOKOKOBMX KiCT, 30kpema 3

BUNaAKamu pigkicHMX Nokanisavin. B octaHHi poku B Hay-
KOBIV NiTepaTypi BCe YacTiLLie 3'ABNSKTLCS NOBILOMIMNEHHS
NpO BUSBMEHHS BKPaWi PiaKkMX NokaniaLii eXiHOKOKOBMX
KiCT: y nepukapai [4], M’si3ax BEpXHbOI KiHLIIBKY [5], M’aKuX
TKaHWHaX MOMOYHOI 3a5103u, cTerHa [6] ToLLo.

Lle icTOTHO ycknafHIOe paHHIo AiarHOCTUKY, a OTXe
Ma€ HeraTMBHUW BNIMB Ha pe3ynbTati JiKyBaHHS.
3i 30inblEHHAM PO3MIpIB KICTW MiABULLYETLCS PU3NK
PO3BUTKY TSDKKUX YCKMagHeHb [7], AK-0T po3pwBy riga-
TUAHOI KiCTW, cynepiHdeKLii Ta HOBOYTBOPEHHS KICT Y
CyCIiZHiX i BioaaneHux opraHax, a KO YTBOPKETHCS

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license
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rijaTuaHa Kicta, pU3uk BUHUKHEHHS YCKNaAHeHb csrae
40 % [8].

HaBepgeHi daktu nigTBepaXyTb HeobXigHICTb
HaKOMUYeHHS KNiHIYHUX AaHUX LLOAO AiarHOCTUKM Ta
iHOMBIAyani3auii TakTVKW NikyBaHHS XBOPKX Ha EXiHOKO-
KO3, 0COOMNMBO SIKLLO BUSIBIIEHO MHOXWHHI YPaXEHHS, a
XipypriyHe BUAaneHHs BCiX rigaTuaHUX KICT He MOXITUBE.

Merta pobotu

lMpoaHaniayBaTyt KMiHIYHWI BUNAZ0K EXIHOKOKO3Y PiaKICHOT
nokanisauii — B M’IKWX TKaHUHaxX CTerHa, BPaxoByKuu
3aCTOCOBaHy iarHOCTUYHY TaKTUKY 1 iHOMBIYyanisoBaHui
niaxiz [0 NprU3HaYeHHs NPOTUMNapasnUTapHOro MikyBaHHS.

Marepianu i meToAU AOCAIAKEHHA

MNpoaHanizoBaHO MeAWYHy OOKYMEHTaLilo nauieHT-
ku C. Bikom 38 pokiB, sika nepebyBana Ha CTaLioHapHO-
My nikyBaHHi, Hagani — nig TpuBanuM ambynaTopHUM
CMOCTEPEXKEHHSIM 3 NMPUBOAY E€XiHOKOKO3Y (MPOTAroM
2022-2024 p.) B HaB4anbHO-HayKOBOMY MEOUYHOMY LIEH-
Tpi «YHiBepcuTeTChbKa KniHikay 3anopisbKoro AepXaBHOro
MeamnKo-hapMaLEeBTUMHOTO YHIBEPCUTETY.

HasBHICTb exXiHOKOKOBMX KiCT NiATBEPAKEHO Me-
Togamu Bisyanisauii (ynbTpasByKoBe LOCMIAXKEHHS,
KoMIT'toTepHa Tomorpadist) i NO3UTUBHUM pe3yrTaToM Bu-
asneHHst IgG po Echinococcus granulosus. O6cTexeHHs
navieHTku 3aiicHunum BignosigHo Ao Hakasy MiHicTepcTtaa
0xopoHu 3a0poB’a Ykpainu Big 03.07.2006 p. Ne 434
«[Mpo 3aTBEpAXEHHS NPOTOKONIB HAaAAHHA MegWNYHOT
Jonomoru 3a cneuianeHicTio «Mapasutonorisy. Mg yac
NpV3HaYeHHs NPOTVUMapasMTapHOI Teparii Ta OLiHIOBaHHS
1T epeKTMBHOCTI BpaxoByBanu CTaH akTUBHOCTI €XiHOKO-
KOBWX KiCT 3a CTaHAapTM30BaHO knacudgikauieto BOOS,
2003 poky [9] (mab6n. 1).

Kowmicist 3 nnTaHb 6ioeTnkn 3anopiabkoro AepkaBHOroO
MenuKko-thapMaLieBTUHHOTO YHIBEPCUTETY CXBanuma npo-
ToKON AocnigpxeHHs (npotokon Big 15.05.2025 poky Ne 6).
3rigHO 3 BUCHOBKOM, CTaTTS BiNoBiAae BCiM BUMOram Mo-
panbHO-eTUYHIX HOPM, BianosiaHo Ao npaeun ICH/ GCP,
lenbciHcbkoi Aeknapadii npas noguHn (1964 poky 3
nonpaekamu), KonseHuii Pagy €Bponu 3 npas NoavHm i
Giomeamuwmuy (1997 poky) Ta fOAATKOBKX NPOTOKONIB A0
Hel, KoHBeHLii Npo 3axuCT npas Ta 4OCTOIHCTBA N0ANHN
y 3B’AA3KY i3 3aCTOCYBaHHsAM JOCArHEHb Gionorii Ta Meau-
LIMHW, iHLLX HOPMATUBHMX AOKYMEHTIB, @ TAKOX YMHHOIO
3aKoHo4aBCTBa YKpaiHu.

KaiHiuHMI BUNapokK

Mauientka C. Bikom 38 pokiB 3BepHynacs 4o Haedyarnb-
HO-HaYKOBOrO MeAMYHOrO LEHTPY «YHiBEpCUTETChbKA
KniHika» 3anopi3bkoro AepaBHOTO Meauko-thapMaLie-
BTUYHOrO yHiBepcutety 10.11.2022 p. 3i ckapramu Ha
HasiBHICTb NMyXNMHOMNOAIGHOMO YTBOPEHHS B M'SIKUX TKa-
HUHaX Ha NepefHil NOBEpXHi NPaBoro CTerHa, BigyyTTs
6onto Ta cBepbiHHA B MiCLLi 10ro niokanisadii. 3a gaHnmm
aHamHe3y XBopoOW, Le nyxnuHononibHe YTBOPEHHS
NpaBoOro CTerHa 3'sBMocs i MocTynoBo 36inbLuyBanocs
3a PO3MIpPOM NPOTArOM OCTaHHIX 6 MicALiB.

Mig Yac 06’eKTMBHOMO 0BCTEXEHHS HA NepeaHil no-
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BEPXHi NPaBOro CTerHa BUSIBMEHO HE3HAYHY MPUNYXMICTb
6e3 3MiHM Konbopy LUKIpW Hag Heto. ManbnaTtopHo Ha
nepeaHii NOBEPXHi MPaBOro CTerHa B CEepefHin Tpe-
TVUHI B M'IKMX TKaHUHaX BUSIBNIEHO OKPYrTe YTBOPEHHS
LLiNbHO-enacTU4HOI KOHCKCTEHLI, Ge3bornicHe Ta NoMIpHO
pyxome.

YnetpassykoBe AocnimkeHHs (Y3[) M'akux TkaHUH
npaBoro cTerHa 3giicHunu 14.11.2022 poky. 3a peaynb-
Tatamv Y3[], y nigLKipHO-KMPOBII KNITKOBUHI BEPXHLOT
TPETWHW NepeaHbLOI MOBEPXHi NPaBOro CTErHa Ha rMubWHi
8 MM Bif, NOBEPXHI LLIKIpY BUSIBIIEHO YTBOPEHHS pO3MipamMm
8,9 x 4,7 MM 3 viTkumMu (Grivikye [0 PiBHWX) KOHTYpamu,
3HUKEHOT EXOTEHHOCTI, HEOHOPIAHE (PiAVHHE 3 BKIHOYeEH-
HSMK, OBanbHOI hopmu), aBackynspHe. Haekorno Bu13Ha-
YEHO NOCKIIEHHS EXOTEHHOCTI TKAHMHW. Y peaynbtarti Y3[
3p0o6reHO BYCHOBOK NPO MMOBIPHO MapasuTapHy KicTy (?)
npaBoro cTerHa (puc. 1).

Y 3aranbHOMy Ta GioxiMiYHOMY aHanizax Kposi Bif-
XUINeHb He BUSIBMEHO, 30KpeMa 3BEPHYNK yBary Ha Te,
o eo3unHodinis He BusiBneHa. MMoka3HUKM 3aranbHoro
aHanisy kposi: eputpountn — 4,4 x 10'?/n, remorno6iH
— 142 r/n, neiikountn — 6,3 x 10%n, eo3nHodinm —
2 %, nanuukosigepHi — 5 %, cermeHTosiaepHi — 62 %,
nimcountn — 27 %, moHouut — 4 %, TpoMBOLMTY —
193 x 10%n, WBKMAKICTb 3CiAaHHa epuTpoLUTiB — 6 MM/
roa. BioxiMiuHi nokasHWKK KpoBI: 3aranbHuin GinipybiH
— 14,0 mmonb/n, aKTVBHICTb anaHiHamiHoTpaHchepa-
an — 10 Op/n, acnapTartamiHoTpaHcdepasm — 11 O/,
rammarnyTtaminTpaHcnentugasv — 12 Og/n, nyxHoi dpoc-
¢hatasn — 51 Op/n, TuMonosa npoba — 0,5 og,., KpeaTuHiH
KpoBi — 78 MKMOnb/f, npoTpombiHoBuiA iHgeke — 101 %,
MiXHapogHe HopmanisoBaHe cniBigHowweHHs — 0,99,
ibpuHoreH — 4,8 r/n. 3aranbHuin aHani3 cevi — 6e3
NaToMNori4YHNX 3MiH.

Bepyuu po ysaru, wo 3a ganumun Y3[ npunyctu-
N NapasuTapHU reHe3 BUSIBIIEHOI KiCTW, NaLieHTKy
obcTexunu Woao renbMiHTo3iB. 3a pesynsratamMu o-
cnipxeHHs Big 15.11.2022 poky, B kani SiLs renbMiHTIB
He BUSIBNEHO. 3a JaH!MM CEepororiyHOro JOCHIMKEHHS!
kpoBi Big 19.11.2022 poky Ha aHTWTINa A0 TKAHWHHWX
renbMiHTIB, BCTAHOBINEHO HasIBHICTb NO3WUTUBHMX IgG
fo Echinococcus granulosus — 2,32 oa. (pedepeHTHe
HeratvBHe 3HauyeHHs — 0,0-0,9 op,).

Ockinbku nigTBEpIXEHO EXIHOKOKOBY ETIONOril0 BU-
SBNEHOI KIiCTW (i3 BKpal HETMMOBOIO NoKaniauieto), nig
yac HacTyrnHoro OOOCTEXEHHS NaLiEHTKV 3aCTOCOBaHO
KOMMMEKCHUI Migxig 40 XBOPUX HA EXIHOKOKO3, Lo per-
nameHToBaHWi Hakasom MiHicTepcTBa OXOPOHY 300POB'S
Ykpainu Big 03.07.2006 p. Ne 434 «[1po 3aTBepaXeHHs
NPOTOKOMIB HAZL@HHS MeaUYHOT JONOMOrY 3a cneLliarnbHic-
Tto «[MapasuTonoriay. Tak, 3rigHo 3 1. 1.13, Lei koMnnekc
BKITH0YaE 36ip enigemionoriyHoro aHamHesy, 3aranbHui
aHania KpoBi 3 HOPMYNoK, 3aranbHUA aHani3 ceui,
peHTreHorpadito opraHiB rpyaHoi knitku, Y3 neviHku,
CepOonorivHi peakuii KpoBi.

EnigemionoriyHuin aHamHes: y nauieHTkn He Oyno
AomaluHix TBapuH. Mig yac Y3[ neviHku Ta umMdpoBoro
PEHTIEHOIONYHOTO AOCIMKEHHS OPraHiB rpyaHOT KNiTKM,
wo 3gincHeHi 20.11.2022 poky, NaTonoriYHMX 3MiH He
BUSIBMEHO.

BpaxoBytoun nigTBEpAXEHWIA 3a CEPONoriYHuMmM aa-
HUMW eXiHOKOKOBUI reHe3 KiCTU M'SIKUX TKaHWH npaBoro
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Tabauusa 1. CtangapTuoBaHa knacudikauis rigatngHux kict (BOO3, 2003) [9]

CE1 YHinokynep, aHexoreHHa Kicta 3i 3HakoM NoABINHOT NiHiT AkTMBHa

CE2 BaratocenToBaHa «po3eTkonoaibHay» Kicta TUMy «COTOBUIA PUCYHOK» AkTUBHa

CE 3a KicTa 3 BigLiapoBaHo 060NOHKO (3HaK BOASHOI Minii) MepexigHa

CE 3b [lodipHi KicTV B COMiAHOMY MaTpUKCi MepexigHa

CE4 'eporeHHa kicTta, AOYIpHIX NyXxupLiB HeMae HeaktveHa

CEL5 TBepaa MaTpuus 3 kanbLndikoBaHOK CTIHKOK HeaktveHa
1 2

Puc. 1. YnstpacoHorpadiuHa kapTuHa kicTu cTerHa xsopoi C. Bikom 38 pokis.

Puc. 2. Kicta nigoi nereni y xsopoi C. Bikom 38 pokis — 3a pesynsratamu KT.

CTErHa, LLO € BKpaWi piaKiCHOK NnokanisaLlieto, a Takox Te,
LU0 3a AaHumK Y3[ Ta peHTreHonoriYHoro AOoCimKEHHS
He BUSIBMEHO NapasuTapHi KiCTU B NediHui Ta nereHsix,
29.11.2022 poky 30iiCHEHO KOMIM OTEPHO-TOMOTpadivHNIA
CKPVIHIHT OpraHiB rpyaHOI KIiTKK, YePEBHOT MOPOXHWHY Ta
manoro Tasa. Y pesynerati B S6 nisoi nereni BUSBNeHo
KicTy posmipamut 4,8 x 8,0 Mm. Lito ManeHbKoro po3mipy
KICTY B nereHsix ideHTuUikyBanm sik akTUBHY eXiHOKOKOBY
kicty nereHi CE 1 (puc. 2).

Y 6aratonpodinbHOMY XipypriYyHOMY BifAineHHi
HaB4anbHO-HayKOBOr0 MeAMYHOro LEeHTPY «YHiBep-
cuTeTcbka KniHika» 3anopi3bkoro gepxaBHOro Me-
AMKo-(hapMaLeBTUYHOMO YHIBEPCUTETY B NauieHTKu
BUAANEHO eXiHOKOKOBY KiCTY M’'SIKMX TKaHWUH NpaBoro
cTerHa (puc. 3).

Y pesynbrati NaToricTonoriYyHMX AOCHIAXeHb Y BU-
AaneHin OinsHui TKaHWH i3 KICTOK BUSIBMEHO KICTO3HE,
novactu GaraTtokamepHe yTBOPEHHS, O iAeHTUdiko-
BaHe sk exiHOKOKOBI rigatuaHi kictu. Kictu cknaganucs
3 BHYTPILHLOrO, CEPEAHbOro Ta 30BHILIHLOMO LIapy.
BHyTpilLHI 3apogkoBuiA Wap cknagascs 3 BUBIAHWX
Kancyn i pparMeHTiB NPOTOCKOMNEKCIB (roMiBOK JOPOCHNX
napasuTiB), YaCTWHa SKMUX HekpoTU3oBaHa. CepenHin Lwap
yTBOptOBara rpaHynsuiiHa TkaHuHa 3 ibpo3om. Y CTiHLj
KICTW Ta B HaBKOMWLLHINA XWPOBI TKaHWHI BU3HAYEHO
rpaHynbOMaTo3He 3anarneHHs 3 riraHTcbkumy Barartos-
JAEPHUMU KINITUHaMK 32 TUMOM YYXXOPIAHWX Tif. Y YacTuHi
CTiHKV BU3HAYEHO 0CEePEenKOBUIN HEKPO3 i3 BUPa3KyBaHHAM
Yy MPOCBIT KICTW.

MaTomopdonoriyHniA diarHo3: natomopdonorivyHa
6ynoBa HOBOYTBOPEHHS BiANOBILAE €XiHOKOKOBIN KiCTi

Matonoria. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.

(puc. 4). Bepy4n fo yBaru natoMoponorivyHNiA BACHOBOK,
KicTy ineHTudikoBaHo sk aktueHy CE 2.

MicnsionepauinHuin nepiog nepebirae 6e3 ycknaa-
HeHb. [Ins 3anobiraHHa peunavMBaM 3aXBOPHOBAHHS
NPU3HAYeHO KYpC aHTUNapas3uTapHOro MiKyBaHHS arb-
6eHpasonom. BpaxoByloun gyxe maneHbki po3mipu
€XiHOKOKOBOI KIiCTW B NIEreHsix, yxBasneHo pilleHHs Woao
[OLNBHOCTI KOHCEPBATWBHOIO NiKyBaHHS anbbeHpaso-
nom y po6osin nosi 800 mr (no 400 Mr ABivi Ha AeHb)
TpUBAnNICTIO B M'ATb 28-AeHHUX KypCiB Nif KOHTponem
AVHaMIKV ceponoriYHuX AaHux i pesynbtatis KT opraHis
PYAHOI KMiTKN.

Yepes 6 micAuiB aHTMNapasuTapHOro nikyBaHHs
anbbeHaa3onom NpusHaYeHo KOHTPOMbHWIA KT-CKPUHIHT
OpraHiB rpyAHoi Ta YepeBHOI NOPOXHUH. 3rigHo 3 pe3ynb-
Tatamu, B nereHsix Kicta He Bidyanidysanacs, Ha ii MicLi
BM3HAYEHO KarnbLUymHaT giametpom 5 M. 3a gaHumn Y3[,
Y YEPEBHIN NOPOXHWUHI Ta B M'SAKMUX TKaHUHaX NpaBoro
CTerHa Kictn He BusiBNeHi. Yepes 6 MicsuiB nikyBaHHS
anbbeHaa3onoMm, 3a pesyrnsratamm CeporioriYHoro KOHTp-
onto, piBeHb aHTuTIN IgG go Echinococcus granulosus
craHosuB 0,71 of. (pedepeHTHe HeraTMBHE 3HAYEHHS
—0,0-0,9 oz.). OTxe, 3ahikcoBaHO CEPOHEraTUBHICTb.

Iig Yac KOHTPOMBHOTO PEHTIEHOMOMYHOTO 0BCTEXEH-
Hs1 OpraHiB rpPyAHOI KIiTKM Yepes 1 pik Micns 3aBepLUEHHS
NiKyBaHHS 03HaK peLavBY eXiHOKOKO3Y He BUSIBIIEHO.

Omxe, y HaBedeHOMY KriHIYHOMY NpuWKnagi 3axBopto-
BaHHS B navieHTku C. Bikom 38 pokiB BUSIBNEHO BKpalt pia-
KiCHUI BapiaHT nokanisaii kictn Echinococcus granulosus
Y NiLLKIPHIN KNITKOBUHI CTErHa. JnLLe KOMNMEeKCHUN nigxig
[0 AjiarHOCTMKM EXIHOKOKO3Y, LLIO Nepeatayas ceponoriyHe
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Puc. 3. ExiHokokoBa KicTa NpaBoro cTerHa, BuganeHa B navjieHTkv C. Bikom 38 pokis.

Puc. 4. MikpocTpyKTypa exiHOKOKOBOT KicTi, BuaaneHoi y nauieHtku C. Bikom 38 pokiB. 3abapBneHHs reMaTokcumiHOM i €031HOM, 36inbLueHHs x200.

254

Ta natoMopgonoriyHe JOCNIIKEHHS, Pi3Hi MeToaw Bidya-
ni3avi (3okpema KT-CcKpuHiHr) 1aB amory ineHTudikyBatu
KOMGiHOBaHe exiHOKOKOBE ypaxeHHsi. Konv BuaaneHHs
LyXXe ManeHbKoI KiCTV NiBoi NnereHi He Byno Moxnmemum,
XipypriyHe BuOaneHHs exiHOKOKOBOI KICTU M'SIKMX TKaHWH
npaBsoro cTerHa notpebysano iHavBigyanisawii npotvna-
pasuTapHoro nikyBaHHs, Lo nepeabdayano 6enepepeHe
TpuBane 3actocyBaHHs ansberaasony. Llj saxoam crpusnm
OAYKaHHIO MaLieHTKW Yepe3 6 MicauiB, WO NiaTBEpIKe-
HO CepoHeraTvBaLi€lo (3a pesynbratamMmu JOCTILKEHHS
cneundiYHnX aHTUTIN) i KanbLmHaLis KicTh nereHb (3a
AaHumu KT).

06roBopeHHA

ExiHokoko3, cnpuunHeHunii Echinococcus granulosus,
— 300@HTPOMOHO3HE MapasuTapHe 3axBOpHOBaHHS. Bu-
KMUKaIThb EXiIHOKOKO3 NIMYMHKOBI CTafii LibOro refnbMmiHTa.
JltoguHa € TYNMKOBMM rocrofapeM, 3apaxaeTbCsi per 0S
npu NOTPannsiHHI XUTTE34aTHUX sieub Echinococcus
granulosus i3 3apaxeHoto ixeto, Bogow abo nig vac
KOHTaKTY 3 iHcpikoBaHMMY cobakamu [10]. Y TOHKIN ki
3 slelb BUBINbHAKTLCA OHKOCEPU 3 LUICTbMA ravykamu,
SKi Hagani NPOHUKaKTb Yepes3 CTIHKY KULLKW Ta KPOB'lo
TPaHCMOPTYHOTLCA 0 Pi3HWNX OPraHiB i TKaHWH.

EXiHOKOKOBI KiCTW HaiyacTilwe fnokanisylTtbecs Ta
PO3BMBAIOTLCA B MEYiHUi Ta nereHsix [7]. PanHsa cTagis
XBOpobu 3a3Buyaii 6e3CMMNTOMHA, OCKINbKWA PO3BUTOK
NEeBHOI KNIHIYHOI CUMNTOMATVKW 3aneXuTb Bi PO3MIPIB
KicTu Ta i nokanisadii.

3a BipomocTsIMM HayKOBOI NiTepaTypu, OCTaHHIM Ya-
COM 30inbLLUYETHCS KiNbKICTb BUNaZKiB i3 KOMGIHOBaHUMM
Ta pigKiCHUMK nokanisauisMm exiHOKOKOBUX KiCT. Tak, €
MOBIZOMMEHHS NPO iHTPaToOpaKanbHWiA No3anereHeBun
€XiHOKOKO3 i3 nokanisauieto napasuTapHuX KicT y rpyaHiv
CTiHUIi, Nepukapai, nnespanbHin NOPOXHWHI Ta Adiadpar-
Mi [11]; npo koMbiHOBaHe ypaxeHHs1 neviHki Ta cepus
3 iHTpamiokapZianbHOK nokanisauiero exiHOKOKOBOT
Kicth [12]; npo nokanisaujto exiHOKOKOBUX KIiCT B 060X
MIBKYNSIX rONIOBHOMO MO3KY B KOMBiHaLLii 3 napasutapHumm
KicTamMu B M’'i3aX BEPXHbOI KiHLjiBKK [13].
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Y Hawomy KniHiYHOMY CMOCTEPEXEHHI OMMCaHO
BKpaW pigkicHWiA BapiaHT nokanisauii kictv Echinococcus
granulosus y NiALLKIPHIA KNITKOBWHI CTETHa B NOEAHAHHI
3 BWHWKHEHHSIM KiCTW B fereHi, SKy BAanocs ineHTndi-
KyBaTV nuLLe 3a gornomMoroto KT opraHiB rpyaHoi KniTku.
KicTO3HWI1 eXiHOKOKO3 CTerHa OnmcaHumn nuLe B 0O4HOMY
nosigomneHHi [14], i, 3a gaHuMK aBTopiIB, Le byna eauHa
nokanisavisi exiHOKOKyY, KiCTM iHLLOT nokanisauii BUKMH-
YeHO Y pesyrbTaTi 3aCTOCyBaHHS METOZIB BisyanisaLii.

lNokasaHo, Lo HanCKNaaHiLLMMy hopMamm exiHOKo-
KO3y B [iarHOCTUYHOMY, TaKTU4HOMY, NiKyBasibHOMY Ta
MPOrHOCTUYHOMY acrnekTax € caMme KOMOIHOBaHI ypaeHHs
NeYiHKK, NereHb Ta iHLLUKX OpraHiB, Hacamnepes PiaKicHNX
nokanisauin [3]. Y kniHiYHOMY BUNaaKy, SKuii onucanu,
NULLE 3aBASKM KOMMMEKCHOMY NigXo4y 4O AiarHOCTUKK
€eXiHOKOKO3Y i3 3aCTOCYBaHHsIM CEPOSIONiYHOro, NaToMop-
dponoriyHoro AoCnigKeHb i pisHNX METOAIB Bidyaniavii 3
KT-CKPUHIHFOM CTano MOXIMBUM iAeHTUCIKYBaTU KOM-
GiHOBaHe ypaxeHHsI.

HWHi nikyBaHHSA XBOPKX Ha eXIHOKOKO3, L0 Crpuyu-
HeHnn Echinococcus granulosus, 3anuwaeTtbcs npo-
6nemHuM, He3Baxxaroumn Ha pekomeHaaii BOOS, 3rigHo
3 SKUMW NiKyBaHHs anbbeHpasonom y fo3i 10-15 mr/kr
Ha noby cnig po3nounHaty 3a 4-30 AHiB [0 XipypriYHoro
BUAANEHHS KICTU Ta NMPOAOBXYBATU Tepanito NpoTSrom
1-6 micsauis [2,15].

OcHOBHOW NpobGnemMoto 3anuiuaeTbca Heedek-
TWBHICTb NiKyBaHHS exiHOKOKO3y. HasepeHi y ¢haxosin
niTepaTtypi pekomeHAaLji LWoJo HACTYMHOrO MiKyBaHHS
Ta Be[iEHHS LiX XBOPYX 3a/ULLAKTLCA CynepeqninBumum,
OCKinbky [o3a anbbeHaasony Ta TpUBanicTb NikyBaHHS
3anMwalTbCs HeBU3HadeHnmu [8,15].

[loBegeHo, Lo TpuBasne nicnsionepaviHe cnocre-
peXeHHst HeobXiaHe Ans AKomMora paHHBOTO BUSIBNEHHS
HOBOYTBOPEHWX KIiCT i MPU3Ha4YEeHHS BiANOBIAHOrO niKy-
BaHHs1. 3rigHo 3 BucHoBkamu C. S. Kosmidis et al. [8],
H. Wen et al. [1], cnocTepexeHHs Mae nepenbadatut
BUSIBINIEHHS1 CEPONONYHNMM TECTaMU NepeuCTeHLii cne-
umMgpiyHMX aHTuTin go Echinococcus granulosus yepes
3, 6, 12 micqauiB nicns onepaTtuMBHOrO BTpy4YaHHs. 3a
HeoOXigHOCTi CNOCTEPEKEHHSI MPOLOBXYHOTh HaBITb 10 3
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POKiB — 40 OOCSArHEHHs CepoHeraTugaLlii. Y AoCnimKeHHi
C. S. Kosmidis et al. [8] noka3aHo: 4acToTa 3aCTOCYBaHHs
MeTOAIB Bidyanisauii Ans nicnsionepawinHoro cnocrepe-
XXEHHS 3anexvTb Bif PO3MIpIB i NoKanisaLlii KicTvi; aBTopu
PEKOMEHYIOTb 3AINCHIOBATY Taki 0BCTeXeHHs Yepes 6 Ta
12 micAiLiB, SIKLLO BU3HAYEHO BUCOKUI PU3VK peLuamBy —
LLIOPOKY NMPOTSArOM 5 PokiB.

OcobnuBi TpyaHoLLi nig Yac NikyBaHHS XBOPWX Ha
€XiHOKOKO3 BMHWKaOTb, KON HEMOXIIMBO 3AJCHUTY Xi-
pypriyHe BTpyYaHHs Ans BUOArNeHHs eXiHOKOKOBOI KiCTH,
LU0 CNIPUYMHEHO MHOXUHHICTIO ypaXeHb abo CTaHoM na-
uiexTa [16,17]. Came B Takux BUnagkax noctae nuUTaHHs
oo iHAMBIAYyani3oBaHOro Nigxody A0 KOMMMEKCHOro
NiKyBaHHS.

Tak, C. Buscemi et al. [16] onybGnikyBanu kniHiyHe
CNoCTEPEXEHHS NaLjieHTa BikoM 64 poku 3 gucemMiHoBa-
HUM abaoMiHaNbHUM KiICTO3HUM €XiHOKOKO30M (neviHka,
cenesiHka, ouepeByHa). lMaLieHToBI NPM3HaYeHOo KOHCep-
BaTWBHE NikyBaHHs anbbeHaasonom y fosi 400 mr aBivi
Ha OeHb NpoTaroM 15 LMKNIB (KOXEH LMKN CKrnaaascs
3 TpbOX 28-AeHHuX KypciB NikyBaHHSA 3 14-0eHHUMU
iHTepeanamu) npotarom 10 pokie (3aranbHa TpuBa-
nictb — 1260 gHis). Mig yac ouiHIOBAHHS €()EeKTUBHOCTI
NiKyBaHHS LLIISIXOM 3aCTOCYBaHHS METOAIB Bidyanisauii
3aJ0KyMEHTOBaAHO PErpecito KiCT, ane He BCiX KiCT ne-
pUTOHeanbHOI nokanisadii, TOMy CNOCTepexXeHHs 3a
nawuieHToM NpoaoBXeHo [16].

B iHwomy pocnigxenHi [17] Takox nokasaHo, Lo
iHAMBIAYyanisoBaHy hapmakoTepanito BUKOPUCTOBYHOTb
B 0COBNMBMX BUNaAKax exiHOKOKO3y, Komu XipypriyHe
BTPYYaHHS B MOBHOMY 06CA3i BUKOHATU HEMOXITUBO
(nauieHTV NoXvnoro BiKy, HASIBHICTb TSHKKIX KOMOPOGIAHNX
CTaHiB, BiAMOBA Bif XipypriYHOMO MikyBaHHs, Heonepa-
6enbHi BUNagKm).

Y HaloMy KniHiYHOMY CMOCTEPEXEHHI NaLlieHTL Bi-
kom 38 pokiB Micns XipypriYHOro BUAANEHHs EXiHOKOKOBOI
KICTW M’SIKUX TKaHWH NPaBoro CTerHa, Komnm BUZamneHHs
LyXe ManeHbKoi KiCTU NiBoi nereHi He 6yno MoXnmeuMm,
NpW3Ha4YeHo NepCoHichikoBaHe NpoTunapasuTapHe niky-
BaHHs anbbeHaasonom y fo6osiit fosi 800 Mr TpuBanicTio
B M'ATb 28-AeHHNX KypciB. Taka cxema nikyBaHHs crpusna
OfyXXaHHI0 NaLiEHTKY Yepes 6 MicaLiB, LLO NiATBEPMKEHO
CepoHeraT1BaLlicto Ta KanbLMHALLE KiCTU NereHb.

3a ysaranbHeHWMKM pesynbratamu, BHACHMiQOK KOH-
CepBaTMBHOIO MNikyBaHHs anbbeHaa30MmoM exiHOKOKOBUX
kict CE 1, CE 3a posmipom <5 cm npotsirom 3-6 micsauis
opyxanu 28,5-58,0 % naujenTis [18]. 3ayBaxumo, wo
30inbLLEHHS TPUBANOCTi NiKyBaHHS He CPWUYMHANO Nig-
BULLIEHHS1 PE3YNbTaTUBHOCTI KOHCEPBATVBHOTO MiKyBaHHS.

BucHOBKU

1. Y HaBeZeHOMY KniHiYHOMY mpuKnagi onncaHo
BKpai pigkicH1I BapiaHT nokanisauii kictn Echinococcus
granulosus y MigLIKIPHINA KITKOBKHI CTErHa.

2. KomnnekcHui nigxig 4o AiarHOCTMKY, WO nepea-
6a4aB 3aCTOCYBaHHS CepOmnoriYHOro, NatoMopdonoriy-
HOrO AOCMIMKEHHS Ta Pi3HUX METOAIB BisyanisaLii (Ak-0T
KT-ckpuHiHr), naB 3mory ineHTudikyBat kombiHoBaHe
€XIHOKOKOBE YPaXKeHHS.

3. |HamBIgYyanisavis NpoTUNapasuTapHOro fMikyBaHHS,
KONW BMAANeHHs OyXe ManeHbKoi KiCTv NiBOi nereHi He
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6Yyno MOXnMBMM, CripysiNia ofy»aHHI0 naLlieHTKn Yepes
6 MmicsuiB, LLIO NiATBEPAYKEHO CEPOHEraTMBALEH) Ta Karb-
LMHALEO KICTW NereHi.
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Echocardiographic findings in complete interatrial electrical dissociation

in a patient after radiofrequency ablation
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Atrial fibrillation (AF) is one of the most common arrhythmias which increase the risk of thromboembolism and stroke. Catheter
radiofrequency ablation (RFA) is an effective rhythm control method in patients with AF; however, in rare cases, interatrial
electrical dissociation may develop.

Aim. To describe a clinical case of complete interatrial electrical dissociation in a patient after radiofrequency ablation for AF,
diagnosed during echocardiographic examination.

Materials and methods. A single clinical case of a patient examined and treated at the “Uniclinic” (Zaporizhzhia, Ukraine) is
presented. Clinical examination, ECG, and extended echocardiography with speckle-tracking analysis of atrial and ventricular
function were performed.

Results. In a 63-year-old patient, one and a half years after RFA, echocardiographic signs of complete interatrial electrical
dissociation were detected: Doppler assessment of the mitral inflow revealed the absence of the late diastolic A-wave, and
left atrial strain analysis showed the absence of the contractile phase, whereas at the tricuspid valve Doppler imaging demon-
strated preserved E and A peaks. Right atrial strain analysis showed preserved reservoir, conduit, and contractile phases.
These findings were interpreted as evidence of complete interatrial electrical dissociation.

Conclusions. Complete interatrial electrical dissociation is a rare complication after RFA. Extended echocardiography with
speckle-tracking analysis enables diagnosis of this condition. The presence of this complication requires continuation of
anticoagulant therapy even in the absence of AF recurrence on ECG.

ExokapaiorpadiuHi 3HaxiAku npu noBHiW MiXXnepeAcepAHii eneKTPUUHIN Aucouiauii
B NaLi€HTa nicAA paaioyacToTHOI abaaALi

B. B. CuBonan, A. O. boryH

®ibpunsauia nepeacepab (Pr) — ogHa 3 HANMOLWMPEHILLMX apUTMINA, L0 NiABULLYE pU3nK TpoMmboembonii Ta iHcynbTy. Kate-
TepHa pagioyactoTHa abnauis (PHYA) € ecbekTBHUM METOZOM KOHTPOIIO pUTMY B naLlieHTis i3 1, ane B pigkicHux Bunagkax
MOXIMBWI PO3BUTOK MXNEPEACEPOHOI eneKkTPUYHOT AucouiaLii.

Merta poboT1 - onucaTu KIiHiYHWUIA BUNaZoK MOBHOT MiXnepeacepaHoi eNnekTpnYHol aucoLliali B nawieHTa nicnst pagiovacToTHol
abnauii 3 npueogy @1, Wo AiarHocToBaHa nig Yac exokapaiorpadivyHOro 0bCTEXEHHS.

Marepianu i metoan. OnucaHo KniHiYHWIA BUNapoK navieHTa, sikuii nepebyBaB Ha 06CTexeHHi Ta NikyBaHHi y kniHiui «Uniclinicy
(m. 3anopixokst). 3piicHnnm kniHiuHe 06CTeXeHHs, exokapaiorpadito, po3LumpeHy exokapaiorpadito 3i speckle-tracking aHa-
Ni30M nepeacepaHoi Ta LUMYHOUKOBOT (PYHKLIN.

Pesyabraru. Y 63-piyHoro naujieHta vyepes nisropa poku nicns PYA BusiBneHo exokapaiorpacdiyHi 03Hakv MOBHOI Mixnepeace-
pOHOI enekTpUYHOI Aucouiauii: 3a AaHuMu gonneporpadii MiTpanbHOro NPUTOKY, HE BU3HAYEHO Mi3HBOAIACTONIYHOT XBUNi A,
a aHani3 gedpopmalii niBoro nepeacepas Nokasas BiACYTHICTb KOHTPAKTUMBHOI (hasun, Xo4a Ha TPUCTYNKOBOMY Kranai, 3a
AaHuvu gonneporpadii, Bu3HayeHo 3bepexeHHs nikis E Ta A, 3a pesynsratamu aHanisy gedopmalii npaBoro nepeacepas,
36epiranuca Tpu gisionorivHi ¢asm (pe3ypByapHa, KOHAYITHa Ta KOHTPaKTUIbHA), L0 BUSHAYMIIN SIK MPOSIB MOBHOI €NMEKTPUYHOI
MiXnepeacepaHoi avcouiavi.

BucHoBku. [MoBHa MixnepeacepaHa enekTpuyHa gucouiauis — pigkicHe ycknagHeHHs nicns PYA. BukoHaHHs po3LwmnpeHoi
exokappiorpadii 3i speckle-tracking aHani3om gae 3mMory fjiarHoCTyBaTy Lien CTaH. AKLO BUSBNIEHO YCKNaAHEHHS!, AOLNbHO
NPOLOBXMTW aHTUKOArynsaHTHY Tepanito HaBiTb 6e3 peunamy Or1, 3a gaHuvn EKT.

© The Author(s) 2025. This is an open access article under the Creative Commons CC BY 4.0 license

Matonoris. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p. ISSN 2306-8027

Keywords:

atrial fibrillation,
radiofrequency
ablation, interatrial
electrical
dissociation,
echocardiography,
speckle-tracking.

Pathologia.
2025;22(3):257-262

Katouosi croBa:
dibpuAaLina
nepeacepAb,
paaioyacrtotHa
abasLis,
MixnepeacepaHa
eNeKTpUYHa
Avcouiauis,
exokapaiorpadis,
speckle-tracking.

Naronoris. 2025.
T. 22, Ne 3(65).
C. 257-262

https://pat.zsmu.edu.ua 257


https://pat.zsmu.edu.ua/
https://orcid.org/0000-0001-9865-4325
https://orcid.org/0009-0001-6998-1551
https://doi.org/10.14739/2310-1237.2025.3.340030
https://creativecommons.org/licenses/by/4.0/

Case report

Atrial fibrillation (AF) remains one of the most prevalent
arrhythmias. It increases the risk of thromboembolic
events and stroke, the latter of which is responsible for
more than 7 million deaths annually worldwide [1]. In this
context, recent years have seen more in-depth studies of
atrial structure and function, acknowledging their critical
role in global cardiac performance and their association
with various cardiovascular conditions, particularly AF.

Catheter ablation for pulmonary vein isolation is a
therapeutic approach for rhythm control in AF. The primary
clinical advantages of ablation are the reduction of arrhyth-
mia-related symptoms and the enhancement of quality of
life. It is generally recommended as second-line therapy
for patients with symptomatic paroxysmal or persistent
AF, where pharmacological treatment has failed or is
poorly tolerated [2].

The effectiveness of ablation procedures has steadily
improved over recent years, with postoperative compli-
cation rates remaining low, typically below 3% according
to various studies [3,4]. Interatrial dissociation is an
extremely rare complication, most commonly described
in isolated clinical case reports rather than in broader
complication statistics. This underscores the necessity
of raising awareness within the medical community to
refine procedural techniques, ensure early detection, and
optimize management strategies, including anticoagulant
therapy. Limited English-language publications discuss
such complications, and no cases have been described
in local medical literature.

In this article, we present our clinical observation
of complete interatrial dissociation diagnosed using ad-
vanced echocardiography and speckle-tracking analysis
of both atrial and ventricular function.

Aim
To report a case of complete interatrial dissociation
diagnosed using echocardiography — an extremely rare

complication following catheter ablation for the treatment
of atrial fibrillation.

Materials and methods

We present a single clinical case of complete interatrial
dissociation in a patient who was evaluated and treated
at the “Uniclinic” (Zaporizhzhia). The clinical evaluation
included history-taking, electrocardiography (ECG), and
echocardiographic assessment. Echocardiography was
performed using a Siemens Acuson Redwood system
(Germany) with M-mode, B-mode, Doppler imaging, tis-
sue Dopplerimaging, and speckle-tracking analysis in VVI
mode, in accordance with the current clinical guidelines.

Results

A 63-year-old male with no significant comorbidities pre-
sented to the clinic for a routine transthoracic echocardio-
graphic evaluation and reported no active complaints. His
medical history was remarkable for a long-standing history
of atrial fibrillation spanning approximately two decades.
The patient had been under cardiologist supervision
and underwent multiple pharmacological cardioversion
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procedures using propafenone, sotalol, and amiodarone
at different times.

Due to the ineffectiveness of medical treatment,
he underwent radiofrequency ablation (RFA) in March
2024, which involved bi-directional isthmus block in both
the right and left atria. One month after the procedure,
arrhythmia recurred, and electrical cardioversion was
performed, restoring normal sinus rhythm. Following this,
the arrhythmia remained stable until June 2025 when
tachycardia recurred, with a heart rate ranging between
96-150 beats per minute as recorded by 24-hour Holter
monitoring. Despite sequential use of antiarrhythmic med-
ications, including amiodarone, verapamil, and sotalol,
tachycardia persisted.

In July 2025, the patient complained of worsening
symptoms during 3 days including palpitations and
a sensation of irregular heartbeats, prompting him to
seek medical help at Uniclinic. An ECG recorded atrial
flutter with conduction rates of 1:1 and 2:1. The patient
underwent electrical cardioversion (one shock, 150 J)
while under sedation in the intensive care unit. Sinus
rhythm was restored with a heart rate of 60-66 bpm. The
patient’s condition improved, and he was discharged on
the following medications: sotalol 80 mg, empagliflozin
10 mg, apixaban 5 mg, and ramipril 2.5 mg.

In September 2025, the patient returned for scheduled
echocardiography, with no active complaints and no epi-
sodes of arrhythmia since discharge. The average heart
rate was 60-70 bpm. The echocardiographic findings
showed normal left ventricular geometry, with a slight
dilation of the cavity (end-diastolic volume by Simpson’s
method = 146 mL, indexed end-diastolic volume = 68 mL/
m?). There were no regional wall motion abnormalities,
and longitudinal systolic function was preserved, with no
regional impairment as demonstrated by speckle-tracking
analysis (EndoGLS =-23.8 %). Mild diastolic dysfunction
was present, with no elevation in left ventricular end-di-
astolic pressure (E/e’ = 6.9).

Echocardiographic signs of moderate aortic ather-
osclerosis were noted, without dilation of the ascending
aorta, and mild degenerative aortic regurgitation. Mild
mitral regurgitation was present, alongside slight left atrial
dilation (LA volume index 35 mL/m2), and moderate tricus-
pid regurgitation. Mild right ventricular dilation was noted
(basal RV diameter 4.5 cm), with preserved contractility
as evidenced by TAPSE 19 mm and peak S’ velocity at
14 cm/s (TDI). EndoGLS of the RV was -28 %. Mild re-
gurgitation was observed at the pulmonary artery valve,
with descending limb of the systolic flow curve. No signs
of decompensated right heart failure were present, with
the inferior vena cava remaining non-dilated and exhibiting
adequate inspiratory collapse >50 %. These changes
suggested a high likelihood of pulmonary hypertension,
Grade | (mild), and the remodeling was considered a
manifestation of atrial cardiomyopathy secondary to the
patient’s long-standing arrhythmia history.

Special attention was given to the Doppler flow
patterns at the atrioventricular valves. At the level of the
mitral valve, a prominent E-wave peak was observed,
while the A-wave peak was absent. Instead, short peaks
corresponding to the f-wave on the ECG were recorded
(Fig. 1). A characteristic diastolic “fluttering” of the valve
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Fig. 1. Doppler flow imaging of the mitral valve. The E-wave peak is observed, and the A-wave peak is absent, with short peaks instead, corresponding to the f-wave on the ECG.
Fig. 2. M-mode imaging, parasternal position, long axis of the left ventricle, beam through the mitral valve leaflets. Diastolic “fluttering” of the mitral valve leaflets is observed.
Fig. 3. TDI imaging mode, sample volume at the lateral mitral valve annulus. S’ and e’ peaks are recorded, while the a’ peak is absent.

Fig. 4. Speckle-tracking analysis of left atrial deformation. The reservoir phase is observed, with the absence of the contractile phase of left atrial contraction, corresponding to the

lack of active late diastolic contraction of the left atrium.

leaflets, typical of atrial fibrillation, was observed (Fig. 2).
When analyzing the tissue Doppler curve of the lateral
mitral annulus, both S’ and e’ peaks were clearly recorded,
while the a’ peak was absent (Fig. 3). Upon analyzing the
left atrial strain, a single peak of early diastolic deforma-
tion was recorded, corresponding to the reservoir strain
value. This was followed by a conductive phase without
contraction. The reservoir strain value was found to be
reduced, measuring 7.7 % (Fig. 4).

At the tricuspid valve, Doppler interrogation demon-
strated distinct E-wave (early diastolic filling) and A-wave
(late diastolic filling corresponding to atrial systole) com-
ponents (Fig. 5). On tissue Doppler imaging of the lateral
tricuspid annulus, the S’, €, and a’ waves were clearly
identified (Fig. 6). Analysis of right atrial strain curves re-
vealed all three physiological phases — reservoir, conduit,
and contractile — with a preserved reservoir strain value
of 25 % (Fig. 7).

On the simultaneous ECG recording, both a P wave
preceding each QRS complex and f waves were observed
concurrently (Fig. 8).

Matonoria. Tom 22, Ne 3(65), BepeceHb - rpyaeHb 2025 p.

These findings were interpreted as evidence of
complete interatrial electrical dissociation, wherein the
right atrium was controlled by rhythm of the sinus node,
while the left atrium exhibited independent fibrillatory
electrical activity.

Discussion

The phenomenon of interatrial block has been exten-
sively described in the literature, primarily diagnosed by
electrocardiography and recognized as a predictor of
atrial tachyarrhythmias, including AF. Within the medical
community, this condition is commonly referred to as
Bayés syndrome [5,6].

However, complete interatrial dissociation is often
excluded from standard classifications of interatrial block
and is defined as a condition in which the right and left
atria exhibit independent electrical rhythms. This phenom-
enon is exceedingly rare and has been described only in
isolated clinical case reports, first documented by Deitz
and colleagues in 1957 [7].
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Fig. 5. Doppler flow imaging of the tricuspid valve. Both the E-wave and A-wave peaks are observed.
Fig. 6. TDI imaging mode, sample volume at the lateral tricuspid valve annulus. S’, €, and a’ peaks are recorded.
Fig. 7. Speckle-tracking analysis of right atrial deformation. The reservoir, conduit, and contractile phases of right atrial contraction are sequentially observed.

Fig. 8. The simultaneous ECG recording during echocardiography, both a P wave (yellow arrow) preceding each QRS complex and f waves (white arrow) were observed concurrently.

According to M. S. Kushakovsky'’s classification, this
condition corresponds to third-degree interatrial block —a
state of complete electrical dissociation between the atria.
Historically, complete interatrial dissociation was observed
in critically ill or terminal patients with congestive heart
failure or digitalis toxicity [7,8]. In recent years, however,
the number of reports describing its occurrence following
RFA has increased, coinciding with the broader adoption
of RFA as an effective treatment for supraventricular
arrhythmias. According to the latest European Society of
Cardiology (ESC) guidelines, RFA has a Class | level of
recommendation for symptomatic patients with paroxys-
mal AF and a Class Ilb recommendation for those with
persistent AF [1].

In a large international cohort study conducted in
2024, the incidence of major complications following RFA
for AF was analyzed. Among 33,879 procedures, the
overall rate of severe complications (n =271) was low, with
the following events reported: cardiac tamponade (6.8 %),
stroke (0.97 %o), cardiac arrest (0.41 %o), atrioesophageal
fistula (0.21 %o), and death (0.21 %) [4].
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The present case represents an exceptionally rare
complication, previously reported only in isolated indi-
vidual cases.

To understand the mechanism of interatrial dissocia-
tion, it is essential to review the anatomy of the interatrial
conduction pathways. Under normal conditions, electrical
communication between the atria occurs through several
routes, with the Bachmann’s bundle playing a predom-
inant role according to published data. Bachmann’s
bundle constitutes a branch of the anterior interatrial tract,
connecting the sinoatrial and atrioventricular nodes. It
originates from the sinus node, courses anteriorly, and
gives off a secondary branch near the superior vena cava,
forming the Bachmann’s bundle, which extends subepi-
cardially across the interatrial groove. It is separated from
the right atrial wall by adipose tissue, forming the limbus
of the fossa ovalis. The bundle lacks a fibrous sheath
and consists of atrial myocardial fibers. Its right and left
extensions run along both atrial appendages and merge
with the atrial musculature. The main trunk of Bachmann’s
bundle is relatively broad, measuring approximately
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4 mm in width and 9 mm in height [9]. Two additional
physiological interatrial conduction pathways have been
described: one passing through the interatrial septum
near the fossa ovalis, and another located adjacent to
the proximal portion of the coronary sinus [10]. Itis highly
probable that thermal injury to Bachmann’s bundle and
adjacent interatrial conduction fibers during the ablation
procedure resulted in the complete electrical dissociation
observed in this case.

Gautam S. et al. described a case of transient
interatrial dissociation in a 58-year-old man following
catheter ablation [11]. After the first RFA, the patient
maintained sinus rhythm for two weeks, but atrial tach-
ycardia recurred, prompting a second ablation. Sinus
rhythm was again restored, but after three weeks the
arrhythmia recurred, necessitating a third RFA session.
During this final procedure, bidirectional interatrial block
was demonstrated electrophysiologically, with complete
left atrial isolation and dissociated electrical activity within
the left atrium. Subsequent echocardiography during sinus
rhythm demonstrated absence of a discernible A-wave
on the transmitral Doppler flow curve — findings identical
to those observed in our case. Interatrial conduction
gradually recovered within two months, as evidenced by
the reappearance of the A-wave on follow-up Doppler
assessment [11].

Shashank J. et al. reported interatrial block document-
ed during electrophysiological study and subsequent RFA
in a patient with prior ablations and surgical atrial septal
defect repair [12]. After left atrial flutter ablation, sinus
rhythm persisted within the left atrium without evidence
of left atrial standstill, suggesting a functional rather than
fixed anatomical block. Similarly, B. Kovacs and J. J. Liang
described cases in which simultaneous sinus rhythm
in the right atrium and left atrial flutter were recorded
during ablation [13], while L. Franchin et al. reported that
radiofrequency stimulation applied to the left atrial ridge
successfully terminated the arrhythmia and restored
interatrial conduction [14].

Another case of complete interatrial dissociation was
reported in a 60-year-old man with pulmonary hyperten-
sion secondary to idiopathic pulmonary fibrosis, where
the left atrium exhibited sinus rhythm and the right atrium
fibrillated, as demonstrated by ECG and echocardiograph-
ic assessment [15].

Itis noteworthy that surgical isolation of the left atrium
was among the first procedural strategies proposed for
chronic AF management [16]. In these early operations,
the left atrium remained in fibrillation while sinus rhythm
was preserved in the remaining cardiac chambers. How-
ever, this approach was abandoned due to the persistent
thromboembolic risk originating from the fibrillating left
atrium.

In the present study, strain analysis of both atria
using speckle-tracking echocardiography significantly
enhanced the diagnostic value of standard echocardio-
graphic evaluation. The atria function as reservoirs dur-
ing left ventricular systole, conduits during early diastolic
left ventricular filling, and active contractile chambers
during late diastole. Under normal sinus rhythm, three
strain phases are recognized: reservoir phase, peaking
at the end of left ventricular systole (corresponding to
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aortic valve closure); conduit phase, reflecting passive
blood transfer from atria to ventricles during early dias-
tole; contractile phase, corresponding to active atrial
contraction in late diastole. Current recommendations
emphasize the clinical importance of left atrial reservoir
strain as an early indicator of functional impairment and
fibrosis [17]. In our case, differentiated strain analysis
of the left and right atria provided valuable diagnostic
insight, enabling the identification of complete interatrial
electrical dissociation.

Conclusions

Complete interatrial dissociation following radiof-
requency catheter ablation for atrial fibrillation can be
reliably identified by echocardiographic assessment
utilizing atrial strain analysis (speckle-tracking imaging),
which enhances the diagnostic accuracy and functional
evaluation of atrial performance. The presence of this
complication necessitates continuation of anticoagulant
therapy, given the increased risk of thrombus formation
within the left atrium due to the absence of the contractile
phase associated with atrial fibrillation.
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