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IHpeKLiNHMK eHAOKAPAUT Y BiHCbKOBOCAY)XO0BLB
i3 60M0BOIO TPABMOIO: NOPIBHAAbHMU aHAAI3 KAIHIUYHKX,
MiKpOo6ioAOriuHMX i XipypriuHMX XapaKTepuCTUK

K. 0. Babuu©BCPE O, A. KpukyHoBDAF

OpwuriHaAbHI AOCAIAXKEHHS

AY «HauioHaAbHWI HayKOBWI LEHTP CEPLIEBO-CYAMHHOI Xipyprii Ta cnaakoBoi natoaorii imeHi M. M. Amocoa HAMH Ykpaitu», M. KuiB

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTatTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

Merta po60oT1 — NOPIBHATYK KIiHiYHi, MikpobionorivHi, exokapaiorpadidHi Ta XipypriuHi XapakTepuCTVKW iHEKLIAHOMO eHaokap-
auty (IE) y BificbkoBoCny0O0BLB i3 60/ 0BO0 TpaBMoto Ta 6e3 Hei.

Marepianu i meToau. [poBeneHO peTPOCNEKTUBHE OOHOLIEHTPOBE AocnimkeHHs 80 BiicbkoBocnyx0oBLiB 3 |E, rocnitanisosa-
HUx go 1Y «HaujioHanbHWUi HayKOBMI LIEHTP CepLEBO-CYANHHOI Xipyprii Ta cnaakosoi natonorii imeri M. M. Amocosa HAMH
Ykpainuy y nepiog 3 2022 go 2026 poky. MauieHTiB noginunu Ha rpyni 3 601MoBoto TpaBMoto (n = 38) Ta 6e3 60110BOT TpaBMM
(n=42). MopiBHsnK kniHi4Hi, NnabopaTtopHi, MikpobionoriyHi, exokapaiorpadivHi Ta XipypridHi nokasHukW. [ns kateropiansHux
3MiHHMX 3aCTOCOBAHO TOMHWIA kpuTepin Pilepa, pospaxoBaHo BiaHowweHHs WwaHciB (OR) Ta 95 % posipui inTepsanm (Cl).

Pe3syabrati. Ho3okomianbHuii reHes |E ByB 3HayHO YacTilmMM y nauieHTis i3 Boiiosoto TpaBmoto — 25 (65,8 %) npotn 1 (2,4 %)
Bunagky 6es Gorosoi TpaBmm (p < 0,001). O3Haku XpoHiYHOT paHoBOI iHdbeKLUii Ha Yac rocnitanisavii Bussneni y 16 (42,1 %)
nauieHTiB i3 60M0BO TPaBMOLO Ta He 3apeecTpoBaHi y rpyni 6e3 Hel (p < 0,001). EKCTpeHe onepaTuBHE BTPYYaHHS BUKOHAHO
y 16 (42,1 %) Ta 5 (11,9 %) nauieHTiB BignoeigHo 3a rpynamm (OR 5,38; 95 % CI 1,73-16,73; p = 0,004). loctpy cepuesy
HepocTaTHICTb giarHocToBaHo y 7 (18,4 %) Ta 2 (4,8 %) navjeHTiB BignosigHo 3a rpynamu gocnimkeHHs (OR 4,52; 95 % Cl
0,88-23,28; p = 0,078). MoanTueHi pe3ynstatv GakTepionoriyHux 4ocnimKeHb oTpumaHo y 47,4 % Ta 28,6 % nauieHTis Bigno-
BigHO. [ocniTanbHa netaneHicTb ctaHosuna 5,3 % Ta 2,4 % signosigHo 3a rpynamm (OR 2,28; 95 % C1 0,20-26,18; p = 0,602).

BucHoBku. Y BilicbkoBocnyx6oBLiB 3 |E 6oioBa TpaBMa acouitoeTbCA Hacamneper i3 HO30KOMiarlbHUM KOHTEKCTOM
3aXBOPIOBAHHS, HASIBHICTIO 03HAK XPOHIYHOI paHoBOI iHekwii Ta BinbLuoto NoTpedolo B eKCTPEHOMY KapioXipypriyHoMy
BTPYYaHHi. Peaynsraty focnimKeHHs 0brpyHTOBYOTb HEOOXIAHICT paHHBOI AiarHOCTUKM |E, aKTUBHOTO MOLLIYKY HO30KOMiaribHOro
Ta PaHOBOrO Xepena iHdeKLii, @ Takox CBOEYaCHOTO 3ayyeHHs KapaioXipypriYHOi KOMaHaM.

Infective endocarditis in military personnel after combat trauma:
a comparative analysis of clinical, microbiological, and surgical characteristics

K. Yu. Babych, O. A. Krykunov

Aim of the study - to compare the clinical, microbiological, echocardiographic, and surgical characteristics of infective endo-
carditis (IE) in military personnel with and without combat trauma.

Materials and methods. A retrospective single-center study included 80 military personnel with IE admitted to the State In-
stitution “National Scientific Center of Cardiovascular Surgery and Hereditary Pathology named after M. M. Amosov of the
National Academy of Medical Sciences of Ukraine” in 2022-2026. Patients were divided into groups with combat trauma
(n=38) and without combat trauma (n = 42). Clinical, laboratory, microbiological, echocardiographic, and surgical parameters
were compared. Fisher’s exact test was used for categorical variables, and odds ratios (ORs) with 95 % confidence intervals
(Cls) were calculated.

Results. Nosocomial IE was significantly more common among patients with combat trauma: 25 (65.8 %) versus 1 (2.4 %)
patient without combat trauma (p < 0.001). Open wounds were present at admission in 16 (42.1 %) patients with combat
trauma and were not recorded in patients without combat trauma (p < 0.001). Emergency surgery was performed in 16
(42.1 %) versus 5 (11.9 %) patients, respectively (OR 5.38; 95 % CI, 1.73-16.73; p = 0.004). Acute heart failure occurred
in 7 (18.4 %) and 2 (4.8 %) patients, respectively (OR 4.52; 95 % CI, 0.88-23.28; p = 0.078). Positive blood cultures were
obtained in 47.4 % and 28.6 % of patients, respectively. In-hospital mortality was 5.3 % versus 2.4 %, respectively (OR 2.28;
95 % Cl, 0.20-26.18; p = 0.602).

Conclusions. In military personnel with |E, combat trauma was primarily associated with a nosocomial context of disease, the
presence of an infectious wound source, and a greater need for emergency cardiac surgery. These findings support the need
for early diagnosis of |E, active identification of nosocomial and wound-related sources of infection, and timely involvement
of the cardiac surgery team.
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IHdexuinHnin engokapanT (IE) sanuwaetscsa ogHuMm i3
HanbiNbLL CKNaAHWX i MOTEHUIMHO NeTanbHuUX iHQEK-
LiiHMX 3axBOpOBaHb y CyyacHin kapgionorii Ta kap-
Aioxipyprii. HeaBaxawun Ha yooCKOHaneHHs MeTogiB
JiarHoCTuKK, aHTMbakTepianbHOi Tepanii, iHTeHCUBHOI
Tepanii Ta KapaioxipypriyHux TexHonorin, |IE xapakre-
pU3yeTbCA BUCOKMMU MOKA3HMKaMM 3aXBOPKOBAHOCTI
Ta cmepTHocTi. 3a gaHumun Global Burden of Disease
Study, y 2019 poui y cBiTi 6yno 3apeecTpoBaHo Maiike
1,09 mnH HoBux Bunagakis IE Ta 66,3 Tuc. cmepten. MNpu
LIbOMY CTaQHZAPTU30BaHUN MOKA3HUK 3aXBOPHBAHOCTI
nigeuwmeesa 3 9,91 go 13,80 Ha 100 000 HaceneHHs
npotarom 1990-2019 pokis [1]. daHi BENMKOro mixkHa-
poaHoro peectpy EURO-ENDO Takox nigTBepmKytoTh,
Lo |E 3anumiuaeTbes 3aXxBOPOBAHHAM i3 HECTIPUSTIINBIAM
nporHo3om: cepen 3116 navieHTiB rocnitansHa netanb-
HicTb cTaHoBuna 17,1 % [2].

KniHiuHa 3Hauywictb |E BM3HavaeTbca He nuie
6e3nocepenHimM iHEKLiINHUM ypaXeHHAM KnanaH-
HOro amaparty, ane i BMCOKOK 4YacTOTOK CUCTEMHMX
ycknagHeHb. [leCTpyKLUis KnanaHHWX CTPYKTYp MOXe
NPU3BOAMTM 4O PO3BUTKY CEPLEBOi HEOOCTATHOCTI, a
NOLUMPEHHS IHGeKLIiT 3a MeXi knanaHa CynpoBOMKYETLCA
¢hopmyBaHHAM NepuBanbBynspHUX abcueciB Ta iHWKX
nokanbHWX ycknaaHeHb. OgHUM i3 HanbinbL Hebe3ney-
HUX NPOSIBIB 3aXBOPIOBaHHS € cenTuyHa embonisauis,
sKka MOXe ypaxaTu LeHTpanbHy HEepBOBY CUCTEMY,
cenesiHKy, HUPKK Ta iHLWi oprann. 3a cyyacHUMK JaHu-
Mu, emboniyHi noaii BuHrKatoTb npudnusHo y 20-50 %
nauieHTis 3 IE, i pu3nk € HaMBULWMM Yy nepLUi AHi nicns
BCTaHOBIMEHHS AiarHo3y Ta no4aTky aHTubakTepianbHoi
Tepanii [3]. 3rigHo 3 gaHnmm EURO-ENDO, emboniyHi
ycknagHeHHst 6ynu 3apeectpoBaHi y 20,6 % nauieHTiB
Ta acouitoBanucs, 30KpemMa, 3 HasBHICTIO BereTauii i
cTacpinokokoBoto etionorieto IE [2].

Baxnueoto ocobnmeicTto cydacHoro IE € 3miHa CTpyk-
Typu hakTopiB pu3unKy Ta MikpobionoriyHoro crekTpa
3axBoptoBaHHA. opagd i3 TpaguuitHuMmn daktopamm
pu3uKy Bce BinbLUoro 3HaueHHst HabyBatoTb nonepenHs
rocnitaniaauisi, iHBasvBHI MeanyHi npoLeaypy, BHYTPILL-
HbOCYAWHHI JOCTYMW Ta iHWi MeanyHi MaHinynsuii, wo
MOXYTb NiABULLYBATU PU3NK iH(iKyBaHHS. 3a pesyrbTa-
Tamn EURO-ENDO, cradinokokn 6ynu HanyacTiluoo
rpynoto 306yaHukiB i ctaHoBunu 44,1 % eTionoriyHo
BepUdIKoBaHNX BUNAAKIB, a EHTEPOKOKM Ta oparnbHi
ctpenTokoku — 15,8 % Ta 12,3 % BignogigHo [2]. Okpewmi
[OCHiMKeHHs rocnitanbHo-acouinosaHoro IE ganum amory
BM3HauMTV BaXknmBy ponb Staphylococcus aureus, oco-
Gr1BO MpU HO30KOMiarbHOMY 3aXBOPKOBaHHI, @ TaKoX
3B’A30K MonepeaHboi rocnitaniaavii Ta iHBasMBHUX Npo-
Lenyp i3 hopMyBaHHsM Takoro BapiaHTa |E [4,5]. OTxe,
XapakTep nonepeaHL0i Meau4Hoi AOMOMOrv Ta yMOBHU, 3a
AKUX BUHMKaE BakTepiEMist, MOXYTb iCTOTHO BNNMBATK Ha
eTionorito Ta KniHiYHUi nepebir 3aXBOPIOBaHHS.

Oxpemy kniHiYHy npobnemy ctaHoBUTb IE y Bilicbko-
Bocnyx60BLiB. BilicbkoBa nonynsuisa Mae cneundiyHui
CNEKTP iHPEKLINHNX EKCNO3WLIA, MOB’A3aHMIA 3 yMOBaMU
cnyx6u, nepeMileHHaM MiX perioHamn Ta KpaiHamu,
0COBNMBOCTAMM CaHiTAPHO-TIMEHIYHIMX YMOB i MOTEHLi-
HUM KOHTaKTOM i3 HETUMOBUMM iHDEKLIIIHMM areHTamu.
Y cneuiansHomy ornsgi IE y BiricbkoBocnyx60BLiB, Skuii
3aiicHunm A. Gough et al., HaronoLueHo Ha HeobXiaHOCTi
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BPaXyBaHHS! LUMPLLOrO CMEKTpa NOTEHLAHUX 30yAHMKIB
Ta ocobnuBocTel kynbrypa-HeratusHoro |E. 3okpema,
BiliCbKOBa MOMynsLis MOXe MaTu cneumdidHi enigemio-
NOriYHi hakTopy pU3nKy Ans iHEKLIN, SKi pidLue BU3Ha-
YaroTb Y 3ararnbHin nonynauii [6]. CyyacHi gaHi, otpumati
3a pesynsratamu JOCTIMKEHHS 3a Y4acTHo BiiCbKOBUX
BETEepaHiB, TaKOX MiATBEPIKYIOTb BaXMMBY POMb MiKPO-
6ionoriyHoro npodinto y BU3HadeHHi GeanocepeHix Ta
BifAaneHnx pesynsraris nikysaHHs IE [7].

B ymoBax cy4yacHoro 36poiiHOro KOHGMIKTY us
npobnema HabyBae [OLATKOBOrO 3HaYeHHs. boioa
TpaBMa 4acTo NoB’A3aHa 3 BiOKpUTUMK Ta 3abpyaHeH-
MU paHamu, NOBTOPHUMU OMEePaTUBHUMU BTPYYaHHSMM,
TpvBanoto rocnitanisavieto, BUKOPUCTAHHAM iHBa3MBHUX
CYAVHHUX AOCTYNIB | NPOBEeAEHHIM aHTMOaKTepianbHOT
Tepanii. Taki hakTopy NOTEHLINHO MOXYTb CTBOPOBATU
[00aTKoBI [xepena bakTepiemii Ta CIPUYMHATY PO3BUTOK
iHCbeKLi, NOB’A3aHMX i3 HaZaHHAM MeANYHOI LOMOMOrK
[4,8,9,10]. BogHouac y navjeHTis i3 6oiiosoto TpaBmoto |E
MOX€e PO3BMBATUCS Ha (POHI BXE HASBHOTO CUCTEMHOTO
3ananbHoro MpPOLECy, aHeMIi, YpaKeHHs NereHb, nopy-
LWeHb (YHKLIT HUPOK, LeHTpanbHOi HepBOBOI CUCTEMU
abo iHLWMX opraHiB. [MoeaHaHHS aKTUBHOTO IHCDEKLIAHOTO
npoLecy 3 Hacnigkamm TSHKKOI TPaBMM NOTEHLINHO MOXe
¢opmyBaTV NMPUHLMMOBO iHWWIA NepegonepainHumn
npodink navieHTa Ta ycknagHioBaTy BUGip ontTuMarnsHoi
NiKyBarnbHOT TaKTUKN.

OcobnmBoro 3HaueHHs! Lie HabyBae Npu BU3HAYEHHi
nokasaHb i TepMiHiB KapZioXipypriYHOro nikyBaHHs1. 3rigHO
3 Cy4aCHUMY pekoMeHaaLisiMU, OCHOBHUMM NMOKa3aHHSMU
[0 xipypriyHoro BTpy4aHHs npu IE € cepuesa HepgocTat-
HICTb, HEKOHTPOMNLOBaHa iHeKLiist Ta NpodinakTyka cen-
TUYHMX emMBOoniYHMX ycknaaHeHb [3]. AKWO € BianoBiaHi
noKasaHHsl, onepawito BUKOHYOTb abo B €KCTPEHOMY
pEXUMI — NPOTSroM 24 roiuH, abo YpreHTHO — NPOTSroM
3-5 aHis, 3anexHo Big KniHiYHOI cuTyaii [3].

Tpeba 3a3HaumMTH, IO NALEHTV 3 aKTUBHOK iHGeK-
Lieto, noniopraHHNM ypaxeHHsM abo TSXKUM Cencucom
MatoTb BULLWMI nepionepaLinHii pusiik, i ToMy iHauBigy-
anbHa oLiHKa CMiBBiAHOLLIEHHS pU3VKY Ta 6e3neku € 0co-
6nmBo BaxnvBoto [3]. Y nauieHTiB i3 6OMOBOIO TPaBMOK
[00aTKOBI TpaBMaTUYHI Ta iIHPEKLiNHI hakTopy MOXYTb
CYTTEBO BMNMBATU Ha TaKe PiLLEHHS.

HesBaxaloum Ha Te, LU0 BXE HAKOMWYEHO 3HaYHWIA
obcsr faHux wopo |E y 3aranbHii nonynsuii Ta ony6ni-
KOBaHO npaLli, NPUCBAYEHi BINCbKOBOCYXOOBLIAM, NOpiB-
HANbHI AaHi wopo |E y BilicbkoByx i3 GOMOBOKO TPABMOK
Ta 6e3 Hei 3anuwaroTbes oomexeHumn. HepoctaTHbO
BVBYEHVIMU € BiAMIHHOCTI 3@ NPUYMHAMM BUHWKHEHHS |E,
MiKpOGIOMOriYHMM CMEKTPOM, XapakTEPOM KrhanaHHOro
YPaXeHHs!, 4acTOTO eMOONiYHNX Ta OpPraHHWX yCKnaa-
HEHb, TSDKKICTIO CEpLIEBOI HEIOCTATHOCTI, 0COBNMBOCTAMM
nepenonepawiiHoro ctaHy Ta 3a HeobXigHICTIO HeBia-
KnagHoro Xipypri4Horo nikyBaHHs. Came Le Bu3Havae
aKTyanbHICTb NOpPiBHANLHOMO aHanidy nepebiry IE B
nauieHTiB 3 601M0BOIO TPaBMOO Ta 6e3 Hel.

MeTta pobotu

lMopiBHATYM KNiHiYHI, MikpobionoriyHi, exokapaiorpadiyHi
Ta XipypriyHi XapakTepucTMKW iHPEKLINHOTO eHAOKapanuTy
y BiliCbKOBOCIY0O0BLIB i3 60/10BOI TpaBMOIO Ta 6e3 Hei.
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Martepianu i meToAU AOCAIAKEHHA

NpoBeneHo peTPOCNEKTUBHE OQHOLIEHTPOBE MOPIBHASb-
He pocnimkeHHs 80 BiCbKOBOCY»OO0BLIB i3 AiarHOCTO-
BaHUM iH(DEKLIHUM eHaoKapaMTOM, rocniTanisoBaHmx 4o
VY «HaujioHanbHWA HayKoBUI LIEHTP CEpLEeBO-CYANHHOI
Xipyprii Ta cnagkosoi natonorii imeHi M. M. Amocosa
HAMH Ykpainuny» y nepiog 3 2022 no 2026 poky.

lMauieHTiB moadinunv Ha ABi rpynu 3anexHo BiJ HasiB-
HOCTi 60MOBOI TpaBMU B aHaMHe3i. Tak, 10 rpynu 3 6oio-
BO TpaBMoto (n = 38) 3any4eHo BilicbKOBOCTYXOOBLB,
K Manm MiHHO-BMOYXOBI, BOrHenarbHi, 0ckonkosi abo
KOMGIHOBaHI TpaBMaTWYHi YLUKOKEHHS, OTPUMaHIi Mg
yac 6orowix ain. o rpynu 6e3 6orosoi TpaBmu (n = 42)
3as1yyeHo BiliCbKOBOCNYXO0BLIiB 63 aHamMmHe3y 6OMoBHX
TPaBMATUYHUX YLLKOMKEHb.

TsxXKICTb 600BOI TPABMU, AABHICTB ii OTPUMaHHS Ta
YacoBWI iHTepBan MixX OTPMMAaHHSIM TPaBMM | PO3BUTKOM
abo piarHOCTMKO iH(DEKLIAHOMO EHAOKAPANTY B MEXaX
LIbOro JOCHIIKEHHS He BU3Ha4anw i He aHanisysanu. [i-
arHo3 |E BcTaHoBMOBaNY BigNOBIAHO 40 MOANMIKOBAHMX
kputepiie Duke University.

AHanisysanv AemorpadiyHi XapakTepucTvku, TpyBa-
NICTb 3aXBOPIOBAHHSA Ta rocnitanisavii, TSXKICTb CTaHy,
HO30KOMianbHi dhakTopu, pesynsraTi MikpobionoriuHmnx
JocnigkeHb, exokapgiorpadidHi NOKasHUKK, KMiHIYHI
YCKMagHeHHS!, NMoKa3aHHS Ta TEPMIHOBICTb XipypriYHoro
NiKyBaHHS, nicnsonepauiviHi ycknagHeHHs i rocnitanbHy
netanbHicTb. OuiHIoBanK, 3okpema, (yHKLiOHaNbHWIA
knac NYHA, ctyniHb cepuesoi HegocTatHocTi 3a Killip,
onepauinHnin puaunk 3a EuroSCORE I, cbpakuito Bukuay
NiBOrO LUNYHOYKA, (OYHKLt0 HUPOK Ta emBoniyHi ycknag-
HEHHSA.

[nsa aHanidy kateropianbHUX 3MiHHUX BUKOPUCTaHO
TOYHUI KpuTepin Piwepa, a AN NOPIBHAHHA KiTbKICHWX
MOKa3HWKIB — BiAMNOBIAHWIA HenapameTpUYHUA METOL.
[na GiHapHWX NOKa3HWKIB PO3pPax0oBaHO BiAHOLIEHHS
waHcis (OR) i3 95 % posipunm iHTepeanom (95 % Cl).
AK CTAaTUCTUYHO SOCTOBIPHI BU3HAYEHO BiAMIHHOCTI Npu
p < 0,05. Po3paxyHk1 NpoBEAEHO Ha OCHOBI (hiHaMbHMUX
CTaTUCTUYHMX TabnuLb AOCTIMKEHHS.

PesyAbTati

3rigHo 3 pesynbTatamu LOCTIDKEHHS, TPYNU MaLlieHTiB
CTaTUCTUYHO 3HAYYLLO He BiAPI3HANMCS 3a BiKOM, TpyBari-
crio nepebiry |E, TpuBanicTio rocnitanisadii, nepebyBaHHs
y BigaineHi peanimauii Ta iHTeHcuBHoi Tepanii (BPIT)
Ta onepauiiHum puankom 3a EuroSCORE Il (mab6n. 1).

Cepen 80 nauieHTiB, 3any4yeHux 00 AOCHIMKEHHS,
rocnitansHa netanbHicts ctaHosuna 3 (3,8 %) sunag-
ku: 2 (5,3 %) — y rpyni 6oiiosoi Tpasmn Ta 1 (2,4 %) -y
rpyni 6e3 6oiioBoi TpaBMu. 3a OTPUMAHUMU JaHUMK, B
O[HOTO NavjieHTa 3 neTanbHUM Hacnigkom Oyrno BUSIBNEHO
rpamHeraTMBHY MIKpObropy, y ABOX iHLMX neTanbHui
HaCnigoK CynpoBO4KYBaBCS MOMIOPraHHO HeJOCTaTHI-
CTI0. XipypriuHe nikyBaHHS NPOBEAEHO OAHOMY 3 TPbOX
nauieHTiB, rocTpy cepLieBy HEQOCTaTHICTb AiarHOCTOBAHO
B 0f]HOrO nauieHTa. Mana KinbkicTb netanbHUX BUNaaKiB
(n = 3) € OKPEMMM OOMEXEHHAM LOCTIHKEHHS, OCKINbBKA
HE [ae 3MOrv MPOBECTU HAZINHWIA CTAaTUCTUYHWIA aHani3
He3anexHux NpeaukTopiB rocnitTanbHoOi neTansHoCTI
(mabn. 1).
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Tabauus 1. 3aranbHa xapakTepucTuka rpyn JOCTiLKEHHS!

Moka3HuK, oaMHULI BUMipIOBaHHA 13 6oitoBot0 Be3 6omoBsoi p-value
TpaBMmolo, n = 38 | TpaBMM, h = 42

Yonosiku, n (%) 38 (100,0) 40 (95,2) 0,497
XKinku, n (%) 0(0) 2(4,8) 0,497
Bik, poku 40,7+9,3 428176 0,357
Tpusanicts IE, AHi 78,4+51.2 73,1+54,0 0,467
TpwvBanicTb rocnitanisadii, oHi 12,5+8,0 11,2+51 0,816
TpusanicTb nepebyBanHs y BPIT, oHi 54+44 44+3,0 0,419
EuroSCORE II, 6anu 7,799 36146 0,059
locnitanbHa netaneHicTb, n (%) 2(5,3) 1(2,4) 0,602

KinbKicHi NOKa3HUK1 HAaBEAEHO Sik CepefHe 3HaYeHHs + CTaHAapTHe BiAXWUNEHHS; Ans

rocnitansHoi netansHocTi: OR = 2,28; 95 % Cl 0,20-26,18.

Tabauusa 2. MOXIMBI NPUYMHU BUHWKHEHHS iHGheKUiHOro eHaokapauty, n (%)

®akTop BUHUKHEHHS |IE 13 6oinoBoIO Be3 6oioBoi OR p-value
TpaBMolo, n = 38 TpaBMM n =42 5%CI)

BolioBa TpaBma Ta iHBa3BHi 25 (65,8)

BTPYYaHHs 3 NpuBoay ii NikyBaHHs!

MpnynHa He Bigoma 8(21,0) 25 (59,5)
MepeoxonomKkeHHs 1(2,6) 5(11,9)
BpoHxonereHesi 3axsoptoBaHHs 3 (7,9) 10 (23,8)
BHYTPiLUHbOBEHHE BBEAEHHS! 1(2,6) 2(4,8)

npenaparis

0,18
0,20
0,27
0,54

<0,001

<0,001
0,204
0,071
1,000

AHanisa MOXNMBKUX NPUYMH BUHUKHEHHS |E paB
3MOry BCTaHOBUTY 3HaYyLLi BIMIHHOCTi M rpynamu. Y
nauieHTiB i3 60M0BOI TPABMOIO K HAYACTILLY MPUYMHY
IE BM3HayeHO OOMOBY TpaBMy Ta iHBA3UBHi BTPYYaHHS
3 npuBoay ii nikyBaHHs — 65,8 % Bunagkis, a y rpyni
6e3 GovoBOi TpaBMK Liel dhakTop He 3adiikcoBaHUm
(p <0,001). HosokomianbHuiA I'eHes iHeKLiNHOTo eHao-
KapAWTy BCTAHOBIEHO 3a HAasBHOCTI B0IOBOI TpaBMK Ta
iHBA3MBHMX BTPYyYaHb, MOB’A3aHMX 3 ii nikyBaHHAM. Ya-
COBWI KpUTepiit Ta iHTepBan Mk GOMOBOK TPaBMOIO,
iHBA3MBHUMW BTPYYaHHSAMU i PO3BUTKOM iH(EKLNHOTO
€HOOoKapAWTY He BpaxoByBanu Ta OKPEMO He aHanisy-
Banu.

Y nauiexTiB 6e3 601MOBOI TpaBMK YacTiwmmmn Gynu
BMNaaKK, konv npudnHy |E He BcTanoeneHo (59,5 % npotu
21,0 % signosigHo; p < 0,001). Mpynu gocnimKeHHs He
Manu CTaTUCTUYHO 3HAYYLLIMX BigMIHHOCTEN 3@ iHLLMMK
MOTEeHUiH1MK chakTopammn (mabs. 2).

BpogxeHy Bagy cepus BusiBneHo B 11 (28,9 %)
nauieHTiB i3 6orosoto Tpasmor Ta y 10 (23,8 %) ocib
6e3 601M0BOI TPaBMW; CTATUCTUHHO 3HAYYLLOT PI3HULI MiX
rpynamu He BUSIBMEHO.

O3Hakw BigKpuTOi paHOBOI iHtbeKLUii niA vac rocnitani-
3auji BusBneHo y 16 (42,1 %) 3 38 nauieHTis i3 60i10BOIO
TpaBMmoto; y rpyni 6e3 6oMoBoi TpaBMK Lien hakTop He
Bu3HaueHo (p < 0,001). OTxe, Marixe NONOBMHA NALLEHTIB
i3 GOVOBOI TPABMOK Haaxoauna [0 CTalioHapy BXe 3
BIZKPUTUM PaHOBMM AeeKTOM; Lie CTBOPOBaro NoTeH-
LiHe nepudepnyHe mxepeno iHdekuii Ta dhopmysano
crneuudiYHNI KNiHIYHWA KOHTEKCT po3BuTKY |E.

3a pesynbratamy 6akTEPIONONYHOr0 AOCHIMKEHHS,
36yOHMK iH(DEKLINHOMO EeHAOKAPANTY iAeHTUdIKOBAHO
y 23 (60,5 %) nauieHTi i3 6oroBOIO TpaBmoto Ta 'y 17
(40,5 %) BiricbkoBOCTYX60BLiB 6€3 60MOBOI TPaBMMK.
Pict mikpoopraHiamie He BusieneHo y 15 (39,5 %) Ta
25 (59,5 %) Bunagkax BignosigHo (OR = 2,25; 95 % Cl
0,94-5,42; p = 0,117).
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[pamHeraTuBHi
) ) 2,6% I 48%
MikpoopraHiamu
Enterococcus spp. 15,8 % - 71%

Streptococcus spp. 2,6 % I 0,0%

0%

Staphylococcus spp.

POCTy He BUABMNEHO

60 % 40 % 20 %

M 3 Gorosoto TpaBmoto, n = 38

28,6 %

59,5 %

20 % 40 % 60 % 80 %

Be3 6oitoBoi TpaBmu, n = 42

Puc. 1. Pesynbtatu ineHTudikauii 36yaHvka |E. [lani HaBeaeHo sik YacTky Bif 3aranbHoi KinbkocTi nauieHTis y rpyni, n (%).

Tabauusa 3. MopiBHANbHUI aHani3 rpyn 3a knanaHHUMK ypaxeHHsamm (n = 80)

Be3 GoiioBoi p-value
TpaBMM, n = 42

13 6oitoBotO
TpaBMmolo, n = 38

KnanaHHe ypaxeHHs

n % n %
AopTanbHuil knanaH 10 26,3 15 35,7 0,36
— Tsxka perypriTauis 9 23,7 13 31,0 0,47
— MacwBHi Beretauii 8 21,0 8 19,0 0,83
— Abcuec 5 13,2 4 9,5 0,61
MiTpanbHuit knanaH 13 34,2 5 11,9 0,017
— Tsbxka perypritauis 11 28,9 5 11,9 0,057
— MacwusHi BereTauii 8 21,0 5 11,9 0,27
— Abcuec 6 15,8 2 48 0,10
TpukycnipanbHWiA knanaH 12 31,6 14 33,3 0,87
— Tsxka perypritauis 9 23,7 13 31,0 0,47
— MacwBHi Beretauii 10 23,6 13 31,0 0,65
BaratoknanaHHi (3 Hux abcuecn) 3 (3) 7,9 (7,9) 8(5) 19,0(11,9) 0,15(0,55)

Y CTpyKTYpi ineHTudikoBaHMx 30yaHUKIB NepeBaxanu
rPamMno3NTVBHI MIKpOOPraHiaMu. lpamnosnTuBHI 36YAHMKN
BUsIBNEHO y 22 (57,9 %) nauieHTiB i3 60/ 0BOI0 TPaBMOKO
Ta'y 15 (35,7 %) rocnitanizoBaHux 6e3 6010BOI TPaBMM
(OR =2,48; 95 % CI 0,96-6,40; p = 0,072). 'pamHera-
TWBHI MikpoopraHi3amm BusHaveHo B 1 (2,6 %) 1a 2 (4,8 %)
naujeHTis BignosigHo 3a rpynamu (OR = 0,54; 95 % ClI
0,05-6,15; p=1,000). OTxe, xo4a y naLieHTis i3 60110BOIO
TPaBMOHO 3achikCOBAHO TEHAEHLIIK A0 BinbLIOT YacToTh
ifeHTudikauii rpamMnosnTUBHUX 30yOHMKIB, 30KpeMa
Staphylococcus spp. Ta Enterococcus spp., CTaTUCTUYHO
3HaYyLLMX BiAMIHHOCTEN MiX rpynamm 3a OKpeMumm Karte-
ropisimu 30yHUKIB He BCTAHOBIEHO (puc. 1).

3a paHmmMu exokapaiorpad)iyHOro AOCMIMmKEHHS, rpy-
MU AOCTIMKEHHS CTaTUCTUYHO 3HAYYLLIO He Bipi3HAnucs
32 YaCTOTOK YPaXKEHHS! aopTarnbHOro Ta TpUKycnigans-
HOTO KranaHiB, a Takox GaraToKnanaHHOro ypaxeHHs.
YpaxeHHs MiTpanbHOro KranaHa YacTille giarHocTysanm
y nauieHTiB i3 6oiiosoto TpaBmoto — 34,2 % npotn 11,9 %
(OR =3,85;95% Cl 1,22-12,15; p = 0,017). IHWWi nposiBn
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KNanaHHOTO YpaXeHHs1 TakoX HEe XapakTepuayBanucs
CTaTUCTMYHO 3HAYYLLMMW BiAMIHHOCTSMM (mabi. 3).

3a gaHumMu exokapaiorpadiyHoro 4OCNIAXKEHHS,
cucTonivyHa yHKUiS NMiBOro LUNYHOYKa CYTTEBO He
BiZpi3HANacs y rpynax AocnimkeHHs. ®pakuis Bukuay
niBoro LunyHouka craHosuna 57,8 + 8,5 % y nauieHTiB
i3 Bornosoto TpaBmoto Ta 58,1 + 8,4 % y naujeHTiB 6e3
601oBoI TpaBMU; MefjiaHa cTaHoBuna 58,85 % (Q1-Q3:
55,20-61,85) Ta 58,27 % (Q1-Q3: 52,92-64,07) Bigno-
BigHO 3a rpynamu (p = 0,958). CepueBuii iHOEKC Takox
HE MaB CTaTUCTWYHO 3HAYYLLMX BiOMIHHOCTEN Yy rpynax
nauiexTie: 4,31 + 1,66 n/xs/m?, megiaHa 4,30 (Q1-Q3:
3,13-5,12) y rpyni 6omnoBoi Tpasmm npotn 4,61 + 1,85
n/xs/m?, mepiaHa 4,54 (Q1-Q3: 3,28-5,81) y rpyni 6e3
6oioBoi TpaBmu (p = 0,497). CucToniyHMin TUCK y nere-
HeBi apTepii ctaHosmB 40,1 + 11,6 MM pT. CT., MediaHa
40,0 (Q1-Q3: 30,0-45,0) mm pT. CT. y mauieHTiB i3 6oiio-
Bolo TpaBmoto Ta 45,0 + 15,0 mm pt. cT., mepiaHa 40,0
(Q1-Q3: 32,0-50,0) mm pr. CT. y navjeHTiB 6e3 Goliosoi
TpaBMU; CTAaTUCTUYHO 3HAYYLLOT PI3HULLi TAKOX HE BUSB-
neHo (p =0,162).

Em6oniuHi ycknagHeHHs nepebiry iHdekuinHoro
eHpokapaunTy 3adikcoBaHo y 22 (57,9 %) nauieHTiB i3
6oroBoto Tpaemoto Ta y 21 (50,0 %) nauieHTa 6e3 Gorosoi
TpaBmu. Takum YmHoM, y 16 (42,1 %) Ta 21 (50,0 %) nawy-
€HTIB BiANOBIAHO 3a rpynamm eM6oniYHi yCKnagHeHHs He
3acpikcoraHo (OR =1,38; 95 % Cl1 0,57-3,33; p = 0,509).

EmboniyHi ycknagHeHHs y Benuke Koro kpoBoobiry ai-
arHoctoBaHo Y 9 (23,7 %) nauieHTiB i3 60M0BOLO TPaBMO
Tay 8 (19,0 %) rocnitanizoBaHnx 6e3 60#0oBOI TpaBMU
(OR =1,32; 95 % Cl 0,45-3,86; p = 0,785). YpaxeHHs
maroro kona kpoBoobiry BussneHo y 12 (31,6 %) Ta 12
(28,6 %) navieHTiB BigNOBIAHO 3a rpynamu JOCTIMKEHHS
(OR =1,15;95 % CI 0,44-3,00; p = 0,811). Em6onizauito
O[IHOYACHO Y BENMKe Ta Mase Kora KpoBoobiry 3apee-
cTpoBaHo B 1 (2,6 %) nauieHTa 3 60/ 0BOI TPABMOI Ta
B 1 (2,4 %) BifcbkoBocnyxboBuUs 6e3 6oioBOi TpaBMM
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Puc. 2. MopiBHsANbHWIA aHanis rpyn 3a ycknagHeHM nepebirom. [laHi HaBeAeHO ik YacTKy Bif 3aranbHoi KinbKocTi nauieHTiB y rpyni, n (%).

(OR =1,11; 95 % CI 0,07-18,36; p = 1,000). OTxe, He
BUSIBMEHO CTAaTUCTUYHO 3HAYYLLMX BiAMIHHOCTEN 3anexXHO
Bif HasiBHOCTI 6OMOBOI TpaBMU 3a 4aCTOTOO Ta XapaKTe-
pOM eMBOoNiYHUX YCKINaAHEHb.

[NopiBHSABLUM CTYMNEHi XPOHIYHOT cepLEeBOl HegocTaT-
HOCTi, BCTAHOBMMW: y rpyni 3 GOMOBOO TPABMOKO XPOHi4HY
HepocTarHicTb kpoBoobiry (XHK) 1A cTagii giarHocToBaHo
y 24 (63,2 %) rocnitaniaoBaHux, a y rpyni 6e3 boiioBoi
TpaBmm —y 19 (45,2 %) sunagkax; XHK IIB ctagiji —y 14
(36,8 %) Ta 23 (54,8 %) navjeHTiB BigNOBIgHO 3a rpynamu.
3aranom cTaTUCTMYHO 3HAYYLLOI Pi3HUMLI 3a PO3MOZINoM
cragin XHK mix rpynamu He BusineHo (p = 0,122). loctpy
cepLeBy HeOOCTaTHICTb 40 onepaLlii AiarHOCTOBaHO y 7
(18,4 %) nauieHTis i3 6orosoto TpaBmoto Ta 'y 2 (4,8 %)
rocniTanisoBaHux 6e3 60oBoi TpaBMU. BigHoweHHs
waHciB ctaHosuno 4,52 (95 % Cl 0,88-23,28), ogHak
BiAMIHHOCTI He 4OCAIMM PiBHS CTAaTUCTUYHOI 3HAYYLLOCTi
(p=0,078).

3a cyHkuioHansHum knacom NYHA'y rpyni 6oiioBoi
Tpaemu Il knac BctaHoneHo y 14 (36,8 %) naujeHTis,
Il knac —y 19 (50,0 %), IV knac -y 5 (13,2 %); y rpyni
6e3 6onosoi TpaBmn — 22 (52,4 %), 18 (42,9 %) Ta 2
(4,8 %) Bunagkwn BignosigHo. YacTtota Bu3HadeHHs |l
¢yHkuioHanbHoro knacy NYHA cTatvcTuyHO 3HavyLLo He
BigpisHanacs y rpynax gocnimpxerHs (OR = 1,33; 95 % Cl
0,55-3,22; p = 0,654), sk i yactota IV knacy (OR = 3,03;
95 % Cl1 0,55-16,64; p = 0,248).

3a knacudikauieto Killip y nauieHTis i3 601M0BotO
Tpaemoto I cTyniHb BU3HaveHo y 6 (15,8 %) Bunagkax,
Il ctyniHb —y 5 (13,2 %), IV cTyniHb — B 1 (2,6 %) BY-
nagky. Y rpyni 6e3 6o1oBoi TpaBMy BigNOBiAHI NOKa3HWKM
craHoBum 3 (7,1 %), 2 (4,8 %) Ta 0 Bunagkis. Tsxki
nposieu cepueBoi HegoctaTHocTi 3a Killip Il Bu3Have-
HO y 6 (15,8 %) nauieHTiB i3 GoMOBOIO TPaBMOIO Ta y 2
(4,8 %) BincbkoBocnyxbo.LiB 6e3 Hei (OR = 3,03; 95 %
Cl 0,55-16,64; p = 0,248). Omxe, xo4a y rpyni 6oMoBoi
TpaBMK 3adhikcoBaHO TeHAeHLito 4o Ginbluoi YacToTn

Matonoria. Tom 23, Ne 2(67), TpaBeHb - ceprieHb 2026 p.

rOCTPOI CepLieBOi HEAOCTATHOCTI Ta THKUMX PyHKLIIOHamMb-
Hux nposeie 3a NYHA i Killip, ctatucTnyHo 3HavyLumx
BiOMIHHOCTEN MK rpyrnamm He BUSIBEHO.

3a binbuwicTo gocnigxyBaHux foonepauinHux
yCKIagHeHb CTaTUCTUYHO BipOTigHUX BiAMIHHOCTEN MiX
rpynamm He BusiBneHo. aTonorito LeHTpansHoi HepBOBOT
CYCTEMM, 3ananbHi ypaxeHHs NereHb i 3HMKeHy yHKLo
HUPOK peecTpyBanu i3 sictaBHo YacToToto. [Natonorito
cenesiHkv fJiarHoCTyBanm YacTille y navieHTiB i3 6011oBot
TpaBmor — 15,8 % npotn 2,4 % (OR = 7,69; 95 % CI
0,88-67,12; p = 0,049) (puc. 2).

XipypriuHe nikyBaHHs npoBeaeHo 77 (96,3 %) xso-
pum. EKCTpeHe onepaTuBHe BTpyYaHHsi BUKOHaHO y 16
(42,1 %) nauienTis i3 6oitosoto TpaBmoto Ta y 5 (11,9 %)
nauieHTiB 6e3 60/0BOi TpaBMW. TakM YMHOM, MaLEHTN 3
60NOBOIO TPABMOH CTATUCTUYHO 3HAYYLLIO YacTiLLe noTpe-
6yBany ekcTpeHoro XipypriyHoro nikysaHHs — OR = 5,38
(95 % Cl1 1,73-16,73; p = 0,004). Ha nigcTaBi unx gaHnx
3po6MM BUCHOBOK, LLIO HasBHICTb 60MOBOI TpaBmMu Byna
acovjioBaHa 3 GinbLIOK NMOBIPHICTIO HEOOXIAHOCTI NPO-
BE[EHHS1 EKCTPEHOTO ONepaTUBHOIO BTPYYaHHSI.

06roBopeHHA

3a JaHMMK NPOBEAEHO0 OAHOLEHTPOBOIO AOCTIIKEHHS
3a y4acTIo BiliCbKOBOCNYXOO0BLIiB 3 iHEKLINHAM eHpo-
KapauToMm, Hanbinbll BUpaxxeHa BiAMIHHICTb NauieHTiB
i3 OoiioBOIO TpaBMoOIO Bif rocnitanisoBaHux 6e3 Heil
nonsrana y KOHTEKCTi BUHWKHEHHS 3aXBOPOBaHHs. Ho-
30KOMianbHwWi r'eHes |E B13HaueHo y 65,8 % naujeHTiB
i3 6oroBoto Tpasmoto npotu 2,4 % 6e3 Hei (p < 0,001).
BogHouac y rpyni 6e3 60110Boi TpaBMu YacTille 3anuia-
nacs HeBCTaHOBINEHOH NnpuymHa |E, a GpoHxonereHeBwii
reHes MigTBEPAKEHO NuLLEe B LK rpyni. Taka cTpykTypa
pe3yneraTiB Aae MmiacTaBu BU3HAUMTM GoVoBY TpaBMy
He Sk caMOocTiliHy npuunHy |E, a nepeayciM sik mapkep
cneuniYHOro KniHiYHOro cepegoBuLla, WO BKOYae
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TpuBane nikyBaHHS, NOBTOPHI OnepaTuBHI BTPyYaHHS,
iHBa3vBHi Npoueadypu Ta MOTEHUiNHI paHOBI Axepena
iHdbeKLi.

OTpumaHi pesynsraTi y3roiKyTbCs i3 Cy4acHUMU
JaHMMK npo 3MiHy enigemionoriyHoro npodinto |E ta
3pocTaHHsi poni healthcare-associated iHdexkuin. Y cydac-
Hux koropTax healthcare-associated IE xapaktepuayeTbecst
0GinbLLIO YaCTOTO CTadiNIOKOKOBOI €TIONOTT Ta 3HAYHUM
TArapem CynyTHiX iHdeKuinHmux dakTopis [5,11].

OcobnmBo BaXKIMBIM € YKpaiHChKII OCBIZ BOEHHOTO
nepiogy: y BEMKOMY MYmNbTULEHTPOBOMY OOCHIIKEHHI
navjeHTiB i3 GooBuMK paHamu healthcare-associated
iHcbekuii Byno BusBneHo y 68,6 % Bunaakis, 3okpema
i0eHTIKOBAHO iH(EKLi onepaLinHoi paHw, LWKipu Ta
M’SKMX TKaHWH, AiarHOCTOBaHO MHEBMOHIi Ta iHeKuii
kposoToKy [12]. Lli aaHi nigTBepmxytoTb NPUNYLLEHHS, LLO
y naujieHTiB i3 6oroBoto TpaBmoto |E moxe hopmyBaTucs
B YMOBaX 3Ha4HO GiNbLLOrO iH(IEKLINHOMO HaBaHTaXeHHS,
HX Y BilicbkoBOCTyx0oBLiB 6€3 B60IM0BOI TpaBMM.

LLlogo mikpoBionoriyHux aaHux, TO y NpoBeagHOMY
[OCHiIKeHHI BCTAHOBMNEHO TEHAEHLH0 A0 B6inbLwoi Yac-
TOTW NO3WTWBHWX FEMOKYNLTYP Y rpyni 601 oBoi TpaBmm
— 47,4 % npotun 28,6 % Bunaakis (OR 2,25; 95 % CI
0,89-5,67; p=0,107), a TakoXX BU3HAYEHO BifbLUy YacTo-
Ty BUSIBNEHHS NPeACTaBHUKIB poavHm Staphylococcaceae
— 34,2 % npotun 19,0 % Bunazkis sianosigHo (OR 2,17;
95 % CI1 0,78-6,05; p = 0,200). OgHak Wi BigMiHHOCTi He
[OCSAIN CTaTUCTUYHOI 3HAYYLLOCTi, TOMY OTPUMaHi AaHi
cnif BMBYATU SIK TEHOEHLIiIO, @ He SIK [JoKa3 creumndiqHoro
MikpobionoriyHoro npodinto |E nicns 6oioBoi TpaBMu.

Pa3som i3 Tum, y cydacHinn HayKoBil mitepatypi nig-
TBEPIKEHO MPOBIAHY POsib CTadiNOKOKIB y CTPYKTYpI IE,
a 3a pesynbratamy AOCTIIKEHHS 32 Y4acTH BiliCbKOBKX
BETepaHiB BCTAHOBMEHO, L0 TUN 30yaHMKa Moxe GyTu
NoB’'sI3aHMiA i3 BigdaneHUMm KniHIYHUMK Hacnigkamu
nicnsa xipyprivyHoro nikysaHHs [7,13]. [ns yMOB BiiiHM Le
NUTaHHS MAE [OAATKOBE 3HAYEHHS1 YEPE3 MOLUMPEHHS
MYNBTUPE3NCTEHTHIX MIKPOOPraHiaMiB cepeq nawieHTiB
i3 6oroBnMK paHamu [12,14].

Baxnueum pesynsratom ctana cyTTeBo binbLua no-
Tpeba B eKCTPeHOMY XipypriYHOMY fnikyBaHHi B MaLlieHTiB
i3 6orioBoto TpaBmoto — 42,1 % npotn 11,9 % Bunaakie
BignosigHo 3a rpynamu (OR 5,38; 95 % Cl 1,73-16,73;
p = 0,004). locTpy cepueBy HEQOCTATHICTb TaKoX Ya-
cTile gjarHoctyBanu y rpyni 6orioBoi TpaBmu — 18,4 %
npotn 4,8 % nauiexTiB (OR 4,52; 95 % CI 0,88-23,28;
p = 0,078), xo4a CTaTUCTUYHOI 3HAYYLLOCTI LS pisHULSA
He pgocsrna. Ha nigcrasi umMx gaHux npunycTunu, Wwo
nigBuLLEHa YacToTa eKCTPEeHUX onepaLin, iMOBIpHO, €
NPOSIBOM He i3011b0BAHOrO BNMNBY TPaBMU, @ NOEAHAHHS
aKTUBHOI iHGpeKLii, TSHKKOCTi CTaHy, paHOBOrO Ta HO30KO-
MianbHOro KoHTekcTy. CyyacHi AaHi NigTBepmAXKyioTh, WO
cepueBa HeaoCTaTHICTb Ta eMOOMiYHI YCKNagHEHHS €
BaXIIMBUMM AeTEPMIHAHTaMV HECMPUATNMBOTO Nepebiry
IE, a cBOEYacHe XxipypridHe nikyBaHHS 3anmLLaeTbes KIko-
YOBWM KOMMOHEHTOM Tepanii nawjieHTiB i3 BignosigHUMm
nokasaHHsamm [3,15,16].

BopHouac 3a GinbLuicTio exokapaiorpadivyHux no-
Ka3HUKiB, XapakTepoM KranaHHOrO ypaxeHHs, emboniy-
HUMW YCKITAAHEHHSMM Ta MicnsionepauinHuMm nogisimm
CTaTUCTUYHO 3HAYYLLMX BiAMIHHOCTEN MiX rpyrnamu He
BUSABMNEHO. Lle BaXnMBO, OCKIMbKK BIACYTHICTb CTaTUC-
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TUYHO 3HAYYLLMX BIAMIHHOCTEN HE Crig TpakTyBaTW SiK
[0BEfieHy BiACYTHICTb KNiHIYHOI pi3HNL, ocobnmeo ans
BiAHOCHO pigkicHVX noaii. HaibinbLu noka3oBuM npukna-
[OM € rocritanbHa netansHicTb: 5,3 % Bunagkis y rpyni
6o1ioBoi TpaBmu NpoTh 2,4 % 6e3 Hei (OR 2,28; 95 % Cl
0,20-26,18; p = 0,602). LLnpokuin foBipumin iHTEpBan Ta
mana KinbKicTb NeTanbHUX BUNaaKiB CyTTEBO OOMEXYIOTb
BVCHOBKM LLIOA0 BNvBY DOMOBOi TpaBMM Ha CMEPTHICTb.
OTxe, OCHOBHWIA pe3ynbTaT HaLOoro AOCMImKEHHS
MoNsrae He y NiATBEPMKEHHI ripLioro nporHody |E nicns
60V0BOI TpaBMK, @ Y BUSIBMEHHI IHLLIOTO KMiHIYHOTO KOH-
TEKCTY 3axBoptoBaHHs. NoegHaHHs 601oBOI TpaBmMy,
PaHOBOI iHbeKLiT, TPMBANOI rocniTanidavii Ta MeauyHNX
BTPYy4YaHb CYNpPOBOMKYETHCSA 3HAYHO DiNbLUOK YaCcTOTO
Ho3oKkoMianbHoro |E Ta 6inbLuoto noTpeboto B eKCTPeHin
KapaioxipypriyHi Jonomo3i. 3Baxatyn Ha ue, Y Bill-
CbKOBOCIYDOBLIB i3 GONOBOK TPaBMOK Ta O3HaKamm
CUCTEMHOI iHGbeKLii AOUINbHUMKU € paHHE exokapgio-
rpadpiyHe OOCTEXEHHS, aKTUBHWUIA MOLLYK MOTEHLIIAHOTO
[okepena bakTepieMmii Ta CBOEYaCHE 3ayyeHHsl MynbTy-
AvcumnniHapHoi KoMaHay Ans nikysaHHs IE.

06MeXXeHHSA AOCAIAKEHHSA

MpoBeneHe focnimKeHHs € OQHOLEHTPOBKM PETPOCTEK-
TVWBHWM, [0 HbOrO Byno 3amy4eHo BiZHOCHO HEBENUKY
KinbKicTb navieHTiB. Lie 0bMexye CTaTUCTUYHY NOTYXXHICTb
ANs aHani3y pigKiCHWX ycknagHeHb i neTanbHocTi. Kpim
TOro, He BCi AaHi MPO NOTEHLNHI hakTopy po3suUTKy |IE
nicns 6oioBoi TpaBMM (TpuBanicTb eBakyaLlii, KinbkicTb
nonepeaHix iHBa3MBHWX BTPy4YaHb, NOMNEPEOHI0 aHTU-
HakTepianbHy Tepanito, BUAOBY ineHTUiIKaL0 YaCTUHM
30yaHVKIB Ta iXHil Npoginb aHTUBIOTUKOPE3NCTEHTHOCTI)
36Mpanu cUcTeMaTiyHo, LLIO TaKOX 0OMEXKYE MOXITUBICTb
X AeTanbHOro JOCnioKEeHHS.

MopanbLui 6araToLeHTPOBI AOCHILKEHHS 3 GiNbLUIO
BUOIPKOI HEOOXIOHI ANS BU3HAYEHHS HE3ANEXHMX Mpe-
AVKTOPIB HO30KOMianbHOro |E Ta ekcTpeHoro xipypriyHoro
NiKyBaHHS Y BiCbKOBOCITYXOOBLiB.

BucHoOBKHM

1. Y BilicbKOBOCNYXOO0BLIB 3 iHPEKLINHUM eHTO-
KapauTOM HasiBHICTb BOMOBOI TpaBMM acoljtoBanacs 3
6inbLLO YacTOTOK HO30KOMIanbHOro r'eHesy IE — 65,8 %
npotn 2,4 % Bunagkis BignosigHo (p < 0,001), a Takox
3 HasIBHICTIO O3HAK BigKPWTOI paHOBOI iH(eKLii Ha Yac
rocnitanisavii —42,1 % npotn 0,0 % sunagkis (p < 0,001).

2. 3a GinbLwicTio KNiHiYHKX, exokapaiorpadiyHmx
Ta eMOONIYHMX XapaKTEPUCTUK CTAaTUCTUYHO 3HAYYLLMX
BiZIMIHHOCTe MK rpynamu He BUSIBINEHO. Tak, eMboniyHi
yCKnagHeHHs Bu3HaueHo y 57,9 % Ta 50,0 % naujeHTiB
BignosiaHo (OR =1,38; 95 % C1 0,57-3,33; p=0,509), a
rocTpy cepuey HegocTaTHicTb —y 18,4 % npotn 4,8 %
BiliCbKOBOCTY>XO0BL,iB BiAnosiaHo 3a rpynamu (OR =4,52;
95 % CI 0,88-23,28; p = 0,078). Mikpobionori4Huii npo-
(inb xapakTepn3yBaBcs nepeBaxaHHAM rpamno3vTyB-
HUX 30yaHWKIB B 000X rpymax; CTaTUCTUYHO 3HAYYLLMX
BIIMIHHOCTEl 32 OKpeMuMM KaTeropismu 30yAHWKIB He
BUSIBMEHO.

3. HaibinbLu cyTTEBOK BIAMIHHICTIO MiX rpynamm
6yna YacToTa ekCTPEHOro XipypriyHoro nikyBaHHs — na-
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LieHTW 3 BO0BOIO TPaBMOIO NOTPebyBanu eKCTPEHOro
ornepaTuBHOIO BTPYYaHHs 3HAYHO yacTiwe. Lle moxe
CBIQYMTY NPO CKNAAHILLMIA KNiHIYHUIA KOHTEKCT nepebiry
IE y Takux nauieHTis — 42,1 % npotn 11,9 % Bunagkis
BignosiaHo 3a rpynamu (OR =5,38; 95 % C11,73-16,73;
p =0,004).

4. locniTanbHa netanbHiCTb cTaHoBuna 5,3 % y
rpyni 6oroBoi TpaBmu Ta 2,4 % Bunagkie y rpyni 6e3 Hei
(OR=2,28; 95 % CI 0,20-26,18; p =0,602). CtatuctiyHo
3HauyLLMX BiAMIHHOCTEN 3a rocniTanbHO NeTanbHICTIO
MiX rpynamm He 6yno. Yepes mMany KinbKicTb netanbHuX
BMUMaakiB (n = 3) CTaTUCTUYHUIA aHani3 NpeauKTopiB ne-
TanbHOCTi He MPOBEAEHO.

NepcnekTMBK NOAaAbLUMX AOCAIAKEHb NepebayaloTb
HaraToLeHTpoBe NPOCMEKTUBHE BUBYEHHS! iH(DEKLIIIHOMO
€HOoKapanTy Y BiliCbKOBOCTYX60BLB i3 601M0BOKO TpaB-
MOIO A1 YTOYHEHHS! (haKTOPIB PU3KKY NOro PO3BUTKY Ta
HecnpusiTnmeoro nepebiry. Ocobnuey yBary AoUinbHO
NPUAINUTY POni paHOBOT iHGbeKLi, TPMBANOCTI Ta xapak-
Tepy MeauyHuX BTPyYaHb, MIKpOGIONoriYHOMY CnexkTpy
30yHUKIB | TepMiHaM NpPOBEAEHHs kapaioXipypriYHoro
nikyBaHHSA. [lepcnekTUBHUM TakoX € popMyBaHHSA
NPOrHOCTUYHUX MOAENEN, ki AagyTb 3MOry CBOEYACHO
cTpaTudikyBaT pU3nK YCKNafHeHb i B3HavaTv ontu-
MarnbHi TEPMiHM OnepaTMBHOMO BTpyYaHHs. MMpakTuyHe
3aCTOCYBaHHA OTPUMAHWX PesyrbTaTtiB MOXe CrpUsTy
BOOCKOHANEHHIO anropuUTMIB paHHBOI AiarHOCTUKM, Npo-
hinakTukn Ta nNikyBaHHS iHPeKUiiHOro eHaoKapauTy y
BiliCbKOBOCNYX60BLB i3 GOMOBOI TPABMOHO.

Aexnapauif wopo BukopuctaHHa LI

[ia yac NiATOTOBKM CTATTi BUKOPUCTAHO iHCTPYMEHT LUTYYHOTO iHTEAEKTY
OpenAl ChatGPT (MoaeAb GPT-5.6 Luna). IHCTpyMeHT 3aCTocOBaHO AAst
AOMOMOTU Y peAaryBaHHi TEKCTY pyKOMMCY Ta MOBHO-CTUAICTUYHOMY
onpaLtoBaHHi OKpeMux dparmeHTiB. ABTOpU GOPMYAIOBaAK 3aMUTH
BiAMOBIAHO AO KOHKPETHUX 3aBAAHb MIATOTOBKM PYKOMUCY. YCi
(bparmeHTH, cTBOpPeHi abo onpalboBaHi 3 BUkopucTaHHam LLI,
nepesipeHi Ta BiApeAaroBaHi aBTopamu. ABTOpH HeCyTb NOBHY
BiAMOBIAAABHICTb 3@ AOCTOBIPHICTb, TOUHICTb | 3MICT CTaTTi.

ETWYHe cXBaneHHA

KomiTeT 3 MeanuHoi etku AY «HaLioHaAbHWUIA HayKOBMI LIEHTP
CepLEeBO-CyAMHHOI Xipyprii Ta cnaakoBoi natonorii imeHi M. M. AMocosa
HaujoHanbHOT akapeMii MeanyHnX Hayk YkpaiHu» po3rasiHys
matepiaA1, HaBeAeHi y CTaTTi. 3riAHO 3 BACHOBKOM, HE BUABAEHO
MopyLUEHb ETUYHWX CTAHAAPTIB, BUKAGAEHHX Y YMHHUX HOPMATUBHUX
MOKyMeHTaX, 30Kpema y [eAbCiHCbKil Aeknapallii, KoHseHLji Paau
€Bpony Npo NpaBa AtOAUHM Ta 6IOMEANLIMHY Ta IHLLMX NPaBOBMX

akTax (npotokon Bip 20.08.2026 poky Ne 44). Bei naujieHT Hapaau
MUCbMOBY IHOPMOBAHY 3rOAY Ha yyacTb.
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L-arginine and N-acetyl-L-cysteine effects

OpwuriHaAbHI AOCAIAXKEHHS

on morphometric parameters in experimental type 1 diabetes-induced

myocardial fibrosis

M. I. Isachenko

Zaporizhzhia State Medical and Pharmaceutical University, Ukraine

Aim. To study the morphometric changes of the myocardial connective tissue component under conditions of experimental
type 1 diabetes mellitus (T1DM) and to evaluate the effectiveness of correction with L-arginine and N-acetyl-L-cysteine.

Materials and methods. The study was conducted on 47 male Wistar rats (18-20 months old). T1DM was induced by strep-
tozotocin (45 mg/kg). The animals were divided into groups: control, T1DM without correction, T1DM with L-arginine, and
T1DM with N-acetyl-L-cysteine (1.5 g/kg/day). The degree of fibrosis was assessed using Masson'’s trichrome staining and
immunofluorescence of type 1 collagen. Microphotographs were analyzed using ImageJ software.

Results. The development of T1DM over 8 weeks led to pronounced myocardial remodeling: interstitial fibrosis increased
by 3.8 times, and perivascular fibrosis by 1.9 times compared to the control. Type 1 collagen content increased by 538 %,
and its concentration by 332 % (p < 0.05). L-arginine administration significantly reduced the progression of both types
of fibrosis (interstitial by 0.5 times, perivascular by 0.7 times); however, it was accompanied by a 37 % increase in type
1 collagen concentration compared with the T1IDM group. N-acetyl-L-cysteine showed a selective effect, significantly
correcting only perivascular fibrosis (0.7-fold reduction) without a significant impact on the interstitial component or type
1 collagen markers.

Conclusions. Experimental type 1 diabetes mellitus leads to maladaptive myocardial remodeling, manifested by fibrosis with a
predominance of the perivascular component over the interstitial and critical accumulation of type 1 collagen. Administration of
L-arginine reduces the progression of interstitial and perivascular fibrosis, but increases the concentration of type 1 collagen.
The use of N-acetyl-L-cysteine effectively corrects perivascular fibrosis, realizing an endothelioprotective effect, but does not
affect the severity of interstitial fibrosis, the content and concentration of type 1 collagen.

Bnaus L-apriHiHy Ta N-auetua-L-uucteiny Ha mopdpomMeTpuuHi napameTpu
npu $ibpo3i miokapaa Ha GpOHi eKkcnepuMeHTaAbHOro LKpPoBOro Aiabety 1 Tuny

M. I. IcaueHko

Merta po6oTH - BUBYUTI MOPPOMETPUYHI 3MiHW CMIONYYHOTKAHUHHOTO KOMMOHEHTa Miokapaa 3a yMOB eKCrepUMEHTarNbHOTo
uykpoBoro gjabety 1 Tuny (LA1) i npu BBEAEHH aMiHOKMCIIOT.

Marepianu i metoau. locnimxeHHs npoeaeHo Ha 47 wwypax-camusx niHii Wistar (18-20 micsauis). L1 mogentoBanu Bee-
LEHHSIM CTPENTO30TOLWMHY (45 mr/kr). TBapuH NOZINUIU Ha YOTMPK rpynn: KoHTporb, L1 6e3 kopekuii, LUA1 3 BBeAEHHAM
L-apriniHy Ta i1 3 BBeaeHHam N-auetun-L-umcteiny (1,5 r/kr/goby). CtyniHb ¢ibpo3y ouiHIoBany 3a JONOMOrok TPUXPOMHOTO
3abapBneHHst 3a MaccoHoM Ta iMyHOIyOpEeCLEHTHOTO BU3HAYEHHS BMICTY Ta KOHLEHTpaUii konareHy 1 tuny. Lindpposuii
aHani3 mikpodpotorpadiii 3gjicHeHo y nporpami ImagedJ.

Pesyastatu. Po3sutok L1 npoTsrom 8 TWKHIB CNpUYMHUB BUPaXeHe peMoaerntoBaHHs Miokapaa: iHTepcTuuiansHun ¢idpos
36inbLumBes y 3,8 pasa, a nepuBackynsipHuii — y 1,9 pasa nopiBHsHO 3 KOHTponeM. BmicT konareHy 1 Tuny 36inbLumBeS Ha
538 %, a ioro koHueHTpauis — Ha 332 % (p < 0,05). BBeaeHHs L-apriHiHy 4OCTOBIPHO 3MEHLUMIIO MPOrpecyBaHHs 0box Tu-
niB ¢pibpoay (iHTepctuuiansHoro — B 0,5 pasa, nepusackynspHoro — B 0,7 pa3a), npoTe CynpoBOAXyBanocs NigBULLEHHAM
KOHLeHTpauii konareHy 1 Tuny Ha 37 % wopgo rpynu LA 1. N-auetun-L-umcTein BusiBuB BUBIpKOBMIA €¢pekT, LOCTOBIPHO KO-
pUrytoun nuLle nepusackynspHui ¢ibpos (3meHwueHHs B 0,7 pasa), 6e3 CyTTEBOrO BNMMBY Ha IHTEPCTULI@NbHWA KOMMOHEHT
Ta NokasHWKW konareHy 1 Tuny.

BucHoBKkM. EKCniepuMeHTanbHU LykpoBwid giabeT 1 Tny npu3BoAMTbL 4O NATOMOMYHOTO PEMOAENtoBaHHA Miokapaa, Lo
nposBNSETbCS hibPO30M i3 NepeBaxaHHAM NepUBaCKYNAPHOrO KOMMOHEHTA Haj iHTEPCTMLanbHUM Ta KPUTUYHUM HaKomu-
YeHHsIM konareHy 1 Tvny. BeeaeHHsi L-apriHiHy 3MeHLLYe NporpecyBaHHs iHTEPCTULanbHOrO i nepuBackynspHoro ¢ibpoay,
npoTe MiABULLYE KOHLEHTpaUito konareHy 1 Tuny. 3actocyBaHHs N-aueTun-L-umncteiHy edhekTUBHO Kopurye NnepuBackynsipHui
hibpo3, peanisytoun eH[oTENIONPOTEKTOPHMIA eChEKT, ane He BNMBAsIO HAa BUPAXEHICTb iHTepCTULianbHOro ¢ibposy, BMiCT
Ta KOHLUEHTpaLlito konareHy 1 Tuny.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Type 1 diabetes mellitus (T1DM) is an independent factor
for the development of cardiomyopathy, characterized by
structural and functional remodeling of the myocardium.
The key morphological feature of this process is progres-
sive interstitial and perivascular fibrosis, which leads to
increased myocardial stiffness, diastolic dysfunction, and
reduced coronary reserve [1]. The pathogenesis of cardiac
fibrosis in diabetes is associated with chronic hyperglyce-
mia, activation of oxidative stress, impaired bioavailability
of nitric oxide (NO), endothelial dysfunction, and fibroblast
stimulation resulting in excessive synthesis of collagen,
predominantly type 1 [2]. Under hyperglycemic conditions,
competition for the substrate (L-arginine) occurs between
endothelial NO synthase (eNOS) and arginase. Activation
of the arginase pathway can shift L-arginine metabolism
from the production of vasoprotective NO to the synthesis
of ornithine — a precursor of proline and polyamines that
stimulate fibrogenesis [3].

The role of antioxidant therapy in correcting different
compartments of fibrosis remains debatable. Donors of
local gasotransmitter systems, such as L-arginine and
N-acetyl-L-cysteine, demonstrate potential cardiopro-
tective properties, but their impact on interstitial versus
perivascular fibrosis may differ significantly [4,5].

Aim

The aim of the study was to study the morphometric
changes of the myocardial connective tissue component
under conditions of experimental type 1 diabetes melli-

tus and to evaluate the effectiveness of correction with
L-arginine and N-acetyl-L-cysteine

Materials and methods

The study was conducted at the Educational and Scientific
Medical and Laboratory Center with Vivarium of Zapo-
rizhzhia State Medical and Pharmaceutical University (Cer-
tificate of Technical Competence of the Ministry of Health of
Ukraine No 181/23 from 21.12.2023, due to 20.12.2028),
following national and European norms for the protection
of animals used for scientific purposes, after approval by
the local Bioethics Commission at the ZSMPHU (protocole
No. 8 from 20 May, 2026) [6,7]. T1DM was modeled in 47
male normoglycemic, normotensive Wistar rats (18-20
months old). The animals were divided into 2 experimental
groups: control (n = 7) and DM1 (n =40) [8]. Induction was
performed with streptozotocin (45 mg/kg, Sigma Aldrich)
in citrate buffer. Control rats received buffer only. Animals
with glycemia >15 mmol/L were included in 2 weeks. From
week 6, DM1 rats were divided into: DM1-1 (without the in-
troduction of amino acids), DM1-2 (L-arginine), and DM1-3
(N-acetyl-L-cysteine). Both substances were administered
in drinking water (1.5 g/kg/day) for 2 weeks (total duration
of simulation — 8 weeks). Euthanasia was performed by
decapitation under sodium thiopental (120 mg/kg).

To visualize collagen fibers and assess the degree
of myocardial fibrosis, 5 um thick paraffin sections of the
rat heart apex were prepared. The classical Masson’s
Trichrome staining method was used, as a result of which
collagen fibers acquired an intense blue color, muscle
tissue — red, and cell nuclei became dark brown.
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Quantitative assessment of myocardial interstitial
fibrosis was performed with Imaged software (National
Institutes of Health, USA). Photomicrographs were
obtained using a light microscope on “PrimoStar” (Carl
Zeiss, Germany) with an “AxioCam 105 color” digital
camera (Carl Zeiss, Germany) with the same lighting and
exposure parameters and saved in TIFF format without
compression. After calibration, the Color Deconvolution
plugin [9] was used to separate the color components
with the “Masson Trichrome vector” selected, and then
the collagen channel (aniline blue) was used for analysis.
Collagen-positive areas were isolated by “Threshold” seg-
mentation using the standard “Default” method and a light
background with visual control to exclude cardiomyocytes
and background; the same threshold parameters were
applied to all images in the series. After thresholding,
a binary mask was created on which the collagen area
was determined using the “Analyze Particles” function
with @ minimum particle size of 210 pm?, a roundness of
0.00-0.70, and exclusion of objects at the edges of the
image. The percentage of fibrosis was calculated as the
ratio of the area of collagen-positive areas to the total area
of tissue in the field of view (58452.6146). For each heart,
50 randomly selected fields of view were analyzed, after
which the average value was calculated.

The assessment of the content and concentration of
collagen type 1 was carried out using the indirect immu-
nofluorescence method. After standard histochemical
processing, tissue antigens were unmasked with 10 mM
sodium citrate buffer, pH = 6.0 (Santa Cruz biotechnology,
Inc., USA, sc-294091) in a PT-module (Thermo Scienti-
fic, USA) for 20 min at +95 °C. After cooling the slides,
they were immersed in phosphate-buffered saline (PBS)
pH =7.4 (Santa Cruz biotechnology, Inc., USA, sc-24946)
and washed in 3 portions of 5 min. After aspiration of
excess moisture in the dark, 300 pl / glass of UltraCruz®
blocking reagent (Santa Cruz biotechnology, inc, USA,
sc-516214) was applied to the sections, in which the
primary and secondary antibodies were subsequently
diluted at a concentration of 1:64. After that, the slides
were washed again three times in PBS. Then, primary
antibodies (goat polyclonal antibodies COL1A1 (C-18):
sc-8784, Santa Cruz Biotechnology, Inc., USA) were used,
with slide incubation for 1 day at t = +4 °C. After washing
three times in PBS, the slides were incubated for 1 hourin
a humidified chamber (t = +37 °C) with FITC-conjugated
secondary antibodies (Santa Cruz Biotechnology, Inc.,
USA: sc-2356). After washing, the sections were mounted
in glycerol for fluorescence microscopy (1040950250,
Sigma-Aldrich, Germany).

Immunofluorescence study was performed using
an Axiolmager-M2 microscope (Carl Zeiss, Germany)
equipped with high-emission 38HE filters (green fluo-
rescence — Aex = 470/40 nm, Aem = 525/50). Analysis of
at least 50 image files, obtained using a high-sensitivity
AxioCam-ERc 5s video camera (Carl Zeiss, Germany),
was carried out in ImageJ. Areas with statistically signifi-
cant fluorescence were identified in an automatic mode,
followed by the calculation of the immunoreactive material
content (expressed in Uif), which was defined as corrected
total cell fluorescence (CTCF). It was calculated using
the formula: CTCF = (ID — (S x (M — SD))) / 1000, where
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Table 1. Results of the study of the parameters of the connective tissue component of the myocardium of rats of the experimental groups, M £+ m

Parameter
Control, n=7 10.19£0.48 2.04+£0.01 50.13 £ 0.57* 1.01+0.01*

DM1-1,n=7 19.85 £ 0.93* 7.68 £0.11* 319.93 + 46.08* 4.37 £0.36*

DM1-2,n=7 14.02 £ 0.82* 4.01+0.02* 382.83 £25.21* 5.99 +0.41%

DM1-3,n=7 14.38 + 0.59** 7.95+0.17* 328.52 + 23.45* 4.66 +0.41*

*: statistically significant difference compared to control, p < 0.05; #: statistically significant difference between correction groups compared to DM1-1 without amino acids,

p < 0.05; $: tatistically significant difference between DM1-3 group with N-acetyl-L-cysteine compared to DM1-2 with L-arginine, p < 0.05.

ID — the integrated density; S — the area of the region of
interest (ROI), um? M (Median) — the median pixel value
in the ROI, Uif; SD — the standard deviation of grey values
calculated in the ROI.

The concentration (C) of the immunoreactive mate-
rial (IRM) (Uif/lum?) was calculated using the following
formula: C = CTCF / S, where CTCF (corrected total cell
fluorescence) — the immunoreactive material content, Uif;
S is the area of the ROI, ym2.

Statistical processing was performed using one-way
analysis of variance (ANOVA) in the Statistica software
(License No. JPZ8041382130ARCN10-J). All continuous
variables were tested for normal distribution using the
Shapiro-Wilk W-test. Continuous variables are presented
as mean  standard error of the mean (M + m). A two-
tailed p-value <0.05 was considered statistically significant
for all tests.

Results

A study of the myocardium of control rats stained with
Masson’s trichrome revealed the proliferation of connec-
tive tissue (blue and purple areas) of the stroma between
muscle fiber bundles (red), as well as the appearance of
significant layers of fibrous tissue in the walls of blood
vessels, which is characteristic of age-related remodeling,
accompanied by sclerosis and hyalinosis (Fig. 1A-D,
Table 1).

After 8 weeks of T1DM progression, rats in the DM1-1
group formed pronounced interstitial fibrosis and sclerosis
of the myocardial stroma, significantly exceeding the corre-
sponding values in the control group (Fig. 1E, Table 1). The
severity of these structural changes was accompanied by
vascular remodeling with increase in perivascular fibrosis
compared to the control (Fig. 1F, Table 1). Additionally,
Masson’s trichrome staining revealed focal degenera-
tive-destructive and necrotic changes in cardiomyocytes,
with their cytoplasm acquiring violet and blue tints. Such
areas were most frequently found near vessels with the
most pronounced expansion of perivascular spaces due
to edematous and pre-sclerotic changes, confirming an is-
chemic mechanism of damage (Fig. 1E,F, Table 1). Structural
changes in the interstitium were realized through anincrease
in the content and concentration of type 1 collagen (by 538 %
and 332 %, respectively, relative to control values, p < 0.05)
(Fig. 1G,H, Table 1).

Microscopy of myocardial sections from the DM1-2
group rats with L-arginine revealed the preservation of
interstitial connective tissue layers between bundles of
cardiomyocytes, represented mainly by collagen fibers
intensely stained in blue. At the same time, the structure
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of muscle fibers was (or became) partially disorganized,
with areas of uneven cardiomyocyte staining (Fig. 2A,B,
Table 1).

In contrast to the DM1-1 group, the group treated
with L-arginine showed a statistically significant mod-
erate reduction in the thickness of perivascular fibrous
cuffs, with less pronounced sclerosis and preservation
of the vessel lumen. Signs of perivascular space edema
were less intense, indicating partial normalization of the
microcirculatory bed. The administration of L-arginine to
these rats led to a reduction in the progression of inter-
stitial fibrosis, the percentage of which was significantly
lower than in the DM1-1 group (Fig. 2A,B, Table 1). While
L-arginine had no statistically significant effect on the
content of type 1 collagen, its concentration significantly
increased by 37 % compared to the DM1-1 subgroup
without amino acid administration (Fig. 2C,D, Table 1).

The myocardium of the DM1-3 group rats with
N-acetyl-L-cysteine was characterized by moderately
pronounced interstitial fibrosis with a diffuse arrangement
of collagen fibers between cardiomyocytes; its intensity
exceeded control values, though comparison with the
DM1-1 group revealed no statistically significant differ-
ences (Fig. 2E,F, Table 1). Concurrently, a significant
reduction in the thickness of connective tissue layers was
noted in the perivascular zones compared to the DM1-1
group, with lower collagen fiber density and the absence of
coarse vascular wall sclerosis. Cardiomyocytes mainly re-
tained their transverse striation, although focal dystrophic
changes were observed in some areas. Unlike the effects
of L-arginine, the content and concentration of Type 1
collagen did not change statistically significantly compared
to the subgroup without correction (Fig. 2G,H, Table 1).

Discussion

The obtained results convincingly demonstrate that exper-
imental T1DM is accompanied by pronounced structural
remodeling of the myocardium, with progressive interstitial
and perivascular fibrosis serving as the key morphological
manifestation. The identified increase in the proportion of
the connective tissue component and the accumulation
of type 1 collagen support the concept of diabetic cardi-
omyopathy, which possesses a clearly defined fibrotic
phenotype [1,2,10]. Itis known that excessive deposition
of fibrillar collagen in the extracellular matrix leads to in-
creased myocardial stiffness, impaired diastolic filling, and
reduced coronary reserve, which determine the functional
failure of the heart in diabetes [2,4].

The predominance of perivascular fibrosis in T1DM rats
without correction points to primary damage to the microcir-
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Fig. 1. Microphotographs of the myocardium of rats from experimental groups. Masson’s trichrome, x400: A, B — control, E, F — DM1 without amino acids; type 1 collagen, x630:
C,D — control, G,H — DM1 without amino acids.
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2G(DM 1-3) 2H(DM 1-3)

Fig. 2. Microphotographs of the myocardium of rats from experimental groups. Masson’s trichrome, x400: A, B — DM1 with L-arginine, E, F — DM1 with N-acetyl-L-cysteine; type 1
collagen, x630: C, D — DM1 with L-arginine, G, H — DM1 with N-acetyl-L-cysteine.
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culatory bed as one of the early pathogenetic mechanisms
of diabetic myocardial remodeling. Chronic hyperglycemia
promotes the development of endothelial dysfunction,
reduces nitric oxide bioavailability, and activates oxidative
stress, thereby triggering a cascade of proinflammatory
and profibrotic signaling pathways, particularly through the
activation of transforming growth factor- (TGF-8) and car-
diac fibroblasts [2,5]. The obtained morphometric data align
with literature reports indicating that perivascular fibrosis
is a morphological marker of the early stages of diabetic
cardiomyopathy and determines the further progression of
interstitial sclerosis [10].

L-arginine administration was accompanied by a
statistically significant reduction in interstitial and perivas-
cular fibrosis, indicating its positive impact on myocardial
remodeling. L-arginine is a substrate for endothelial NO
synthase, and increased nitric oxide availability promotes
the normalization of endothelium-dependent vasodilation,
reduction of leukocyte adhesion, inhibition of smooth
muscle cell proliferation, and decrease in vascular scle-
rosis [3,11]. At the same time, the lack of a statistically
significant effect of L-arginine on type 1 collagen content,
despite a simultaneous increase in its concentration,
may indicate complex processes of extracellular matrix
remodeling. It is likely that L-arginine does not so much
inhibit collagen synthesis as influence its organization,
degradation, or redistribution between the interstitial and
perivascular compartments. This may also reflect the stag-
es of fibrosis formation, where a reduction in the total area
of fibrosis is accompanied by relative stabilization or even
accumulation of more densely organized collagen [11].

In contrast to L-arginine, N-acetyl-L-cysteine adminis-
tration led to a reduction in perivascular fibrosis without a
statistically significant effect on the interstitial component
or type 1 collagen parameters. N-acetyl-L-cysteine is a
precursor of glutathione and a potent antioxidant that
reduces reactive oxygen species levels, stabilizes redox
homeostasis, and protects the endothelium from oxidative
damage [12]. This may explain the reduction in vascular
fibrosis and the improved state of the perivascular space.
However, the lack of a substantial impact on interstitial
fibrosis suggests that antioxidant therapy has limited
efficacy against an already formed fibrous matrix and is
insufficient to halt the further progression of this remod-
eling component [10].

Thus, the results of this study not only confirm the
key role of fibrosis in the pathogenesis of diabetic cardi-
omyopathy but also demonstrate compartment-specific
effects of L-arginine and N-acetyl-L-cysteine on myocar-
dial remodeling. This provides a deeper understanding of
the mechanisms of action of amino acid donors involved
in gasotransmitter signaling and antioxidant defense,
highlighting the potential of differentiated or combined
therapeutic approaches for attenuating left ventricular
fibrotic remodeling in T1IDM.

Further research should focus on clarifying the
molecular mechanisms behind the L-arginine-induced
accumulation of type 1 collagen, particularly regarding
the arginase pathway and extracellular matrix remode-
ling factors. Moreover, evaluating a combined therapy
using both L-arginine and N-acetyl-L-cysteine repre-
sents a promising direction to achieve comprehensive,
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compartment-specific cardioprotection against diabetic
fibrosis. It is also essential to correlate these structural
alterations with functional cardiac metrics and coronary
microcirculation changes in chronological dynamics.

Conclusions

1. Experimental type 1 diabetes mellitus leads to
pathological myocardial remodeling, manifested by fibro-
sis with a predominance of the perivascular component
over the interstitial one and critical accumulation of type
1 collagen.

2. L-arginine administration reduces the progression
of interstitial and perivascular fibrosis but increases the
concentration of type 1 collagen.

3. The use of N-acetyl-L-cysteine effectively corrects
perivascular fibrosis but does not affect the severity of
interstitial fibrosis or the content and concentration of
type 1 collagen.
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Aim: to analyze histological kidney features in patients with chronic glomerulonephritis (CGN) with and without arterial hyper-
tension (AH) and to assess the relationship between serum cystatin C, neutrophil gelatinase-associated lipocalin (NGAL), and
interleukin-18 (IL-18) levels and histological signs of glomerular and tubulointerstitial kidney injury in patients with preserved
renal function.

Material and methods. This observational study included 219 patients with biopsy-proven CGN and preserved renal function.
Patients were stratified into two groups: CGN with AH (n = 149) and CGN without AH (n = 70). A control group consisted of 60
apparently healthy individuals. Serum levels of cystatin C, NGAL, and IL-18 were measured using enzyme-linked immuno-
sorbent assay. Renal biopsy specimens were evaluated using standard semi-quantitative criteria. Statistical analyses included
group comparisons, Spearman’s rank correlation and receiver operating characteristic curve analysis.

Results. Patients with CGN and AH demonstrated significantly higher serum levels of IL-18, cystatin C, and NGAL compared
with patients without AH and controls (p < 0.05). Median IL-18 levels were highest in the CGN with AH group, followed by
the CGN without AH group and controls. Similar patterns were observed for cystatin C and NGAL. Serum cystatin C levels
correlated with histological markers of glomerular injury, whereas NGAL and IL-18 were associated with tubulointerstitial
damage. Biomarker elevations were more pronounced in patients with concomitant AH.

Conclusions. A serum multimarker approach combining cystatin C, NGAL, and IL-18 effectively reflects compartment-specific
glomerular and tubulointerstitial kidney injury in patients with CGN and preserved renal function. Arterial hypertension significantly
enhances biomarker expression and structural kidney damage, supporting the clinical value of multimarker strategies for non-
invasive assessment of renal injury in CGN.

ManeAb cupoBaTKOBUX GiomapkepiB AN HeiHBa3UBHOI OLIHKN TAOMEPYAAPHOTO
Ta TYOYAO-iHTePCTULIIAAbHOrO YIIKOAXKEHHA HUPOK Y NauieHTiB
i3 XpPOHIUHUM rAoMepyAOHePpPUTOM 3 apTepiaAbHOLO rinepTeHsicto Ta 6e3 Hei

0. B. KpaiipaweHko, M. 0. AoniHHa, K. M. Konaechuk, 0. 0. Kpemsep, 0. 0. KpaiaalieHko

Merta pobotn — npoaHaniayBaTi ricTonoriyHi 0COBNIMBOCTI HAPOK Y MaUieHTIB i3 XPOHIYHUM rnomepynoHedputom (XIH) 3
apTepianbHoto rineptensieto (AlN) Ta 6e3 Hei, @ TakoX OLHUTM 3B’A30K MiX PIBHSMM CUPOBATKOBOrO LcTaTuHy C, ninokaniHy,
acouinoBaHoro 3 xenatuHasoto Hentpodinis (NGAL), Ta iHTepnieikiHy-18 (IL-18) i ricTonoriyHnmMm 03Hakamm rnomepynsipHoro
Ta TyOyno-iHTEPCTULIANBHOTO YLUKOMKEHHS Y NaLiEHTIB 3i 30epeeHO (DYHKLIEID HUPOK.

Marepianu i metoau. ObctexkeHo 219 nauieHTis i3 BionciiHo ninTeepmkeHm XI'H Ta 36epexeHoro dyHKLUie HUPOK. MNavieHTiB
noginunun Ha agi rpynu: XMH 3 Al (n = 149) Ta XI'H 6e3 Al (n = 70). [lo KOHTPOmbHOI rpynu 3anyyeHo 60 yMOBHO 30,0pOBUX
ocib. PieHi unctatuHy C, NGAL Ta IL-18 Bu3HayeHo imyHodepmeHTHUM MeTogom (ELISA). 3paskw Gioncii Hupku ouiHeHo 3a
CTaHZAPTHUMY HaniBKINbKICHMK KpuTepisMu. CTaTUCTUYHUIA aHani3 nepenbayaB NOPIBHAHHA rpyn, KOPENAUAHWA aHani3
CnipmeHa Ta ROC-aHanis.

Pesyabraru. Mauientn 3 XI'H 1a Al Manm gocToBipHO BuLi piBHi IL-18, umctatnHy C Ta NGAL nopiBHsiHO 3 naujieHTamu 6e3
AT i rpynoto koHTponto (p < 0,05). Megiana pieHst IL-18 HavBuwwa B rpyni XI'H 3 AT, Hwkua y rpyni XI'H 6e3 AT, HalHmkya — B
KOHTponi. AHanorivHi natepHn 3adikcoBaHo ans unctatnHy C ta NGAL. PiBeHb cupoBaTkoBoro uuctatuHy C kopentoBas i3
MapKepamu rromepynsipHoro ywkomkeHHs, a NGAL Ta IL-18 acouitoBanucs 3 Ty6yno-iHTepcTuLiansHnm ypaxkeHHsm. Mig-
BULLIEHHS piBHIB GiomapkepiB OinbLL BUpaxeHe Y NaLieHTiB i3 CynyTHLO ATl

BucHoBku. MynsTumapkepHuii nigxia, wo noeaHye unctatnd C, NGAL Ta IL-18, ehekTBHO XapakTepuaye KOMnapTMeHT-cre-
LmchivHe rnomepynsipHe Ta Tybyno-iHTepcTuuianbHe YIWKOMKEHHS HUPOK Y navlieHTiB i3 XIH i 36epeeHot (hyHKLIE HUPOK.
ApTepianbHa rinepTeH3is 3Ha4HO NOCUITIOE eKCPECito GioMapKepiB | CTPYKTYPHE YpayKeHHs! HUPOK, L0 MIATBEPIKYE KNiHIYHY
LiHHICTb MyNbTUMapKepHWX CTpaTerin Ans HeiHBa3BHOTO OLIHIOBAHHS HUPKOBOTO YLLKOMKEHHS npu XIH.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Chronic glomerulonephritis (CGN) remains a major cause
of chronic kidney disease (CKD) worldwide and is associ-
ated with substantial morbidity, particularly among patients
of working age. Importantly, structural kidney damage may
already be present at early stages of CGN, even when
glomerular filtration rate (GFR) is preserved, contributing
to long-term disease progression and adverse outcomes
[1,2]. In this context, the identification of non-invasive bio-
markers capable of reflecting subclinical glomerular and
tubulointerstitial injury is of significant clinical importance.

Renal biopsy is considered the gold standard for
assessing histopathological changes in CGN, providing
essential information on disease activity, chronicity, prog-
nosis, and therapeutic decision-making [3]. However, the
invasive nature of biopsy, limited repeatability, and poten-
tial complications restrict its routine use, particularly for
longitudinal monitoring. These limitations have stimulated
increasing interest in circulating biomarkers that may
serve as surrogates for histological kidney injury [4,5,6].

Traditional laboratory parameters, including serum
creatinine, estimated GFR, and proteinuria, have well-rec-
ognized limitations in detecting early kidney damage.
Serum creatinine is influenced by non-renal factors and
lacks sensitivity in patients with preserved renal function,
while proteinuria demonstrates limited specificity for the
underlying structural lesions [5,7,8]. Consequently, con-
temporary nephrology has increasingly focused on bio-
markers that reflect distinct compartments of renal injury.

Cystatin C has emerged as a sensitive marker of glo-
merular dysfunction and structural damage. Beyond its role
as an alternative marker of GFR, elevated serum cystatin C
levels have been associated with glomerulosclerosis and
increased renal risk, even in patients with preserved renal
function [7,8]. These properties make cystatin C a valuable
indicator of early glomerular injury in CGN.

In parallel, biomarkers of tubular and tubulointerstitial
injury have attracted growing attention, given the pivotal
role of tubulointerstitial damage in CKD progression. Neu-
trophil gelatinase-associated lipocalin (NGAL) is widely
recognized as a marker of tubular injury and interstitial
fibrosis. Initially investigated in the setting of acute kidney
injury, NGAL has subsequently demonstrated diagnostic
and prognostic relevance in chronic kidney diseases,
including glomerulonephritis [9,10]. Elevated serum
NGAL levels have been associated with tubulointerstitial
structural alterations and disease severity, independent
of conventional renal function measures [6].

Interleukin-18 (IL-18), a pro-inflammatory cytokine
involved in innate and adaptive immune responses, has
also been implicated in kidney injury. Experimental and
clinical data indicate that IL-18 contributes to tubular
epithelial cell damage and inflammatory processes within
the renal interstitium. Increased circulating levels of IL-18
have been linked to tubular injury and fibrosis, support-
ing its potential role as a biomarker of tubulointerstitial
involvement in CGN [11,12].

While individual biomarkers provide valuable informa-
tion, accumulating evidence suggests that a multimarker
approach may offer superior diagnostic performance
compared with single-marker strategies. Given the
heterogeneous nature of CGN, no single biomarker can
comprehensively reflect the full spectrum of glomerular
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and tubulointerstitial injury. The combined assessment
of markers reflecting different structural compartments
of the kidney may therefore improve non-invasive evalu-
ation and strengthen correlations with histopathological
findings [4,6,13].

Arterial hypertension (AH) represents a critical mod-
ifier of disease severity in CGN and is closely associated
with accelerated structural kidney damage. Patients
with CGN and concomitant hypertension frequently ex-
hibit more pronounced glomerular and tubulointerstitial
lesions, emphasizing the importance of accounting for
blood pressure status when interpreting biomarkers of
renal injury [14,15].

Despite growing interest in non-invasive biomarkers,
data integrating serum cystatin C, NGAL, and IL-18 within
a unified, histology-correlated framework in patients with
CGN and preserved renal function remain limited. In par-
ticular, the combined evaluation of glomerular and tubular
injury markers in relation to renal histopathology and
arterial hypertension has not been sufficiently explored.

Aim

To analyze histological kidney features in patients with
CGN with and without arterial hypertension and to assess
the relationship between serum cystatin C, neutrophil
gelatinase-associated lipocalin, and interleukin-18 levels
and histological signs of glomerular and tubulointerstitial
kidney injury in patients with preserved renal function.

Material and methods

This observational study included a total of 219 patients
with biopsy-proven CGN who were examined at Munic-
ipal Nonprofit Enterprise Zaporizhizha Regional Clinical
Hospital of Zaporizhzhia Regional Council. The diagnosis
of CGN was established based on clinical presentation,
laboratory findings and renal histopathology. All included
patients had preserved renal function.

Patients were stratified into two clinical groups accord-
ing to the presence or absence of AH: Group 1 (CGN with
AH) included 149 patients, of whom 101 were men and
48 were women; Group 2 (CGN without AH) included 70
patients, including 52 men and 18 women.

A control group of 60 apparently healthy individuals
without a history of kidney disease, AH, diabetes mellitus
or cardiovascular disorders was included for comparison
of serum biomarker levels. Hemoglobin and total choles-
terol levels were within normal reference ranges.

Arterial hypertension was defined as systolic blood
pressure 2140 mmHg and/or diastolic blood pressure
>90 mmHg, or current use of antihypertensive medication.

Inclusion criteria: age 218 years; biopsy-con-
firmed diagnosis of CGN; preserved renal function,
defined as estimated glomerular filtration rate (eGFR)
>60 mL/min/1.73 m?; availability of renal biopsy material
suitable for histopathological evaluation.

Exclusion criteria: acute kidney injury or rapidly pro-
gressive glomerulonephritis; diabetes mellitus; systemic
inflammatory or autoimmune diseases other than CGN;
active infection or malignancy; advanced chronic kidney
disease (eGFR <60 mL/min/1.73 m?).
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Table 1. Baseline clinical and laboratory characteristics of the study population

Parameter, units of measurement CGN with AH, CGN without AH, | Control,
n =149 n=70 n =60

Age, years

Male, n (%)

Female, n (%)

Disease duration, months
Nephrotic syndrome, %
Urinary syndrome, %
Remission, %
Proteinuria >1 g/day, %
Proteinuria, g/day
Hemoglobin, g/L

Serum albumin, g/L
Total cholesterol, mmol/L
Serum creatinine, pmol/L
Serum urea, mmol/L

eGFR (CKD-EPI), mL/min/1.73 m?

34.6+3.4 39.248.1 32842
101 (67.8) 52 (74.3) 42 (70.0)
48 (32.2) 18 (25.7) 18 (30.0)
96.5+7.8 493472 -

10 - -

88 - -

- 71 -

8 — —
1.1£0.1 0.3+0.02 -

1324 £1.1 1355405 =
422105 450403 -
54403 48403 =
101.2£3.0 95.1£2.0 -
55£0.2 56101 -
90.5+2.0 92.042.2 -

Data are presented as mean + SD or n (%).
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All participants underwent standardized clinical
evaluation, including medical history and blood pressure
measurement. Routine laboratory testing included serum
creatinine, blood urea nitrogen, serum albumin, lipid
profile and daily proteinuria assessment.

Estimated glomerular filtration rate was calculated
using the CKD-EPI equation. Renal function parameters
were assessed at the time of blood sampling for biomarker
analysis.

Measurement of serum biomarkers. Serum concen-
trations of cystatin C, NGAL, and IL-18 were measured
using commercially available enzyme-linked immuno-
sorbent assay kits (IL-18 — Bender Medsystems (Aus-
tria); cystatin C, NGAL — BioVendor (Czech Republic)
according to the manufacturers’ protocols. All samples
were analyzed in duplicate, and mean values were used
for statistical analysis.

Renal biopsy was performed using a percutaneous
ultrasound-guided technique according to standard clin-
ical practice. Biopsy specimens were fixed in buffered
formalin, embedded in paraffin, and processed for light
microscopic evaluation.

Histopathological analysis of renal biopsy specimens
was performed at the Laboratory of Pathohistological and
Immunohistochemical Diagnostics of the Educational
and Scientific Medical Center “University Clinic” of Zapo-
rizhzhia State Medical and Pharmaceutical University
under the supervision of Professor Valerii O. Tumanskyi,
MD, PhD, DSc.

Glomerular and tubulointerstitial injury was evaluated
using light, immunofluorescence, and electron microscopy
blinded to biomarker data. Serial sections were stained
with hematoxylin and eosin, Masson’s trichrome, Van
Gieson, periodic acid—Schiff (PAS), and periodic acid —
methenamine silver (PAMS).

Histological assessment focused on parameters
reflecting glomerular and tubulointerstitial injury. Glomer-
ular lesions were evaluated using the following criteria:
mesangial cellularity score; expansion of mesangial
matrix; presence of glomerulosclerosis; endocapillary
hypercellularity; thickening of the glomerular basement
membrane; presence of fibrocellular crescents.
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Tubulointerstitial lesions were assessed based on
dystrophic and necrotic changes in tubular epithelial cells;
thickening of the tubular basement membrane; interstitial
inflammatory infiltration; interstitial fibrosis.

Histological findings were graded according to stand-
ard semi-quantitative criteria.

Statistical analysis was performed using SPSS
software (version 17.0; SPSS Inc., Chicago, IL, USA).
Continuous variables were tested for normality using
the Shapiro-Wilk test. Data with normal distribution
were expressed as mean + standard deviation, while
non-normally distributed variables were presented as
median with interquartile range (25";75" percentile).
Categorical variables were reported as counts and
percentages. Comparisons between groups (CGN
with AH vs. CGN without AH) were conducted using
the Student’s t test or Mann—-Whitney U test, as appro-
priate. Comparisons between patient groups and the
control group were performed using one-way analysis of
variance (ANOVA) or the Kruskal-Wallis test with post
hoc analysis. Associations between serum biomarker
levels (cystatin C, NGAL, and IL-18) and histopatho-
logical parameters were evaluated using Spearman’s
rank correlation coefficient. Diagnostic performance of
serum biomarkers for the detection of specific histo-
logical lesions was assessed using receiver operating
characteristic curve analysis. Sensitivity, specificity,
and area under the curve (AUC) were calculated, and
optimal cut-off values were identified using the Youd-
en index. A two-sided p value <0.05 was considered
statistically significant.

Results

Baseline clinical and laboratory characteristics. The study
included 219 patients with biopsy-proven CGN. Among
them, 149 patients had AH (101 men and 48 women),
while 70 patients had CGN without AH (52 men and
18 women). A control group consisted of 60 apparently
healthy individuals (42 men and 18 women).

In the CGN with AH group, the mean age was
34.6 £ 3.4 years, and the mean disease duration was
96.5 + 7.8 months. In patients with CGN without AH, the
mean age was 39.2 + 8.1 years, with a mean disease
duration of 49.3 + 7.2 months. The mean age of the control
group was 32.8 + 4.2 years.

In the CGN with AH group, nephrotic syndrome was
observed in 10 % of patients, while urinary syndrome
was present in 88 %. Proteinuria exceeding 1 g/day was
detected in 8 % of cases, with a mean daily proteinuria
of 1.1 £ 0.1 g/day.

In the CGN without AH group, clinical remission was
documented in 71 % of patients, and mean daily protein-
uria was significantly lower (0.30 + 0.02 g/day).

Routine laboratory parameters demonstrated pre-
served renal function in both patient groups. Hemoglobin,
serum albumin, cholesterol, creatinine, urea levels, and
eGFR (CKD-EPI) were within ranges consistent with
preserved kidney function, with no clinically meaningful
differences between groups (Table 1).

Histopathological examination revealed that 91 % of
patients had mesangial proliferative glomerulonephritis,
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Fig. 1. Renal biopsy specimen from a patient with chronic glomerulonephritis and arterial hypertension.

Fig. 2. Renal biopsy specimen from a patient with chronic glomerulonephritis without arterial hypertension.

5 % membranous nephropathy, and 4 % membranous
proliferative glomerulonephritis. Renal biopsy analysis
revealed distinct differences in the severity of glomerular
and tubulointerstitial lesions between patients with CGN
with and without AH.

The glomerulus demonstrates pronounced diffuse
mesangial cell proliferation with marked expansion of
the mesangial matrix, leading to compression of capil-
lary lumina. Thickening and structural irregularity of the
glomerular basement membrane were evident. Features
of extracapillary proliferation with crescent formation may
be observed, indicating advanced and active glomerular
injury. Light microscopy, hematoxylin and eosin / PAS
staining, x400.

The microscopic findings in patients with CGN without
AH differed from those of the previous group and showed
the following features: focal mesangial cell proliferation
was identified in 66 % of patients, and a moderate
degree of mesangial cell proliferation was observed
in 70 % of patients. Focal expansion of the mesangial
matrix was noted in 52 % of patients, and the presence
of glomerulosclerosis was confirmed in only 10 % of
patients. Thickening of peripheral capillary loops and/
or their adhesion to Bowman’s capsule was detected in
26 % patients, thickening and/or splitting of the glomerular
basement membrane in 59 % patients, and an extracap-
illary component within the lumen of Bowman'’s capsule
was observed in 16 % patients. Fibrous crescents were
absent. Fig. 2demonstrated a milder pattern of glomerular
injury in patients with CGN without AH.

The glomerulus showed moderate focal mesangial
cell proliferation with limited expansion of the mesangial
matrix. The overall glomerular architecture was relatively
preserved, with less pronounced basement membrane
alterations and absence of extracapillary crescent for-
mation, reflecting a milder pattern of glomerular injury
compared to patients with concomitant arterial hyper-
tension. Light microscopy, hematoxylin and eosin / PAS
staining, x400.

Allindicators of glomerular apparatus injury and their
statistical analysis were presented in Table 2.
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Tubulointerstitial structural damage in CGN. The
morphological findings in the group of patients with CGN
and AH were characterized by the presence of tubular
dystrophic changes of varying severity in 94 % of patients.
In contrast, in the group of patients with CGN without AH,
dystrophy of the tubular epithelium was detected in only
13 % of patients.

Renal biopsy specimens from patients with CGN and
AH were characterized by necrotic changes of the tubular
epithelium in 35 % of patients, thickening and/or splitting
of the tubular basement membrane in 54 % of patients,
cellularinfiltrates in 17 % of patients, and interstitial fibrosis
in 97 % of cases.

Patients with CGN without AH demonstrated different
features: necrosis of the tubular epithelium was observed
in 13 % of patients, thickening and/or splitting of the tu-
bular basement membrane in 29 % of patients, interstitial
fibrosis in 14 % of patients, and cellular infiltrates in 13 %
of patients. Interstitial fibrosis was present in almost all
patients with CGN and AH, being focal in 45 % and
diffuse in 55 % of cases. In the group of patients with
CGN without AH, the presence of focal interstitial fibrosis
was confirmed in only 13 % of patients. All indicators of
tubulointerstitial tissue injury and their statistical analysis
were presented in Table 3.

These findings indicate that AH was associated with
more severe and diffuse glomerular and tubulointerstitial
structural damage in CGN, even in the presence of
preserved renal function. In patients with CGN and AH,
the severity of glomerular injury was accompanied by
pronounced tubulointerstitial damage, indicating a close
structural interrelationship between these compartments.
In contrast, in patients without AH, glomerular and tubu-
lointerstitial lesions were less severe and showed a more
focal and dissociated pattern.

Serum levels of cystatin C, NGAL, and IL-18 dif-
fered significantly between patient groups and controls
(Table 4).

Median serum IL-18 concentrations were highest in
patients with CGN and AH (804.2 [748.6; 991.0] pg/mL),
followed by patients with CGN without AH (120.6 [66.5;
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Table 2. Glomerular changes of the kidneys according to the results of morphological examination in patients with CGN

Results of satistcal analysis _Interpretation of results

Mesangial cell proliferation ¥?=14.9;p<0.05 More pronounced in patients with CGN and AH
¥>=18.5;p <0.05
¥x?=18.3;p<0.05
¥?=7.3;p<0.05
Thickening of peripheral capillary loops and/or their adhesion to Bowman’s capsule  x2=5.5; p > 0.05
Thickening and/or splitting of the glomerular basement membrane x2=14.9;p <0.05

Expansion of the mesangial matrix More pronounced in patients with CGN and AH

Glomerulosclerosis More pronounced in patients with CGN and AH
More pronounced in patients with CGN and AH
No statistically significant differences were found

More pronounced in patients with CGN and AH

Presence of fibrous crescents

Table 3. Tubulointerstitial changes of the kidneys according to the results of morphological examination in patients with CGN

Results of stastical analysis _Interpretation of resuits

Dystrophic changes of the tubular epithelium ¥?=40.9;p<0.05 More pronounced in patients with CGN and AH
Necrotic changes of the tubular epithelium ¥2=4.1;p<0.05 More pronounced in patients with CGN and AH
Thickening and/or splitting of the tubular basement membrane X2=9.5,p<0.05 More pronounced in patients with CGN and AH
Presence of cellular infiltrates ¥x2=0.73; p>0.05 No statistically significant differences were found

Interstitial fibrosis ¥x?=63.8; p<0.05 More pronounced in patients with CGN and AH

Table 4. Serum biomarker levels in patients with chronic glomerulonephritis and controls

Parameter, units of measurement CGN with AH, n =149 CGN without AH, n =70 Control, n = 60

Interleukin-18, pg/mL 804.2 [748.6; 991.0] 120.6 [66.5; 603.6] 78.1[60.1; 92.8]
Cystatin C, ng/mL 1804.2 [1223.6; 2014.9] 1063.6 [933.1; 1303.6] 992.1 [560.1; 1092.8]
NGAL, ng/mL 7.8[4.9;8.1] 42[3.8,7.0] 22[0.9; 2.8]

Data were presented as median [interquartile range].
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603.6] pg/mL), and were lowest in the control group (78.1
[60.1; 92.8] pg/mL). Serum IL-18 levels were significantly
higher in the CGN with AH group compared with both the
CGN without AH group and controls (p < 0.05).

Median serum cystatin C levels were significantly
elevated in patients with CGN and AH (1804.2 [1223.6;
2014.9] ng/mL) compared with patients without AH
(1063.6[933.1; 1303.6] ng/mL) and controls (992.1 [560.1;
1092.8] ng/mL), p < 0.05.

Similarly, serum NGAL concentrations were highest
in the CGN with AH group (7.8 [4.9; 8.1] ng/mL), inter-
mediate in patients with CGN without AH (4.2 [3.8; 7.0]
ng/mL) and lowest in the control group (2.2 [0.9; 2.8]
ng/mL). Differences between groups were statistically
significant (p < 0.05).

Overall, patients with CGN and concomitant AH
exhibited the highest levels of all investigated serum
biomarkers, indicating more pronounced glomerular and
tubulointerstitial injury.

Correlation between serum biomarkers and histologi-
cal findings. Spearman’s rank correlation analysis demon-
strated significant associations between serum biomarker
levels and histopathological indicators of kidney injury.

Serum cystatin C levels correlated with markers of
glomerular damage, including glomerulosclerosis and
mesangial matrix expansion. Serum NGAL and IL-18
levels showed significant correlations with indices of tubu-
lointerstitial injury, particularly dystrophic tubular changes
and interstitial fibrosis. These associations were stronger
in patients with CGN and AH, supporting the role of arterial
hypertension as a modifier of structural kidney damage.

Diagnostic performance of serum biomarkers. Receiv-
er operating characteristic curve analysis demonstrated
good diagnostic performance of serum cystatin C, NGAL
and IL-18 for the identification of specific histological
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lesions. Each biomarker showed high sensitivity and
specificity for its corresponding compartment of renal
injury, with the highest diagnostic accuracy observed in
patients with CGN and AH.

Discussion

The present study demonstrated that CGN accompanied
by AH wajs associated with significantly more pronounced
structural kidney damage compared with normotensive
CGN, even in the presence of preserved renal function.
Morphological analysis revealed diffuse mesangial prolif-
eration, expansion of the mesangial matrix, glomeruloscle-
rosis, and pronounced tubulointerstitial injury in patients
with concomitant hypertension. These findings support the
concept that AH acts as an important modifier of structural
kidney damage in chronic glomerular diseases.

Our results were consistent with previous studies
demonstrating the key role of hypertension in accelerating
renal structural remodeling. Bazzi et al. reported that AH
in patients with CGN was associated with increased se-
verity of glomerulosclerosis and tubulointerstitial fibrosis,
contributing to faster disease progression [15]. Similar
observations have been described in studies of CKD,
where elevated intraglomerular pressure and microvascu-
lar injury promote progressive structural damage of both
glomerular and tubular compartments [5,16].

An important finding of the present study is the
close relationship between serum biomarker levels and
histological indicators of kidney injury. Serum cystatin C
levels showed significant associations with markers of
glomerular damage, including glomerulosclerosis and
mesangial matrix expansion. Previous studies have
demonstrated that cystatin C is a sensitive marker of
early renal dysfunction and structural kidney injury, often

Pathologia. Volume 23, Issue 2, May - August 2026


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

detecting pathological changes earlier than conventional
markers such as serum creatinine or estimated GFR[7,8].

In contrast, NGAL and IL-18 were primarily associated
with tubulointerstitial injury. NGAL was widely recognized
as a marker of tubular epithelial damage and has been
shown to correlate with the severity of tubulointerstitial
fibrosis and inflammation in both acute and CKD [2,10].
Recent investigations have confirmed that elevated NGAL
levels may reflect ongoing tubular stress and structural
remodeling even in patients with relatively preserved
renal function [9].

Interleukin-18 represented another important bio-
marker reflecting inflammatory mechanisms of kidney
injury. Experimental and clinical studies indicated that
IL-18 contributes to inflammatory activation of tubular
epithelial cells and the development of interstitial fibrosis
[12]. Increased circulating IL-18 concentrations have been
observed in various forms of kidney disease and were
associated with progression of renal structural damage.

The combined evaluation of cystatin C, NGAL, and IL-18
provided a more comprehensive assessment of renal injury
compared with single-marker strategies. Recent studies
emphasize that multimarker approaches may improve the
non-invasive assessment of kidney pathology by simulta-
neously reflecting different structural compartments of the
kidney [4,17]. In patients with CGN, such strategies may be
particularly valuable for identifying early structural damage
when conventional markers remain within normal ranges.

Another important observation of the present study
was that hypertension amplifies both morphological
lesions and biomarker expression. Patients with CGN
and AH demonstrated higher levels of all investigated
biomarkers together with more pronounced histological
abnormalities. This finding supports the concept that
hypertension not only reflects disease severity but may
also actively contribute to structural kidney injury through
hemodynamic stress, endothelial dysfunction, and inflam-
matory activation [1,14].

Several limitations of the study should be acknowl-
edged. First, the cross-sectional design did not allow as-
sessment of longitudinal changes in biomarker levels and
structural kidney damage. Second, renal biopsy, although
considered the reference standard for histopathological
evaluation, is subject to sampling variability. Nevertheless,
the relatively large cohort of biopsy-confirmed CGN pa-
tients and the use of standardized histopathological evalu-
ation strengthen the validity of the observed associations.

Overall, the results of the present study supported
the clinical value of a multimarker approach for the
non-invasive assessment of renal injury in patients with
CGN. Integration of serum cystatin C, NGAL, and IL-18
into diagnostic strategies may improve early detection
of structural kidney damage and help identify patients at
increased risk of disease progression [5,18].

Conclusions

1. This study demonstrated that a serum multimarker
approach combining cystatin C, NGAL, and IL-18 provides
an effective non-invasive assessment of glomerular and
tubulointerstitial kidney injury in patients with CGN and
preserved renal function. Elevated levels of these bio-
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markers were associated with histological evidence of
structural kidney damage, despite relatively preserved
conventional renal function parameters.

2. Patients with AH exhibited significantly higher bio-
marker concentrations and more pronounced histopatho-
logical alterations, highlighting the role of hypertension as
a key modifier of renal injury in CGN. The differential asso-
ciations of cystatin C with glomerular damage and NGAL
and IL-18 with tubular and tubulointerstitial injury supported
the concept of compartment-specific biomarker profiling.

3. Overall, the integration of serum cystatin C, NGAL,
and IL-18 into a multimarker panel may enhance early
detection and characterization of renal injury in CGN and
represent a promising tool for non-invasive evaluation,
particularly in patients with preserved renal function and
limited indications for repeated renal biopsy.
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OpwuriHaAbHI AOCAIAXKEHHS

PemoaeAloBaHHA BOPCMHUYACTOro XopioHa y BariTHUX Ha 19-25 THXXHAX
rectauji nicna nepeHeceHoi KOpoHaBipycHoi xBopoou (COVID-19)

NpYU HapOAXKeHHi XXUBOro AOHOLLIEHOT0 NMA0AA
Ta NpY aHTeHaTaAbHiW 3armbeni naoaa

T. B. CaBuyk®*-F, |. B. AeleHko®CPE

HaujoHanbHWI MeanyHWi yHiBepeuTeT imeni 0. 0. boromonbLs, M. Kuis, Ykpaita

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTaTTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTi

Merta po6otu - focnigut 0coBNMBOCTI peMOLENtoBaHHs BOPCYHYACTOrO XOPioHa NiCrs NepeHeceHoi KOPOHaBIPYCHOI XBO-
pobu (COVID-19) Ha 19-25 TupkHSX recTaLii Npy HApPOMKEHHI )KMBOTO AOHOLLIEHOrO N1oaa Ta npy aHTeHaTanbHin 3arnbeni.

Marepianu i metopu. [locnimkeHo nnaLeHTy micns HapomKEHHS XUBNUX HeMoBnAT (I rpyna, n = 92) Ta npu aHTeHaTarnbHin
3arnbeni nnoga (Il rpyna, n = 12) y xiHok, siki nepeHecnn COVID-19. Jocnignnu Takox nnaueHTy rpyni NOPIBHAHHSA: npu
XMBOHapOoMmKeHHi (n = 54) Ta npu aHTeHaTanbHin 3arvbeni nnoga (n = 53), ae pospisHann nigrpynu I-A — 3 iwemiyHo
ancdyHkuieto nnaueHTy (n = 40) Ta Il-A — 3 nnauenTuTom (n = 13). COVID-19 y BariTHUX Byno niaTBEpAKEHO NO3UTUBHUM
pe3ynbTaToM nonimepasHoi naHLroBoi peakuii Ha HaseHicTb PHK Bipycy SARS-CoV-2. 3acTtocoBaHO MIKPOCKOMIYHUIA,
iMyHOTICTOXIMiYHI METOAW 3 BUKOPUCTAHHSIM MOHOKIMOHanbHUX aHTuTin npotn CD31 Ta rmagkom’sizoBoro aktuHy (a-SMA),
MOPOMETPWYHI Ta CTAaTUCTUYHI METOAMN.

Pesyastatu. Y rpyni ll, nigrpynax I-A Ta II-A Tepmin rectauii 6yB HWK4MM LWogo rpynu | Ta rpynu nopieHsHHA (p < 0,001). Y
nnauenTax |, Il rpyn ta nigrpyni I-A BusiBNieHo 36inbLueHHs YacTky cTOBOYPOBYIX | HaNiBCTOBOYPOBUX BOpCuH — 33 (23; 46); 36
(25; 50); 30 (22; 48) BigNOBIAHO, @ TAKOX 3MEHLLIEHHS KiNbKOCTI TEPMiHaNbHUX BOPCUH XopioHa — 17 (15; 18); 8 (7; 8); 10 (9;
14) BignosigHo (p < 0,001). Y cTiHUi kaninsapis TepmiHanbHUX BOpCuH rpyn | Ta |l BusBneHo a-SMA-NO3UTUBHI nepuumTy, WO
cBigumno npo HabyTTsa MiodibpobnacTonogibHnx BnacT1BoCTei. Y rpyni | peMofentoBaHHs CYAMHHOI CTiHKM CTOBOYpPOBIX
BOPCUH BUSIBNEHO 3a NportipepaLieto rnaakoM’a30BUX KMITVH Ta iX Nepexoaom Ao CUHTETMYHOro dpeHoTumny. Y rpyni |l Ta nigrpyni
I-A BU3Ha4eHOo AereHepaTuBHI 3MiHM IMaakoM'I30BUX KITiTUH apTepion cToBOYPOBKX BOPCYH | NATONOrYHY HEOBACKYNsipu3aLlito
obnitepoBaHnx cyauH. Mnaventy npu COVID-19 manu o3Haku Habpsiky CTPOMK TEpMIHANBbHUX BOPCYH, MponidhepaTnBHNX
3MiH CYAMHHOI CTiHkv (rpyna 1), Ans HUX XapakTepHa Benvka LWinbHICTb 06niTepoBaHmX CyauH i (hibpo3yBaHHs CTPOMY CTOB-
6yposux BopcyH (rpyna l).

BucHoBku. PemogentoBaHHs BopcuHyacToro xopioHa npu COVID-19y BaritHuX Ha 19—25 TXXHAX recTauii xapakTepuayBanocs
3aTPUMKOIO PO3BUTKY. CTPYKTYPHI 3MiHW CYANHHOIO Ta CTPOMarbHOTO KOMMOHEHTIB BOPCYH acoLiitoBanmcs 3 TpaHcthopmaLlieto
(heHOTMNOBYX XapaKTEPUCTUK rMagKoM g30BuX kNiTuH i nepuunTie. COVID-19y BariTHUX Ha 19—25 TkHAX recTaulii cnpuynHsBe
hopMyBaHHSsI OKpeMUX MOPPONOTiYHUX 3MiH, MOZIOHUX A0 TaKWMX NPY iLLEMIYHIA ANCHYHKLIT nnaueHTy.

Remodeling of the villous chorion in pregnant women
at 19-25 weeks of gestation after coronavirus disease (COVID-19)
in cases of live-term fetal birth and antenatal fetal death

T. V. Savchuk, I. V. Leshchenko

Aim. To investigate the features of villous chorion remodeling after coronavirus disease (COVID-19) at 19-25 weeks of ges-
tation in cases of live-term fetal birth and antenatal fetal death.

Materials and methods. The study included placentas from live-born infants (Group I, n = 92), placentas from cases of ante-
natal fetal death (Group I, n = 12), and a comparison group comprising placentas from live-born infants (n = 54) as well as
placentas from cases of antenatal fetal death, subdivided into subgroup I-A (ischemic placental dysfunction) and subgroup II-A
(placentitis). Maternal COVID-19 infection was confirmed by a positive polymerase chain reaction test detecting SARS-CoV-2
RNA. Histological examination, immunohistochemistry using monoclonal antibodies against CD31 and a-smooth muscle actin
(a-SMA), morphometric analysis, and statistical methods were performed.

Results. In Group Il and subgroups I-A and II-A, the gestational age was lower compared with Group | and the control group
(p<0.001). Placental examination in Groups | and Il and subgroup I-Arevealed an increased proportion of stem and intermediate
villi — 33 (23; 46), 36 (25; 50), and 30 (22; 48), respectively — and a decreased proportion of terminal chorionic villi — 17 (15;
18), 8 (7; 8), and 10 (9; 14), respectively (p < 0.001). In the capillary walls of terminal villi in Groups | and II, a-SMA-positive
pericytes were identified, indicating the acquisition of myofibroblast-like properties. In Group I, vascular remodeling of the
stem villi was characterized by smooth muscle cell proliferation and their transition to a synthetic phenotype. In Group Il and
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subgroup I-A, degenerative changes in the smooth muscle cells of stem villous arterioles and pathological neovascularization
of obliterated vessels were observed. Placentas from pregnancies complicated by COVID-19 were characterized by stromal
edema of the terminal villi, proliferative changes in the vascular wall (Group 1), and a high density of obliterated vessels together

with stromal fibrosis of the stem villi (Group II).

Conclusions. Remodeling of the villous chorion in pregnant women at 19-25 weeks of gestation after COVID-19 was char-
acterized by delayed development. Structural changes in the vascular and stromal components of the villi were associated
with transformation of the phenotypic characteristics of smooth muscle cells and pericytes. COVID-19 in pregnant women at
19-25 weeks of gestation induced the development of distinct morphological changes resembling those observed in placental

ischemic dysfunction.

BopcuHyacTuit XopioH Npu [OHOLEHIN BariTHOCTI
BKIo4ae cTtoBOypoBi, HaMiBCTOBOYPOBi Ta TepMiHanbHi
BOPCHHMU, SIKi € pO3raly>kEHHAM OZHOTo KoTuneaoHa [1].
Mopdbororist XopioHa 3MiHIOETLCSA MPOTSATOM YCbOro nepio-
[y iCHYBaHHS, LU0 BUSBISAOTb 32 3MIHO CMiBBiAHOLLEHHS
BOPCUH XOpioHa pi3Hoi OynoBu [2]. 3ad0BinbHUIA CTaH
nnofa 3abe3nevyeTbcs [OCTATHBOK KiMbKICTO TepMi-
HaIbHWX BOPCWH, SIKi € [PKEPENOM BaCKyIOCMHLMTIANbHNX
MeMOpaH — CTPYKTYp, L0 pO3ainstoTe MaTepUHCHKWNA i
dhetanbHUii kpoBoOLIr | 3abe3nevyroTs Andy3iiHUA 0OMIH
[3]. Bnnveu HECNPUATAMBKX YUHHWKIB Mig Yac BariTHOCTI
hikcyroTbCS XOPIOHOM, LU0 (DOPMYETLCS, Ta 30epiratoThes
[0 nonoris [4].

COVID-19 acouiioBaHuin 3 eHAOTENIANbHOK aKTUBa-
Liieto Ta AMCYHKLIEH, L0 MOXYTb BifirpaBaTyt BaXI1BY
porib y po3BUTKY NOPYLUEHb MiKpoLmpKynavii [5], Hessa-
JKaKuM 3a 3axXMNCHI MEXaHi3MM NNaLeHTU, SK-0T 3HKEHUI
piBEHb EKCNPECiT aHrOTEH3NHNEPETBOPOBANbHOTO (hep-
MeHTY [6,7]. PE4OBWHM, CHTE30BaHI aKTVBOBAHVMY €H0-
TeniouuTamu, HaAXoAATb Y MPOCBIT CYAVH, CTIPUYNHSIKOUN
nopyLueHHs mikpouupkynauii [8]. CybeHpoTenianbHe
MPOHWKHEHHS PEYOBVIH BMIMBAE Ha rMaaKoM S30Bi KMiTUHU
(T™MK) cyamnHHoi cTiHku Ta chibpobnacTu [9], 3yMOBmOHYM
po3BuTOK apTepionocknepoay [10].

Mpu ubomy 6ap’epHa yHKLiS NnaleHTy 3abesnedvye
HapOMKEHHS HEMOBAT, Y SIKMX OTPUMAHO HEraTuBHI pe-
3yneTaty nonimepasHoi naHutoroBoi peakuii (MIP) ans
Bu3Ha4eHHs1 PHK Bipycy SARS-CoV-2, 6e3 KniHiuHnx
nposBiB iH(ikyBaHHA [11,12]. BTim, onucaHo Bunagku
aHTeHaTanbHoi 3armbeni nnoga, WO crnpuymMHeHa ¢op-
MyBaHHAM nnaueHTapHoi aucdyHkuii npu COVID-19 y
BariTHUX y Apyromy TpumecTpi rectauji [13]. HaBegeHi
JaHi o6rpyHTOBYIOTb AOLMNbBHICTb NPOBEAEHHS LbOro
[OOCHIIKEHHS.

MeTta pobotu

[Jocniguti ocobnmBoCTi pemofentoBaHHs BOPCUHYACTOrO
XOpioHa nicnsi nepeHeceHoi KOpPoHaBipyCHOT XBOpOOK
(COVID-19) Ha 19-25 TWKHAX recTauii Npy HAPOMKEHHI
XUBOTO [JOHOLLEHOTO Mroda Ta MpW aHTeHaTanbHil
3arubeni.

Martepianm i meToAU AOCAIAKEHHA

MpoBeneHo pocnimkeHHs 104 nnaueHT Big XIHOK, SKi
nepeHecnm COVID-19 Ha 19-25 TkHsiX recTaii. IHdiky-
BaHHs BariTHux COVID-19 nigTBepmkeHO NO3NTUBHUM pe-
syneratom MNP Ha HaseHicTe PHK Bipycy SARS-CoV-2,
a XuBi HoBOHapomkeHi 6ynu MITP-HeraTuBHUMM.
CchopmOBaHO OCHOBHI rpynu AOCHiMKeHHs: rpyna |
(n =92) — nnaueHTV NPy HAPOMKEHHI XWUBOrO QOHOLLEe-
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Horo nnoga (ouiHka 3a Lwkanot Anrap — 7-10 6anis);
rpyna Il rpynu — nnaueHT Npy aHTeHaTanbHin 3arnbeni
nnoga (n = 12). Kputepiem 3any4eHHs o rpynu Il 6yna
BHYTPILLHEOYTPOGHA CMepTb NNoaa 40 NoYaTky NonoroBoi
JiSNbHOCTI, NATBEPMKEHa KNiHIYHAMM Ta ynbTpa3ByKo-
BUMU JaHUMMU.

Cnig 3ayBaxuTh, WO Y 5 CNOCTEPEXEHHSX MPOMIXKOK
yacy Bif iH(iKyBaHHS BariTHOI 40 nonoris (MOCTKOBIA-
HUI iHTepBan) cTaHoBMB 12 TWxHIB, Y 2 Bunagkax — 10
TWXHIB, Y 2 BUNagkax — 11 TuxHis, no 1 sunagky — 9, 18
i 21 TXOEHb.

[ns miHimizauii BNnmBy CynyTHIX YHHWKIB Ha NnaLeH-
TY SIK KPUTEPIT BUKITIOYEHHS CMIOCTEPEXEHHS 3 AOCTIHKEH-
HS BM3HAYEHO MPEEeKnamncilo, XPOHIYHY apTepianbHy
rinepTeH3ito, LykpoBwi Ajabert, 6aratonnigHy BariTHICTb,
BPOMPKEHI Baan pO3BUTKY NioAa, rocTpi iHQeKLinHi 3a-
XBOPIOBAHHS iHLLOT €TioNOrii Ta TSHKKY eKkcTpareHitansHy
naTornorito.

[lns NOPIBHSIHHA NOKA3HWKIB AOCMIKEHO NNALEHTK
(n=54), oTpuMmaHi npm ghizionoriyHnx nonorax 4o enigemii
COVID-19. Kpim Toro, nnaueHTn rpynu |l nopieHioBanu
3 nnaueHtamm (n = 53) npu aHTeHaTanbHin 3arnbeni
nnoga, wo otpumaHi y 2013-2018 pokax. KniHiyHi gaHi
XIHOK | naToMOpPONOriYHi 3MiHW NNaleHTV Janu 3Mmory
cpopmyBaTh MiArpynu nnaueHT npyu aHTeHaTanbHin
3arnbeni nnoga fokoBigHoro nepiogy. 3okpema, Ao
nigrpynm |-A (n = 40) BKITKOYEHO NMALEHTU 3 XPOHIYHOK
MnaleHTapHO HEeOCTaTHICTIO (ilemiyHa AncdyHKLUisa
nnaueHTtn); go nigrpymu lI-A (n = 13) — nnaueHT 3
TOCTPVM MOPYLLEHHSIM MALEHTapHOro KpoBoobiry, Lo
CNpUYnHeHW nnaueHTuTom. Migrpyny I-A cchopmoBaHo
came 3 NnaueHT Npy aHTeHaTasnbHin 3armbeni nnoaa
[OKOBIZHOrO nepioay, Konu MiaTBepMKeHO i iLuemiyHy
ANCAYHKLILO, ANS NOPIBHAHHS i MOPOMNONiYHUX 3MiH 3i
3miHamu nnaueHTu nicns COVID-19.

Mig Yac copmyBaHHs ocHoBHUX rpyn COVID-19
npeeknamMncis 6yna KpUTeEPIEM BUKITHOYEHHS AN MiHi-
Mi3aLii BNI1BY i30M1bOBaHOI akyLIepChbKoi naTonorii Ha
JocnigpkyBaHi MOPAONOriyHi MOKa3HWKN.

Martepian oTpumaHo BiANOBIAHO 4O LOTOBOPY NpPO
CmiBMpaLto y BiadiNeHHi AMTAY0I NaTonoriyHoi aHaToMil
[OHI «HauioHanbHa cneuianisoBaHa gutaya nikapHs
«Oxmatant» MOS YkpaiHuy.

3acTocoByBanu MiKPOCKOMI4HWIA, iMYHOFCTOXiMIYHI
MEeTOAM 3 BUKOPUCTAHHSIM MOHOKIIOHAMNbHWUX aHTUTIN
npotn CD31 Ta rmagkom’s3oBoro akTuHy (Thermo Fisher
Scientific, CLUA), MOpdoMETprYHi Ta CTAaTUCTUYHI METOAM
pocnigmkeHHst. KinbkicHuin aHanis umdgposnx 306paxeHs
NPOBEAEHO Ha CTaHAAPTU30BaHMX MikpodoTorpadisx
NPy OOHAKOBWX yMOBaX 306inbLUEHHS. [ins KoxHoro Bunag-
Ky aHanisysanu BU3Ha4eHy KinbkicTb nonis 3opy (n = 6),
3 aHanisy BMKIO4anu AinsHky 3 aptedpaktamu. Bumipto-
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BaHHS1 MPOBEAEHO Y «CMMOMY» PEXUMI 3 OLiHIOBaHHSAM
BiATBOPIOBAHOCTI pe3yrnbTartiB. [na Bidyanisavji rictono-
TYHWX CTPYKTYP 3AIACHWIN KOMM'IOTEpHE OOCNIIKEHHS
ounpoBaHNX crnanais 3a 4ONOMOrow LMGPOBOro cka-
Hepa Pannoramic DESK DW [1[14]. KinbkicHi BiaMiHHOCTi
Ta OLLiHKY eKkcnpecii iMyHoricTOXiMiYHOro Mapkepa, CyauH
BOPCUH XOpiOHa, BifCOTOK CTOBOYpOBUX i HANiBCTOBOYpO-
BMX BOPCWH XOpiOHa BW3Ha4yanu 3a JOMOMOroK CepBicy
ONLINE JPG TOOLS. [1ns uboro 3acTocoBaHoO SIKiCHY
nonikcenbHy Bidyanisavito CTpykTyp abo kniTuH (eHgoTe-
niiA, rMaaKoM'si30Bi KNITUHK), SIKi PIHATLCS 3@ KONbOPOM
npw iMyHoricToxiMiyHOMY 3ab6apBreHHi. [o3nTUBHO BBa-
Xanu peakLito 3a HasgBHOCTI cneLmgi4HOro0 KOPUYHEBOTO
3abapBreHHs BianoBiaHUX KMiTUH.

3paskm nnaueHTu ikcyBann y 10 % HeliTpansHomy
chopmaniHi, NpPOBOAMIIN Yepes Cepito CNMPTIB 3i 3pOCTaH-
HSM iX KOHLIEHTpaLlii, 3an1eanu B napacdiH, BUrOTOBASIN
3pi3n TKaHVHW 3aBTOBLLKM 4 MKM Ta BUKOHYBamn iMyHO-
ricToximiyHe 3abapeneHHsi. OTpumaHi npenapati GoTo-
rpadpyBanu Yepes MiKpOCKon 3a AOMOMOrol0 LiMchpoBoi
doTokamepu. doTorpadii 3aBaHTaxysanu y opmari
*jpeg Ha cepsic ONLINE JPG TOOLS, 3a gonomoroto
AKOro BM3HAYanM BiACOTOK KOMbOPOBMX MiKCENIB Ha
300paxeHHi, Wo BiANoBiAaB YacTui gocnigxysaHoi
CTpyKTYpW. [Ans Bisyaniaawii cToBbypoBMX BOPCUH XOpioHa
abo cyauH ix oaaTkoBo 3abapBntoBany 3a AONOMOrow
Microsoft Paint y konip, L0 Bigpi3HABCS Big Konbopis
ricTonoriyHo 3abapBneHnx CTPYKTyp Ha potorpadii.

CraTncTuyHMiA aHania pesynbsTaTiB NMpPoOBeAEeHO 3
BUKkopucTaHHam nporpamn SPSS IBM v.22 (Armonk, NY,
USA), niueHsia HauioHanbHOro MeguyHoro yHisepcute-
Ty imeHi O. O. Boromonbus Ne 128 Big 01.08.2016 p.
[ina cTaTMCTUYHOrO OnpaLtoBaHHS JAaHWX 3aCTOCOBaHO
METOAM BapialiiHOi cTaTUCTUKU. ONS MHOXWHHOTO
NOPIBHSIHHS MiX rpynamMu cepefHix 3Ha4yeHb BUKOpUCTa-
HO HenapameTpuyHuin Kruskal-Wallis test [15]. Micnsa
BUSIBMEHHS! CTATUCTUYHO 3HAYYLUMX BiOMIHHOCTEW 3a
kputepiem Kruskal-Wallis npoBeaeHo nonapHi mixrpy-
MOBi NOPIBHAHHSA. [1N51 KOHTPOMO PU3NKY NOMUNKY | Tuny
NPU MHOXWHHUX MOPIBHSIHHAX 3aCTOCOBAHO KOPEKLIito
BoHdeppoHi. PaHrosi AaHi HABeAEHO sik MediaHy, HWXHIl
i BepxHin ksaptuni (Me (Q1; Q3)). Posnogin cTynens
TaxkocTi COVID-19 Mixk rpynoto XUBOHAPOMKEHMX i
rpynoto 3 aHTeHaTanbHo acikcieto nnoaa OLUiHEHO 3a
KpuTepiem X2. BiaMIHHOCTI BM3Ha4Yanu sk CTaTUCTUYHO
BiporigHi npy p < 0,05.

PesyAbTati

[ocnimkeHo nnaugHTy HEMOBISIT, HAPOMKEHNX XMBUMM (I
rpyna), Ta nnaLleHTy npy aHTeHaTanbHil 3arvbeni nnoga
(Il rpyna), matepi skux xsopinu Ha COVID-19 nig yac
BariTHocTi Ha 19-25 TuxHsaxX (mabn. 1).

[o rpynn NOpiBHAHHSA BKIKOYEHO NMaLeHTV nigrpyn
I-A ta II-A npu aHTeHaTanbHi 3arwbeni nnoga. Migrpyna
|-A BKntovana nnaueHTV 3 iLeMiYHOK MnaueHTapHOK
AncdyHkuieto. Y 14 cnoctepexeHHax Liei nigrpynu
[iarHoCTOBaHO BifLAPOBYBaHHS NaLEeHT Ha OOHI
XPOHIYHOI NnavueHTapHoOi HedoCTaTHOCTI, Y 9 XiHOK B
aHaMHe3i BY3Ha4YeHO TSHKKY Npeeknamncito, 6 BariTHuX 3a
9-19 Tw>HIB 4O NONOTiB NEPeXBOPINM Ha rocTpy pecnipa-
TopHy iHdekuito (MPBI). MNnaueHTty nigrpynm II-A (n = 13)
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XapaKkTepu3yBanucs BUpaxeHUM 3ananbHUMM 3MiHaMK:
y 6 CNOCTEPEXeHHsIX B aHaMHesi 3adpikcoBaHo MPBI (3a
1-4 TuxHi fo nonorig), y 4 BMNagkax — nepegyacHe
BIXOMKEHHSI HABKOMONMIZHWX BOd; y 3 — nepeayacHe
BiZiLIApYyBaHHS NaLleHTu.

Bik >iHOK y rpynax AOCRimKeHHs CTaTUCTUYHO 3Ha-
yyLlo He BigpisHsBca (p > 0,05): meaiaHa Biky B | rpyni
craHosuna 32 (28,0; 36,0), y Il — 31,5 (28,0; 34,0) Ta
30,0 (26,0; 34,0) poky; y nigrpynax nopiBHsiHHS — 34,0
(21,0;45,0) Ta 29,0 (27,0; 38,0) poky BinnosigHo. Mepebir
COVID-19 y arithux B | rpyni 6y nerkum y 46 (50,0 %)
BUMNaAKax, cepeaHboTsHkkUM — y 37 (40,2 %), TKKUM
i3 ABOGIYHOW NHeBMOHie — y 9 (8,2 %) BUNagkax.
Mpu aHTeHaTanbHIN 3arvbeni nnoga y 4 (33,3 %) xiHok
nepe6ir COVID-19 Bu3HayeHo sk nerkuid, 5 (41,7 %)
XIHOK MepeHecnn 3axBOPIOBaHHS CepeaHbOl TSXKOCTI;
3acpikcoBaHo 3 (25,0 %) Bunagku TskKoro nepebiry 3
NHEBMOHi€et0 (mabri. 1).

Y rpyni | TEpMiH BariTHOCTI Ha Yac NomnoriB CTaHOBWB
40 (38; 42) TvkHiB (mabn. 1). BctaHOBNEHO HEOCTOBIpHE
30inbLUeHHs TepMmiHy recTaii. Tak, y rpyni |l BcTaHoBneHo
3HWXKEHHS recTaLlinHoro Biky (MefjiaHa — 36 TVkHIB) no-
piBHAHO 3 rpynoto | Ta rpynoto nopisHaHHSA — 40 (39; 40)
TvxHiB (p < 0,001). Y nigrpynax I-A Ta II-A Lei nokasHuk
TakoX 3HkeHUn — 32 (27, 39) ta 25 (19, 32) TwkHiB
BIiANOBIAHO. 3HWKEHHS recTauiHoro Biky B rpynax Il
I-A, 1I-A 3ymoBreHe HeCrpOMOXHICTIO KOMNEHCATOPHUX
mexaHismiB Hespinoi nnauenty [10]. Y gocnipkerux 12
CMOCTEPEXeHHSX i3 rpynu |l aHTeHaTanbHa 3arnbenb
nriofa Hactana y pisHi TepMiHu rectadii, NOCTKOBIAHWUI
iHTepBan cTaHoBwB 12 (9; 21) TvpkHiB. Y rpyni | Lew nokas-
HVK gopisHioBaB 17 (15; 21) TuxHIB, LLO NosicHioBanocs
GinbLIMM TepMiHOM recTalii Ha Yac nonoris.

HesBaxaroun Ha TpuBanicTb MOCTKOBIAHOIO iHTEP-
Bany, B 94,6 % cnoctepexeHb rpynu | Ta 75,0 % rpynu
Il BUSIBNEHO 0cepenkoBi 3anasibHi 3MiHW MnaueHTn — Xo-
piOaMHIOHIT i 6asanbHuiA eunayiT NoOMIpHOro CTyneHst
BUpaxeHocTi. Y nigrpyni I-A nnaueHTVT AiarHocToBaHO
y 27,5 % Bunagkax, y nigrpyni lI-A — y BCix cnoctepe-
XeHHsX. Mpu ubomy B migrpyni [-A BU3Ha4YeHO NOMIpHY
3ananbHy iHineTpauijto, a B nigrpyni 1I-A — BupaxeHi
3anarnbHi 3ViHU (reHepaniaoBaHwWii iHTEPBINy3uT).

Y nnaueHtax | Ta Il rppyn BCTaHOBMEHO KinbKiCHi 3MiHN
BiZICOTKIB CTOBOYPOBMX, HaMiBCTOBOYpOBUX | TEpPMiHamb-
HWX BOPCUH. BuaHayeHo 3binblueHHs BigcoTka cToBOy-
poByX i HaniBCToBOYpoBMX BopcyH: 33 (23; 46) — y rpyni
| Ta 36 (25; 50) — y rpyni Il, a y rpyni nopiBHsHHA — 7 (7;
9), p < 0,001 (mabn. 1, puc. 1A, b). Tpeba 3a3HaunTy,
LLIO KiNbKICTb TepMiHanbHWX BOPCUH 3MeHLUeHa. Y rpyni |
Liel nokasHuk ctaHosws 17 (15; 18), B rpyni Il — 8 (7; 8),
a y nnaueHTax, OTpUMaHWX y JOKOBigHWIA nepiod, — 26
(25; 27). Y nigrpynax I-A Ta lI-A BigcoTok cToBGYpOBYX
(HaniscToBBypoBwx) BopcuH ctaHoBuB 30 (22; 48) Ta
27 (16; 30) BiZNOBIZHO i He BipPI3HABCA Bif NOKa3HUKIB,
BCcTaHoBneHux y rpynax | Ta Il. Kinbkicte TepMiHanbHWX
BOPCUH BUSIBMIACA 3HAYHO 3MeEHLLEHO B migrpyni I-A
—10 (9; 14). MeHwWy KinbKiCTb TepMiHanNbHUX BOPCUH Y
niarpyni [I-A — 15 (12; 25) — MOXHa NOSICHNTU MEHLLM
TEPMIHOM recTaLlii, IpoTe NOKas3HWK SOCTOBIPHO He Bid-
pisHsses Big rpyn | Ta ll.

Y cTpomi TepmiHanbHUX BOPCWH XOpioHa rpynu | Bu-
3Ha4eHo Habpsk y 93,0 % Bunagkis (puc. 1B). Y rpyni ll
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Tabauus 1. NMatomopdpororiyni 3miHu nnaverTv npu COVID-19 y BaritHix Ha 19-25 TpkHsIX recTauii npy HapOKEHHI XMBOrO nnoga

Ta Mpy aHTeHaTarbHii 3arubeni

Ha_po.q»(eHHﬂ, IA - iwemiyHa lIA — nnaueHTwuT,
n=>54 . _
AvchyHKUiA n=13
nnaueHTu, n = 40

Moka3HWK, oAUHNLI BUMipIHOBaHHA COVID-19, n =104

Ipynal, n =92

Fpynall, n =12

TepMmiH BariTHOCTI, TWXHI 40 (38; 42) 36 (34; 41)* 40 (39; 40) 32 (27; 39) 25 (19; 32) p,,<0,001
p,;<0,001
p,,<0,001
p,5<0,001

TsuxkicTb nepebiry TNerkuin 46 (50,0 %); 4 (33,3 %); - 0,36

COVID-19, n (%); [39,5-60,5] [9,9-56,8]

195 % Al CepenHbOTSKKNIA 37 (40,2 %); 5 (41,7 %); 1,0

[30,2-50,2] [13,8-69,5]
TaKKMIA 9 (9,8 %); 3(25,0 %); 0,14
[3,7-15,8] [0,0-53,5]

Bik BariTHoT, poku 32,0(28,0;36,0) 31,5(28,0;34,0)0 30,0(26,0;34,0) 34,0(21,0;45,0) 29(27;38) >0,05

TMocTKOBIAHWIA iHTEpBAr, TWXHI 17 (15; 21) 12 (9; 21) - - - -

MnaueHTuT, n (%); [95 % Al] 87 (94,6 %); 9 (75,0 %); 0(0,0 %); 11 (27,5 %); 13 (100,0); p,,<0,001

[90,0-99,2] [50,5-99,5] [0,0-6,6] [16,4-42,6] [75,3-100,0]

BincoTok cToBGYpOBUX i HAMIBCTOBGYPOBMX BOPCHH 33 (23; 46)* 36 (25; 50)* 7(7;9) 30 (22; 48)* 27 (16; 30) p,;<0,001

XopioHa, % p,,<0,001

Aptepionocknepos, n (%); [95 % AlJ? 0(0,0 %); 12 (100,0 %); 0(0,0); 27 (67,5 %); 0(0,0); p,,<0,001

[0,0-3,9]; 0 [84,1-100]*; 8 [0,0-6,6]; 0 [50,9-81,4]; 3 [0,0-24,7]; 0 p,,<0,001
[7; 9] [2;3]
KinbkicTb TepMiHanbHUX BOpCUH' 17 (15; 18)* 8(7;8)* 26 (25; 27) 10 15 (12; 25) p,,<0,001
[9; 14]* p,,<0,001
p,,<0,001
®ibposysanHs cTpomu, n (%); [95 % AI] 86 (93,5 %); 12 (100,0 %); 0(0,0 %); 40 (100,0 %); 0(0,0 %); p,,<0,001
[88,2-98,8]* [84,1-100,0]* [0,0-6,6] [91,2-100,01* [0,0-24,7] p,,<0,001
p,<0,001

DiBPUHOIAHNI HeKPO3 CTPOMY BOPCUH, N (%); 2 (2,2 %); 2 (16,7 %); 0 (0,0 %); 40 (100,0 %); 0(0,0 %); p,,<0,001

[95 % Al] [0,3-7,6] [2,1-48,4] [0-6,6] [91,2-100,01* [0,0-24,7] p,,<0,001
p,,<0,001
p,<0,001

MixsopcuHyacTuii npocTip, % Eputpouuty, ®ibpuHoig, 7 (5, - Eputpoumty, JlenkounTy, p,,<0,001

ibpuH 10) ibpuHoig, ibpuH p,,<0,001
33 (20; 51) p,<0,001
3BYXKEHHS NPOCBITY CYANH TEPMiHanNbHUX BOPCUH, N 90 (97,8 %); 12 (100,0 %); 0 (0,0 %); 2 (5,0 %); 0 (0,0 %); p,,<0,001

(%); [95 % Al; % cyanH [93,6-100,0]; [84,1-100,0]; [0,0-6,6]; [0,6-16,9]; [0,0-24,7]; p,,<0,001

46 (44; 47) 14 (11; 22)* 68 (65; 70) 26 (20; 35) 61 (55; 68) p,<0,001

Axriomaros, n (%); 2(2,2%); 0(0,0 %); 4 (7,4 %); 18 (45,0 %); 8 (61,5 %); p,,<0,001

[95% AI] [0,3-7,6] [0-15,9] [0-15,9] [31,2-59,6] [38,6-84,6] p,<0,001

Habpsik cTpoMW TepMiHanbHUX BOPCYH, BiACOTOK 86 (93,5 %); 11 (91,7 %); 0(0,0 %); 2 (5,0 %); 2 (15,4 %); p,,<0,001

ctpomu, n (%); [86,3-97,4]*; [67,1-100,0]; [0,0-6,6]; [0,6-16,9]; [4,3-42,2]; p,,<0,001

[95 % Al]; % cTpomun 54,0 (53,0;56,0) 86,0 (78,0;89,0) 32,1(26,2;39,6) 43,0 (38,4;47,5) 39,0(32,0;450) p,,<0,001
p,<0,001
p,5<0,001

Hekpoa eHpoTtenito aptepion, n (%); 6 (6,5 %); 4 (44,4 %); 0(0,0 %); 11(27,5 %); 13 (100,0 %); p,,<0,001

[95 % Al] [1,5-11,6]* [12,9-77,9]* [0,0-6,6] [16,4-42,6] [75,3-100,0] p,,<0,001
p,;<0,001
p,<0,001

Ekcnpecist CD31 B eHgoTenii aptepion BOpCuH 20 (16; 22)* 18 (8; 22)* 46 (35; 58) 15 (8; 21)* 12 (7; 20)* p,;<0,001

xopioHa, % p,,<0,001

lMponicbepauis m’'s3oBoro wapy apTepion ctosbyposux 90 (97,8 %); 4 (33,3 %); 0(0,0 %); 8 (20,0 %); 0(0,0 %); p,,<0,001

BOpcUH, n (%); [95 % O] [93,6-100]* [8,6-64,6]* [0,0-6,6] [10,5-34,8] [0,0-24,7] p,,<0,001

[lereHepatvBHi 3MiHW rMagkux M'a3iB cyauHHoi cTiiku, 0 (0,0 %); 12 (100,0 %); 0 (0,0 %); 40 (100,0 %); 13 (100,0 %); p,,<0,001

n (%); [95 % Al [0,0-3,2] [84,1-100,0]* [0,0-6,6] [91,2-100,0] [75,3-100,0] p,;<0,001
p,,<0,001

*: p < 0,001 (Kruskal-Wallis test); 1; 2: winbHicTb AocnimpKyBaHUX CTPYKTYp B OOHOMY Nofi 30py npu 36inbLueHHi Mikpockona x400; x40.
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Habpsik BUSIBNEHO Y MOOAWMHOKUX TepMiHanbHUX BOPCU-
Hax. Y GinbLLOCTi BOPCYH Ljei rpynu npu 3abapBrneHHi
MSB (puc. 15, I’) cTpoma BopcvH HabyBana bnakuTHoro
KOrbOpy, L0 CBiAYMNO Npo 36inbLUeHHS KiNbKOCTi kona-
reHOBUX BOMOKOH (puc. 1I). ®ibpo3 cTpomMM BU3HAYEHO
y 93,5 % 3paskiB rpynm |, 100,0 % cnoctepexeHb rpynm
Il Ta 100,0 % — nigrpymu I-A (ma6n. 1, puc. 14, E). Y
nnaueHTtax nigrpynu I-A Habpsik CTpoMu BUSIBNIEHO
nvwe B 2 (5,0 %) cnoctepexenHsix, y nmiarpyni IIl-A —y

https://pat.zsmu.edu.ua

15,0 %. PibpuHOigHUI HEKPO3 CTPOMM CTOBOYPOBHX
BOPCUH BCTaHOBNeHo Y 16 % Bunagkis rpynu |l Ta 'y BCix
crocTepexeHHax niarpynu I-A, Wwo cynpoBoaxyBaBcs
kanbLuHo3oM (puc. 1/, ecmaska). Kpim Toro, B nigrpyni
I-A 3acpikcoBaHO 36inbLUEHHS KinbKocTi dibpuHoigy B
MixBOpCUHYacToMy npoctopi Ao 33 (20; 51), y rpyni Il uen
nokasHuk ctaHoswB 7 (5; 10). Y nnaueHTax nigrpymm I1-A
MDKBOPCMHYACTWIA NPOCTip ByB 3anMOBHEHWI NeikouuTa-
MU, @ BOPCUHW 06nsiMoByBaB (ibpuH.
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Puc. 1. CTpykTypHi 3miHu nnauentn npu COVID-19 y BariTHOi. A, B: rpyna I; b, I: — rpyna II; A, E: nigrpyna I-A. A, B, A, E: H & E; A, B, A: x50; B, I: MSB; B, I, E: x400.

B 0CHOBHUX rpynax BWSIBNIEHO 3MEHLLEHHS MPOCBi-
Ty CyOMH NOPIBHSHO 3 rpynamu MopiBHAHHA (mabn. 1,
puc. 2A, b). BigcoTok cyouH y TepMiHanbHi BOPCHHI
xopioHa B rpyni | ctaHoBuB 46 (44; 47), y rpyni Il — 14
(11; 22), a B rpyni nopisHAHHSA — 68 (65; 70), p, ,< 0,001
(mabn. 1, puc. 2). Y nigrpynax I-A Ta Il-A uein nokasHuk
cTaHoBmB 26 (20; 35) Ta 61 (55; 68) BignosigHo. Tpeba
3a3HaYNTL, LLO 3HKEHHS NoKasHuka B niarpyni I-A 3y-
MoBrieHe hibpo3ysaHHsM cTpomi y 100 % cnoctepeeHb
(puc. 1E). Y nigrpynax I-A Ta II-A Bu3Ha4eHo aHriomaTo3

Matonoris. Tom 23, Ne 2(67), TpaBeHb - cepnerb 2026 p.
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TepMiHanbH1X BOPCUH XxopioHa —Y 45 % Ta 61 % Bunagkis
BiANOBiAHO. B OCHOBHKX rpynax aHriomaros3 BUSIBMSNM
B MOOAMHOKMX BUNaaKax, BiH MaB OCepeaKoBUin xapak-
Tep (mabn. 1).

B ocHOBHVIX rpynax BU3Ha4eHo BinbLu LeHTparnbHe
pO3TaLLyBaHHS 3BY>KEHWX CYAWH, LLO 3yMOBIIEHO 5K Ha-
6psikom (puc. 1A, B, puc. 2A, B), Tak i ibpozom cTpomm
(puc. 1B, I; puc. 2B, I). Lle npu3sogmno 8o 36inbLueHHs
TOBLLWHY BACKyNIOCUHLMTIANbHNX MeMOpaH i CnpyinHUno
noripLueHHs nepdysii [16]. Y rpyni Il BusiBneHo 6eacyamHHi
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FU Wy

Puc. 2. CTpyKTypHi 3MiHM CyauH TepMiHanbHUX BopciH xopioHa npu COVID-19 y BariTHiX 3 OCHOBHOI rpyny Ta nopiHaHHs. A, b: rpyna I; B, I: rpyna II; A, E: rpyna nopiBHAHHS.
A-T: ueHTparnbHe po3TallyBaHHS CyaVH y TepMiHanbHil BopcuHi; A, E: nepudepiliHe po3TallyBaHHS CyavH Y rpyni nOpiBHSAHHS. A, B, A: eKCpecis MOHOKMOHANbHINX aHTUTIN MPOTK
CD31 B eHpoTenii cyauH BopcuH xopioHa, x630; B, I, E: ekcnpecis rmagkom’s30Boro aktuHy (a-SMA), x630.

122

BOPCUHM 3 (hibpo3oBaHo cTpomoto (puc. 17); y rpyni
|, He3BaXalouM Ha 30iMbLUEHHS KiMbKOCTi KonareHoBUX
BOJOKOH y CTPOMi, 6€3CyNHHI BOPCUHU HE BUSIBMEHO.
Y cTiHUi cyanH TepmiHanbHyx BopewH rpyn | Ta Il Bu-
ABNeHO 0-SMA-NO3UTUBHI KNiTUHHI enemenTy (puc. 25, I
cmpinka). Y rpyni NOPIBHAHHS XUBOHAPOMKEHUX | Mia-
rpyni II-A ekcnpecis a-SMA B kaninsipax TepMiHanbHNX
BOPCUH He 3adpikcoBaHa (puc. 2E). MNnaueHTn nigrpynu

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

I-A xapakTepuaysanucsi cnabkoto a-SMA ekcnpecieto B
CTiHKax cyauH abo ii B3arani He BUSIBMSANN.
HesBaxkatoun Ha TpyBanuin NOCTKOBIAHUI iHTEpBar,
y 44,4 % cnocTepexeHHsix rpynu |l 3bepiranucst Hekpo-
TUYHI 3MIHW eHOOTenito CYAUHHOI CTiHKM, BUSIBNEHE 3a
3HWXeHHAM BigcoTka ekcnpecii CD31 B engoTenii cyanH
(puc. 2A, B) npotvi rpyni NOPIBHSHHS — KUBOHAPOKEHMX
(puc. 2 f]). Y rpyni | BigcoTok ekcnpecii CD31 cTaHoBMB
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Puc. 3. CTpykTypHi 3MiHI apTepionu 3pinoi npomixHoi BopcuHu xopioHa npu COVID-19 y Barithux i3 |, Il rpyn Ta B rpyni nopisHsaHHs. A, B: rpyna |; B, T, E: rpyna II; A: rpyna nopiBHAHHS.

A-E: excnipecisi rnapkom’sa30Boro akTHy (a-SMA). A: x700, B-E: x1200.

20 (16; 22), y rpyni Il — 18 (8; 22), y rpyni NOPIiBHAHHS
— 46 (35; 58), p < 0,001 (mabn. 1). Y rpyni | HEKPOTUYHiI
3MiHW eHpoTenioynTiB BUSBNEHO Nuwwe y 6 % Bunagkis,
p,,<0,001, p,,<0,001.

Y rpynax |, Il Ta nigrpyni I-A Bu3Hau4eHo pemopaento-
BasbHi 3MiHV apTepion cToBGYpoBUX i HAaNIBCTOBOYPOBYIX
BOPCWH XOpiOHa, SiKi BUSIBMIEHO 3@ MOTOBLLEHHSIM CTiHKM
CYAVH 3i 3MEHLLEHHAM BIACOTKa CYAMHHOTO MPOCBITY
(mabn. 1, puc. 3A, B). Y rpyni Il Ta nigrpyni I-A'y 100 % wi

Matonoris. Tom 23, Ne 2(67), TpaBeHb - cepnerb 2026 p.
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3MiHV CynpOBOKYBANMCS MOBHO 0bniTepaLlieto NpocaiTy
apTepion — apTepionocknepo3om (puc. 35, I). Mpu ubomy
LLiNbHICTb apTepionocKNepoTUYHO 3MIHEHWX CYAVH Yy rpyni
Il craHoswB 8 [7; 9]. Y nigrpyni I-A apTepionocknepos su-
ABNEHO Y 67,5 % BUNaaKiB, ane LWinbHICTb 3MIHEHWX CYAVH
npv LboMy Huxda — 3 [2; 3]. Bunapgkw aptepionockneposy
y rpyni | Ta nigrpyni |1-A He 3acbikcoBaHo.

[OTOBLUEHHS CyAMHHOI CTiHKM Byno 3ymoBneHe
nponipepaTBHUMM 3MiHAMK NAAKOM I30BUX KMITUH.
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Taki 3miHu BusiBneHo y 97,8 % sunaakis rpynu |, 33,3 %
Bunaakis rpynu |l Ta 8,0 % crnocTtepexeHb nigrpynm I-A.
Y rpyni nopiBHsAHHSA xuBoHapomkeHux MK xapaktepu-
3yBanucs BULOBXEHO (hOPMOIO 3 BEPETEHOMNOAIBHMM
sapamm Ta NoMipHoK ekcnpecieto a-SMA (puc. 3[). Y
nnaweHTax rpynu | BusHaqeHo 36inbLueHHs kinbkocTi MK
CyOVHHOI CTiHKM (puc. 3A) Ta 3MiHy ixHbOi Mopdonorii
(puc. 3B). Anpa knituH Habysanu kynscToi cdopmu, a
[OBri UMTONNa3mMaTtuyHi BipOCTKN XapakTepuayBanmcs
nocuneHoto exkcnpecieto a-SMA (puc. 3B).

Y rpyni Il Ta nigrpyni I-A TMK aptepion cToBbypoBux
BOPCWH BTpavanu xapakTepHy BepeTeHonomibHy dop-
My, iX BU3HaYeHO K dparmeHToBaHi a-SMA-NO3UTUBHI
3epHuCTi CTpykTypu (puc. 36). Kpim Toro, Ha micusx
006niTepOBaHMX CyAMH BUSIBNEHO iHTEHCVBHO 3abapBneHi
0-SMA-NO3NTUBHI 3aMULLKN XaOTUYHO PO3TALUOBaHKX
KNiTUH HenpaBunbHoOi hopmu (puc. 3).

Y UeHTpi okpemmux obnitepoBaHyx cyauH rpynm |l Ta
nigrpynu |-A BUSIBNEHO YNCIIEHHI HOBOYTBOPEHI CyaWHY,
Lo BW3HaYeHi sk pekaHanisauia (puc. 3E). CyavHHa
CTiHKa MiCTINa XaOTUYHO po3TaLLoBaHi a-SMA-N03NTHBHI
KNiTUHW 3 NOPYLLEHO0 apXiTEKTOHIKOH, LLIO CBIAYMIO NPO
[e30praHisaLito rmagkoM’si30BOro Wwapy.

06roBopeHHA

AHani3 TskkocTi nepebiry xBopobu y BariTHUX He Nokasas
CTaTUCTWNYHO BipOriAHVX BIGMIHHOCTEN 3@ PO3MOINOM CTY-
nexs TsxkkocTi COVID-19 Mix rpynoto XMBOHAPOMKEHNX i
rpynoto 3 aHTeHaTanbHoK acdikcieto nnoga (p = 0,253).
Mpun ubomy 3adpikcoBaHo Aelo BinbLuy KinbKiCTb CMo-
cTepexeHb i3 Tshkkum nepebirom COVID-19 y BariTHuMX
i3 rpynu 1. Li pani 36iratotbest 3 pesynsratamm iHLLmX
gocnipxeds [17].

Y Halmx CrocTepexeHHsX, SK i 32 JaHUMU iHLLMX
HayKoBLjiB, Npu nerkomy nepebiry xsopobw Gyrno sapee-
CTPOBaHO HECMPUATIMBI HACMIAKV NS BariTHUX, TO4i K
npu TSHKKOMY nepebiry XBopobu Y 3KiHK1 HapomKyBanucs
4iTn 3 Bucokumu 6anamu 3a Lwkanoto Anrap. lNosicHoemo
Lie 3aXMCHUMM MeXaHi3Mamm NaLleHTU Big BepTUKaNbHOI
nepegaui Bipycy, BHacnigoK 4oro CTyniHb BUPaXeHOCTi na-
TOMOPJIOMOTiYHMX 3MiH y NnaLeHTi 6yB pi3HUM i BU3Ha4aB
CTaH nNnoaa npu HapomxeHHi [10].

lMokasaHo, Lo npoHukHeHHs SARS-CoV-2 y knitu-
HYy NMepeBaXHO KOHTPOMIETLCS 3B'A3yBaHHAM peLern-
TOp-3B'A3yBanbHOr0 AomeHy (receptor-binding domain,
RBD) cnaikoBoro rnikonpoteiHy (Sp) Bipycy 3 peuen-
TOPOM aHriOTEH3HNEPETBOPIOBANLHOMO HEPMEHTY 2
(angiotensin-converting enzyme 2, ACE2) Ha noBepxHi
knitHu. ACE2 ekcnpecyeTbes Ha KNiTHax eHAoTenito,
nepuumTax i Tenoumtax [18].

Btim, naToreHes KopoHaBipyCHOi XBOPOOW CknapHi-
LLIWIA, HiX BBaXanu paHille, i noTpebye nogansLoro Bu-
BYeHHs [19]. BctaHoBneHo, Lo ais Bipycy SARS-CoV-2
Ha CyAWHHY CUCTeMy, OorocepefKkoBaHa nepuumtamm,
MOXe NMPU3BOAMTU 4O BTOPWUHHOI eHZoTenianbHoI auc-
dpyHKLUT, @ HE MPSIMOTO NMOLLKOMKEHHS CYAUH Y pe3ynbTari
B3aemogii SARS-CoV-2 3 eHgoTeniem. Y pesynbrarTi
LOCTIIKEHHS BUSIBNIEHO: NEPULMTY B pe3ynbTaTi BNnvBy
Sp 3a3HatoTb 3MiH heHOTUMYy Ta Mopponorii, Lo Cynpo-
BOIKYETHCS MOCUIIEHOK EKCTIPECIEI CKOPOYyBamnbHMX
i MiohibporeHHUX BinkiB (a-rnmagkoM’si30BOr0 akTuHY,
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(hiOpOHEKTUHY, KonareHy), NPU3BOASYM 4O 3MiH KPOBO-
Toky [19]. MNopyLueHHst KpoBOOGIry Ta aKTBaLis eHAo-
Tenito NpWU3BOAATb 10 3MiH NPOCBITY CYMH (3BYXXEHHS,
obnitepauii), a Takox iHinbTpaLii iIMyHHUX KMIiTUH B
opraxu, ypaxeHnx COVID-19. Lie cnpuunHsie HagMmipHy
iMyHHY BiONOBiAb, Ka MOXE NPU3BOAUTM [0 BigAaneHnx
NOLLKOMKEHb Ta/abo cMepTi.

BusBeneHa y Halwomy gocnipxeHHi ekcnpecis a-SMA
B CTiHKaX kaninspis TepMiHanbHWX BOPCUH XOPIOHa MOXeE
CBIOYMTM NPO (PEHOTUMOBY TpaHCAOPMaLLio NepuLmTiB
[20] Ta HabyTTA HUMM KOHTPAKTUMBbHUX BNACTUBOCTEN,
LLIO aCOLLIKOETLCS 3i 3BYXKEHHSAM MPOCBITY Kaninspis i pos-
BUTKOM Manbnepdysii [21]. MNMosiBa B 0CHOBHMX rpynax (I
1a Il) a-SMA-NO3UTUBHUX KNiTWH, IMOBIPHO, 3yMOBreHa
aKTVBaLlieto NepuumTiB Y BiANOBiAb HA ANCHYHKLIIO eH-
[oTenito Ta 3ananeHHs, a cnabka ekcnpecis B migrpyni
I-A — xpoHiuHoto rinokcieto. OTxe, HasBHICTb a-SMA-mo-
3UTUBHYX NEPULIMTIB MOXE CBIZYMTM MPO PEMOLENOBAHHS
MIKPOLMPKYNSTOPHOTO pycra Npu 36inbLUeHHi TpYBanocTi
nocTkoBigHoro iHTepeany. BigcyTHicTb ekcnpecii a-SMA
B Kaningapax TepMiHanbHWUX BOPCWH Y rpyni NOPIBHAHHS
Y3romKy€eTbCA 3 LaHVMM MPO BiACYTHICTb rMaaKoM I30BUX
KNiTUH y kaninapax 3a HopmanbHux ymoB [22]. Kpim Toro,
AndbepeHLjtoBaHHsA nepuunTiB y Miodibpobnacronogio-
Hi KNITUHW MOXE CMPUYMHATY HaOMIpHE HAKOMUYEHHS!
KOMIMOHEHTIB N03aKMITMHHOrO MaTpKKCy Ta (POPMyBaHHS
¢hibpoay cTpomm BopcuH [22]. Linm nosicHioemo ¢hibpo3y-
BaHHS cTpomu B rpyni 1.

MOTOBLUEHHS CYAMHHOI CTiHKM 3yMOBMEHE Mpofi-
thepatveHMM 3miHamm TMK. Y cygmHax cToBOypoBux
BOPCUH XOpioHa rpyny nopiBHsaHHS TMK manu Tunosui
cKopoTNMBUIA theHoTUN [23], XapakTepuayBanucs Bu-
[OBXEHVUMW BEPETEHONOAIBHUMI Sapamm Ta MOMIPHO
ekcnpecieto a-SMA (puc. 34). Y rpyni | BUsHaueHo 36inb-
LeHHs kinbkocTi TMK i 3miHy ixHbOT Mopdonorii: sapa kni-
TWH HaByBanu KynacToi hopmu, a JOBri LMTONNasMaTuyHi
BiZ[POCTKW XapaKTepu3yBanics NOCUNIEHOI0 eKCrpeCieto
a-SMA (puc. 3A, B). Taki 3miHu BignoBigatoTb nepexogy
MK go cuHTeTMyHoro cpeHotuny [23] Ta csigyatb Npo
IXHt0 NponichepaT1BHY aKTUBaLLi0.

HasBHicTb B 00niTEpOBaHMX CyAMH 3amnmvLIKOBUX
0-SMA-N03nTuBHUX KNiTWH (puc. 3I) cBigunTb Npo
PO3BUTOK BUPaXeHUX AereHepaTMBHUX 3MiH CyOMHHOI
CTiHKM, BipOriHO acoLiiOBAHUX 3 IHTEHCUBHICTIO YLLKO-
[PKeHHs1 Ta 0cOBNMBOCTAMM afanTUBHO-PENapaTMBHOI
BiANOBIi, O MOrMO BNNMBATK HA HACMiAKW BariTHOCTI.
PemopentoBanbHi 3MiHU CYAUHHOI CTiHKM CTOBOYPOBMX
BOPCUH CNPUYMHANM 3aTPUMKY (hOPMYBaHHS XOPioHa, Lo
i MOSICHIOE rinonsasito TepMiHaNbHUX BOPCYH.

PekaHanisaLlist — 3aknto4Ha naHka naTonoriYHmx 3mMiH
Cy[VH, LLO BKIKOYaL0Tb eHAOTENIaNbHE YLIKOMKEHHS, apTe-
pionocknepos i noganbLLy KOMMEHCATOpHY HEOBaCKYNSIpy-
3aLito, CNpsIMOBaHy Ha YaCTKOBE BiHOBIEHHS KPOBOTOKY.
Pa3som i3 Tm, Taka HeoBackynspusaLis € HeAoCTaTHLO
eeKTMBHUM penapaTyBHAM NPOLIECOM MICIS TSXKKOTO i
TPVBANOrO FiNOKCUYHO-ILLEMIYHOTO YLLIKOIKEHHS.

Cnip 3a3HauuTy, WO pekaHanisaujlo Ta HeoBacKy-
NSpM3aLiio BUHAYEHO Tinbkv y nnaueHTax rpynm Il Ta
nigrpynu I-A. Y rpyni | nepesaxarnu nponicepaTuBHi 3MiH1
"MK cyauHHoi cTiHkM 6e3 03Hak AecTpyKuii, Lo OLiHEHO
K NPOSIB aAanTUBHOTO PEMOAENOBaHHS cyauH. OTprMaHi
JaHi ceigyaTb, WO NatoMopdonoriyHi 3MiHU NnaueHTK
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npu COVID-19 y BariTHOI Ha 19-25 TKHSAX 3yMOBIEHI
AK TSDKKICTIO NEPBUHHOIO YLIKOMKEHHS (BUPAXeEHICTb
eHpoTenianbHoi AecTpyKLii, TPOMO03, MNALEHTUT Y ro-
CTpOMY NepioAj 3axBoptoBaHHs [24]), Tak i eheKTUBHICTIO
Ta CBOEYACHICTHO aKTVBaLlii KOMMEHCATOPHMX MEXaHi3MiB.
MnaueHTy rpynu | xapakTepuayBanvcsa aganTyBHUM pe-
MOAENOBaHHSAM CYAMHHOI CTiHKW, @ Y BUMaZKax TSHKKOro
yLIKOMXEHHs Ta 3arnbeni nnoga (rpyna |l) po3susanucs
[e3afanTuBHi NpoLecy 3 obnitepadieto CyauH i Aesopra-
Hi30BaHO HEOBACKYNAPU3ALIE.

[ins nopiBHAHHSA 3MiH y nnaueHTi rpynv || gocnigxysa-
NV NNaLEHTY XiHOK i3 aHTeHaTanbHo 3arnbennio nnoga
B [OKOBiAHWA nepiof. AHaMHECTWUYHI JaHi NOPOAINnb i
naToMopdOnoriyHi 3MiHK, BUSIBNEHI 3a AaHumu Bioncii
LIMX CNOCTepexeHb, fanu 3mMory BU3HauMTW BigMIHHOCTI
6ynosw Ta cchopmysatu nigrpynu. MNnauexta nigrpynm
I-A xapakTepuayBanacs npeBasitoBaHHAM iLIEeMIYHO-He-
KPOTUYHMX 3MiH, a nigrpymu |I-A — nnaueHTuTom. Tpeba
3ayBaXWTU, O TPyNK OOCHIMKEHHS BigpisHAnUcs 3a
recTauinH1m BIiKOM Ha Yac 3aBepLUEHHS BariTHOCTI, i Lie
MOTITI0 BNIVHYTW Ha OKpeMi MOPOMETPUYHI XapaKkTepu-
CTUKM BOPCHMHYACTOro xopioHa. Pasom i3 Tum, nigrpynu
I-A Ta Il-A 6ynu cdhopmoBaHi He ik recTauiiiHo 3icTaBneHi
KOHTPONbHI rpynu, a Ans MOPIBHANBHOIMO OLiHOBAHHS
MOPONOriYHMX NATEPHIB NNALEHTW NPY Pi3HUX NPUYMHAX
aHTeHaTanbHoi 3arnbeni nnoaa AOKOBIAHOMO nepiogy —
iLUeMiYHIn aucdyHKUIT nnaueHT Ta nnaueHTuTi. Tomy
noAiBHICTb | BIoMIHHOCTI MOPHOMNOriYHNX NOKa3HUKIB MK
ummMy nigrpynamu Ta rpynoto COVID-19 cnig iHTepnpe-
TyBaTW, BPaXOBYKUYM BiAMIHHOCTI rectauiiHoro Biky Ta
KNiHIYHOTO (OOHY.

3a AaHUMK iHLIMX JOCTIIAHVIKIB, iLieMiYHa AnceyHKLIS
NnaueHT! € CUHAPOMOM, O MOEAHYE NpeeKnamncito,
BHYTPILLUHbOYTPOOHE 0BMEKEHHS POCTY Noga Ta BifLwa-
PYBaHHS MNaLEHTW, 3yMOBHE XPOHIYHY NnaleHTapHy
HEeJOCTaTHICTb Ta NOB'A3aHa 3 BUCOKUM PU3VKOM Nepu-
HaTasbHOI CMepTHOCTI [25].

3rigHoO 3 pesynbratamMu HaLWOro AOCMIAXEHHS,
nnaueHTW rpynu nopiBHsaHHA |-A xapakTepusysanucs
npeBantoBaHHAM iHBOMIOTUBHO-AUCTPOMIMHMX 3MiH: di-
GpPVHOIQHMMM HeKpo3amMy CTPOMU CTOBOYPOBWX BOPCUMH
i BEMNUKOKO KinbKiCcTI0 (hibpuHOIZYy B MiXBOPCUHYACTOMY
npocTopi. ApTepionocknepos i rinonnasis TepMiHanbHUX
BOPCUH XOpioHa hopMyBarnv natoMopdornoriyHy KapTuHy
nnaweHTy Liei rpynu, nogibHy Ao 3miH nnaueHTn rpynu 1.
Brim, nnaueHTn npu COVID-19 BigpisHsinucs nponicepa-
TWBHWMU 3MiHaMK CyOuH i3 TpaHcopMaLlieto heHoTUno-
BMX XapaKTepUCTUK rMagKkoM a30BUX KNITWUH | NEPULTIB,
HabpskoM CTPOMU TepMiHanbHKUX BopcuH (rpyna I),
GinbLUOIO LWiNbHICTIO 06niTepoBaHUX CyAWH, BiACYTHICTIO
hiGpUHOIAHNX HEKPO3IB CTPOMU CTOBOYPOBMX BOPCUH
i MEHLLOH KinbKicTio hibpuHOiZy B MiXXBOPCUHYACTOMY
npoctopi (rpyna Il). Buseneni npu COVID-19 pemoge-
MoBanbHi 3MiHU CyauH MOXYTb OyTU NOB’'A3aHi 3 eHZo-
TenianbHOK ANCHYHKUIEIO Ta MOPYLLEHHAMU B3aeMOogii
€HIOTENi0 Ta NEePUBACKYNAPHUX KIITUH, aCOLIMOBAHUMMU 3
nepeHeceHoto SARS-CoV-2-iHdekuieto [10]. MacvsHi Big-
KnageHHs pibpyHoigy Ta ibpuHOIAHI HEKPO3K CTPOMK B
nnaveHTax nigarpynu |-A € nposisBamu TpUBanoi XpoHIYHOT
iLemii nnaLeHTn Ta ypaxeHHsM TpocobnacTta BHaCMigok
NOPYLUEHHS PEMOZENOBAHHS CriparnbHUX apTepin, Lo
BM3HAYaloTb NpW Npeeknamncii [25].
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OpwuriHaAbHI AOCAIAXKEHHS

[MprymrHOLO rOCTPOI NNaLeHTapHOT HEQOCTATHOCTI, LLO
CMPUYMHSAE aHTeHaTanbHy acdikcito nnoga, € BHYTPILL-
HbOYTPOBHE iH(hiKyBaHHS 3 PO3BUTKOM reHeparnisoBaHoro
iHTEPBINY3uUTY [26], SiKWiA, 3a pe3ynsTaTamMu HaLLoro Aochi-
[PKEHHSI, BUSIBNIEHO Y Binblu paHHLOMY TEPMIiHi recTauii
—25(19, 32) TvxHis. Y nnaueHTi nigrpynu |I-A HaitvacTi-
Lwmmm 6ynu 3ananbHi 3MiHK pi3Hoi eTionorii. 3a AaHnvn
NPOBEAEHOr0 AOCHIMKEHHS, Cepes MOXIIMBUX YMHHUKIB
—'PBI B aHamHesi, nig yac abo HanepeoaHi nosoris, a
TaKoX NepeaYacHe BiaXomKeHHs! HABKOMOMIAHMX BOA i3
BUCXIAHWM iHIKyBaHHAM.

3a pesynsTatamu nonepefHix focnigxeHb i 3a
[AaHMMK iHWmKX asTopis, nnaueHTa npu COVID-19 B
rocTpoOMy nepiofi Mae MOpHonoriYHy KapTuHY, NoQiGHy
[0 cnocTtepexeHb nigrpynu |I-A, ae Sk 0CHOBHUIA MOpdO-
NOTiYHWIA NPOSIB BU3HAYEHO IHTEPBINY3UT i BigKNageHHs
nepuBiNbo3Horo ibpuHy [26]. MoaibHicTb 3MiH, iMOoBipHO,
NoB’si3aHa 3 yHIBepCarnbHO BiANOBIAAI0 MMALEHTU Ha
iHdbekuinHmMin npouec. Kpim TOro, HasBHICTb MOMipHOI
3ananbHol iHgineTpauii B nnaueHTax nigrpynu |-A He
BUKITOYAE MOXNMBOCTI POPMYBaHHSA 3MiH Y pesyrb-
TaTi nepeHeceHoi PBI, Wwo niaTBepoxeHo 3a gaHUMK
aHaMHe3y XiHOK, MNaLeHTU SKUX OOCNIMKEHO Y Mexax
HaLLoro crnocTepexeHHs. Lie obrpyHToBye HeobXigHICTb
BPaxoByBaTW KMiHIYHi AaHi Nig Yac BeAeHHS BariTHOCTI.

BucHoBKHU

1. PemogentoBaHHA BOPCMHYACTOrO XOpioHa mpu
COVID-19 y BariTHOi Ha 19-25 TwkHSX recTauii xapak-
TepuayBanocsi 36inbLlIeHHsM BigcoTka CTOBOYpOBUX
BopcwH (y rpyni | — 33 (23; 46), rpyni Il — 36 (25; 50), rpyni
nopiBHAHHA — 7 (7; 9) y) Ta rinonnasieto TepMiHanbHWX
BopcuH (y rpyni | — 17 (15; 18), rpyni Il — 8 (7; 8), rpyni
nopiBHSHHA — 26 (25; 27)), p < 0,001.

2. CTpyKTYpHi 3MiHW CYAMHHOTO Ta CTPOMAsbHOro
KOMMOHEHTIB BOPCMHYACTOrO XOpioHa acoLiiioBaHi 3i
3MiHamu Mopdonorii Ta ekcnpecii a-SMA y rnagkom’s-
30BUX KINiTUHAX CYAUHHOT CTiHKN. BusiBnenHs a-SMA-no-
3UTUBHUX KINITUHHUX €NIEMEHTIB Y CTiHKax Kaninsapis
TepMiHanbHVX BOPCYH MOXeE CBIAYMTY NPO akTuBaLito Ta
(heHOTUNOBI 3MiHW NEPULUTIB.

3. Y nnauentax nicns nepeHeceHoi COVID-19 Ha
19-25 TuxHAX rectauii BUSBNEHO OKpemi Mopdorno-
riYHi 3MiHW, NodibHi 4O 3MiH NpW iLWeMiYHIn aucyHKUiT
nnaueHTn, 3okpema apTepionocknepos i rinonnasito
TepMiHanbHUX BOPCUH.

MepcneKTMBM NoAAALLIMX AOCAIAMKEHb NepebavatoTb
MOPIBHAHHS NaTOMOPMONONiYHNX 3MiH NNaLeHTV npu
aHTeHaTarnbHi 3arnbeni nnoga B rocTpoMy nepioai Kopo-
HaBipyCHOI XBOpPOOW 3 MNaLEHTO NpU aHTeHaTarbHin
3arvbeni nnoaa JOKOBIAHOIO Mepiogy.

Aeknapauis wopo BUKopucTaHHa LI
ABTOpPY He BUKOPUCTOBYBaAM IHCTPYMEHTH LUTYYHOTO iHTEAEKTY MiA Yac
MIATOTOBKM PyKOMMCY.

ETWYHe cXBaneHHSA

[DOCNAKEHHS MPOBEAEHO 3 AOTPUMAHHAM BI0ETUYHIX HOPM,

LLIO pernameHToBaHi [eAbCIHCbKOIO AeKAapaLeto MpaB AtOANHM

(1964 piK), KoHBeHUieto Paan €Bponu 3 NpaB AAMHH | GiOMEANLIMHY
(1997 pik), a TaKOX YMHHUM 3aKOHOAABCTBOM YKpaiHu. Yci XiHKu
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COVID-19, caused by SARS-CoV-2, has resulted in substantial acute morbidity and mortality worldwide. Beyond the acute
phase, a growing number of individuals experience persistent or new symptoms, collectively described as post-COVID syn-
drome or long-COVID, now recognized as part of the post-acute sequelae of SARS-CoV-2 infection (PASC). These conditions
pose a significant and ongoing challenge to healthcare systems.

Aim. This narrative review aims to summarize current evidence on post-COVID and long-COVID manifestations across multi-
ple organ systems, explore underlying pathophysiological mechanisms, and highlight implications for long-term management
and future research.

Materials and methods. A comprehensive literature search was conducted using PubMed, Scopus, and Web of Science
databases, covering publications from 2020 to 2025, including original research articles, systematic reviews, meta-analyses,
clinical cohort studies, and relevant consensus statements.

Results. A review of recent literature on clinical and morphological alterations across various organ systems in the late phase
after COVID-19 reveals a wide spectrum of pathological states characterized by a heterogeneous clinical course. Such conditions
may persist for months, substantially compromising the patients’ quality of life. While it is established that the pathogenesis
of post-COVID pathology is multifaceted, it remains to be fully elucidated. Effective clinical management requires a holistic,
multidisciplinary strategy focusing on symptom-directed care, early rehabilitation, and psychosocial support.

Conclusions. Post-COVID multisystem damage is mediated by diverse pathological mechanisms, such as cellular alteration,
chronic inflammation, impaired regeneration, immunopathology, and microvascular dysfunction. These manifestations span
multiple systems, affecting the pulmonary, cardiovascular, endocrine, and integumentary systems, as well as the central and
peripheral nervous systems. The pathogenesis of long-COVID involves a synergistic interplay between persistent viral reservoirs,
cytokine dysregulation with subsequent autoimmunity, autonomic dysfunction, systemic endotheliopathy and mitochondrial
dysfunction. Notably, the protracted treatment regimens required for SARS-CoV-2 can lead to medication-induced pathology,
where long-term management strategies themselves may become a source of iatrogenic complications.

MNocTkoBiaHMI cuHApPOM i long-COVID: nposiBM y pi3HUX cUCTEMAX OpraHiamMy: OrAfiA

EmaHyena l. OkoHkBoO, T. |. Ty6iHa-Bakyauk, |. B. CopokiHa, B. A. MapKoBCbKUK

COVID-19, cnpuuntenuin sipycom SARS-CoV-2, 3yMOBMB BUCOKMI piBEHb 3aXBOPIOBAHOCTI Ta CMEPTHOCTI B YCbOMY CBITi. Y
Aenani BinbLIoT KiNnbKOCTI NavieHTiB nicns rocTpoi asu nepebiry 3axBoproBaHHS BUSBMSIOTbL TpyBani abo HOBi CUMNTOMM, LLO
pa3oM BK3Ha4atoTb SK NOCTKOBIAHWI cuHapom abo long COVID (Tpuanui koBia). HyHi Li cTaHm knacuikoBaHo SK YaCTUHy
noctrocTpux Hacnigkis iHdekuii SARS-CoV-2 (PASC). BoH € CknagHUM BUKIIMKOM NS CUCTEMU OXOPOHW 300POB'S Yepes
TpUBanui BMSIMB Ha 300POB’S MaLEeHTIB.

Merta po60TH - y3aranbHUTK CyyacHi AaHi LWodo NposiBiB NOCTKOBIAHOIO cuHapomy Ta long-COVID y pisHux cuctemax opra-
Hi3My, 4OCNIANTY OCHOBHI NaTOi3ioNOrivHi MexaHiaMy Ta BUCBITIIMTW HACMIAKW [OBrOCTPOKOBOTO fiKyBaHHS Ta NepCnekTBm
Ans ManbyTHiX AoCniLKEHD.

Marepianu i metopu. MNpoBegeHo BCeBIYHMI NOLLYK HAYKOBOI NiTepaTypy 3 BUKOPUCTAHHAM HayKOMETPUYHUX 6a3 AaHux
PubMed, Scopus i Web of Science. Bkntoyanu nybnikauii 3a 2020-2025 pokw. IMoLuyk Bknto4aB opuriHanbHi 4OCHiAHULbK
CTaTTi, CUCTEMATUYHI OrNsamW, MeTaaHaniau, KNiHivHi KOropTHi AOCMIMKEHHS TOLLO.

PesyabTaTn. AHania cyyacHoi )axoBoi nitepaTypy LLOAO KIiHIKO-MOPCOMOriYHMX 3MiH Y Pi3HWUX OpraHax i cuctemMax opraniamy y
BigaaneHomy nepiogi nicns nepeHeceHoro COVID-19 fa 3Mory BUSHa4YUTH Pi3HOMaHITTS NATONOMYHUX CTaHIB i3 reTeporeHHNM
KniHiYHMM nepebirom. MposiBu Liei natonorii MoxyTb 36epiratcst NpoTsrom G6aratbox MICsILIB i CyTTEBO NOripLUyBaTK SKICTb
XWUTTA nauieHTis. MNMokasaHo, WO naToreHe3 NOCTKOBIAHOI naTonorii cknagHui i notTpebye NPoAOBKeHHS BUBYEHHS. BeaeHHs
TakvX naujeHTiB nepeabadvae 3aCToCyBaHHS LiMICHOTO MyMbTUAVCLMMITIHAPHOTO NiAX0oAy 3 aKLEHTOM Ha CUMMTOMAaTUYHY
Tepanito, paHHio peabiniTavito Ta ncuxocowianbHy NiaTPUMKY.

BucHoBkU. MynsTucucTEMHI ypaxeHHs nicns nepeHeceHoro COVID 3yMOBReHi TaKMMn YCNEHHUMM 3araibHOMaToNoriYHUMm
npouecamu, Sk ansTepalis, 3ananeHHs, AucpereHepawis, iMyHoONaTonoris, NopyLUeHHs MIKPOLWPKYMSLLT, L0 BUHUKAKOTb Y
© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Review

Pi3HNX OpraHax: nereHsx, cepui, LeHTparbHin i neprdepryHii HEPBOBI CUCTEMI, EHOOKPUHHUX 3ano3ax, LUKIpi. Y naToreHesi
MOCTKOBIAHOTO CUHAPOMY BU3HAYEHO MOEAHaHy Ajto GaraTbox (hakTopiB: NepcUCTeHLii BipyCHUX pe3epByapiB B OpraHax-
MiLLIEHsIX, LIMTOKIHOBOI Ancperynsauii 3 po3BMTKOM aBTOIMYHHUX peaKLil, BEreTaTMBHOI AMCHYHKLIT, CUCTEMHOT eHaoTenionarii
Ta MITOXOHApianbHOI AnCyHKUii. BcTaHoBneHo, Wo TpuBane nikyBaHHs iHdekuii SARS-CoV-2 moxe npu3BoguTh 4o
MEeAVKaMEHTO3HO 3yMOBIEHOI NaTonorii, Konv JOBroTpMBana Tepanis cama CTae NpUUYMHOK ATPOreHHNX YCKNaaHeHb.

The coronavirus disease 2019 (COVID-19) pandemic has
had a lasting and profound impact on global healthcare
systems, not only because of the acute infection caused
by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), but also due to the growing recognition
of post-COVID conditions. SARS-CoV-2, the causative
agent of COVID-19 combines with angiotensin-convert-
ing enzymes 2 (ACE2) on entry into the host cells and
undergoes replication. This process leads to damage
across multiple organs and tissues, resulting in a wide
constellation of clinical manifestations. In comparison
between SARS-CoV-2 and SARS-CoV-1, SARS-CoV-2
demonstrates a stronger affinity for ACE2, furthermore,
the presence of an additional S1-S2 cleavage site in
SARS-CoV-2 leads to more effective cleavage by the host
proteases, this makes it easier for the virus to gain entry
into the host cells and cause infection [1].

The terms post-COVID and long-COVID are often
used interchangeably in clinical literature, but subtle dis-
tinctions exist. Post-COVID generally refers to persistent
or new symptoms that remain beyond the acute phase
which is typically >4 weeks after infection, whereas
long-COVID is more specifically defined as symptoms
lasting beyond 12 weeks, with no alternative diagnosis
(Fig. 1). For this review, both terms are considered part
of a spectrum of post-acute sequelae of SARS-CoV-2
infection (PASC) [2]. Reports of persistent symptoms first
emerged in mid-2020, when patient cohorts in Italy, the
UK, and the United States described ongoing symptoms
weeks after recovery, even among those with mild or
moderate acute disease. By late 2020, international health
agencies such as the World Health Organization and the
Centers for Disease Control and Prevention had formally
recognized long-COVID as an emerging syndrome requir-
ing systematic investigation [3,4].

Risk factors for developing long-COVID include
pre-existing conditions associated with endothelial dys-
function and chronic inflammation, such as hypertension,
diabetes mellitus, obesity, and cardiovascular disease.
Higher risk is also seen in women, older adults, and indi-
viduals requiring hospitalization or intensive care during
acute infection. However, persistent symptoms may also
occur in young, previously healthy individuals, reflecting
the complex pathogenesis of the condition [5,6,7].

Various recent studies suggest that mechanisms such
as viral persistence, immune dysregulation, autoimmunity,
and endothelial dysfunction may underlie these chronic
complications [2].

Current criteria for diagnosing post-COVID syndrome
include: prior confirmed or probable SARS-CoV-2 infec-
tion; persistent or new symptoms lasting beyond 4 weeks
from acute infection onset; absence of an alternative di-
agnosis that explains these symptoms; evidence in some
cases of objective abnormalities (e. g., imaging changes,
lab markers, or functional testing); these criteria remain
under refinement as global consensus develops.
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Understanding the constellation of these symptoms
that affect various organ systems such as the lungs,
heart, brain, kidneys, endocrine glands, skin, and immune
system s vital for the establishment of long-term manage-
ment strategies, targeted interventions, and comprehen-
sive rehabilitation programs [8]. The main hypotheses
for the occurrence of post-COVID conditions include
persistence of viral reservoirs or viral antigens, chronic
immune dysregulation with autoimmunity, microvascular
and endothelial injury, prolonged systemic inflammation
and cytokines dysregulation, mitochondrial dysfunction
and oxidative stress and reactivation of latent viruses
such as Epstein—-Barr virus [9]. These mechanisms may
act independently or synergistically to drive the chronic
sequelae of COVID-19.

Aim

This narrative review aims to summarize current evidence
on post-COVID and long-COVID manifestations across
multiple organ systems, explore underlying pathophysi-

ological mechanisms, and highlight implications for long-
term management and future research.

Materials and methods

During the preparation of this review, a comprehensive
analysis of current scientific literature was carried out re-
garding the manifestations of post-COVID syndrome and
long-COVID in different organ systems, with an emphasis
on pathophysiological and morphogenetic mechanisms.
In addition, scientific information on the consequences of
long-term treatment of this condition was analyzed. The
literature search was performed in international scientific
databases, including PubMed, Scopus, Web of Science,
and Google Scholar, as well as in national medical infor-
mation resources of Ukraine. The following keywords were
used: COVID-19, SARS-CoV-2, post-COVID syndrome,
long-COVID, post-acute sequelae of SARS-CoV-2 infec-
tion (PASC), multisystem involvement, immune dysregu-
lation, endothelial dysfunction, as well as these keywords
in Ukrainian. Scientific publications from the last six years
(2020-2025) were analyzed.

Atotal of approximately 120 articles were screened,
and 58 were selected for inclusion in this review. Of these,
16 % were large-scale clinical cohort studies (with a total
enroliment of over 10,000 patients), 37 % were original
studies, 8 % were case reports, and 28 % were review ar-
ticles featuring integrative analysis. The inclusion of review
articles is explained by the fact that this study is aimed at
providing a broad and maximally comprehensive overview
of the pattern of post-COVID syndrome and long-COVID
across organs of different body systems. Such a broad
source hase supports the representativeness of the con-
clusions, reflecting both clinical and mechanistic aspects
of global scientific research.
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Fig. 1. Timeline of COVID-19 progression from acute infection to long-COVID (original composition).
Schematic representation showing the phases before symptom onset, acute COVID-19, and long-COVID, with associated biological mechanisms and organ involvement.

We used Canva software and personally created the
images using the tools available on the platform to develop
a pictorial representation of our text.

Results

Pulmonary sequelae after COVID-19. The lungs are
known to be the primary site of SARS-CoV-2 infection,
and clinical manifestation experience by many patients
include dyspnoea, persistent cough, chest tightness and
decreased exercise tolerance, these symptoms may per-
sist even after viral clearance [4,10]. High-resolution com-
puted tomography of the chest of post-COVID patients
commonly shows various radiographical findings such as
Ground-glass opacities, reticulations, interlobular septal
thickening, bronchiectasis, parenchymal bands, and in
some cases, evolving fibrotic change [11]. In patients
with severe COVID-19 pneumonia, these radiographical
findings can persists for months [12]. According to X. Han
etal. (2021) [13], 35 % of recovered patients had radiolog-
ic abnormalities after 6 months, with approximately 25 %
showing fibrotic-like lesions. The utilization of pulmonary
function tests may reveal reduced diffusion capacity
(DLCO), often with a restrictive pattern, and occasionally
obstructive changes.

Pulmonary sequelae mechanism. As illustrated in
Fig. 2, the mechanism of post-COVID conditions involves
a complex interplay of persistent inflammation, immune
dysregulation, tissue injury, and residual viral antigens.
Sustained immune activation may result in chronic
inflammation or autoimmunity, evidenced by prolonged
elevation of inflammatory markers, such as interleukin-6
(IL-6), tumor necrosis factor-alpha (TNF-a), and interfer-
ons weeks after acute infection [5,14].

Matonoria. Tom 23, Ne 2(67), TpaBeHb - ceprieHb 2026 p.

Endothelial injury result from SARS-CoV-2 hinding
to ACE2 receptors, leading to a widespread disruption of
micro vessels, this results in the formation of thrombosis
and long- term organ ischemia [15]. The development
of pulmonary fibrosis is driven by various mediators,
including cytokines, growth factors, and enzymes. Among
these, TGF-B is recognized as having the most profound
impact. Other significant mediators implicated in pulmo-
nary fibrosis include legumain, osteopontin, IL-4, IL-6,
IL-13, IL-17, TNF-q, Gal-1, Gal-3, PDGF, and FGFR-1.
The high-risk cohort comprises patients requiring mechan-
ical ventilation due to severe acute respiratory distress
syndrome, individuals presenting with elevated D-dimer
levels or hyperinflammatory syndrome, and those with
a prior history of chronic interstitial lung diseases [16].

Additionally, even after months of the clearance
of initial infection, studies report the persistence of
SARS-CoV-2 RNA or protein antigens in various tissues,
including the gastrointestinal tract, lymphoid organs, and
even the brain, and possibly sustaining antigen-driven
immune responses [17]. Additionally, post-intensive care
syndrome, particularly in intensive care unit patients, con-
tributes to long-term neuromuscular weakness, cognitive
dysfunction, and psychiatric symptoms due to immobility,
hypoxia, sedation, and critical iliness itself. Together, these
mechanisms may explain the diverse and sometimes
disabling manifestations seen in post-acute COVID-19
syndrome [18,19].

Cardiovascular sequelae after COVID-19. COVID-19
has been associated with a broad spectrum of cardiovas-
cular complications during both the acute and post-acute
phases. Inthe post-acute phase, patients may experience
chest pain, palpitations, orthostatic intolerance, and signs
of myocarditis or pericarditis. Cardiac magnetic resonance
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Fig. 2. Pathophysiology of post-COVID syndrome (original composition). Diagram summarizing major mechanisms contributing to post-COVID syndrome, including persistent
inflammation, pulmonary fibrosis, endothelial injury, viral persistence, and post- intensive care syndrome.

imaging studies have demonstrated persistent myocardial
inflammation in recovered patients, including those with
initially mild symptoms [8,20]. Elevated troponin levels,
arrhythmias, and heart failure have been reported as
lingering effects in some survivors. In addition, postural
orthostatic tachycardia syndrome (POTS) and other dy-
sautonomias have emerged as post-COVID syndromes,
particularly in young adults [8].

Mechanism of cardiovascular sequelae. The pro-
posed mechanisms include direct viral injury to myocardial
tissue through the virus binding to ACE2 receptors to enter
the cells especially pericytes and myocytes. Viral entry
leads to the downregulation of ACE2 receptor on cells,
hindering its protective role in the heart and lungs [8].
Another mechanism via immune-mediated injury, due to
the invasion of pericytes, this disrupts the stability of the
blood vessel endothelium, this will lead to the pericyte
dysfunction, this will lead to microthrombi formation in
small muscular arteries, capillaries and arterioles causing
ischemia and myocyte necrosis [1]. Another mechanism
associated with endothelium damage is the upregulation
of proinflammatory cytokines such as IL-6, IL-1, and tumor
necrosis factor (TNF)-a aiding thrombosis formation and
contributes to post-acute COVID-19 cardiac manifesta-
tions [1,21,22]. These mechanisms may act independently
or synergistically to drive persistent cardiovascular symp-
toms in post-COVID patients.

Management of cardiac complication. Itis essential
for patients who experience cardiovascular complications
during acute COVID-19 or those who have persistent car-
diac symptoms such as chest pain, palpitations, fatigue, to
have serial cardiac evaluation, such as ECG and echocar-
diogram at 4-12 weeks post-infection to assess ventricular
function, identify structural change, and assess ongoing
inflammation [23]. It is recommended for athletes known
to have COVID-19-related myocarditis to refrain from
intense exercise for 3—6 months until cardiac magnetic
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resonance imaging reveals that myocardial inflammation
is resolved and the troponin level is within its normal range
[23]. Previously, RAAS inhibitors, such as ACE inhibitors
or ARBs, were of concern, for fears that these drugs
may aid the entry of the virus by causing an increase in
expression of ACE2 [24]. But rather, recent observational
studies have reported that there is no increase in the se-
verity of COVID-19 infection among patients taking these
medications; rather, abruptly stopping these drugs can
be harmful, particularly in patients who are hypertensive
or have heart failure [8]. Low-dose beta blockers, such
as propranolol or metoprolol, are used to treat Postural
Orthostatic Tachycardia Syndrome & Inappropriate Sinus
Tachycardia. Caution should be taken with antiarrhythmics
like amiodarone in patients with post-COVID fibrosis due
to the risk of pulmonary toxicity.

Neurological and psychiatric sequelae of post-
COVID syndrome. A wide spectrum of neurological
and psychiatric symptoms is frequently experienced by
patients recovering from acute COVID-19. The most
reported neurological complaint is brain fog, affecting
approximately 22 % of patients. Other commonly reported
symptoms are headaches, anosmia, myalgia, and dizzi-
ness. In more severe situations, patients report ischemic
or haemorrhagic stroke, encephalopathy, acute dissem-
inated encephalomyelitis, Guillain-Barré syndrome, and
critical illness-associated neuropathy or myopathy [12].

SARS-CoV-2 is capable of invading the nervous
system by breaching the neural-mucosal barrier within the
olfactory mucosa. This neuroinvasion exploits the close
anatomical proximity of olfactory mucosal, endothelial,
and neural tissues, including delicate olfactory and sen-
sory nerve endings [25].

Neuroinflammation plays a key role in post-COVID
cognitive dysfunction. Elevated inflammatory cytokines,
such as CCL11, impair neurogenesis in the hippocampus
and activate microglia [26]. Survivors of SARS-CoV-2
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infection frequently experience persistent neurological
symptoms, including impairments in attention, concen-
tration, information processing speed, and memory. This
long-COVID-associated cognitive syndrome shares
numerous features with cancer therapy-related cogni-
tive impairment (CRCI). Neuroinflammation, particularly
microglial reactivity and the subsequent dysregulation of
hippocampal neurogenesis and oligodendrocyte lineage
cells, plays a central role in the pathogenesis of CRCI.
Utilizing a mouse model of mild respiratory SARS-CoV-2
infection induced via intranasal viral delivery, the authors
identified white matter-selective microglial reactivity, a pat-
tern consistent with that observed in CRCI [27]. Magnetic
resonance imaging in patients with SARS-CoV-2 infec-
tion revealed reduced grey matter thickness and tissue
contrast in the orbitofrontal cortex and parahippocampal
gyrus, alterations in markers of tissue damage in regions
functionally connected to the primary olfactory cortex, and
a reduction in overall brain volume [28].

A large-scale systematic meta-analysis of the prev-
alence and incidence of neuropsychiatric disorders in
post-hospitalized COVID-19 patients in South America
demonstrates that the estimated prevalence of all neu-
rological disorders was 31.48 %. The pooled prevalence
of depression, anxiety, insomnia, post-traumatic stress
disorder, and memory alterations stood at 16.23 %. These
neuropsychiatric disorders develop more frequently inin-
dividuals who were hospitalized with moderate-to-severe
disease [29]. These findings suggest that both direct and
indirect mechanisms, including viral neurotropism, inflam-
matory cascades, and psychosocial stress, contribute
to prolonged neuropsychiatric morbidity in post-acute
COVID-19. Overall, the persistence of these neuropsy-
chiatric symptoms highlights the importance of long-term
follow-up, early multidisciplinary intervention, and deeper
investigation into the neuroinflammatory and neurodegen-
erative pathways triggered by SARS-CoV-2, to achieve
better futuristic therapeutic strategies [29].

Endocrine and metabolic dysfunction. SARS-CoV-2
infection has significant effects on the endocrine and
metabolic systems during both the acute and post-acute
phases. The virus may disrupt hormonal regulation
through direct viral invasion, inflammation-mediated injury,
and immune dysregulation, resulting in new-onset endo-
crine disorders or worsening of pre-existing conditions [8].

One of the most concerning outcomes is the emer-
gence of new-onset diabetes mellitus after COVID-19.
Multiple large-scale cohort studies have reported higher
incidence of diabetes in persons post-infection, even
among patients without previous metabolic disease
[30,31]. The proposed pathophysiological mechanism
includes direct damage to pancreatic B-cells via ACE2
receptor-mediated entry, systemic inflammation, cy-
tokine-induced insulin resistance, and glucocorticoid
therapy during acute illness [32,33]. Similarly, thyroid
dysfunction has been observed in the form of subacute
thyroiditis, autoimmune thyroid diseases, and non-thyroi-
dal iliness syndrome. A study conducted in Italy identified
thyroid hormone alterations in over 15 % of hospitalized
COVID-19 patients, suggesting viral and cytokine-medi-
ated damage to the thyroid gland [34,35]. The virus uses
ACE2 receptors, which are highly expressed in thyroid
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follicular cells. This allows direct viral entry, leading to
inflammation of the thyroid gland.

At the same time, the cytokines storm in COVID-19
causes systemic inflammation, which may suppress thy-
roid hormone synthesis, trigger autoimmune responses in
genetically susceptible individuals. Long-term follow- up
data indicates that some patients continue to experience
subclinical hypothyroidism, and this can explain ongoing
fatigue, cold intolerance, and brain fog after recovery [36].

Adrenal gland involvement is another emerging area
of interest. COVID-19 may precipitate or worsen adrenal
insufficiency through direct viral infection of adrenal cor-
tical cells expressing ACE2. In addition, microvascular
damage and endothelial dysfunction may impair adrenal
blood flow, or Inflammation may affect the HPA axis (hy-
pothalamus- pituitary-adrenal), leading to reduced cortisol
production [37,38]. In severe cases, especially those re-
quiring intensive care, critical iliness-related corticosteroid
insufficiency has been reported, contributing to prolonged
fatigue and weakness [39]. Symptoms experienced by
patients are fatigue, hypotension, poor stress response.
Imaging may reveal adrenal atrophy or haemorrhage in
some patients.

Metabolic complications, including obesity, insulin
resistance, and dyslipidaemia, may be exacerbated
following COVID-19. Long-COVID has been associated
with persistent dyslipidaemia, weight gain, and worsening
insulin sensitivity, thereby perpetuating a cycle of metabol-
ic dysfunction [18]. The persistence of these abnormalities
highlights the need for routine endocrine and metabolic
evaluation in patients recovering from COVID-19, espe-
cially those with prior endocrine disorders, critical illness,
or long-COVID symptoms. Early identification and treat-
ment may mitigate complications, improve recovery, and
enhance quality of life [8].

Autoimmune and inflammatory disorders in
long-COVID. The prolonged and sometimes debilitating
symptoms seen in long-COVID have raised concerns
that these symptoms manifest due to immune dysregu-
lation including autoimmunity and chronic inflammation.
SARS-CoV-2 can disruptimmune tolerance, even after vi-
ral clearance, potentially leading to autoimmune respons-
es and chronic inflammation. Following SARS-CoV-2
infection in adult populations, there is an increased risk
of developing autoimmune diseases, including mixed
connective tissue disease, Behget's disease, rheumatoid
arthritis, psoriasis, and dermatopolymyositis [8,40].

Immune dysregulation and autoimmunity.
SARS-CoV-2 infection contributes persistent immune
activation and is associated with prolonged elevation of
inflammatory cytokines such as IL-6, TNF-a, and interfer-
ons. SARS-CoV-2 shares structural similarities with some
human proteins. In some patients, this immune activation
mimics autoimmune responses with the findings of certain
markers that signifies the loss of immune tolerance, which
could lead to the development of de novo autoimmune
diseases or worsening of existing ones, such markers are;
positive antinuclear antibodies (ANA) test, rheumatoid fac-
tor, antiphospholipid antibodies, anti-SSA/Ro antibodies
that is linked to Sjogren’s-like symptoms [41].

Several autoimmune conditions have been reported
post-COVID like Guillain—Barré syndrome, autoimmune
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thyroiditis, psoriasis flares, type 1 diabetes mellitus,
multisystem inflammatory syndrome in children (MIS-C)
and adults (MIS-A). Notably, Guillain—Barré syndrome
is among the most frequent autoimmune neurological
sequelae of SARS-CoV-2 infection, that usually presents
with rapid-onset muscle weakness and areflexia [42].

Even in the absence of autoantibodies, many
long-COVID patients exhibit low- grade chronic inflamma-
tion, which may contribute to persistent fatigue, myalgia,
and cognitive dysfunction. Elevated C-reactive protein and
ferritin levels have been observed months post-infection,
and the persistent activation of monocytes and T-cells
supports the notion of post-viral immune imbalance. This
non-specific inflammation may sustain tissue damage and
worsen comorbid conditions [23].

Dermatologic manifestations. Telogen effluvium a
dermatologic manifestation, it is a form of hair loss, that
is increasingly reported as part of post-acute sequelae of
SARS-CoV-2 infection, especially among women. Other
dermatologic presentations include rashes, urticaria, and
chilblain-like lesions often called COVID toes [43,44].
Telogen effluvium is a non-scarring, diffuse hair shedding
that is triggered by systemic stress. It occurs 2—-3 months
after the acute phase of COVID-19. Severe systemic
stress or the cytokine storm may push many hair follicles
into the telogen phase also known as the resting phase,
which will result in noticeable hair shedding. Recovery
is usually spontaneous within 6-9 months, but in some
cases, recurrence or persistence can occur [24].

Urticarial rash and maculopapular eruptions can ap-
pear either during the acute infection or persist afterward.
COVID toes are frequently seen in younger patients,
potentially linked to microvascular damage or immune
dysregulation. Due to systemic vascular inflammation or
coagulopathy, vasculitis-like skin lesions have also been
described [45].

Mechanisms of dermatologic sequelae. Micro-
vascular injury and endothelial dysfunction may underlie
many cutaneous signs. Immune complex deposition
and persistent inflammation are also implicated to cause
rashes and vasculitis [7,45]. Stress will trigger the release
of stress hormone such as cortisol and catecholamines.
These stress hormone causes the disruption of follicular
proteoglycan metabolism and can trigger premature entry
into the telogen phase. In addition, medication and nutri-
tional deficiency during iliness may exacerbate skin and
hair conditions. Furthermore, SARS-CoV-2 may indirectly
impact hair follicles through antibody-dependent enhance-
ment, a process where virus-antibody complexes facilitate
uptake into host cells, potentially affecting follicular cells.
Microthrombi formation due to the hypercoagulable state
induced by COVID-19 results in the compromise of the
follicular blood supply [8].

Reassurance is often key for telogen effluvium. Top-
ical minoxidil, nutritional support such as iron, zinc, and
stress management may help. Chronic or unusual lesions
may require dermatologic referral and skin biopsy [3].

Hematological and other systemic manifestations
in long-COVID. Although respiratory and neurological
effects dominate discussions, hematologic changes in
long-COVID are significant and may drive multi-organ
complications. Many patients remain in a pro-thrombotic
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state weeks to months after infection. Possible mecha-
nisms such as endothelial injury and platelet activation,
persistent elevated D-dimer, ongoing microthrombi in the
pulmonary and systemic circulation. Furthermore, increas-
ing the risk of deep vein thrombosis, pulmonary embolism,
and stroke even after mild COVID-19 [46]. Hypocellularity
of the bone marrow in some patients may reflect marrow
suppression from inflammation or viral effects. Reactive
lymphocytosis or prolonged neutrophilia may persist in
others. Autoimmune hemolytic anemia has been reported
in post-COVID cases, likely from molecular mimicry and
autoantibody formation [47].

Additionally, disruption of iron metabolism with func-
tional iron deficiency may contribute to post-viral fatigue.
COVID-19-associated kidney injury can progress to
chronic kidney disease due to microvascular damage,
persistent inflammation, and renin — angiotensin — al-
dosterone system (RAAS) dysregulation. RAAS dys-
regulation also links kidney effects with cardiovascular
and endocrine sequelae [24]. Some patients develop
POTS and myalgic encephalomyelitis like symptoms with
haematological contributions such as reduced plasma
volume, micro-clots.

Mechanisms of disease formation in long-COVID.
The pathophysiology of long-COVID is multifactorial,
involving viral persistence, immune dysregulation, en-
dothelial damage, and metabolic changes (Fig. 3).

While some patients recover fully, others experience
prolonged symptoms across various organ systems due
to complex biological mechanisms that are still being
unravelled. Key contributing mechanisms include:

Viral persistence. SARS-CoV-2 RNA and proteins
have been detected in tissues such as the gut, brain,
and lungs several months after initial infection, even in
the absence of active viral replication. This persistent
antigen presence may lead to chronic immune stimulation
and contribute to sustained inflammatory responses [9].

Immune dysregulation and autoimmunity. Long-
COVID is associated with altered immune profiles, includ-
ing persistent T-cell activation and exhaustion, reduction
in regulatory T-cells, development of autoantibodies (e. g.,
antinuclear antibodies, antiphospholipid antibodies, and
anti-interferon antibodies) [48,49].

Mechanisms such as molecular mimicry, bystand-
er activation, and epitope spreading may explain the
post-viral autoimmunity observed in some patients, linking
long-COVID to conditions like autoimmune thyroiditis and
systemic lupus erythematosus-like flares [35].

Endothelial dysfunction and microvascular injury.
SARS-CoV-2 infects cells expressing ACE2, including
vascular endothelial cells. This leads to endothelial in-
flammation, microvascular inflammation, capillary leak
syndrome, microthrombi formation, even in the absence of
acute COVID symptoms, chronic vascular impairment that
may underlie brain fog, fatigue, and dyspnoea [8,40,50].

Chronic inflammation and cytokine dysregula-
tion. Many Long-COVID patients exhibit ongoing sys-
temic inflammation with elevated levels of IL-6, TNF-a,
CCL11, and IFN-y, chemokine imbalances resulting
in neuroinflammation, especially in the hippocampus.
This prolonged pro- inflammatory state mimics that
of post-chemotherapy cognitive dysfunction and may
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contribute to impaired memory, concentration, and sleep
disturbances [30].

Mitochondrial dysfunction and oxidative stress.
SARS-CoV-2-associated inflammation interferes with
mitochondrial bioenergetics, leading to ATP depletion,
elevated reactive oxygen species, poor muscle endur-
ance, exercise intolerance, and mental fatigue. This may
explain symptoms of post-exertional malaise seen in many
long-COVID cases [51].

Reactivation of latent viruses. Reactivation of Ep-
stein—-Barr virus, HHV-6, and other latent infections has
been reported in long-COVID cohorts. These reactivations
can worsen fatigue, trigger new autoantibodies, aggravate
neuroinflammatory pathways [48,52].

Gut dysbiosis and the gut — lung — brain axis.
Disruption of gut microbiota in COVID-19 alters immune
regulation and may influence systemic inflammation
through reduced short-chain fatty acid production, loss of
protective commensals, increased gut permeability. This
dysbiosis is also implicated in neuropsychiatric symptoms
and autoimmunity [53,54].

Neuroinflammation. Chronic activation of microglia
and astrocytes has been observed, especially in the hip-
pocampus and olfactory bulb. This may stem from direct
viral effects, cytokine spillover, loss of neuronal plasticity.
These changes are linked to cognitive impairment, mem-
ory loss, and anosmia [8,55].

Management and follow-up considerations in
long-COVID. The management of post-COVID symptoms
requires a multidisciplinary and individualized approach that
addresses persistent symptoms, monitors for late complica-
tions, and supports functional recovery [55]. Physical, social
and psychological dimensions should be integrated in the
patients care plans. Setting up a structured post-COVID
follow-up, typically within 4—12 weeks post-infection, will aid
in the early identification of persistent symptoms.

Multidisciplinary care teams involving primary care
physicians, pulmonologists, cardiologists, neurologists,
endocrinologists, rheumatologists, dermatologists, reha-
bilitation specialists, and mental health professionals to
ensure a comprehensive post care for these patients [56].
Shared decision making with patients, and prioritization of
patients most impactful symptoms is vital to improve the
quality of life of patients. Pulmonary sequalae manage-
ment benefits from a structured pulmonary rehabilitation
program to improve dyspnea and exercise tolerance. Itis
required to repeat pulmonary function tests and high-res-
olution computed tomography in those patients with
prolonged hypoxia or abnormal imaging, with antifibrotic
therapy considered in progressive fibrotic changes under
trial conditions [11,17].

Cardiac follow up entails monitoring for myocarditis,
arrhythmias, and POTS. With treatment option for POTS
with medications like beta-blockers, ivabradine, or midod-
rine, as appropriate, alongside thromboprophylaxis guided
by risk assessment. The management of neurological/
psychiatric clinical features require cognitive rehabili-
tation, graded activity pacing, and sleep optimization,
also psychotherapy or pharmacotherapy management
of mood disorders. Autonomic dysfunction can be ad-
dressed through hydration, salt supplementation, and
compression garments. Endocrine / metabolic symptoms
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Fig. 3. Key biological mechanisms underlying long-COVID (original composition). Illustration
showing viral reservoir formation, microbiome dysbiosis, autoimmunity, endothelial dysfunction,
and cytokine-mediated inflammation.

warrant screening for thyroiditis, adrenal insufficiency,
and new-onset diabetes, with lifestyle modifications and
pharmacologic management for metabolic disturbances
applied as needed. Autoimmune / inflammatory symptoms
necessitate Immunomodulatory therapy in selected au-
toimmune flare cases, alongside longitudinal monitoring
for evolving autoimmune diseases. Telogen effluvium a
dermatological complication is typically self- limiting, usu-
ally most patients experience spontaneous hair regrowth
within 6-12 months [8,44].

To support recovery, patients should prioritize nutri-
tional optimization by ensuring sufficient intake of essential
minerals like iron and zinc, alongside vitamin D. Should
these supportive measures fail to address hair loss,
clinical options such as minoxidil or laser therapy remain
viable alternatives. From a hematological perspective,
it is vital to screen for ongoing clotting issues and mi-
cro-pathologies, utilizing D-dimer tests and imaging to
determine if long-term anticoagulation is necessary for
at-risk patients. Lastly, physical rehabilitation must be
approached with caution; while graded exercise is bene-
ficial, it must be carefully paced to avoid the debilitating
effects of post-exertional malaise [8,57].

Also, occupational therapy strategies should be
considered to aid patients adapt to work demands and
daily tasks. It is also important to address emotional and
mental stress burden through psychological support like
cognitive behavioural therapy or peer support groups.
Ongoing surveillance for post-COVID organ dysfunction
is recommended for at least 12 months, and participation
in patient registries or clinical trials remains essential
to advancing knowledge and improving management
outcomes [58].
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Conclusions

1. Post-COVID-19 multisystemic lesions are mediated
by complex pathological mechanisms such as alteration,
inflammation, dysregeneration, immunopathology, and mi-
crovascular dysfunction. Organ-specific consequences in-
clude pulmonary persistent inflammation and progressive
fibrosis; cardiac myocarditis and arrhythmia; neurological
symptoms like “brain fog”, headache, and anosmia; and
endocrine disorders, including diabetes mellitus, subacute
and autoimmune thyroiditis, hypothyroidism, and adrenal
insufficiency, alongside various autoimmune conditions,
dermatitis, and alopecia.

2. The pathogenesis of post-COVID syndrome and
long-COVID involves the synergistic interplay of multiple
factors: the persistence of viral reservoirs in target organs;
chronic immune and cytokine dysregulation leading to
autoimmune responses; autonomic dysfunction; systemic
endothelial damage within the microcirculatory bed; and
mitochondrial dysfunction. Furthermore, the consequenc-
es of prolonged SARS-CoV-2 therapy and the subsequent
development of medication-induced pathologies contrib-
ute significantly to the clinical progression.

3. Prolonged therapy for long-COVID patients car-
ries the risk of iatrogenic complications: antiarrhythmic
administration in the context of post-COVID pulmonary
fibrosis heightens pulmonary toxicity, and glucocorticoid
use is associated with new-onset metabolic disturbances,
such as steroid-induced diabetes and insulin resistance.
Additionally, patients with a prothrombotic state face a
persistently high risk of thromboembolic events. The fact
that the mechanisms of post-COVID conditions are not yet
fully elucidated continues to complicate both therapeutic
strategies and preventive measures.

Future perspectives. The generalization of published
results of already conducted studies on post-COVID
pathologies allows us to suggest some directions for
future research. In particular, studies involving the
creation of global patient registries are promising for
investigating the relationship between long-COVID and
pre-existing chronic diseases. Of special interest is the
experimental modelling of such situations in laboratory
animals, with a detailed study of the mechanisms of the
onset and progression of organ damage after recovery
from COVID. Ultimately, overcoming the gap between
understanding mechanisms and clinical application will
be key to improving treatment outcomes of post-COVID
conditions. Early treatment, applied immediately after
recovery from COVID, can be especially promising, in a
sense with a preventive purpose, specifically regarding
post-COVID pathological conditions and diseases. Re-
search on identifying biomarkers of post-COVID patho-
logical conditions may help in patient risk stratification,
in developing personalized treatment strategies, and in
predicting recovery patterns.
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CyuacHi napapurMu AiarHoCTUKU eHAOTEAIaAbHOI AUCOYHKLII
B neAiaTpii: Bia iHHOBaLiMHKX 6iomapkepiB
AO NepeAoBUX IHCTPYMEHTAAbHUX TEXHOAOTIH

I. B. YopHomua3©ABPEF A B, YopHOMUA3DBCOF

TepHOMIALCbKWIA HaLiOHaAbHWUI MEAUUHWI YHIBEPCHTET iMeHi |. . TopbaueBcbkoro MiHicTepcTBa OXOPOHM 3A0POB’A YKpaiHu

Ornsaam

A - KoHLenLis Ta AM3alH AOCAIAKEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis paHux; D - HanucaHHs cTatTi; E - peaaryBaHHs cTatTi;

F - octatouHe 3aTBEPAXEHHS CTaTTI

CyamHHUI eHpoTenin Bigirpae KMHoBY porb Y NATPUMLL CyOUHHOMO roMeocTasy, a eHpoTeniansHy avcdyHkuio (EL) Bu3Ha4eHo
AK NepPLLOYEProBUIA, (OYHKLIOHANBHWI | NOTEHLINHO 3BOPOTHMIA €Tan ateporeHesy. 3Baxatouun Ha Te, Wo PyHAAMEHT cepLie-
BO-CYAMHHIX 3aXBOPHOBaHb 3aKNafaeTbCs B AUTUHCTBI, paHHs BepudikaLlisi CyBKITIHIYHMX CyAUHHUX NOPYLUEHDb Y NegiaTpudHiIi
MPaKTULi € KPUTUYHO BAXIWBOIO, NPOTe NOTPEDye 3aCTOCYBAHHSA BUCOKOUYTINBUX i HEIHBA3VBHIX METOAIB.

Merta po6oty - cucTemaTuayBaTy Ta KpUTUHHO NpOaHarnidyBaTyh eBOMoLito TabopaTopHMX, IHCTPYMEHTaNbHMX | PYHKLIOHAMNbHIX
MeTOfiB AiarHoCTVKV eHaoTenianbHOT AncdyHKLUIT y Aitei 3a nepioa 3 2016 no 2026 poky.

Marepianu i meToau. MpoBeneHO CUCTEMHWIA aHani3 HaykoBMX Nybnikauii, BugaHux y nepiog 3 2016 go 2026 poky. IHdop-
MaLiiHWIA NOLLYK 3AINCHUN Y MXKHAPOAHMX eneKkTpoHHUX 6a3ax aaHnx PubMed / MEDLINE, Scopus, Web of Science Ta
Google Scholar 3a Takumm KnO4OBUMK CIOBaMM Ta iX KOMBiHaLisMK: «eHaoTenianbHa ANCAYHKUISY, «nepiatpisy, «aitny,
«Biomapkepu», «MIKPOBE3VKYMN», KLITYYHWIA IHTENEKT», «MeToau AiarHoCTUKMy». 3actocoBaHo GibnioceMaHTUYHUI MEeToA,
KOHTEHT-aHani3, MeToan CUCTEMHOrO 1 MOPIBHAMBHOMO aHanisy, cuctemaTuaaii Ta y3aranbHeHHs AaHnx. 3a Kputepiamm
BiANOBIAHOCTI METi AOCHIMKEHHS 40 OCTATOYHOrO aHaniady 3any4eHo 57 opuriHanbHUX Ta OrmsaoBUX PooiT.

Pesynsrati. 3a ocTaHHe AecaTuniTTs BiabyBcs napagurMarnsHiiA 3cyB y aiarHocTuui EJ. Y nabopaTopHil npakTyL akLeHT 3MicTVBCS
3 KINacy4H1X CMPOBATKOBMX MapKepIB Ha OLLIHKY NPOAYKTIB AerpafaLlii eHgoTenianbHoro riikokanikcy, NpodintoBaHHsA eHgoTeni-
anbHyx Mikposeavikyn (EMVs), aHania enireHeTuyHnx curHatyp (MikpoPHK) | BipoBakeHHs MynsTUOMIKCHUX Niaxogis (ninigomika,
TpaHCKpUNTOMIKa). B iHCTpyMEHTarbHIlA AiarHOCTHLY KIOHOBUMM IHHOBALIIMI CTanM iHTerpaList anropuTMIB LUTY4HOTO IHTENeKTy Ans
ABTOMATK30BAHOIO TPEKIHIY Mifl Yac yNLTPa3ByKoOBOrO OLLIHIOBaHHS NOTOKO3anexHoi Basoaunaravji (FMD), aganTais nepudepuyHoi
aprepianbHoi ToHomeTpii (EndoPAT), a Takox 3acTocyBaHHst Bifeokaninspockonii Bucokoi poaainkbHoi 3aatHocTi (NVC), onmyHoi
korepeHTHoI Tomorpadii (OCT) Ta 6rmabko-iHppadepsoHoi cnektpockonii (NIRS) 4nst NpyKUTTEBOT OLLIHKW MIKPOLMPKYTSILii.

BucHoBku. CUMHTE3 MONEKYNSPHOI AiarHOCTMKKM 3 NepenoBUMK LMGPOBMMM TEXHOMOrAMU Bisyanisauii 3abesnevye
6esnpeLieieHTHY TOYHICTb OLiHIOBaHHS! CyAUHHOrO cTaTycy. IMnnemeHTauis umx iHHoBaUin dhopMye HaykoBwi Basuc ans
PaHHbLOI CTpaTUdikaLlii KapaioBacKynspHOro pusnky Ta po3pobki NepcoHani3oBaHMX NPEBEHTUBHWX CTpaTeril y negiaTpii.

Modern paradigms in the diagnosis of endothelial dysfunction in pediatrics:
from innovative biomarkers to advanced instrumental technologies

I. B. Chornomydz, A. V. Chornomydz

The vascular endothelium plays a pivotal role in maintaining vascular homeostasis, and endothelial dysfunction (ED) is
recognized as the primary, functional, and potentially reversible stage of atherogenesis. Given that the pathophysiological
processes underlying cardiovascular disease may begin in childhood, early verification of subclinical vascular alterations in
pediatric practice is crucial and requires highly sensitive and non-invasive methods.

Aim. To systematize and critically analyze the evolution of laboratory, instrumental, and functional methods for diagnosing
endothelial dysfunction in children over the period 2016-2026.

Materials and methods. A systematic analysis of scientific publications for the period of 2016-2026 was performed. Information
search was conducted in international electronic databases including PubMed / MEDLINE, Scopus, Web of Science, and Google

n o« "o«

Scholar using the following keywords and their combinations: “endothelial dysfunction”, “pediatrics”, “children”, “biomarkers”,
“microvesicles”, “artificial intelligence”, “diagnostic methods”. Bibliosemantic method, content analysis, methods of systematic
and comparative analysis, systematization, and data generalization were applied. Based on the criteria of relevance to the

study objective, 57 original and review papers were included in the final analysis.

Results. The last decade has witnessed a paradigm shift in ED diagnostics. In laboratory practice, the focus has moved from
classical serum markers to the assessment of endothelial glycocalyx degradation products, profiling of endothelial microve-
sicles (EMVs), analysis of epigenetic signatures (miRNAs), and the implementation of multi-omics approaches (lipidomics,
transcriptomics). In instrumental diagnostics, key innovations included the integration of artificial intelligence algorithms for
automated edge tracking in ultrasound assessment of flow-mediated dilation (FMD), the adaptation of peripheral arterial to-
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nometry (EndoPAT), and the application of high-resolution nailfold videocapillaroscopy (NVC), optical coherence tomography
(OCT), and near-infrared spectroscopy (NIRS) for in vivo microcirculation assessment.

Conclusions. The synthesis of molecular diagnostics with advanced digital imaging technologies provides unprecedented ac-
curacy in assessing vascular status. The implementation of these innovations forms the scientific basis for early cardiovascular
risk stratification and the development of personalized preventive strategies in pediatrics.

CepLeBo-CyanHHI 3aXBOPIOBAHHS MPOLOBXYTh BU-
3HayaTu rnobanbHy CTPYKTYpy CMEPTHOCTI [OPOCIOro
HaceneHHs, NpoTe Cy4acHa akaaeMiyHa cninbHoTa aepani
OinbLUe CXMNSETLCS 40 KOHLEMNLT iXHbOro negiatpuyHoro
ab0 HaBiTb emBpioHanbHoOro noxompkeHHs (developmental
origins of health and disease). Y ueHTpi uiei napagurmm
— CYOVHHWIA eHpoTenin K AMHaMivyHa, MeTaboniyHo BuY-
COKOAKTMBHA MOHOLLIAPOBa CUCTEMA, LLO BUKOHYE POrb
TONOBHOTO iHTErpaTopa CyAyHHOrO roMeocTasy, KOHTPO-
TIOK0YN Ba3OMOTOPHUI TOHYC, 6ap’epHy MPOHUKHICTb,
KoarynauinHi kackagn Ta nokanbHe 3ananexHs [1,2].
YcTaneHi ysiBneHHs Npo eHAOTENIN sk Npo NacvBHY Mexa-
HiYHY nepeLuKoady MixX KPOB'HO Ta CyAMHHOHO CTIHKOK AaBHO
MOCTYNWUINCS MiCLieM PO3YMIHHIO AOTO 5K CKMaaHoro iHTe-
rpaTUBHOTO, IMyHOONYHOrO Ta MeTaboniYHOro opraHa.

3Baxatoun Ha Taky 6araToBEKTOPHICTb CyAWHHOTO
romeocTaay, y Uil poboTi cnmpaemMocst Ha HOBITHE YHi-
BepcanbHe yHKLiOHanbHe BU3HAYEHHS, 3rifHO 3 KM
eHgoTeniansHa ancdyHkuia (EQ) — ue ctaH, npu skomy
€HOoTeNiN BTpaYae 3AaTHICTb afeKkBaTHO pearyBaTu Ha
hisionoriyHi NoTpedbu opraHiamy LUISXOM MOPYLUEHHS
perynauii CyanHHOro TOHyCY, MPOHWKHOCTI, TPOMGOpesic-
TEHTHOCTI, IMyHHOI BiANOBIA Ta METaboMiYHOT aKTUBHOCTI
[3]. Takwin nioxio Aae 3mory BUATU 32 MEXi 3BY>KEHUX
NoKarnbHUX MoZene YLIKOMKEHHS CyauH i posrnsgatv Ef
K rMUBOKO CUCTEMHUIN | KOHTEKCTHO-3aneXHUI npoLec.
AbBepaHTHy aKkT1BaLlito eHaoTeniouwmTis i HacTynHy E[l HuHi
BU3HAYEHO HEe NPOCTO sIK NOBIYHNI Mapkep, a KNo4YoBUI
naToreHeTUYHUI paliBep, primum movens aTeporeHesy,
MiKPOCYAMHHOO peMoaentoBaHHS Ta TKAHUHHOI FiMNOKCii,
AKUIA nepenye Oyab-AKUM CTPYKTYPHUM MAKPOCYAUHHUM
3MiHam [4,5].

[ocnipxeHHst (yHKLIOHaNbHOro CTaHy eHAOTENIo B
negiaTpuYHi NonynsALii HAHI € yHIKanbHUM KMiHIYHUM | fO-
CNiAHMLBKAM BUKIMKOM. Ha BigMiHY Bif SOPOCHMX KOTOPT,
fe E[l yacTo posrnsapatoTb Yepes Npuamy BXe HasiBHUX
MOPJONOriYHNX ypaxeHb CyanH abo nepeHeceHnx kap-
[ioBacKynsipHUX katacTpod, y AiTeNn CyauHHI NOPYLLEHHS
Ma0Tb BUHATKOBO CYOKMIHIYHWIA, (DYHKLIOHANBHWUA i, L0
MPUHLMMNOBO BaXMMBO, NOTEHLINHO 3BOPOTHUIA XapakTep.
BopgHouac GesnpeleneHTHe 3pOCTaHHS MOLUMPEHOCTI
[LNTSYOTO OXKUPIHHS, MeTaboniYHOro CUHAPOMY Ta paHHLOT
apTepiasnbHOi rinepTeH3ii, a TaKoX PO3LUMPEHHS CriekTpa
BWKMBAHOCTI MaLieHTIB i3 XPOHIYHOK XBOPOOOK HUPOK,
IOBEHINbHYMU PEBMATUYHUMMW NaTonorisMn Ta Hacnia-
KaMm TSDKKUX iHCDEKLIMHWX CTaHIB (BKIHOYakoum cencuc i
noct-COVID-19 cuHapom), dopmytoTs rocTpy notpedy B
paHHil cTpaTudikaLii kapaioBacKynspHOro pusuky [6,7,8].
Lle avkTye cyBOpuin METOLOSMOMYHMIA iMNepaTuB: nedia-
TpUYHa npakTyka NoTpedye AiarHOCTUYHUX IHCTPYMEHTIB,
O MOXYTb (hiKCyBaTW HaWTOHLLI CyAWHHI Aesiauii Ha
MOMNEKYNSPHOMY PiBHi, 3an1LLaKYKCh Npy LiboMy abco-
TMIOTHO 6e3MeYHNMM, HEIHBA3MBHIMM Ta HE3aneXHUMU
Bifl Cy0'€KTUBHMX hakTopiB.

OcraHHe fecatunitta (2016-2026 pp.) os3HameHoBa-
He CnpaBXHIM TEXHOMOMYHNM PEHECAHCOM Y METOAOMOTIT
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OLiHIOBaHHS1 eHO0TENIaNbLHOro CTaTycy, Wo Aano 3Mory
nofonaT 0OMEXEHHS KNacuyH1X PyHKLoHanbHKX nMpob.
BinbyBcs cucteMHnii nepexiz Bif OLHKM TifbKi MaKpOCKO-
MiYHOI PeaKTUBHOCTI A0 NOrNNBNEHOTO BUBHEHHS MOTEKY-
NSPHOrO Ta MIKPOLMPKYNATOPHOTO NaHALadTy CyanHHOI
CTiHkM. KnacuyHi cupoBaTkoBi Biomapkepy nMocTynoBo
iHTEerpytTbCs 3 BUCOKOMPOAYKTUBHUMU «OMIKCHUMUY
TEXHOMOriSIMM, 30Kpema MinigoMikow Ta NMPOCTOPOBOIO
TPaHCKPUNTOMIKOHO, LLO BiAKPMBAKOTb MOXINMBICTb ifeHTU-
dpikaLlii cneLmiYHIX MPOTHOCTUYHNX CUrHATYpP CYAUHHOIO
ywikomkeHHs [9,10].

BuBYEHHS Taknx enireHeTUYHUX PEryNATOpIB, K Lin-
pKyniotoYi eHaoTenianbHi MIKPOBE3UKYNW Ta cneumdiyHi
MikpoPHK, cTBOptoe HOBY natcpopmy Ans TpaHCAALAHOT
KapaioBackynspHoi Meguumkn [11]. MapanensHo 3 uym
iIHCTPyMEeHTanbHa AiarHoCTUKa eBOSIOLIOHYE 3aBASKM
CUHeprii TpaauLinH1X METOZIB 3 anropuTMamu LUTYYHOrO
iHTenekTy. Big BNpoBamkeHHs MaLLIMHHOTO HaBYaHHS! Ans
aBTOMATU30BAHOTO TPEKIHTY CYOMHHOI CTiHKW MpuW MoTo-
Ko3anexHin Basogunaradii [12] 4o aganTauii onTUYHOI
korepeHTHOI Tomorpadii (OCT), Bigeokaninapockonii
(NVC) Ta 6risbko-iHbpadepsoHoi cnektpockonii (NIRS)
— cyyacHi TexHonorii 3abe3neyvytoTb GesnpeLeaeHTHY
pO3ainbHY 3A4aTHICTb AN NPWKMTTEBOMO OLLHOBAHHS
CyOuHHOI peaktvBHocTi [13,14,15]. EBontouito nigxoais
[0 AiarHoCTUKM eHAoTenianbHOT AMCAYHKUIT y AiTen
HaBefeHo Ha puc. 1.

Ha ubomy cboHi cboropHi BinbyBaeTbes rnobanbHui
nepernsa disionoriyHoi napagurMu: HaykosLi Bce Binb-
LUe aKLEHTYHOTb Ha TaK 3BaHUX «HETPaZMLIAHNXY pomnsx
eHfoTenianbHUX KNiTUH B IMYHHIV perynsauii Ta TKaHWHHIN
pereHepaLii [16]. BignosigHo, natonoriyHnii KOHTUHYYM
ANCYHKLUIT eHaoTenilo — BiA iHiLianbHOro Monekynsp-
HOTO 3CyBY A0 CTPYKTYPHOrO PEMOAENOBaHHS CyaUHU
— BU3HaYalTb AK yHiBepcasibHy MilleHb AfS HOBITHIX
TepaneBTUYHWX cTparterin [17,18,19].

Merta po6otu

CvcTematunsyBaTy Ta KpUTUYHO npoaHarni3yBaTu eBorto-
Liiro NabopaTopHmX, IHCTPYMEHTaNbHIX | YHKLOHAMbHUX
METOAIB AiarHOCTUKN EHAOTENIanbHOI ANCHYHKLIT y AiTen
3a nepiog 3 2016 go 2026 poky.

Martepianu i meToAU AOCAIAKEHHA

[ns 3abe3neyeHHs MakcumarbHoi 06 EKTMBHOCTI, pernpe-
3EHTaTVBHOCTI Ta BUCOKOTO akageMi4YHOro PiBHS NpeAcTas-
NEHOrO OrMsiAY 3aCTOCOBaHO METOLOMONi0 KOMMIEKCHOTO
CYICTEMHOTO MOLLYKY W aHanidy HaykoBoi niteparypu. Ilo-
LUYK peneBaHTHUX [kepen 3AiINCHEHO B NPOBIAHUX MiXHa-
POAHMX HayKOMeTpUYHKX Ta BibniorpachiuHmx 6asax JaHmX,
3okpema PubMed / MEDLINE, Scopus, Web of Science
Core Collection Ta The Cochrane Library. XpoHonoriyHi
MeXi MOLLYKOBOTIO 3anuTy OXONSoBanu AeCATUPIYHNIA ne-
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Ornsaam

piog — 3 ciuns 2016 go TpaeHsa 2026 poky. Takuin Yacosui
JianasoH 06paHo LjinecnpsiMoBaHo, OCKINbKM Came Ha Liev 1
nepiog Npunagae CTPIMKMIA TEXHONOTIYHIUIA PO3BUTOK «OMIK-
CHVX» TEXHOIIONiN | BNPOBaKEHHS anropUTMIB LUTY4HOrO

EBOAIOLISI AIATHOCTUKU
EHAOTEAIAAbHOI AUCOYHKLI Y AITEN

iHTENeKTY B iHCTPYMEHTanbHy AiarHOCTYKY. =r
. . = KNACUYHI BIOMAPKEPU
I'IqLuyKOBa CTpa'I'.erIFI‘IipyHTyBaJ'IaCSI Ha BUKOPUCTaHHI = 202000 poxis | NOOAMHOKI MOKASHMKM
OMTUMI30BaHNX KOMBIHALIi KITOYOBMX CRiB | CTAaHAAPTM30- E (knacwuna enoxa) o NE, @ wEinL
i = ¢ ICAM-1, VCAM-1
BaHWX MEAUYHNX NPEAMETHNX py6pv!|< (MeSIjl). O(?HOBHI : it
anropuTMK MOLLYKY BKIOYanu TepMiHu, noe’ssaHi 3 Ef = 4 y,
i paHHIM CYAVMHHUM CTapiHHSAM, Y CTilKiA KombiHauii 3 e
negiaTpuyHolo nonynsuieto. [JogatkoBo 3aCTOCOBAHO = HOBIMOAEKYAREHI BIOMABKERN
L. i . . = 2000-2010 poku EHAOTEAIAABHOI AUCOYHKLII
By3bKOCeLianisosari sanuT Ans ineHTudikauii npaup, = (wenssapn sacen) = Aprpassbini OKENIKEY
NPUCBSIMEHUX IHHOBALIHUM GioMapkepam: npogykTam E (oMHAeKaH-1, rianypoHOBa KionoTa)
. . . - * EHpoOTeAianbHI MikpoBesukyan (EMVs)
Jerpaaauii eHgoTenianbHOoro rikoKanikey, LIMPKYIHHUYMM 3 « miRNA
MiKpOBe3uKyram, cneumdiyHmm MikpoPHK i MynisTMOMik- = + Panui fomike"Textonorit
CHVUM NaHensaM (ninigomika, TpaHckpunTomika, MeTabo- ey
. H . o = OYHKLUIOHAABHA OLIHKA
nomika). [ins BUCBITNEHHS IHCTPYMEHTANbHOI 4acTvHM z 2010-2020port  EHAOTENIANDHOT SYHKII
ornsgy noLyk choKyCoBaHO Ha NepesoBrX TEXHOMOTIAX = (GymKioNansHa €NOXE) ., NI (o sanexiia unaraLls)
NpWXMTTEBOI Bidyanisauii, Sk-0T Bigeokaninspockonii 3 © ETCERAT (PEEMTHENE MEsenth)
. . . . o e = * NasepHa ponnaepiscbka droymeTpis (LDF)
BMCOKOI po3aiibHOI 30aTHOCTI, ONTUYHIN KOrepeHTHIN = * IHLWi HeiHBa3MBHI METOAM
. o —
ToMorpadii, 6rm3bko-iHdpadepBoHii cnekTpockonii Ta =
aBTOMATM30BaHUX CUCTEMAX TPEKIHTY CYAMHHOI CTiHKM 5 U= AR
. = 2020-cboroati TA BATATOBUMIPHA OLIHKA
Ha 6a3i MaLLMHHOIO HaB4YaHHS. = I ; . . ,
X R . X = (iHTerpauiiina enoxa) * Heiindona Bipeokaninspockonis (NVC)
Mpouec Binbopy nybnikauii nignopsiakoByBaBCs E * OnTMuHa KorepeHTHa Tomorpadin (OCT)
. . . = * BAWXHA iHppauepBoHa cnektpockonisa (NIRS)
YiTKUM KpUTEPISiM 3a5Ty4eHHs Ta BUKIOYEHHS!. [0 aHani3y E o (j76aEs CHRshie e Ei
o6upany opuriHanbHi KniHiYHI ZOCTIMKEHHS 3 HANEXHUM 3 j
piBHEM [10KA30BOCTI, CUCTEMATUYHI OrNsaW, MeTaaHani- = ) IHTETPALIS AAHUX
- U . . . = CuoroatiTa 1 LUTYYHWWH IHTEAEKT
31 Ta BMCOKOSIKICHI TpaHCMALiAHI npauj, onybnikoBaHi = MaibyTHe Muttiom
. = ¢ Multiomics
B peLeH30BaHNX aHIMmMOMOBHUX BUOAHHAX. I'IplopMTeT = (undposa enoxa) « Al pAst aHanisy 306paxeHb Ta AaHUX
. H H = * epcoHanizoBaHa OLHKa PU3MKY
BigdaBany OOCMIMKEHHAM i3 3amyYeHHsAM penpeseH- \/ Ta hporHo%y vt

TaTUBHUX NeAiaTpU4HUX KOropT BUCOKOMO KapgioBacKy-
NSPHOTO PU3MKY, 30KpEMA AITEN 3 OKUPIHHAM, LIyKPOBUM
fiabeTtom, cMCTEMHUMK ayTOIMYHHUMW MaTonorisaMmn Ta
navieHTiB BiaaineHb iHTeHcuBHOI Tepanii. Kpim Toro, oo
ornsfy BKIIOYEHO KIHOYOBI DyHAAaMeHTanbHi pobotu Ha
KNiTMHHWX Mopensx (Hanpuknag, HUVECS), wo po3kpu-
BalOTb iHiLianbHi MOMEKYNSAPHI MEXaHI3MU YLIKOIKEHHS
€HOOTenNil0 Ha eTani BHYTPILLHbOYTPOGHOTO PO3BUTKY.
3 MacuBy [aHWX BWKIOYEHO Te3n KoHepeHLin 6e3
[OCTYMy A0 NOBHOIO TEKCTY, HEPELIeH30BaHi NPenpuHTK,
OnMCK MOOAMHOKMX KIiHIYHMX BUNAAKiB (case reports),
a Takox nybnikauii, cokycoBaHi nuLIe Ha 3acTapinux
[LiarHOCTUYHMX NpoTokonax 6e3 iHHoBaLliiHOro abo TpaHc-
NALIAHOrO KOMMOHEHTA.

ETan cuctemarunsauii Ta onpawtoBaHHs faHux peani-
30BaHO LUMSIXOM HE3aNEXHOro CKPUHIHTY Ha3B i pe3tome
(aHotauin). MNicns Loro 3aiCHUN KPUTUYHE OLHIOBaHHS
MOBHOTEKCTOBMX BepCil BigibpaHux cTaTen LWoao ixHbol
METOAOMOrYHOT AKOCTi Ta peNneBaHTHOCTI MeTi ornsaay. Ha
dhiHanbHoMy eTani BanigoBaHy iHopMaLito y3aransHeHO
3a [OMOMOro MeTofy HapaTWBHOMO CUHTE3y Ta Noriy-
HO 3rpynoBaHO Y BIiANOBIOHI TEMATUYHI Knactepw, Wo
XapaKTepu3ytoTb eBOMIOLiHI 3MiHM B nabopaTtopHoMmy,
(pyHKLiOHaNbHOMY # iHCTPYMEHTanNbHOMY OLIiHIOBaHHI
CYAVHHOrO CTaTycy B negiaTpii.

Pe3yabTaTtn

EBonitouis nabopatopHux 6ioMapkepiB: Big Knacuku
[0 MOneKynapHoi AiarHocTuku. [poTarom TpyuBanoro
yacy nabopaTopHe ouiHIOBaHHS (yHKLIT eHgoTenito
I'PYHTYBanocs Ha BU3HAYeHHi CPOBATKOBMX KOHLIEHTPa-

Matonoria. Tom 23, Ne 2(67), TpaBeHb - ceprieHb 2026 p.

Puc. 1. EBoniouis KoHuenuii AiarHocTukv eHpoTenianbHOi AMCHYHKUIT y AiTeN: Bi KnacuyHUX

6iomapkepis [0 iHTErpoBaHNX LNPOBUX TEXHOMONIN.

Uin posunHHmx monekyn agresii (SICAM-1, sVCAM-1),
eHgoTeniHy-1 Ta metabonitis okcugy asoTy. MNpoTe B
neniaTpUYHin NpakTULi Ui KnacuyHi Giomapkepyn YyacTo
MaloTb HEAOCTaTHIO CreLMAIiYHICTb, OCKINbKK iX piBEHb
MOX€ CyTTEBO KONMMBATUCS Nif, BNAMBOM (PidionoriyHoro
pocTy, nybepTtaTHux 3MiH ab0 TPaH3UTOPHWX IHCEKLIIAHNX
npouecis. Came TOMy OCTaHHE LECATUMITTS 03HAMEHO-
BaHe KOHLeNTyanbHWM 3cyBoM Y Bik moLyky Mapkepis,
LU0 XapaKTepuaytoTb MMOLL, iHiLjianbHi eTanu cyaMHHOro
MOLUKOPKEHHS].

MepeouiHka knacu4YHUX MapkepiB i hokyc Ha eH-
JoTenianbHWA rMikoKanikc. Xo4a Monekynum Ha KLutanTt
acumeTpuyHoro aumetunapriivy (ADMA) 36epiratotb
CBOIO PENEBaHTHICTb K iHAVKATOPU 3HIKEHHS BiogocTyn-
HOCTi OKCMay a30Ty B AiTel i3 ceprnonogibHOKIITUHHOK
aHemieto [20] um cimenHoto rinepxonectepuHemieto [21],
oKyC Cy4acHOi Hayku HEBMWUHHO 3MILLYETLCSH Ha BU-
BYEHHS CTPYKTYpW eHpoTenianbHoro rmikokanikcy. Liei
CKNafHWi BYrneBodHO-6iNkoBUIA LWap, WO BUCTUNAE
MoMiHanbHy MOBEPXHIO CYAWH, 3a3HaE pyWHaLii 3a40Bro
[0 NOSABY KMiHIYHMX 260 MaKpOCKOMIYHMX O3HaK eHZoTe-
nianbHoi ANCAYHKLT. Pesynbtati cy4acHUX OCTiaXeHb
[0BenK, Lo LIMPKYIIOKYi NPoAyKTW Aerpagauii riikoka-
nikcy, 3okpema cuHaekaH-1 Ta rianypoHoBa KucnoTa, €
HaguyTNVBUMY NPEeaVKTOPamMmM MIKpOCYAUHHUX po3rajis
Y KPUTMYHO XBOPUX AiTEN, HanpuKnag, npy Cencuci Ym
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CHUCTEMHOMY 3ananeHHi[3,22,23]. ba binbLue, TpaHcnsLj-
Hi JaHi BKa3ytoTb Ha Te, L0 NOLUKOMXEHHS rikoKanikey
MOXe nexarti B OCHOBI reHepani3oBaHoi ANCHYHKLIT eH-
[0Tenito HaBiTb Ha eTani BHYTPILLHLOYTPOGHOIO PO3BUTKY
Ta npv npeeknamncii. Lie thopmye HecnpusaTineui nato-
disionoriyHnii oH Ans PopmMyBaHHS kKapaioBACKYNSAPHUX
PV3WKIB Y ANTUHW B MaNByTHbOMY [24].

EHpoTenianbHi MikpoBe3uKkynu: «pigka Gioncisi»
CYAVIHHOI CTiHKWU. BaXnMBUM OCATHEHHSIM Y PO3BUTKY
HeiHBa3WBHOI AiarHOCTUKW CTano BMPOBaKEHHS KOHLen-
uii «pigkoi Gioncii» Ha OCHOBI aHanidy eHgoTenianbHUX
mikposeaukyn (EMVs). Lli no3akniTvHHi CTpyKTYpM, WO
BUBINbHSAOTHCS €HAOTENIOLMTaMV Y BiAMOBIaAb Ha aKTVBa-
Lijto ab0 KNiTMHHMIA anonTO3, BU3HAYEHO HWHI HE MPOCTO SIK
NacyBHi MapKepy NOLLIKOMXKEHHS CYAUHHOI CTIHKV — BOHM
€ aKTVBHWMW NEePEHOCHMKaMM BioNoriyHO BaXnMBMX
MOsieKyn, Bifirpatoymn KniovoBY porb Y MiKKMITUHHIN
KOMyHikauii [25]. OuiHioBaHHSA npodinto eHgoTenians-
HUX MIKpOBE3WKYN A€ 3MOry KiiHiumMcTam gudepen-
LiloBaTW 3ananbHy akTMBaLlo eHAOTenito Bif Hacnigkis
OKCUAATUBHOIO CTpecy. BogHoyac ix Lwmpoke pyTWHHE
3aCTOCyBaHHs B nepjatpii HUHi obmexeHe 06'eKTUBHUMM
npeaHaniTMyHMMKn TpyAHOLLaMK, 30KpeMa noTpeboto y
BMCOKOTOMHII MPOTOYHI LMTOMETPIi Ta HeobxigHicTio
YiTKOI CTaHAAPTM3aLi NPOTOKONIB LIEHTPUAYryBaHHSA Ans
manux o6’emiB KpoBi, B3ATOI B AjiTet [6,26].

EnireHeTnyHi curHatypum: uupkyntotodi MikpoPHK.
Baxxnmeum kpokom o peanisavii npuHUmMniB nepcoHani-
30BaHOI KapAioBacKyNsSPHOT MeAMLMHM CTana ineHTudika-
uis HekogyBanbHux PHK, 3okpema mikpoPHK (miRNAs),
AK MOTYXHWX enireHEeTUYHUX PErynsTopiB CyaWHHOrO
TOHYCY Ta aHrioreHe3y. YHikanbHOW [iarHOCTUYHO
nepeBaroto MikpoPHK € ixHs Hag3BnyaiiHa CTabinbHICTb
y CUCTEMHOMY KPOBOTOLLi. 3rigHO 3 pesynkratamm dyH-
JaMeHTanbHOro AocnimkeHHs, Lo 3aiicHunu A. Khalyfa
etal., cneumdiyHui BaHTax MikpoPHK BcepeauHi nosakni-
TWHHWX BE3UKYT MOXE 3 BUCOKOIO TOYHICTHO NepeabavaTy
PO3BUTOK eHAOTENIaNLHOT ANCYHKLIT Y AiTen 3 06CTPyK-
TVMBHUM arHoe YBi CHi e [0 NosBK Oyab-AKUX KNiHIYHUX
CUMNTOMIB 3aXBOPIOBaHHSA [25]. Kpim Toro, B HalHOBILLINX
npausx akUeHTOBaHO Ha KPUTUYHIA pori crneumdivHnx
MikpoPHK B iHAyKLUii eHaoTeniansHO-Me3eHxiManbHoro
nepexogy (EndMT) — cknagHoro nartodisionoriyHoro
npoLecy, WO BiZirpae BU3HaYanbHy ponb Npy po3BUTKY
CYAVHHOI ANCYHKLIT, aCOLINOBaHOI 3 UTAYUM OXUPIH-
Ham [11].

MynbTuomikcHi nigxoau: ninigomika, metabo-
nomika Ta KniTMHHI B3aemogii. HanbinbLw nepcnek-
TVBHUM TPEHAOM OCTaHHIX POKIB € eBOMIOLINHWIA BigXia
BiZl @Hani3y nooAMHOKMX BiomapkepiB 4O KOMMMIEKCHOro
MYIBTUOMIKCHOTO NpOodhintoBaHHs GionoriyHNX cuctem
[9]. 3acTocyBaHHs Mac-CnekTPOMETPIi Ta ABOBUMIPHOTO
andepeHuiHoro renb-enektpodopesy (2D-DIGE) Bia-
KPWIIO MOXIMBOCTI A4S BUSIBNIEHHS paHHiX MeTabonivHmX
naTepHiB CyAVHHUX NOPYLLIEHb. Tak, AOCHIDKEHHS KIITUH
MynKOBUX BEH NPU 3aTPUMLLi BHYTPILLHBOYTPOBHOO po3-
BUTKY Jano 3mory BepudikyBaTii Mapkepy paHHbOro Cy-
OWHHOTO CTapiHHA BXXe Ha eTani HapOMKEHHA AUTUHW [27].
Kpim Toro, iHTerpoBaHa TpaHCkpunToMika Ta ninigomika
3abe3neyytoTb rMMOOKe PO3yMiHHS MeXaHi3MiB BnnmBy
3MiHeHoro ninigHoro npodinio Ha H6ap’epHy dyHKLito
€HOOoTeNito Ha reHeT4HoMy pisHi [10].
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Baxnueumu € HOBITHI AaHi WoJo poni MITOXOHAPI-
anbHOi AUCHYHKUIT B eHgoTenianbHUX KNiTMHax-no-
nepegHukax [28], a Takox npo 6esnocepeaHii BNMB
yHKLIOHaNbHO 3MIHEHWX epUTPOLMTIB Ha reHepauiio
eHpoTenianbHOI ANCHYHKLIT NPy NOPYLLEHHSX NiNigHOrO
06miHy [29]. Lli BigomocTi migTBepmKytoTh AOUIMBHICT
OLjiHKM ANCAYHKLT eHO0TENiI0 B AiTel He 5K i301b0BaHOro
heHOMeHa, a ik HacnigKy CkaaHOT B3aeMOZIT Mixk CyanH-
HOHO CTiHKOI, CUCTEMHUM MeTaboniaMoM i hopmeHMm
eremMeHTaMu KpoBi.

HogiTHi dpyHKLioHanbHi i iHCTpyMeHTanbHi MeTo-
aw. Mepexig BiA MONekynsapHOro piBHA 4O OLIHIOBAHHS
CYAVMHHOI PEaKTUBHOCTI iN VIVO € KPUTUYHO BaXTUBUM
€Tanom y KOMMIEKCHOMY OOCTEXeHHi nediaTpuyHnX
nauieHTiB. OCTaHHE OECATUNITTA XapaKTepU3yeTbCs He
nuwe BOOCKOHANEHHAM KNacUYHUX iHCTPYMEHTanb-
HMX MNiaXo4iB, ane MW aKkTUBHOW iHTerpauieto MeToais
BidyanisaLii MiKPOLMPKYNATOPHOrO pycna, ki paHille
BBaXxany MpeporaTvBol eKCrepyMeHTanbHoi Meauum-
HU. OyHOAMeHTanbHUM 3pyLUEeHHAM CTana MiHiMiauis
cyb’eKTMBHOMO (hakTopa onepartopa 3aBAsku BMpoBa-
[DKEHHIO aBTOMaTU30BaHUX anropuTmiB i L poBoro
aHanisy faHux.

EBontouis ynbTpa3BykoBOro ouiHHOBaHHA Ta
BMPOBAKEHHA LUTYYHOTO iHTENeKTY. YNbTpa3ByKoBe
OLIiHIOBaHHSI MOTOKO3anexHoi Basogmnaradii nnevyosoi
aptepii (FMD) ictopvyHO BBaXXanu onTuMarisHUM MeTo-
[IOM HeiHBa3VBHOI AiarHOCTUKN eHAOTENianbHOI yHKL
[30,31]. HesBaxatoum Ha LLUMPOKe KIiHIYHE 3aCTOCYBaHHS,
TpaguLiiHa MeToAnKa Mana CyTTeBi 0OOMEXEHHs Yepes
BMCOKY 3aMnexHICTb pesynbrartis Big kanidikauii nika-
psi-00CTiAHMKA Ta CKMafHoLLi yTpUMaHHs cTabinbHoro
306paxeHHs CyayHW Y AiTei MOMOALLOTO Biky [6].

EBontouis Lporo MeTogy Hepo3puBHO NoB’si3aHa 3
BMPOBAMKEHHAM CUCTEM aBTOMATWU30BAHOIO TPEKIHry
CyOuHHoI cTiHkM (automated edge tracking) Ha 6asi an-
FOPUTMIB LUTYYHOrO iHTEMNEKTY Ta MALUUHHOTO HaBYaHHS
[12]. Ui iHHOBaLinHI nporpamMHi KOMMNEKCK JatoTb 3mMOory
B PEXMMi pearbHoro Yacy He3anexHo Bif HaMEeHLLMX
pyxiB nawjieHTa aHani3yBaTu TUCSi kaapis | 0bpaxoByBaTu
JiameTp apTepii 3 cybMiniMeTpoBO TOYHICTHO. Brcoky
KniHiYHY LiHHICTb OHOBNEHOI MeToaukn FMD nigTeepmxke-
HO NpW OLiHLi PE3NCTEHTHOI 0 iMyHOTNOBYMiHIB hopmu
xBopobu Kasacaki [32] Ta Npy MOHITOPUHIY CYAWHHOMO
pemogentoBaHHs y AiTent i3 xsopoboto Mosimost [33].

MNepudepnyHa aptepiansHa ToHoMeTpisi (Endo-
PAT). Motpeba y cTaHOapTU30BaHMX i HE3anexHuX Big
onepartopa MeTogax 3yMOBWMa CTPIMKE MOCUIIEHHS
iHTepecy A0 nepudepuyHol apTepianbHOi TOHOMETPI,
Lo BiZOMa Nig komepLinHo Ha3soo EndoPAT. MeTog
I'PYHTYETLCS Ha peecTpaLlii NynbCoBOI XBUMi Ha dhanaHrax
nanbLjB KVCTi 32 4OMOMOTOH0 CrieLjianbHuX GioceHcopiB 10
Ta nicnsi CTBOPEHHS M ATUXBUMMHHOI OKJTHO3INHOI iLLeMi.
KnoyoBuin NokasHWK MeToay — iHAEKC peaKkTUBHOI rine-
pewmii (RHI), Lwo xapaktepuaye 3gaTHICTb MIKPOCYANHHOTO
pycna go eHgoTenii-3anexHoi Basogunartadii. Xoya
NOYaTKOBO TEXHOIOri0 BanigyBany Ans JOPOCANX KOropT
3 iLemiyHo XxBOpo6Ot cepust [34], OCTaHHIMM pokamm ii
YCMiLLHO aAanToBaHO ANs NeaiaTpUYHOI NPaKTUKK. 30Kkpe-
Ma, pesynsrati JocnimkeHHs, sike nposenu A. Bonuccelli
et al. [35], nosenw Bucoky iHopmaTmeHicTe ENdoPAT y
BUSIBNEHHI PaHHBOI eHAoTenianbHOT ANCHYHKLITY AiTen 3
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MirpeHHI0 3 aypoto, NiATBEPAMBLLY FiNOTE3Y NPO CUCTEM-
HWUIA XapaKTep CYAVMHHMX po3nagiB Npu Liii natonorii.

Bigeokaninspockonisi BACOKOI po3ainbHoi 3aaT-
HOCTi Ta ONTUYHA KorepeHTHa Tomorpadisi. SHauHUM
NPOPVBOM Y iarHOCTULi CTana MOXIUBICTb NPSMOI Npu-
XWTTEBOI BidyanisaLji MiKpOLMPKYNSATOPHOT apXITEKTOHIKM.
Bineokaninspockonito Hirrbosoro noxa (NVC), siky paHi-
LUe 3acTOCOBYBa/IN NEPEBAKHO AK AOMOMiKHUIA IHCTPY-
MEHT Y PeBMartornorii, HUHI BU3Ha4atoTb SK e(heKTUBHUN
HeiHBa3WBHWIM MeTOA, rnobarbHOI OLiHKK eHaoTenianbHO-
ro cratycy. CyyacHi UMdpoBi kaninsapockonu 3 BUCOKOK
pO3aiNbHOK 3AaTHICTIO Ta NporpaMHM 3abe3neyeHHIM
AN aBTOMAaTU4HOro 06paxyHKy LLiNbHOCTI Kaninspie ga-
10Tb 3MOTY BUSIBNSATU iHillianbHi MiKpOCyAWHHI aHoMannii,
Lo TICHO KOPEMKTb 3 CUCTEMHOK eHZOoTenianbHo
AMCAyHKLEro Ta KapaioBacKynspHMM puankamm [13,36].

Mopsg i3 UMM, onTUYHa KorepeHTHa Tomorpadgis
(OCT), wo 6asyeTbcst Ha iHTEPGEPOMETPIT GNIKHBOTO
iHbpayepBOHOro fiana3oHy, 3abeanedye 6e3npeLeneHT-
Hy AleTani3auito CyauHHOI CTiHkW. AHania 306paxeHb OCT
[ae 3MOry He nuLle OLHIOBaTU CTPYKTYPHY LiniCHICTb
eHpoTenito, ane i MoAEntoBaTh NOKA3HWKW HaNPYXeHHS
3cyBy (shear stress), IO € KPUTUYHO BaXSIMBUMU OISt
pO3yMiHHs1 BiomexaHiYHuX Tpurepis aucdyHkuii [15,37].

NaszepHa ponnepiBcbka ¢hnoymeTpia Ta 6nu3b-
Ko-iHppayepBoHa cnekTpockonis. OuiHka TKaHUHHOI
nepdysii Ta peakTUBHOCTI LLUKIPHOMO MIKPOLIMPKYNSTOPHOMO
pycna BiaKpuBaE YHikanbHe «BiKHO» 4O CUCTEMHOIO CTaHy
enpoTenito. JlasepHa gonnepiscbka donoymetpist (LDF) y
komGiHaLlii 3 nokarnbHOK TEMMoBOH rinepemieto abo ioH-
TOHOPE3OM aLETUNXOMiHY Aae 3Mory AudepeHLinoBaHO
OL|iHIOBaTM eHOoTeENiN-3anexHi Ta eHaoTenii-He3anexHi
mexaHisMy Basogunartadii. Lien nigxia 6yB edekTMBHUM
MiZ Yac oLiHoBaHHs fiabeT4HOi MikpoaHrionarii [38] Ta Bu-
BYEHHS CMCTEMHMX nopyLueHb npu COVID-19 [8]. Kpim Toro,
VI0ro aKTVBHO BrPOBaKYIOTb Y BITUM3HAHY NediaTpuyHy
NPaKTVKy ANs paHHBOI AiarHOCTVIKW CyayHHWX AeBiaLliv [39).

bnusbko-iHpayepsoHa cnektpockonisa (NIRS)
[IOMOBHIOE Lieii cnekTp, 3abesnedyytoun GesnepepBHuii
HEIHBA3VBHWI MOHITOPWHI PErioHapHOT TKAHWHHOI OKCU-
reHauii (StO,). PeecTpauis wenakocTi peokeureHauii
TKaHWH NiCNs CyAMHHOI OKMHO3iHOT Npo6u 32 4OMOMOro
NIRS e yyTnvBrM MapkepoM eHaoTenNiansHoT akTuBaLlii,
Lo Mae 0cobrnnBe MPOrHOCTUYHE 3HAYEHHS! B YMOBaXx
nepiaTpUYHOi IHTEHCUBHOI Tepanii, 3okpema npu cen-
CUC-IHAYKOBaHUX MIKPOLIMPKYNATOPHUX posnagax [14,40].

KniHiuHi dheHOTMNYM eHpoTenianbHOI AUChYHKLIT
y nepjaTpMyYHMUX KoropTax. TpaHcrsuis iHHOBALINHMX
[iarHOCTUYHUX TEXHOMOTNN Y KMiHIYHY NMOLWKUHY Aana
nigcTaBm Ans aHanisy E[l He sk yHiBepcanbHOro MoHo-
TOHHOTO NPOLIECY, @ SIK FreTePOreHHOro NatodisionoriyHoro
KOHTUHYYMY, L0 Mae cneuudiyHi deHoTMnoBi ocobnu-
BOCTi 3aNeXHO Bif, OCHOBHOIO 3aXBOPIOBaHHS. Y nedia-
TPUYHIN NPaKTULLi HAKONMYEHO 3HAYHWIA MACKB AaHUX, LLIO
[0BOAATb: CYAVNHHE YLLIKOMKEHHS € CMiMbHAM YAHHUKOM
ANS LUMPOKOro CreKkTpa HO30MOori — Bif MeTabosiuyHMX
po3nagiB [0 KPUTUYHWX CTaHIB.

KapaiomeTaboniuyHuim KOHTUHYYM: OXMPiHHS, Aia-
6eT Ta apTepianbHa rinepreHsia. [MobanbHa enigemis
OUTSYOTO OXMPIHHS Ta METabomMivYHOro CUHAPOMY CTana
KIHOHOBUM paliBEpOM PaHHLOTO CyAMHHOTO CTapiHHS. 3a
JaHUMV CyYacHWX JOCNIMKEHb, HAANMMLLOK BiCLeparnbHOi
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XXMPOBOT TKAHWHM iHILLitOE CUCTEMHUIA NMpO3anarbHUN CTaH,
SKUIA NPU3BOANTL 10 MOPYLUEHHS 6i0A0CTYNHOCTI okeuay
a30Ty Ta akTuBaLii eHgoTenin-cneumdivHoi Monekynmu-1
(ESM-1) [6,41]. Bigomo, Wwo TpagmuiiHi MeTabonivHi
napaMmeTpu y AiTel 3 agunosHiCTio TICHO KOPerowTh 3i
3MiHaMK Na3MoBKX eHAOTeNianbHUX MapkepiB [42], a
npouecu eHzoTenianbHO-Me3eHXiManbHOro nepexoay
(EndMT) HabyBatoTb KPUTUYHOTO 3HAYEHHS Y POPMYBaHHI
HE3BOPOTHOrO CyAMHHOrO pemopentoBaHHs [11]. Takun
NaToreHeTUYHWIA NaTepH, YCKNagHeHWi rinepriikemieto
Ta OKCWAATVMBHWM CTPECOM, BU3HAYaKOTb Y MaLlieHTIB i3
LykpoBuM aiabetom 1 Tuny [43].

Pa3om i3 Tvm, y koropTax migniTkiB 3 eceHuianbHO0
apTepianbHO rinepTeHsielo ANCMYHKLi0 eHaoTenio
BU3HAYaIOTb SIK ABOCNPSIMOBaHWI NPOLIEC: BOHA € OfHO-
YacHo i HacmigKoM reMoAMHaMIYHOrO NepeBaHTaXeHHs
(shear stress), i nepBUHHUM TpUrepoM NiABULLEHHS
CyAuHHoro onopy [44,45,46].

CucTteMHi ayToiMyHHi 1 imyHOONocepeaKoBaHi 3a-
XBOPHOBaHHSA. XPOHi4YHE CUCTEMHE 3ananeHHs hopmye
0cobnmBuin heHOTUN eHaoTENianbHOT ANCYHKLI, Lo Xa-
PaKTEPU3YETHCSA BUPAKEHUM MIKPOCYANHHAM PEMOAENHO-
BaHHsIM. Y fiTel 3 OBEHINbHUM NCOpPiaTUYHUM apTPUTOM
Ta iHWUMK TSHKKUMIU PEBMATUYHMMU 3aXBOPHOBAHHAMM
NOpYLUEHHS eHAoTenianbHOi peakTUBHOCTI (iKCYOTb
3a[10Br0 [0 NOSIBY KapQioBaCKyNsSPHUX CUMMATOMIB, LLO
NiATBEPAKEHO AaHUMKU MeTaaHanisiB [47,48,49]. PaHHe
BUSABMEHHS LIMX 3MiH 3@ JOMOMOTOH HOBITHIX HEiHBa3MB-
HUX METOAVWK € KPUTUYHO BaXIMBUM ANs 3anobiraHHs
nepeayacHomy atepocknepo3y [50].

Okpemoi yBarn notpebye xsopoba Kaeacaki — ro-
CTPWI CUCTEMHWIA BaCKymMiT AUTSYOrO BIiKY, Npu SKOMY
(hyHKUiOHaNbHE Ta CTPYKTYPHE OLLIHIOBaHHS eHAoTenito
3a J0NOMOTOH0 iHHOBALIiHUX YETPa3BYKOBMWX anropuTMiB
[a€ 3MOry He nuLue AiarHoCTyBaTh NOLUKOMKEHHS KOPO-
HapHUX | NepuepuyHNX apTepin, ane n NporHo3yeaTn
PO3BUTOK PE3UCTEHTHOCTI 40 Teparnii BHYTPILLHEOBEHHVMM
imyHorno6yniHamu [32,51].

XpoHiyHa xBopo6Ga HMPOK i reMoniTUKO-ypeMmiy-
HUWA CUHAPOM. YpeMiYHE CEPELOBULLE € OOHWM i3 Hal-
arpecuBHILLMX hakTOPIB EHAOTENIANBHOTO MOLIKOMKEHHS.
Y nepjiaTpyyHMX NaLEHTIB i3 XPOHIYHOK XBOPOOOHD HUPOK
HaKOMWYEHHS! TOKCUHIB, MOPYLLEHHS POCHOPHO-KarbLjie-
BOro 0OMiHy 11 aKTUBALYisi pEHiH-aHrOTEH3MHOBOI CUCTEMU
npu3BOAATb A0 rMUOOKOI ANCAYHKLIT CyANHHOI CTiHKW,
Lo rnotpebye BUKOPUCTaHHS CrieumdivHNX cepLeBo-Cy-
ANHHUX GiomapkepiB ans cTpaTudikauii pusukis [26,52).
MpvKnagom TpUBanoro «iMyHOSOMYHOrO Crigy» Ha eH-
fotenii € Hacnigku nepeHeceHoro STEC-acouiioBaHOro
reMOniTUKO-yPEMiHHOro cuHapomy. 3rigHo 3 pesynsratamu
focnimprenHst M. Kreuzer et al., cybkniHiuHa eHgoTeniansHa
AncdyHKuis 36epiraeTbes y Takux NaLlieHTiB npoTsrom ba-
raTbOX POKIB MiCTIs rOCTPOrO eni3oAy, 3yMOBITHOK4M Heobxia-
HICTb MOXWUTTEBOrO Kap4iOBACKYNSPHOMO MOHITOPUHrY [53].

KpuTuyHi cTaHu: cencuc, pecnipaTopHi nopyLueH-
Hsi Ta COVID-19. Npobnema eHpoTenianbHOro konancy
Mae BKpaW BaXnuBe 3Ha4YeHHs y BigdineHHsX nepia-
TPWYHOI iHTEHCMBHOI Tepanii. Baxnveum eTanom crana
ny6nikavis koHceHcycy PODIUM [7], ne Bneplue 4itko
pernameHToBaHO KpuTepii eHgoTeniansHoi ANceyHKLii y
KPUTUYHO XBOPYX OiTEN, KOTPa BU3HAYEHA K KITOYOBUIA
¢hakTop noniopraHHOi HEAOCTATHOCTI.
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CYYACHA MAPAAUTMA AIATHOCTUKU
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IHTEFPOBAHUW EHAOTEAIAAbHUIA GEHOTUN
KomnaekcHa oLjiHKa CTPYKTYpH, GYHKLIi Ta akTMBaLLi eHAOTEAID

l

PaHHs# i TOUHa OLHKa PU3UKY Y KOXHOI AUTUHU

[ CTPATUOIKALISI KAPAIOBACKYAAPHOIO PUBUKY j

l

IHAMBIAyaAi30BaHWIt MOHITOPUHT, NPEBEeHLLA Ta TepaneBTUYHi cTpaterii

[ NMEPCOHANIS0BAHA NEAIATPISA j

Puc. 2. CyyacHa MynbTUMoaanbHa Mogenb AiarHOCTUKI eHpoTenianbHoi AMCYHKLT Y AiTen.
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CvictemHa MiKpocyaMHHa katactpoda, Lo Ccynpo-
BOZPKYETLCA Aerpaaauieto rnikokanikcy Ta rinepkoaryns-
Liieto, € OCHOBOO MaToreHesy rocTporo pecripaTopHoro
ZvcTpec-cuHapomy Ta Tshkkoro nepebiry COVID-19, konm
LIMPKYIIOI0Yi eHAoTENianbHi CUrHaTypy NpsiMo KOPENtoloTh
i3 neTanbHicTio [54].

Mig yac cenTMYHOrO LWOKY eHAOTENIanbHa akTuBaLlis
HabyBage xapaKTepy HEKOHTPOINbLOBaHOI reHeparni3oBaHoi
peakuii. 3rigHo 3 BMUCHOBKamu, sikvx gidwnu L. Raia &
L. Zafrani [55], a Takox R. Wang et al. [56], knto4oBoto
NaHKOI0 CEMNCUC-iHAYKOBAHOT ANCYHKLIT € kaTacTpodiy-
He MOpYLLUEHHs eHpoTeNianbHoro Gap’epa 3 MacuBHUM
BMTOKOM PIiAWHU B iHTEPCTULIN, LLO JIEXKUTb B OCHOBI
pedhpakTepHOI rinoTeH3ii Ta NoniopraHHO HEAOCTATHOCTI
y navujeHTiB, ski nepebysatoTb Ha NikyBaHHiI y BiAAINEHHAX
negiaTpuyHoi peadimauii. Pasom i3 TM, nopyLueHHs
dyHKUiT eHpoTenito Bidirpae Baxnuey posib He nuie
npu iHeKLiHMX KaTacTpodax, ane n npu XpOoHIYHMX
pecnipaTopHUX Natonorisix, Ak-0T Npy BPOHXIanbHI acTi,
KoM napameTpy MIKPOLIMPKYFALLT CyTTEBO KONMMBAKOTHLCA
3anexHo Big dasn 3aroCTPEHHs Ymn pemicii [57].

KpuTuyHe ouUiHIOBaHHA HOBITHIX MeToAiB Aia-
rHOCTMKM eHaoTenianbHoi AucdyHKuUii. Heasaxatouu
Ha 6e3nepeyHuii TEXHOMOMYHUIA NPOPUB Y PO3YMiHHI
CyOuMHHoI BGionorii, TpaHcnALis iIHHOBALIMHMX fiarHoCTHY-
HUX METOAIB i3 AOCMIAHMLBbKMX NabopaTopint y KMiHivHY
negiaTpyUyHy NpakTUKy NOB'si3aHa 3 HU3KOK 00 EKTUBHIX
nepeLLKos.

®yHaameHTanbHo Npobnemoto 3anuaeTbes
roCTpUn ediuunT cTaHgapTU30BaHNX BIKOBUX pedpepeH-
CHVX 3Ha4eHb Ans BinbLUOCTi HOBITHIX IHCTPYMEHTaNbHUX
napameTpis i 6iomapkepiB. OCKinNbKM AUTSYMIA OpraHiam
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nepebyBae y cTaHi 6e3nepepBHOro pocTy, nybepTaTHNX
3MiH i remoavHamMivHOI nepebyaoBw, BIACYTHICTb YiTKMX
nonynsuiiHUX HOPMaTUBIB AN TaKWX MOKA3HUKIB, AK
LinbHICTb Kaninspie Npu Bigeokaninspockonii abo piseHb
LIMPKYTIOYNX €HAOTENianbHUX MIKPOBE3WKYI, CYTTEBO
yCKnagHoe andepeHuiadito Mix isionoriyHoto aganta-
Lieto Ta iHiLiansHUMK cTagisMu NaTonorii.

3 iHworo 60Ky, BNPOBaAXeHHS BUCOKOTOYHUX
MYNbTUOMIKCHUX TEXHOSOTiN, 30Kpema NpoCTOpOBOT
TpaHcKkpunToMiku abo minigomikn, notTpedye 3Ha4YHUX
pecypcis. Lli meToamn notpebytoTb 3aCTOCyBaHHS JOPOroro
obnagHaHHs, cknagHuX npeaHaniTM4HWX npoueayp i
3asyyeHHs cnewianicTie i3 GioiHbopmaTuky ana onpa-
LIOBaHHS BEMUKUX MacuBiB AaHwnx (Big Data). HaeeneHi
(hakTopy 0BMeXyIOTb 3aCTOCYBAHHS LIMX HOBITHIX METO-
[iB AN MacoBOro CKPUHIHIY Ha PiBHI NEPBUHHOI NaHKK
MEANYHOI OMOMOTW.

IHCTpYMEHTaNbHi METOAMKM TaKOX MatoTb HEAOMIKU.
Xoya anropuTMm LLITYYHOTO iHTENEKTY HIBEMIOTL Cy6 ek-
TVBi3M onepaTtopa nif Yac ynsTPasByKOBOrO OLHIOBAHHS
noToko3sanexHoi Basogunaradii (FMD), ycnilHicTb Takux
JOCTimKeHb, SK i BUKOPUCTAHHS OMTUYHOI KOrepeHTHOI
Tomorpadii, noTpebye abcontoTHOrO KOMMNMAaeHCy Ta Tpu-
Baroi HePyXOMOCTi Bif NaLieHTa, a Lie € BKpal CKNagHnm
3aBAaHHsAM Npu 06CTeXeHHI AiTelt MonozaLwLoro Biky abo
NauieHTiB i3 HEPOKOTHITUBHMMM OCOBIMBOCTSIMM.

Omxe, cyyacHa koHuenuia giarHoctvkn EL rpyH-
TYETbCA He Ha BUKOPUCTaHHI okpemoro Giomapkepa un
IHCTPYMEHTambHOrO TECTY, a Ha iHTerpaLlii MonekynspHuX,
(hyHKLUIOHaNbHWX, BidyanisaLinHUX i LippoBMX TEXHONOTI
Y MEXax eAuHOi MyNbTUMOAANbHOT MOZENi OLiHIOBaHHS

(puc. 2).
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06MmeXXeHHs AOCAIAKEHHSA

Mig vac iHTepnpeTadii pe3ynbTarTiB i BUCHOBKIB LIbOro Or-
nsgy HeobxigHo 6paTi A0 yBaru kinbka METOAOMNOrYHUX
obmexeHb. No-neplue, He3BaXakun Ha 3aCTOCYBaHHS
CTPYKTYPOBaHWX anropuTMiB NOLUYKY B MPOBIgHWX Ha-
ykoMeTpuyHux Basax gaHux, us pobota mae an3anH
HapaTVBHOTO y3aranbHEHHS, WO 00'EKTUBHO He BUKITHO-
Yae PU3KKY MEBHOTO CENMEKTUBHOMO YMEpemKEHHs npu
Bigbopi nitepatypHux mpxepen. ®okyc nepeBaxHO Ha
aHrMOMOBHUX Ny6nikaLlisix 3 BUCOKUM iMNaKT-pakTopoM
Mir MPU3BECTYM A0 HEAOOLHKM perioHanbHMX AOCTIAKEHD,
SKi TAKOX MOXYTb MICTUTM LjiHHI KIiHIYHI CNOCTEPEeXEHHS.

lMo-apyre, BKMOYEHI A0 OrMNsiAYy opuriHanbHi Jocni-
IDKEHHSI XapaKTepu3yTbCs BUPAKEHO METOAONONY-
HOI0 reTeporeHHicTio. BapiabenbHiCTb po3mipie BUGIPOK,
BiZIMIHHOCTi B HO30MOTYHWX MPOINSAX nauieHTiB i BUKO-
PUCTaHHS Pi3HUX anapaTHUX KOMMMEKCIB i MpOTOKONiB
CTUMYNALIT eHOOTeNito YHEMOXIMBUAN NOBHOLIHHUIA
KINbKICHUI MeTaaHani3 Ansi NOPIBHAHHA 4iarHOCTUYHOI
TOYHOCTI Pi3HMX METOAMK.

lNo-TpeTe, YacTUHY HaBefdeHWX NaToi3ionorivyHNX
KOHLeNUi, SIK-0T OLUiHKa HanmpyXeHHs 3cyBy (shear
stress) abo BUKOpPUCTaHHS cneumdiYHnX eHaoTenianbHnX
CUrHaTyp, NepBUHHO Gyno po3pobrneHo Ta BanigoBaHO
Ha Jopocnnx Koroptax abo excrnepuMeHTarnbHKX in vitro
mopensix. Ekctpanonsauis umx faHuMx Ha KOMMeKCHY
dhisionorito negiatpuyHOi nonynsii, xo4a N cnpaeTbes
Ha MiLuHe TpaHcnsAuiHe nigrpyHTs, Bce e notpebye
0CTaTO4HOI BepudikaLii y MaclwTabHux GaraTtoLeHTpo-
BUX NOHTITIOAUHANBHMX AOCTIIKEHHSIX 32 y4acTio AiTen
Pi3HUX BIKOBWX rpyn.

BucHOBKU

1. Ornag Hakonu4eHoi 3a OCTaHHE AecaTUniTTa da-
XOBOI niTepatypu cBiguMTb Npo Be3npeLeneHTHY 3MiHY
napagurMu B aiarHocTuui engoTenianbHoT AMCyHKUIT Yy
Ziteit. CyqacHa Hayka 0CTaTO4HO BifiiiLuna Big KoHUenLii
eHpoTenito Sk npocToro 6ap’epa, BU3HAYMBLUM VOTO SIK
CKIafHy MOnekyrnsipHy ekocuctemy. Binbyscsa cucteMHmin
nepexia Bif OLiHIOBAHHS HecneundiuHX NnasMoBMX
MapkepiB 40 6araToBUMIPHOI A4iarHOCTVKY, LLO YCMILLHO
iHTErpye myrnbsTUOMIiKCHe NpodintoBaHHS, aHani3 enire-
HETUYHMX MIKPOBE3VKYNSPHUX CUrHaTYyp i NPUXUTTEBE
[OCTiMXEHHS CTaHy CYOUHHOIO [MKOKaniKCy.

2. IHcTpymMeHTanbHa aiarHocTyHa 6a3a Takox 3a3Ha-
na dyHaameHTanbHoi TpaHcdopmadii. BnpoBamkeHHs
ABTOMATU30BaHMX airOpUTMIB LUTYYHOTO iHTEMEKTY B
YNbTPa3ByKOBY AiarHOCTWKY, adanTauis ONTUYHOI Kore-
PEHTHOI ToMorpadii Ta CTPIMKMI PO3BUTOK CUCTEM NPSIMOI
MiKpOLMPKYNATOPHOI Bisyanisauii cnpuanu MiHimisauii
cy6’eKTMBHOCTI onepatopa, 3abe3ne4vBLLM BUCOKY TOY-
HICTb i BIATBOPIOBAHICTb pe3ynbTaTtiB y negiaTpudHmnX
koropTax. CyyacHi metoau BioiHbopmaTiHOro aHanisy
Ta MaLLUMHHOIO HaBYaHHS AaKTb 3MOrY BUSIBINSATM CKIaaHi
abepaHTHI perynaTopHi Mepexi CyAMHHUX NOPYLLEHb Ha
paHHix cyOkniHiYHUX eTanax, 3aaoBro Ao MaHicecTauii
OpraHi4HOI NaTonorii CyauH.

MepcnekTBU NOAAABLUNX AOCAIMKEHb. HesBaxkatoum
Ha 3HaYHi TEXHOMOriYHI JOCATHEHHS, yCMilHa imnne-
MeHTaLjis iIHHOBALNHWX METOAIB Y PYTUHHY Nediatpudry
npakTuky notpebye BUPILLEHHS HU3KWM CKNagHUX KniHi-
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Ornsaam

KO-METOZOIONYHUX BUKIUKIB. ManbyTHI HayKoBi MOLLYKM
MaroTb ByTW 30cepemxeHi Hacamnepes Ha po3pobL Ta
BepudikaLii cTaHaapPTN30BaHUX BIKOBUX pedhepeHCHMX
3HaYeHb A151 HOBVX MOMeEKyNsipHUX GiomapkepiB, 3Baxato-
Y1 Ha AMHaAMIYHI 0COBNMBOCTI OHTOTEHETNYHOIO PO3BUTKY
LWTSIHOTO OpraHiamMy. He MeHLL BaXnMBUM BEKTOPOM €
YHichikaLis NpOTOKOMIB NPOBEAEHHS! iIHCTPYMEHTaNbHUX
(hyHKLioHanbHMX Npob i Banigauis nopTaTMBHWUX Npu-
CTpoiB Ge3nepepBHOro MoHiTopuHry (wearables) ans
OLIiHIOBaHHSI CyMHHOTO CTaTycy B aMbynaTopHWUX yMOBaX.
JInwe Takui iHTErpoBaHWIA, MiXAUCUMNAIHAPHUA Niaxig
[acTb 3MOry YCrilLHO TpaHCMoBaTh PyHAAMEHTaNbHi
BIOKPWUTTS y ranysi cyauHHoi Bionorii B npakTuyHi Ta
BUCOKOE(EKTUBHI IHCTPYMEHTW NEPCOHani3oBaHoi npe-
BEHTVBHOI MEANLMHM B negiatpil.

Aeknapauin wopo BukopuctanHus LI

Mia yac NIATOTOBKM LIbOTO PYKOMUCY aBTOPU BUKOPUCTOBYBaAK
JHCTPYMEHTH LUTYYHOTO IHTEAEKTY AN MOKPALLEHHS AKOCTi MOAGHHSA
martepiany. Beauky MoBHy MoaeAb Gemini (Google) 6yao 3acTocoBaHo
AR CTUAICTUYHOTO peAaryBaHHs, NEPEKAaAY Ta CTPYKTYpYBaHHS
oKkpemmx dparmeHTiB Tekcty. Cuctemy ChatGPT (OpenAl) 6yro
BUKOPUCTaHO AN CTBOPEHHS Bi3yaAbHUX MaTEpiaAiB (PUCYHKIB)
BUKAIOYHO Ha OCHOBI OPUTiHAAbHNX aBTOPCHKMX ECKI3iB | AETaAbHMX
TEKCTOBMX 3aMWTIB (MPOMMTIB), AiKi PO3POBUAM AOCAIAHMKN. TicAs
3aCTOCYBaHHS LIWX IHCTPYMEHTIB aBTOPK PETEABHO NEPEBIPUAL,
BiAPEAAryBaAv Ta 3aTBEPAWAM BECb 3reHEPOBAHMIA KOHTEHT.
ABTOpU HeCYTb NOBHY BIANOBIAGABHICTb 3a KIHLLEBUI 3MICT, HayKoBY
TOYHICTb, AOCTOBIPHICTb AQHWX Ta OPHriHAAbHICTb LiET NybAiKaLii.

®iHaHcyBaHHA
[QoCAiAXEHHS BUKOHAHO 6e3 diHaHCOBOI MIATPUMKH.
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Aim. To present a rare case of laryngeal spindle cell squamous cell carcinoma (SpSCC) and highlight the significant diag-
nostic challenges it poses. The report emphasizes the necessity of comprehensive histopathological evaluation and immu-
nohistochemical (IHC) profiling to accurately differentiate this aggressive, biphasic malignancy from benign lesions and true
mesenchymal sarcomas.

Materials and methods. The clinical presentation, diagnostic pathway, and therapeutic outcomes of a 75-year-old male with
progressive upper airway obstruction were reviewed. The methodology focused on a comparative assessment between an
initial, limited tissue biopsy and the definitive surgical resection specimen. A targeted IHC panel was utilized to analyze the
tumor’s dual cell populations.

Results. The patient initially presented with obstructive clinical features, including progressive hoarseness, snoring, and dyspha-
gia, which led to the early detection of the laryngeal mass. The initial biopsy yielded a misleading diagnosis of leiomyosarcoma.

However, definitive histopathological analysis of the resected mass revealed a characteristic biphasic tumor architecture
composed of both a malignant squamous cell component and an atypical spindle cell component. To resolve the diagnostic
ambiguity, an IHC panel was performed: cytokeratin and p63 — strongly confirmed the epithelial origin of the tumor; vimentin
— demonstrated intense positivity in the spindle cells, reflecting an epithelial-mesenchymal transition. The tumor exhibited
aggressive biological behavior, with a documented local recurrence following a primary course of radiotherapy. Ultimately,
surgical intervention provided superior local control and a more favorable long-term prognosis.

Conclusions. Laryngeal SpSCC is a rare, highly aggressive tumor that frequently mimics sarcomas on small biopsies.
Comprehensive sampling and a robust IHC panel are mandatory for a precise diagnosis. Because radiotherapy carries a high
risk of recurrence, aggressive surgical resection remains the gold standard treatment modality.

PipkicHa, ane cknapHa AAA AlarHOCTUKM NATOAOTIA: AiarHOCTUUHI TpyAHOLL|
np1 BepeTeHONOAIGHOKAITUHHIN KapuMHOMI ropTaHi

IHaxymari PapxeHaipaH, foBtam ManaHisnnan, PapxHi MNpacaa, Mpisarapwudi bapryHam

Merta pobotu - onvcaTy pigkiCHUIA BUNALOK BEPETEHOKMITUHHOI NMOCKOKITITUHHOI KapLHOMM ropTaHi Ta BUCBITNUTY 3HaYHi
[iarHOCTUYHI TPyOHOLL, Siki BOHA BMKIMKAE; HAronocuT Ha HeobXigHOCTI KOMMMEKCHOrO riCTONaToNOrYHOM0 AOCHIMKEHHS
Ta imyHoricToximiyHoro (IMX) npodintoBaHHs Ans To4HOT AndepeHuialii Liei arpecnBHOT ABOGa3HOT 3NOSKICHOT MyXUHY Big
0OPOSIKICHUX YPaXeHb | CNPaBXHIX ME3EHXIMarbHUX CapKOM.

Marepianu i metoau. MpoaHanisoBaHo KMiHiYHi NPOSiBY, AiarHOCTUYHWIA anrOpPUTM i pesynbTaTh MikyBaHHS 75-piyHOro Yomno-
Bika 3 OOCTPYKLUjEt0 BEPXHIX AnXanbHUX LWNSXiB, Wo nporpecysana. Metogonoris nepenbadana nopiBHANbHE OLiHIOBAHHS
pesynbTaTiB NepBUHHOT Gioncii 3 06MExXeHM 06’€MOM TKaHMHM Ta OCTAaTOMHOIO OnepaLiinHoOro Matepiarny nicns pesekuii. 4ns
[OCNIMKEHHS [BOX KMITMHHUX KOMMOHEHTIB MyXIMHM 3aCTOCOBAHO LiifboBY naHernb IMX-mapkepis.

Pesyabtati. Y navjeHTa cnoyaTky BU3Ha4eHO 06CTPYKTMBHI KMiHIYHI NPOsiBU (MPOrpecyBaHHs 3axpuniiocTi, XponiHHs Ta auc-
harisi), Lo cnpuUsNo paHHLOMY BUSIBIIEHHIO MYXMMHHOIO YTBOPEHHS ropTaHi. 3a pesynsratamu nepeUHHOI 6ioncii noMunkoso
fiarHocToBaHo neliomiocapkomy. OfHaK OCTaTo4He ricTonaTonoriYHe AOCHIMKEeHHS Pe3eKTOBAHOrO YTBOPEHHS Aano 3Mory
BUSIBUTU XapaKTepHy ABOGa3Hy CTPYKTYPY MyXMWHM, NPEACTaBNEHY 3MOSIKICHUM MIIOCKOKMITUHHIM KOMMOHEHTOM Ta aTUnoBuUM
BEPETEHOKNITVHHUM KOMNOHEHTOM. [1n51 yTOMHEeHHs AiarHo3y BUKOHaHO IMX-0oCnimKkeHHs: uuTokepaTuHy Ta p63 — Mapkepw,
LU0 NigTBEpAKYBaNM enitenianbHe NOXOMKEHHS MyXIMHW; BIMEHTWH — IHTEHCUMBHO NO3UTUBHUIA Y BEPETEHOMOAIOHMX KIiTUHAX,
LU0 CBIZYMIIO NPO eniTenianbHO-Me3eHXIMHWIA nepexia. MNyxnmHa xapakTepuayBanacs arpecusHUM GionoriyHum nepebirom i3
PO3BUTKOM MICLIEBOrO peLuamnBy Nicns NEPBUHHOIO KypCy NpOMeHeBOoI Tepanii. XipypriyHe BTpyvaHHs 3abe3neqnno Kpalymi
MiCLIEBUI KOHTPOMb 3aXBOPHOBAHHSA Ta CNPUATAMBILLMIA BifAaneHni NPorHo3.

BucHoBku. BepeTeHOKNITMHHA NNOCKOKMITUHHA KapLMHOMa ropTaHi — piaKicHa BUCOKO3MOSIKICHa MyxInuHa, SKy Mif Yac [ocri-
[DKEHHA Manux GionTaTiB YacTo XMOHO BMU3HAYatoTb Sk capkoMy. [ins TOUHOI AiarHOCTKM HeoOXiaHi peTenbHuii 3abip mate-
piany Ta poslumpeHa naHenb |IMX-mapkepis. 3Baxatoum Ha BUCOKUI PU3VK peLmaunBy nicns NpoMeHeBoi Tepanii, pagukansbHa
XipypriyHa pe3eKuis 3anuLwaeTbes cTaHaapTHUM METOAOM MiKyBaHHS.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Classical squamous cell carcinoma (SCC) is the most
frequently encountered malignant tumor in the larynx [1].
However, spindle cell squamous cell carcinoma (SpSCC)
is an uncommon and aggressive subtype, accounting for
approximately 0.6-1.5 % of all laryngeal malignancies
[2]. This rare variant exhibits a biphasic morphology,
consisting of a squamous cell component — ranging from
dysplasia and carcinoma in situ to invasive carcinoma —
alongside a malignant mesenchymal spindle cell compo-
nent [3]. Heterologous mesenchymal differentiation, such
as osteoid, cartilage, or skeletal muscle development, is
an infrequent finding in SpSCC. Diagnosing SpSCC can
be challenging due to its deceptively benign spindle cell
morphology, which may mimic reactive processes or be
mistaken for sarcomas when heterologous differentiation
is present [2].

As there is no single global registry, clinical un-
derstanding relies on limited multi-decade databases
and retrospective cohorts. The largest single-institution
clinicopathologic series, compiled by L. D. Thompson
etal. (2002) via the Armed Forces Institute of Pathology
(AFIP), identified just 187 verified laryngeal cases over
nearly thirty years [4]. Larger multi-institutional data
extractions from national registries like the National Can-
cer Database (NCDB) confirm this scarcity, frequently
capturing pooled multi-decade cohorts of fewer than
400 laryngeal cases [5]. Due to historical diagnostic
fragmentation and the recent standardization of modern
immunohistochemical profiling to differentiate SpSCC
from pure mesenchymal sarcomas, the true aggregate
total in medical literature remains limited to a definitive
handful of several hundred to just over one thousand
globally documented cases.

Spindle cell squamous cell carcinoma can arise in
various regions of the head and neck, with the larynx
being the most commonly reported site, followed by the
oral cavity. Within the larynx, SpSCC predominantly
affects the glottis, originating most frequently from
the anterior commissure and true vocal cords [6]. The
tumor often presents as a polypoid ulceroproliferative
mass arising from these regions. Although SpSCC is
biologically aggressive, early detection is often achiev-
able due to obstructive symptoms such as hoarseness,
snoring, and persistent coughing [2]. The tumor’s im-
munohistochemical and morphological resemblance to
mesenchymal malignancies and certain benign spindle
celllesions can complicate diagnosis, leading to potential
misinterpretation [7].

Given its rarity and the challenges it poses in diag-
nosis, we present a case of spindle cell carcinoma of the
larynx in a 75-year-old patient.

Aim

To present a rare case of laryngeal SpSCC and highlight
the significant diagnostic challenges it poses. The report
emphasizes the necessity of comprehensive histopatho-
logical evaluation and immunohistochemical profiling to
accurately differentiate this aggressive, biphasic ma-
lignancy from benign lesions and true mesenchymal
sarcomas.
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Materials and methods

Clinical case. A 75-year-old male presented with a pro-
gressive change in voice lasting one and a half years,
accompanied by difficulty swallowing and breathing over
the past 8 months. Additionally, the patient reported sig-
nificant weight loss in the last 2 months. He had a history
of hypothyroidism, managed with medication for the past
year, and was a chronic smoker with a 25-pack-year histo-
ry. No other notable co-morbid conditions were identified.

Results

On clinical examination, the patient exhibited respiratory
difficulty but remained stable, alert, and oriented. Vital
signs were within normal limits, and systemic examination
revealed no abnormalities.

The patient sought emergency care for severe acute
respiratory distress. An emergency tracheostomy was
performed under local anesthesia to alleviate the airway
obstruction. During the procedure, a biopsy sample was
obtained from the laryngeal growth and submitted for
histopathological analysis.

Contrast-enhanced computed tomography of the
neck revealed a well-defined, heterogeneously enhancing
mass in the supraglottic and glottic regions. The lesion
involved the bilateral false vocal cords, true vocal cords,
and paraglottic spaces, resulting in complete obliteration
of the laryngeal lumen from the C4 to C6 vertebral levels
(Fig. 1A). A whole-body FDG PET scan corroborated
these findings (Fig. 1B, C), with no evidence of significant
cervical or supraclavicular lymphadenopathy and no signs
of distant metastasis.

Histopathological examination of the biopsy specimen
demonstrated a cellular infiltrative tumor composed of
highly pleomorphic spindle cells. These cells featured
elongated, spindle-shaped nuclei with prominent nucle-
oli. The mitotic activity was high, with 15 mitoses per 10
high-power fields, accompanied by abnormal mitoses
and areas of necrosis.

Immunohistochemical analysis showed that the tumor
cells were positive for desmin and smooth muscle actin
(SMA), while being negative for Pancytokeratin. Based
on these findings, a diagnosis of leiomyosarcoma of the
larynx was rendered.

Following the biopsy diagnosis, a total laryngectomy
was performed under general anesthesia, and the spec-
imen was submitted for histopathological evaluation. On
gross examination, the posteriorly cut-open laryngectomy
specimen measured 9 x 7 x 5 cm. The external surface
showed a tracheostomy site measuring 1 cm in diameter,
located 1.4 cm from the inferior margin. The pyriform si-
nuses, thyroid gland, thyroid cartilages, and anterior strap
muscles appeared uninvolved by the tumor. Sectioning
revealed an ulceroproliferative and necrotic tumor meas-
uring 4.0 x 3.5 x 3.0 cm, predominantly located in the left
glottis with extension into the left supraglottic and subglot-
tic regions. The tumor crossed the midline, involving the
right supraglottic and subglottic areas. The distances of
the tumor from the margins were as follows: 3 cm from
the superior margin, 2 cm from the anterior margin, 3 cm
from the inferior margin, and 1 cm from the right, left, and
postero-inferior mucosal margins. The pre-epiglottic fat
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1B 1C

Fig. 1. A: axial sections of contrast-enhanced computed topography images with a well-defined, heterogeneously enhancing mass in the supraglottic and glottic regions. The
lesion involved the bilateral false vocal cords, true vocal cords, and para glottic spaces, resulting in complete obliteration of the laryngeal lumen from the C4 to C6 vertebral levels.
B, C: a whole-body FDG PET scan shows uptake in the larynx. No cervical / supraclavicular lymphadenopathy or areas of metastasis were identified.

2A 2B 2C

2D 2E 2F

Fig. 2. A-C: the squamous area of the tumor showing well-differentiated squamous cells arranged in sheets and nests, having abundant eosinophilic cytoplasm, irregular hyperchromatic
nucleus, and inconspicuous nucleoli (H & E, x200). D-F: the spindle cell component, arranged in small fascicles with storiform and diffuse patterns. The tumor cells have a high N/C
ratio, coarse chromatin, and frequent mitosis with areas of necrosis (H & E, x100, x200, and x400 respectively).
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3A

3C

3E

Fig. 3. Immunohistochemistry images. A, B: diffuse cytoplasmic positivity of the tumor cells with vimentin in the spindle cell areas (x100, x400 respectively); C, D: diffuse cytoplasmic
positivity with pan cytokeratin in the squamoid areas (x200, x400 respectively); E: diffuse cytoplasmic positivity with EMAin the squamous areas (x200); F: both spindle and squamous

KAIHIYHMK BMNAAOK

3B

3D

3F

cell areas negative with desmin, while the intervening muscle fibers have taken stain (x40).

was not involved, and all resected margins were grossly
free of the tumor. No lymph nodes were identified within
the specimen.

Histopathological examination of hematoxylin and
eosin-stained sections revealed a biphasic tumor compris-
ing epithelial and spindle cell components. The epithelial
component consisted of well-differentiated squamous
cells arranged in sheets and nests, characterized by abun-
dant eosinophilic cytoplasm, irregular hyperchromatic

Matonoria. Tom 23, Ne 2(67), TpaBeHb - ceprieHb 2026 p.

nuclei, and inconspicuous nucleoli. Occasional squamous
pearls were observed. The spindle cell component was
organized in small fascicles with storiform and diffuse
patterns. Tumor cells in this component exhibited a high
nuclear-to-cytoplasmic ratio, coarse chromatin, and fre-
quent mitotic figures (Fig. 2).

No evidence of lymphovascular or perineural invasion
was identified, and the surrounding mucosa showed no
dysplasia. The tumor did not involve the hyoid bone, cri-
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4A

4C

4B

4D

Fig. 4. Inmunohistochemistry images. A: cytoplasmic positivity with SMA in the spindle cell areas (x200); B: Ki-67 proliferative index was 60-70 % in the more proliferative regions
(x200); C: negativity with CD34 with positive internal control; D: nuclear positivity with p63 in the squamoid areas (%200).

coid cartilage, or thyroid cartilage. Additionally, no regional
lymph nodes were identified in the specimen.

Inimmunohistochemistry, the spindle cell component
was positive for vimentin and SMA, and the squamous
component showed diffuse positivity for panCK, epithelial
membrane antigen (EMA), and p63. The Ki-67 prolifer-
ative index was 60-70 % in the most proliferative areas.
The tumor cells were negative with myogenin, desmin
(showed positivity in the entrapped muscle fibers), CD34
(Fig. 3, 4), CK7, and CK20.

Written informed consent was obtained from the
patient for publication.

Discussion

The majority (>95 %) of laryngeal malignancies are SCC
[7]. Spindle cell squamous cell carcinoma is a rare and
aggressive subtype, accounting for only 0.6-1.5 % of all
laryngeal cancers [2]. First described by Figi in 1933,
it was initially termed “larynx sarcoma” [3]. Over time,
this tumor has been known by various names, including
sarcomatoid carcinoma, spindle cell variant of SCC, and
pseudosarcoma [8].

SpSCC is a distinct form of SCC that includes a
malignant spindle cell component resembling mesenchy-
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mal tissue. Previously thought to be collision tumors or
carcinosarcomas, advancements in pathological methods
have established that laryngeal SpSCC is a monoclonal
epithelial neoplasm [4].

SpSCC of the larynx predominantly affects men
over the age of 65. While the precise etiology remains
uncertain, the condition is strongly associated with chronic
smoking and heavy alcohol consumption. Although radio-
therapy is not definitively recognized as a causative factor,
tumors arising in patients with prior radiation therapy often
exhibit a more aggressive clinical course [7].

SpSCC is characterized by two distinct epithelial-de-
rived components: a squamous cell component and a
sarcomatoid spindle cell component. The squamous cell
component may manifest as surface dysplasia, carcino-
ma in situ, or invasive carcinoma, while the spindle cell
component often constitutes the majority of the tumor.
However, this pattern is not always consistent, as ex-
tensive necrosis or ulceration in these polypoid tumors
can obscure the presence of recognizable epithelial
malignancy [2].

The diverse morphological characteristics of SpSCC
pose significant diagnostic challenges. The differential
diagnosis includes SCC, fibrosarcoma, leiomyosarcoma,
rhabdomyosarcoma, spindle cell melanoma, and inflam-
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matory myofibroblastic tumor. Superficial or fragmented
biopsy specimens may fail to capture both components
of this biphasic tumor, increasing the risk of misdiagnosis
as either a pure squamous cell carcinoma or a sarcoma.
In some instances, even complete tumor resection may
not suffice to differentiate these conditions without the aid
of immunohistochemical analysis [3].

Cytokeratin reported to be expressed in 40-85 % of
cases, is considered the most sensitive immunohisto-
chemical marker for identifying the epithelial component
of SpSCC. Other epithelial markers, such as EMA and
carcinoembryonic antigen, demonstrate varying degrees
of immunoreactivity in these tumors. The mesenchymal
component of SpSCC often shows positive immunostain-
ing for vimentin, which is also recognized as an epithelial
marker. This staining pattern supports the hypothesis that
these tumors originate from epithelial tissue, with the
sarcomatous spindle cells arising due to mesenchymal
metaplasia. Notably, vimentin immunostaining can also be
positive in leiomyosarcomas; however, leiomyosarcoma
cells are typically negative for cytokeratins and positive
for muscle-specific actin [3].

Immunohistochemical analysis is generally an effec-
tive method for distinguishing SpSCC from sarcomas.
However, in certain cases, the results may be inconclusive
if the tumor does not exhibit specific immunoreactivity. In
such instances, p63, a transcription factor originating from
epidermal stem cells, can serve as a valuable marker to
differentiate SpSCC from sarcomas. According to a study
by B. Neha et al., the use of a targeted immunohistochem-
ical panel including p63 and p40 provides highly specific
validation of squamous origin in head and neck spindle cell
carcinomas. Integrating these markers into the diagnostic
workup is essential for confirming epithelial differentiation
and distinguishing these aggressive malignancies from
true mesenchymal sarcomas [9].

In terms of treatment, the prevailing view in the litera-
ture is that these tumors are resistant to radiation and tend
to recur following radiotherapy [8]. According to a clinical
study by Igbal, contemporary data continues to substan-
tiate the radioresistant behavior of head and neck spindle
cell carcinomas, confirming that standalone or primary
radiation therapy yields poor locoregional control and
exceptionally high recurrence rates compared to upfront
surgical resection [10]. According to the findings of Dubal
etal., surgery appears to offer a more favorable prognosis
compared to radiotherapy [8]. A population-based study
on upper aerodigestive tract spindle cell carcinoma by
D. Gerry et al. in 2014 found that SpSCC were more
likely than SCCs to be diagnosed at an earlier stage, with
similar rates of distant metastasis observed between the
two tumor types [11].

Conclusions

1. SpSCC of the larynx is a rare, aggressive tumor, re-
quiring thorough diagnostic evaluation with histopathology
and immunohistochemistry for accurate differentiation
from other malignancies. Early diagnosis and surgical
management are essential.

2. Spindle cell squamous cell carcinoma of the
larynx is a rare, aggressive tumor that often mimics
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mesenchymal sarcomas on small biopsies. Relying
solely on spindle morphology and focal smooth mus-
cle markers risks misdiagnosis as leiomyosarcoma.
Accurate diagnosis requires examining the completely
resected mass alongside a broad immunohistochemical
panel (panCK, EMA, vimentin, and p63) to confirm
epithelial lineage.

3. Radical surgery via total laryngectomy remains
the optimal treatment to avoid the high recurrence rates
associated with radiation resistance.
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Listeriosis as a problem for high-risk groups: practical cases
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Aim. To analyze two clinical cases of listeriosis invasive forms in patients from risk groups that were recorded in 2024.

Material and methods. Two bacteriologically confirmed clinical cases of listeriosis in 2024, were retrospectively analyzed. They
were invasive in patients from risk groups. The diagnosis of listeriosis was established according to the criteria in accordance
with the Order of the Ministry of Health of Ukraine No. 905 dated 28.12.2015.

Results. Clinical observation 1 demonstrated the development of neurolisteriosis in a patient with comorbidity in the form of
chronic hepatitis of mixed genesis. Neurolisteriosis manifested itself with a gradual increase in clinical symptoms with the de-
velopment of febrile fever and the presence of meningeal symptom complex on the 6th day of illness. Laboratory examination
of the cerebrospinal fluid confirmed the presence of purulent meningitis. The course of purulent meningitis was severe and
complicated by the development of cerebral edema-swelling with impaired consciousness, seizures. This required artificial
ventilation of the lungs. The correction of antibacterial therapy with the use of ampicillin gave a clear positive dynamic in
achieving cerebrospinal fluid sanitation.

Clinical observation 2 demonstrated a rather rich epidemiological history of a pregnant woman regarding the high probability
of Listeria monocytogenes infection. From the anamnesis, it is known that the woman had two short-term manifestations of
enteritis without fever during pregnancy. She was not treated and did not seek medical help, which can be associated with a
probable infection with Listeria. The pregnant woman had only short-term episodes of diarrhea, which was probably a mani-
festation of listeriosis enteritis. However, this caused Listeria to cross the blood-placental barrier and develop fetal / neonatal
listeriosis with bacteremia (identified at birth) and consequently caused premature delivery and death of the newborn.

Conclusions. The presented clinical observations demonstrate the development of severe invasive forms of listeriosis in patients
at risk. Case clinical analysis of listeriosis invasive forms will increase the practicing physician’s awareness in the modern
spectrum of infectious diseases and will contribute to increasing the efficiency of diagnosis and treatment.

Aictepio3 Ak npobaema rpyn pu3nKy: BUNAAKK 3 NPAKTUKK

0. B. PabokoHb, 0. 0. KopHieHko, 10. H0. PabokoHb, H. H0. BorycaaBcbka, I. 0. Kyaeww

Merta pobotu - NnpoaHaniayBaTth Ba KniHiYHUX BUNaAKKW iHBa3nBHWUX opM NiCTEPio3y y NaLieHTiB i3 rpyn puanky, ski 3adik-
coBaHo B 2024 poui.

Marepianu i meToan. PeTpocnekTBHO NpoaHaniaoBaHo ABa KIiHIYHUX BUMAAKM NicTepiody, GakTepionoriyHo nigTBepmKeHOro
B 2024 pouji. Y naujeHTiB i3 rpyn pusuky Lie 3aXBOPIOBaHHSA Marno iHBa3BHUI XxapakTep. [liarHo3 nictepiody BCTAaHOBMEHO 3a
KpuTepisMu, Wo HaBefeHi B Hakasi MO3 Ykpainu Big 28.12.2015 poky Ne 905.

Pesyabtati. KniHiyHe cnoctepexeHHst 1 JEMOHCTPYe PO3BUTOK HeMponicTepiody y naujeHTa 3 KoMopbigHicTio, 3okpema 3
XPOHIYHUM renaTuToM 3miLLaHoro reHesy. Hemponictepios MaHicheCTyBaB NMOCTYNOBUM HAPOCTAHHAM KNiHIYHOI CUMMTOMaTH-
K1 3 PO3BUTKOM (DeBPUIbHOI IMXOMaHKK Ta MEHiHreasibHoro CMNTOMOKOMIIEKCY Ha LWOCTy foby xBopobu. JlabopaTtopHe
[OCTIDKEHHS! CIMHOMO3KOBOI PiAVHU MIATBEPAUNO AiarHo3 rHIiHOrO MEHIHTITY, Sk MaB TsHKKWIA nepebir Ta ycknagHWBCs
PO3BUTKOM HabpsKy-HabyXxaHHs rONOBHOMO MO3KY 3 MOPYLLEHHSAM CBiAOMOCTi Ta HanagoM CyAoM; Lie 3yMOBUIO HeOobXiAHICTb
NPOBEAEHHS WTYYHOI BEHTUNALT nereHb. Kopekuis aHTnbakTepianbHoi Tepanii 3 3aCTocyBaHHSAM aMniLuniHy Cnipusina YiTkin
NO3UTMBHIN AMHAMIL LLOAO AOCATHEHHS CaHaLlii NikBopy.

Y KniHiYHOMY CroCTepeXeHHi 2 enigemionoriYHnii aHaMHe3 BariTHOI CBiAYMTb NMPO BUCOKY MMOBIPHICTL iHiKyBaHHA Listeria
monocytogenes. BCcTaHOBNEHO, L0 iHka B Nepiog BariTHOCTI ABIYi Mana HeTpuBari NposiBy eHTepuTy 6e3 NUXOMaHKK, He Miky-
Basacs Ta no Meauy4Hy Jonomory He 3septanacs. Lij enisoan MoxHa nos’si3aty 3 IMOBIPHWM iHAhiKyBaHHSIM NiCTEPIsiMU: y BariTHOI
BUHVIKanu nLLle KOpOTKOYacHi nocnabneHHst BUNOPOXHEHb, LLO, MOBIPHO, Byrno nposiBoM nicTepiosHoro eHTeputy. OgHak Le
CMPUYMHWNO JOMNaHHS NicTepisiMu remaTonnavleHTapHoro 6ap’epa Ta (opMyBaHHs NicTepiody nnoda 3 6aktepiemieto (ineHTu-
¢hikoBaHa NPy HAPOMKEHHI ANTUHM), LLIO CTana NPUYMHOI0 NepeaYacHWX NOMOriB i NETanbHOro HACcNiAKY ANs HOBOHAPOMKEHOTO.

BucHoBkU. HaBefeHi kniHi4Hi CNOCTEPEXEHHS AEMOHCTPYIOTb PO3BUTOK TSHKKUX iHBA3WBHMX DOpM NiCTEPIO3y Y NaLlieHTiB i3
rpynu puavky. KniniyHui aHanis Bunagkie iHBasnBHWUX hopM NiCTEPIo3y CNpUSTUME NOMINLEHHI0 06i3HAHOCTI NPaKTUYHUX
nikapiB LWoAo cnekTpa iHgeKUinH1X XBopo0, a 0TXe AacTb 3MOry MiABULLMTY €(DEKTUBHICTb AiarHOCTUKM Ta NiKyBaHHS.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license

Matonoria. Tom 23, Ne 2(67), TpaBeHb - cepneHb 2026 p. ISSN 2306-8027

https://pat.zsmu.edu.ua

Keywords:
listeriosis,
bacterial infection,
comorbidity, chronic
hepatitis C, viral
infection, risk
group, meningitis,
pregnancy,
diagnosis,
treatment.

Pathologia.
2026;23(2):153-160

KatouoBi croBa:
AiCTEPIO3,
bakTepianbHa
iHbeKLUis,
KOMOPOBIAHICTb,
XPOHIYHUK
renatvt C, BipycHa
iHdeKLis, rpyna
PU3UKY, MEHIHTIT,
BariTHiCTb,
AlarHocTuKa,
NKYBaHHS.

Naronoris. 2026.
T. 23, Ne 2(67).
C.153-160

153


https://pat.zsmu.edu.ua/
https://orcid.org/0000-0002-7394-4649
https://orcid.org/0000-0002-5196-7698
https://orcid.org/0000-0002-2273-8511
https://orcid.org/0000-0001-5401-3999
https://orcid.org/0000-0001-5575-9901
https://doi.org/10.14739/2310-1237.2026.2.363002
https://creativecommons.org/licenses/by/4.0/

Case report

Listeriosis is a zooanthroponosis infectious disease
caused by Listeria monocytogenes. The disease is char-
acterized by a polymorphism of clinical manifestations
from asymptomatic course and self-limiting gastroenteritis
in immunocompetent individuals to the development of
invasive forms (bacteremia, neurolisteriosis, neonatal
sepsis, etc.) in risk groups [1,2,3]. The incidence of hu-
man listeriosis in modern conditions varies from 0.1 to
11.3 cases per 1 million population per year, depending
on the geographical location and the epidemiological
surveillance system.

Today, many developed countries are experiencing
an increase in the incidence of listeriosis. This trend is
associated with increased consumption of ready-to-eat
foods and the growing number of susceptible individuals,
particularly older adults and people with weakened im-
mune systems [4]. According to a retrospective study, the
mortality rate from listeriosis in patients from risk groups
reaches 20-32 % [5,6].

Listeria monocytogenes has been considered a
human foodborne pathogen since 1981, when it was
identified and recognized as the etiological agent of an
outbreak of listeriosis in Nova Scotia, Canada. It was
associated with the consumption of coleslaw, resulting
in 7 clinically significant cases in adults and 34 cases of
perinatal transmission. From that time on, listeriosis began
to be considered a foodborne infection [4]. The ability of
Listeria monocytogenes to survive, adapt, and persistin a
wide range of adverse physicochemical conditions during
food processing and preservation is a serious problem for
the food industry [7]. In the United States, the Foodborne
Disease Surveillance Network (FoodNet) has been con-
ducting laboratory surveillance of Listeria epidemiology
since 1996. In 2002, the European Union established the
European Food Safety Authority (EFSA). It has included
in its responsibilities the assessment of risks associated
with Listeria monocytogenes by monitoring the prevalence
and pathogen levels in food. According to the European
Surveillance System report for 2023, 30 countries reported
2,993 confirmed cases of listeriosis, the highest annual
number of cases since the start of surveillance. The rate
of listeriosis registration in the European region was 0.67
cases per 100,000 population [4].

Most cases of listeriosis are classified as sporadic,
but thanks to the use of molecular genetic methods of
pathogen identification in epidemiology, it is increasingly
possible to prove outbreaks of food-borne listeriosis. Since
the introduction of whole-genome sequencing, it has
become possible to conduct rapid comparative analysis
of Listeria monocytogenes isolates [4,8]. Today, based
on epidemiological investigations, it is believed that up to
50 % of listeriosis cases are associated with outbreaks.
Over the past 40 years, more than 80 outbreaks of lis-
teriosis have been documented worldwide with a known
source of infection, affecting 5 or more patients [4].

For example, in South Africa, a nationwide outbreak
of listeriosis was documented over several months in
2017-2018, traced to processed meat sausage pro-
duced at a single facility. The source of the infection was
identified through whole-genome sequencing of Listeria
monocytogenes isolates, but this took some time. The total
number of laboratory-confirmed cases of listeriosis during
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this outbreak was 937, including over 400 newborns and
193 deaths [9]. A listeriosis outbreak in the United States
associated with a widely distributed brand of ice cream
has been identified using whole-genome sequencing. 10
cases of invasive listeriosis in adults have been confirmed,
including 3 fatal cases. All patients were at risk due to co-
morbid conditions (cancer, including after chemotherapy,
upper gastrointestinal bleeding, etc.) [10].

Today, attention is drawn to the fact that the formation
of invasive severe forms of listeriosis in humans occurs in
people with weakened immunity, in particular, pregnant
women, people with comorbid conditions, and the elderly.
Afew studies [3,4,11,12] have demonstrated that 93 % of
all non-pregnant patients with listeriosis had at least one
concomitant immunosuppressive disease: solid tumors
(31 %), diabetes mellitus (22 %), received immunosup-
pressive therapy within 5 years before the development
of listeriosis (43 %), etc. Pregnant women, compared to
the general population, have a 10-18 times higher risk of
developing listeriosis with subsequent development of
fetal / neonatal listeriosis [3,4].

It is believed that due to underestimation of the inci-
dence of sepsis caused by Listeria monocytogenes and
underreporting of cases and deaths, as well as of patho-
gen isolates for genotyping, the true burden of listeriosis
is much higher [4,11,13].

Therefore, clinical analysis of listeriosis invasive forms
confirmed cases is necessary to clarify the course features
of this infectious disease in patients with comorbidities
who are at risk. It is necessary to increase the practicing
doctor’s knowledge level on listeriosis, which is aimed at
increasing the effectiveness of diagnosis and treatment,
and will also contribute to effective epidemiological sur-
veillance of this foodborne infection in modern conditions.

Aim
To analyze two clinical cases of listeriosis invasive forms
in patients from risk groups that were recorded in 2024.

Material and methods

This article retrospectively analyzes two clinical cases
of bacteriologically confirmed listeriosis in 2024, which
had an invasive course, in patients from high-risk groups.

Clinical observation 1. We analyzed the medical
history of patient T., 50 years old, who was treated in
the Department of Anesthesiology and Intensive Care
Unit (ICU) of Municipal Non-Profit Enterprise “Regional
Infectious Disease Clinical Hospital” of the Zaporizhzhia
Regional Council (MNPE “RICH” ZRC) for neurolisteriosis.

Clinical observation 2. We analyzed the medical
history of a pregnant patient who received medical care
at the Municipal Non-Profit Enterprise “Regional Perinatal
Center of the Zaporizhzhia Regional Council” (MNE “Re-
gional Perinatal Center” ZRC); she was hospitalized in the
maternity ward due to premature birth.

When diagnosing listeriosis, criteria were used in
accordance with the Order of the Ministry of Health of
Ukraine No. 905 of 28.12.2015 “On approval of criteria
for determining cases of infectious and parasitic diseases
subject to registration” for submitting reports to the net-
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work of Member States of the Community in accordance
with Decision No. 2119/EU of the European Parliament
and of the Council [14].

Results

Clinical observation 1. Patient T., 50 years old, was
hospitalized to the ICU of the MNPE “RICH” ZRC on
14.04.2024 (6" day of iliness) with complaints, according
to his mother, of a fever of 38.5 °C, significant weakness,
seizures and dizziness, due to which productive contact
with the patient was difficult.

From the medical history it was found out that on
the eve of the disease on 08.05.2024 the patient abused
alcohol, there was a fall from a height of his height. From
09.05.2024 he began to be troubled by significant weak-
ness, nausea, short-term diarrhea. During the following
days, he did not seek medical help or self-medicate. On
13.05.2024, he suddenly developed dizziness, a brief
loss of consciousness, and a seizure. An ambulance
was called; the patient was taken to the emergency de-
partment of the city hospital. According to the results of
a computed tomography scan, traumatic brain injury and
stroke were ruled out. During the examination, positive
meningeal signs were detected, and a lumbar puncture
was performed for diagnostic purposes. After receiving the
results of the cerebrospinal fluid (CSF), which confirmed
the presence of purulent meningitis (cytosis 1035 cells in
1 ylwith a clear predominance of neutrophils 96 %, protein
1.38 g/l, Pandy reaction +++), the patient was transferred
to the ICU of the MNPE “RICH” ZRC.

During the examination on 14.04.24 (6" day of illness),
at the time of admission to the ICU of the MNPE “RICH”
ZRC, the patient’s condition was considered severe, the
level of consciousness was stunned, 12—13 points on
the Glasgow coma scale (he opened his eyes at will,
selectively answered questions in simple sentences,
was disoriented in place and time, partially oriented in
person), pronounced tremor of the limbs, meningeal signs
were sharply positive (rigidity of the occipital muscles up
to 8 cm, positive Kernig’s symptom and positive upper
and lower Brudzinski symptoms). Body temperature
was 38.3 °C, oxygen saturation 97 %, breathing was
independent, auscultatory in the lower parts of the lungs
there was a weakening of breathing, hemodynamics was
compensated (arterial hypertension 150/90 mmHg, tach-
ycardia 94 per minute), the liver was enlarged by 3 cm,
dense consistency on palpation, painless.

The patient’s life history was clarified: in recent years,
he denied alcohol abuse over the past few years, he was
on dispensary registration at the hepatology center of the
MNPE “RICH” ZRC for chronic hepatitis of mixed genesis
(toxic and viral hepatitis C), liver fibrosis stage F 3—4 (by
liver elastometry). Two years ago, he was treated with an-
tiviral drugs (sofosbuvir + velpatasvir for 12 weeks) as part
of the State Program. A sustained virological response
was achieved for 24 weeks. From 23.05.2024, hepatitis
C virus RNA determination in the blood also showed the
absence of viremia.

During laboratory examination at the time of hos-
pitalization, the presence of leukocytosis 11.0 x 10,
neutrophilia 88 % without a left shift, thrombocytopenia
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88.4 x 10%1, hyperbilirubinemia 69.9 pmol/l, intrahepatic
cholestasis with an increase in y-glutamyl transpeptidase
to 335.6 U/l, an increase in blood amylase to 163.1 U/,
hypoalbuminemia 33.6 g/I, high levels of C-reactive pro-
tein — 76.0 mg/l and procalcitonin — 6.66 ng/ml, signs of
coagulopathy, namely a decrease in the prothrombin index
t0 65.9 % and an increase in the international normalized
ratio to 1.46, attracted attention (Table 1).

Taking into account the confirmed purulent meningitis,
the etiology of which at the time of admission to the ICU
of the MNPE “RICH” ZRC needed to be determined (the
cerebrospinal fluid was sent for bacteriological examina-
tion), and considering the medical history, there was a high
probability of secondary purulent meningitis. Therefore,
combined antibacterial therapy was started with intra-
venous ceftazidime 2 g two times a day in combination
with amikacin 0.5 g two times a day. Oxygen support
was provided via nasal cannula. Pathogenetic therapy
included the use of anti-edematous (mannitol, furosem-
ide, acetazolamide), anti-inflammatory and antipyretic
(paracetamol, ibuprofen) agents, and the administration
of low molecular weight heparin in prophylactic doses.
The patient also received symptomatic therapy.

Despite the treatment initiated during the first three
days, the patient’s condition showed negative dynamics: fe-
brile fever persisted, leukocytosis increased to 28.0 x 10%/1,
neutrophilosis persisted at 82 % without a left-shift of the
rod nuclei, and impaired consciousness progressed. A
consultation with a neurologist was obtained, according
to the conclusion: purulent meningitis of unknown etiology,
severe course, cerebral edema, secondary stem syn-
drome; encephalopathy of mixed genesis (dyscirculatory,
exogenous toxic); hypertensive disease. Considering the
significantly increased level of amylase up to 889.0 U/l and
the presence of pronounced diffuse changes in the pan-
creatic parenchyma according to ultrasound, a surgeon’s
consultation was obtained, according to the conclusion:
exacerbation of chronic pancreatitis. From 16.05.2024,
the presence of left-sided lower lobe pneumonia was re-
corded by chest X-ray. Due to the progression of impaired
consciousness, the patient was transferred to mechanical
ventilation (MV). The prescribed treatment was continued,
taking into account the recommendations of the neurologist
and surgeon (Table 1).

The result of the bacteriological examination of CSF
was obtained on 20.05.2024: Listeria monocytogenes was
detected, which was sensitive to ampicillin, meropenem,
erythromycin. According to these data, antibacterial
therapy was adjusted, intravenous ampicillin 2 g 6 times
a day was prescribed (Table 1).

Against the background of treatment, a control study
of CSF was conducted on 20.05.2024 to assess the ef-
fectiveness of etiotropic therapy. Clear positive dynamics
were recorded, namely a significant decrease in cytosis
to 120 cells per 1 pl, a clear change in the structure of
cytosis with a lymphocytes prevalence to 92 %, and a
decrease in CSF protein level to 0.46 g/I. The hemogram
showed a clear tendency to decrease the leukocytosis
level to 22.0 x 10%1. In addition, regression of infiltrative
changes in the lungs was noted, a control chest X-ray
was performed on 24.05.2024, according to the results
of which no infiltrative changes were detected.
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Table 1. Main clinical and laboratory indicators in the dynamics of neurolisteriosis treatment in patient T., 50 years old

Parameter, units of
measurement

Body temperature, °C
Breath

Chest X-ray

Leukocytes, x10°
Neutrophils, %
Platelets, x10%/
C-reactive protein, mg/l
Procalcitonin, ng/ml
CSF cytosis, cells in 1 pl
CSF neutrophils, %
CSF lymphocytes, %
CSF protein, g/l

CSF bacteriology

Date of examination

14.05 18.05 20.05 24.05 04.06

38.3

spontaneous, oxygen
support

11.0

88

88.4

76.0

6.66

1035

96

4

1.38

directed for research

38.1
mechanical ventilation

left-sided lower lobe
pneumonia

28.0
82
122.0

38.3
mechanical ventilation

37.8
mechanical ventilation

without focal changes

37.0

spontaneous, oxygen
support

225 18s 8.6
87 75 72
120.0 138.0 131.0
- 48 -
6.39 371 -

120 143 19

8 5 0

92 95 100
0.46 0.43 0.23

result received on 14.05:

Listeria monocytogenes
sensitive to ampicillin,

directed for research

negative result received
from 24.05

meropenem,
erythromycin
Antibacterial therapy ceftazidime + amikacin ceftazidime + amikacin ampicillin ampicillin ampicillin
Total bilirubin, umol/L 69.9 56.8 60.4 52.4 425
ALT, U/L 39.8 50.2 39.2 25.1 29.0
y-glutamyl transpeptidase, U/l 335.6 263.6 213.9 - 201.1
Creatinine, umol/l 113.4 153.0 165.7 99.6 89.6
Glucose, mmol/l 49 6.4 4.7 5.1 55
Amylase, Ull 163.1 889.0 311.2 280.9 175.5
Prothrombin index, % 65.9 58.5 63.7 64.4 66.6
International normalized ratio 1.46 1.63 1.50 1.49 1.44
Fibrinogen, g/l 3.2 2.3 29 3.4 3.0
Total protein, g/l 79.8 79.3 62.4 62.0 64.0
Albumin, g/l 33.6 26.3 26.5 26.0 26.2
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The dynamics of the main clinical and laboratory
data of patient T., 50 years old with neurolisteriosis in the
dynamics of treatment are given in Table 1.

MV was discontinued on 04.06.2024, a control study
of CSF was performed and the results were obtained,
indicating in favor of CSF sanitation: cytosis of 19 cells in
1 ul, 100 % lymphocytes, protein 0.23 g/I. Normalization
of hemogram parameters was noted. The total course
of antibacterial therapy was 21 days. Subsequently, the
patient was transferred to the rehabilitation department.

Final diagnosis: listeriosis, invasive form; purulent
meningitis (Listeria monocytogenes in CSF was isolated
bacteriologically), severe course. The disease was com-
plicated by cerebral edema (requiring MV), acute kidney
injury of the second degree, community-acquired left-sid-
ed lower lobe pneumonia. Comorbidity was represented
by chronic hepatitis of mixed genesis, encephalopathy
of toxic genesis, exacerbation of chronic pancreatitis,
hypertension.

Thus, the above clinical observation demonstrates an
extremely severe course of invasive listeriosis in a patient
belonging to the risk group due to the presence of comor-
bid pathology, primarily chronic hepatitis of mixed genesis,
in particular associated with alcohol abuse. Overcoming
the blood-brain barrier by the pathogen led to the forma-
tion of neurolisteriosis with the development of purulent
meningitis, which was confirmed bacteriologically by the
isolation of Listeria monocytogenes in CSF. Correction of
antibacterial therapy considering the sensitivity of Listeria
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to ampicillin allowed to obtain a clear positive dynamic
and achieve CSF sanitation.

Clinical observation 2. Patient X., 25 years old, was
hospitalized on 24.09.2024, to the maternity ward of the
MNE “Regional Perinatal Center” ZRC due to premature
birth (pregnancy II, 25 weeks). Upon admission, she
complained of a rise in body temperature to 38.0 °C during
the day with no effect when taking paracetamol and pain
in the lower abdomen.

The patient gave birth to a live baby girl on 24.09.2024,
who died 2 days later on 26.09.2024 due to respiratory
failure. During life, the newborn’s blood was immediately
taken for bacteriological examination. The result of the
bacteriological examination of the newborn’s blood was
obtained on 30.09.2024: Listeria monocytogenes was
isolated, which was sensitive to ampicillin, meropenem,
penicillin G and resistant to trimethoprim/sulfamethoxa-
zole, erythromycin.

After receiving the results of the bacteriological exam-
ination, the final diagnosis was established: listeriosis of
the newborn; septicemia (Listeria monocytogenes isolated
in the blood by the bacteriological method), critical course.
The established diagnosis was confirmed in accordance
with the clinical, epidemiological, and laboratory criteria.

In connection with the results of the bacteriological
examination of the child’s blood, an infectious disease
specialist was invited for a retrospective consultation.
The infectious disease specialist clarified the history of
the disease and the epidemiological history. It was found
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that during pregnancy the woman had short-term man-
ifestations of enteritis (defecation up to 3 times a day)
without fever, was not treated and did not seek medical
help twice (May and July 2024). Lives in a private house
with her husband. Regularly eats meat products (often
semi-finished products, sausage, ham), buys salted red
fish, vegetables, fruits, herbs. During the summer of 2024,
travelled to west part of Ukraine, ate in various cafes,
bought a lot of ready-made food.

Thus, the presented clinical observation demon-
strates an extremely severe course of fetus / newborn
listeriosis invasive form, which was accompanied by
septicemia and led to a fatal outcome. In the presented
clinical case, the pregnant woman had a significant
long-term epidemiological risk of becoming infected with
Listeria through food, which most likely subsequently led
to infection of the fetus / newborn.

Discussion

Human listeriosis presents clinically in one of three ways:
maternal-fetal listeriosis/neonatal listeriosis; bacteremia
with potential cerebral infections (meningitis, meningoen-
cephalitis); and self-limiting febrile gastroenteritis [15,16].
Adverse effects of listeriosis are limited for the general
population, but can be a serious problem and cause death
for individuals in certain risk groups. Risk groups include
pregnant women, newborns, the elderly, and patients with
weakened immune systems due to comorbid condition
[3,13,15,16].

Listeria infection occurs through the consumption
of food contaminated with the pathogen, with the gas-
trointestinal tract being the main route of delivery of
Listeria monocytogenes into the host body [17]. Listeria
monocytogenes overcomes the intestinal epithelial barrier
precisely by penetrating macrophages, which transport
them, and enter the mesenteric lymph nodes. Through
the bloodstream, they enter the primary target organs
(liver and spleen), and from there, in patients at risk, they
enter the secondary target organs (placenta or brain). In
immunocompetent individuals, the liver and spleen foci
of infection are effectively cleared by cellular immunity,
so the disease is either subclinical or presents as a mild
febrile gastroenteritis. In individuals at risk, infection can
cause invasive disease because an effective T-cell-me-
diated immune response is not possible, and the primary
foci of infection are not sufficiently cleared, and Listeria
monocytogenes is then released into the bloodstream.
This leads to bacteremia with fever and to the formation
of invasive forms with damage to the brain or placenta.
Listeria monocytogenes has a significant ability to over-
come four key human protective barriers: gastrointestinal
enzymes, intestinal epithelium, blood-brain barrier and
blood-placental barrier in pregnant women [18]. The risk
of developing an invasive form is determined by three
main factors: the amount of Listeria ingested with food,
the virulence of the strain, and, especially, the patient’s
immunological status [4].

Clinical observation 1 demonstrates the development
of neurolisteriosis in a patient with comorbidity in the form
of chronic hepatitis of mixed genesis (toxic and viral C
in the state after antiviral treatment). Literature data
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indicate that, compared with other pathogens, the risk of
neuroinfection caused by Listeria monocytogenes is five
times higher in patients with chronic liver disease than in
the general population [4,11]. There is currently a certain
pathogenetic explanation for why the risk of developing
invasive listeriosis is high in conditions of liver damage.
After overcoming the intestinal epithelial barrier, Listeria
monocytogenes is transported to the liver through the
blood and/or lymphatic system. In the liver, Kupffer cells
are responsible for capturing and destroying bacteria.
However, due to chronic comorbidity, they are unable to
destroy Listeria, which can multiply even inside hepato-
cytes [19,20]. During internalization and multiplication,
some Listerias interact with neutrophils, leading to the
formation of microabscesses and necrosis of individual
liver cells. This creates conditions for the development of
bacteremia with subsequent overcoming of other protec-
tive barriers by Listeria [13,21].

Listeria monocytogenes can enter the brain through
intercellular spread from infected phagocytes through
direct penetration of Listeria into the endothelial cells of the
brain microvessels due to pathogenicity factors such as
internalins Aand B. Listeria penetration into brain vessels
endothelial cells is further facilitated by the interaction of
the internalin F protein of the Listeria internalin family with
receptors on the endothelial cell membrane [22]. In the
development of neurolisteriosis, meningitis formation is
quite often accompanied by damage to the brain tissue
with the formation of listeriosis meningoencephalitis.
Cases of ventriculitis and small periventricular abscesses
have also been reported [4,22,23].

In the given clinical observation 1, neurolisteriosis
manifested itself with a gradual increase in clinical
symptoms with the development of febrile fever and the
presence of meningeal syndrome on the 6th day of illness.
CSF laboratory examination confirmed the presence of
purulent meningitis (cytosis of 1035 cells in 1 pl with a clear
predominance of neutrophils 96 %). Purulent meningitis
course was severe and complicated by the development
of cerebral edema-swelling with impaired consciousness,
seizures, which required MV. It should be noted that the
correction of antibacterial therapy with the use of ampicillin
gave a clear positive dynamic in achieving CSF sanitation.

Literature data indicate that the rapid use of adequate
antimicrobial therapy is key to preventing the development
of complications, death and long-term consequences
of neurolisteriosis. Literature data indicate that Listeria
monocytogenes is naturally sensitive to -lactam antibi-
otics, primarily ampicillin, so this antibiotic should be the
drug of choice in patients’ treatment [24,25].

According to the literature, attention is also focused on
the clinical course features of neurolisteriosis. Listeriosis
meningitis has a slower onset of symptoms compared to
bacterial meningitis of other etiologies. The average time
to symptom onset in patients with neurolisteriosis is 2 days
before hospitalization. Fever is characteristic, occurring
in more than 90 % of patients, but the classic triad of
bacterial meningitis is recorded in up to 70 % of cases.
One in five patients may have impaired consciousness,
and one in ten patients has seizures. CSF changes are
characteristic of purulent meningitis, but the degree of
leukocyte elevation is less pronounced than in meningitis
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caused by other bacteria. Focal cerebral lesions detected
by CT or MRI are recorded in 25 % of cases [3,4,26].

A 10-year retrospective multicenter study analyzed
110 patients with bacteriologically confirmed listeriosis
treated in ICU of 23 hospitals in France [6]. It was found
that the average age of patients was 68 years, 71 % of
patients had weakened immunity. In most cases, neurolis-
teriosis occurred, 58 % of patients were on MV, 44 % of pa-
tients required vasopressor support, and the mortality rate
was 32 %. Researchers have identified certain prognostic
features for adverse outcomes in neurolisteriosis. Each
1-point decrease in Glasgow coma score at admission
was associated with increased mortality, as was higher
CSF protein levels [6].

Clinical observation 2 demonstrates a rather rich
epidemiological history of the pregnant woman regarding
the high probability of being infected with Listeria mono-
cytogenes, since she regularly ate semi-finished meat
products, sausage, ham, salted red fish, vegetables, fruits,
and herbs. During pregnancy, she travelled around the
country and ate in various cafes, buying a lot of ready-
made food products. In the anamnesis, it was noted that
during pregnancy the woman had two short-term mani-
festations of enteritis without fever, was not treated and
did not seek medical help, which can be associated with
aprobable Listeria infection. In a study [27], based on the
results of observation and questionnaires of 589 pregnant
women regarding their knowledge regarding the possibility
of listeriosis infection, it was proven that pregnant women
demonstrate a low level of awareness about listeriosis and
more often resort to high-risk behavior.

Listeriosis is currently considered a predominantly
foodborne infection. Infection most often occurs through
the consumption of contaminated foods, such as ready-
to-eat vegetable salads, processed meats, dairy products,
pre-packaged sandwiches, cold-smoked fish, etc. The
pathogen readily forms biofilms, making the pathogen
cells difficult to remove using standard sanitation protocols.
Listeria monocytogenes can be found hiding in tools and
equipment that are difficult to clean (slicers, food transport
equipment and refrigeration equipment, etc.) [8,13].

Current literature data indicate that pregnant women
have a 100-fold increased risk of developing listeriosis
when infected with the pathogen, compared to non-preg-
nant women of reproductive age [4]. At the same time, it
is extremely difficult to clearly determine the most likely
food product, the consumption of which led to infection
with Listeria. In neonatal listeriosis, the incubation period
is longer and ranges from 17 to 90 days with a median of
27-28 days. The incidence of neonatal listeriosis in the
world is from 1.3 to 25 cases per 100,000 live births [4].

Today, there are certain explanations regarding the
pathogenetic mechanisms of neonatal listeriosis. Lister-
iosis develops in pregnant women even in the absence
of comorbid immunosuppressive pathology, since the
physiological immunosuppression that occurs during
pregnancy is sufficient for disease development. It is
believed that Listeria monocytogenes can colonize the
placenta by intercellular spread from infected phagocytes
to cytotrophoblasts or by direct invasion of the trophoblast
by internalins A and B. Internalin P, which is specific to
Listeria, additionally promotes penetration into the pla-
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centa. After Listeria monocytogenes enters the placenta,
it actively multiplies, leading to fetal colonization with
cell-to-cell spread. Listeria from the placental reservoir
entering the bloodstream can re-infect the mother’s liver
and spleen, contributing to the maintenance and infection
exacerbation. Transplacental spread of Listeria to the
fetus leads to abortion, stillbirth, or neonatal sepsis. Con-
genital neonatal listeriosis may also occur, with meningitis
as the main manifestation [4,28].

In clinical observation 2, the pregnant woman had
only short-term diarrhea, which was probably a manifes-
tation of listeriosis enteritis. However, this caused Listeria
to overcome the hematoplacental barrier and develop
fetal / neonatal listeriosis with bacteremia (identified at
birth) and consequently caused premature birth and death
for the newborn.

An analysis of the literature on this issue proves that
maternal listeriosis can have a subclinical course up to
the manifestation of obstetric signs, the only manifesta-
tion of which is premature birth, often accompanied by
severe fetal distress. In every third pregnant woman,
listeriosis has clinical manifestations at the onset of the
disease, such as general malaise, abdominal pain, dry
cough, fever, nausea, vomiting, headache. In most cases,
pregnant women recover from listeriosis without even
antibiotic treatment. However, neonatal listeriosis, caused
by mother-to-infant transmission, has severe clinical man-
ifestations. Newborns with listeriosis develop bacteremia
(72 %), pneumonia (13 %), and meningitis (19 %). Mor-
tality from neonatal listeriosis is up to 50 %, and surviving
newborns have neurological sequelae [4,29].

Since human listeriosis is a foodborne infection
caused by an environmental bacterium, the main focus
of prevention of this infection is to control Listeria mono-
cytogenes food chain contamination. Therefore, environ-
mental monitoring of food establishments for Listeria and
enhanced sanitation efforts are of particular importance.
Food control measures are critically important, but there
is currently no international consensus on acceptable
levels of Listeria monocytogenes contamination. The
Food and Drug Administration (FDA) has a zero-tolerance
policy because even low levels of Listeria monocytogenes
food products contamination are associated with a risk of
illness in immunocompromised individuals. The Centers
for Disease Control and Prevention (CDC) considers it
necessary to report every case of listeriosis nationally
[4,30,31].

Regarding general measures to prevent listeriosis, it
is important to note the importance of health education
for people at risk. For example, people at risk should
only eat properly cooked food and avoid semi-finished
products, unpasteurized dairy products, vacuum-packed
soft cheeses, dried or smoked fish products, etc. Since
Listeria can multiply in the temperature conditions of a
refrigerator, products shelf life cannot be ignored [31,32].

Conclusions

1. The presented clinical observations demonstrate
the development of severe invasive forms of listeriosis
in patients at risk. In the first observation, infection with
Listeria in a patient with chronic hepatitis of mixed gen-
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esis led to the formation of neurolisteriosis in the form of
purulent meningitis, complicated by edema-swelling of
the brain. The second clinical observation demonstrates
the formation of fetal / neonatal listeriosis with the devel-
opment of bacteremia, which caused premature birth and
an unfavorable outcome of the disease in the newborn.

2. Clinical analysis of listeriosis cases will increase
the awareness of practicing physicians in the modern
spectrum of infectious diseases and will contribute to
increasing the efficiency of listeriosis diagnostics and,
accordingly, further effective treatment.
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The aim of this work is to describe clinical cases of primary mucinosis, considering their clinical and morphological heterogeneity.

Materials and methods. Examination of both patients was carried out according to an identical diagnostic algorithm: visual
assessment of lesions — morphological diagnostics. An analysis of the clinical manifestations of dermatoses was performed at
the Department of Dermatovenereology and Aesthetic Medicine, Zaporizhzhia State Medical and Pharmaceutical University.
Final verification of the diagnosis was determined by morphological assessment of the skin biopsy.

Results. Patient 1: a man born in 1961, 6 months ago, first noticed single elements of a rash on the skin of the back and
chest, which were almost not accompanied by subjective discomfort. At the time of examination, a papular rash of pink color
is visualized on the skin of the décolleté zone, upper and middle third of the back, which in places forms a reticular-polycyclic
pattern. However, when palpating individual morphological elements, local marginal indurative areas are noted on the periphery.
According to the result of morphological diagnosis, the diagnosis is inserted: reticular erythematous mucinosis. Patient 2: a
woman born in 1964 complained of a rash on the skin of the face and hands, which was not accompanied by itching or pain.
Objectively: on the skin of the back surface of both hands, there are multiple papules of waxy color and consistency upon
palpation, up to 0.2-0.3 cm in diameter with a tendency to group and, in part, merge. At the same time, the linearity of the
configuration of these efflorescences is noteworthy. The skin of the forehead presents identical morphological elements, but a
more pronounced density of both the affected and visually healthy skin is noted. Due to the formation of induration and deep
wrinkles, the face takes on the appearance of a “lion’s mask”. Within the earlobes and partly the auricle, the rash is similar
in appearance and palpatory sensations of compaction. Considering clinical and morphological correlation, it is possible to
verify primary mucinosis, with the clinical and morphological pattern of scleromyxedema.

Conclusions. Familiarization of practicing specialists with the clinical manifestations and morphological features of cutaneous
mucinoses is necessary for timely diagnosis and avoidance of erroneous interpretation and choice of treatment tactics for
these rare but clinically variable dermatoses.

FeTeporeHHicTb KAIHIYHUX NpoABIB | MOpPdOAOTiUHi 0COOAMBOCTI LWKIPHUX MYLMHO3IB:
KAiHIYHI BUNaaku

I. I. MakypiHa, A. O. TopopokiHa
MeTta po60TH — OnmC KNiHIYHUX BUNAZKIB NEPBUHHUX MYLIMHO3IB, BPAXOBYHOUM IXHIO KMiHIYHY Ta MOPEOOrivHY reTeporeHHiCTb.

Marepianu i MmeToan. O60x NaLieHTIB 0BCTEXUN 32 iREHTUYHIM [iarHOCTUYHAM anropuTMOM: BidyarnbHe OLHIOBAHHS ypaXKeHb
— MopdponoriyHa aiarHocTuka. AHani3 KniHiYHUX NposiBiB AepMaTosiB npoBeaeHo Ha 6asi kadeapy aepmatoBeHeponorii Ta
€CTEeTUYHOI MeauLyHM 3anopi3bKoro AepxaBHOrO Meavko-ghapMaLeBTU4HOro yHiBepeutety. OcTatouHa BepudikaLlis giarHosy
3aifcHeHa Ha nigcTasi MOpONOriyHOro OLHIOBaHHS BionTaTy LUKipy.

Pesynbratu. [MauieHT 1 — yonoBik 1961 poky HapOmMKEHHS, SIKMA 6 MICALIB TOMY BriepLUe MOMITUB MOOAMHOKI ENEMEHTM BUCUMY
Ha LUKipi CMUHW Ta rpyaden, Lo Maibke He CynpoBOMKYBanuch CyB'ekTMBHUM avckomdopToM. [ig Yac ornsigy BUSIBMEHO: Ha LKIpi
30HU [eKornbTe, BEPXHLOI Ta CepeaHbOi TPETUHM CMIMHM BisyanisyeTbCs Nanyrnbo3Ha BUCKMKa POXEBOTO KOMbOPY, LLO MiCLMM
dhopmye peTUKYnspHO-NONILMKNIYHMIA NaTepH. MpoTe npu nanbnaii okpeMmMx MOpPAONOTivHKX eNeMeHTIB Mo nepudepii BU3Ha-
YEHO NoKarbHi KparoBi iHAYpaTUBHI AiNsiHKW. 3a pesynsratom MOpOnOriYHOI 4iarHOCTUKN BCTAHOBMEHO AiarHO3: PETUKYNAPHWIA
epuTEMaTo3HMN MyLmHO3. MauieHTka 2 — xiHka 1964 poky HapOMKeHHs, KoTpa 3BepHynacs 3i ckapramm Ha BUCUMN Ha LUKIpi
06nmy4s Ta KUCTe, Lo He CynpoBOMAKYBaBCS cBepbexem Yn 6onboBuMu BigdyTTsaMW. O6’€KTUBHO: Ha LUKIPI TUMBbHOI NOBEPXHI
060X KCTEN MHOXMHHI Nanyri BOCKonomibHOro Konbopy Ta KOHCUCTEHLi npu nanbnavii, 4o 0,2-0,3 cM y AiamMeTpi 3 TeHAEHLiE
[0 rpynyBaHHsI Ta, YaCTKOBO, 3nWTTS. [puBepTana yBary NiHiinHiCTb KoHirypavii Lyx econopumcLieHLin. Ha Lkipi Yona — ineHTnYHi
MopdhOIIOrivHi ENEMEHTH, ane BU3HAYEHO BirbLL BUPaXKEHY LUINBHICTL i ypaxeHo, i BiyanbHO 300poBoi LUkipy. BHacnigok dop-
MyBaHHs! iHaypaLii Ta rmbokux 3MopLLIOK 06m1yys HabyBae BUIMSAY Tak 3BaHOT NTEBUHOI Macku. Y Mexax MOYOK ByX i movacTu
BYLLHOI paKOBWHM BUCVIN aHANorYHMiA 3a BUIMSAOM i NanbnatopHIM BiAYyTTAM YLLiNIbHEHHS. BpaxoBytouu KniHiko-Mopdonoridry
KopensLito, MoX1Ba BepudikaLis NEPBMHHOTO MyLIMHO3Y 3 KIiHIKO-MOPONOriYHUM MaTepHOM CKIEPOMIKCEAEMU.

BucHoBku. O3HaioMneHHs1 cnewianicTiB-NpaKTUKIB i3 KNiHIYH1MM NposiBaMy Ta MOPCHOMNOriYHUMM OCOBNMBOCTSMM LLIKIPHUX
MYLIMHO3IB HEOOXiAHE Ansi CBOEYACHOI AiarHOCTMKM Ta YHUKHEHHSI MOMWIIKOBOI iHTepnpeTaLii, BU6opy onTUManbHOT TakTUKN
Tepanii uux pigkicHux, ane KniHiyHo BapiabenbHUX aepMarTosis.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Case report

Cutaneous mucinoses belong to a group of dermatoses
that, unfortunately, receive insufficient attention from
practicing clinicians in the differential diagnostic context.
First of all, this is due to their nosological heterogeneity,
and secondly, such a conceptual gap arises against the
background of a lack of understanding of the pathogenetic
mechanisms of the formation of this group of dermatoses.
The key morphological basis for mucinosis is the direct
deposition of excessive amounts of glycosaminoglycans
in the skin. The latter are represented by a high-molecular
glycoprotein complex based on hyaluronic acid, dermatan
sulfate, heparan sulfate, etc. [1,2].

Potential mechanisms that stimulate fibroblasts to ac-
tively synthesize these substances include both immune
dysregulation with excessive cytokine production (TGF-,
IL-1, TNF-a) and the overall impact of autoimmune com-
promise in systemic diseases [3,4]. The results of the work
obtained by a group of researchers led by S. Steinmann
et al. indicate that the synthesis of dermal and follicular
epithelial mucin involves different cell types, with CD8+
lymphocytes playing a particularly important role in the
formation of follicular epithelial mucin [5]. In turn, differ-
ences in the composition of mucin and the nature of its
deposition form a significant clinical diversity of this group
of dermatoses. In this regard, there is a need to further
streamline diagnostic approaches to skin lesions caused
by excessive mucin deposition.

The generally accepted classification divides mucino-
ses into primary and secondary forms depending on the
etiopathogenetic basis of glycosaminoglycan deposition.
In primary mucinoses, the spontaneous formation of mu-
cin in the skin is the key factor driving the development
of dermatosis and, accordingly, its characteristic clinical
presentation. In contrast, secondary forms are associated
with underlying pathological conditions in which mucin
deposition occurs as a consequence or as a kind of
epiphenomenon.

Within primary mucinosis, there is a division into
degenerative-inflammatory and hamartomatous-ne-
oplastic forms. In degenerative-inflammatory lesions,
the emphasis is dichotomously set on the involvement
of the dermal and follicular components. In general,
the group of primary cutaneous mucinosis includes
several nosological entities, including scleromyxedema,
localized variants of myxedematous lichen, self-healing
cutaneous mucinosis, reticular erythematous mucinosis,
angiomyxoma, and others [3]. Such diversity of clinical
forms results in a wide spectrum of their external man-
ifestations: primary mucinoses may present as either
localized or generalized lesions. At the same time,
M. Ghaleb et al. described a case of dermal mucin dep-
osition with the formation of efflorescences even along
the lines of Blaschko [4].

The accumulation of glycosaminoglycans in the skin
as a concomitant pathological process can be considered
both in the context of neoplasia, endocrinopathies, col-
lagenoses, and in the case of skin reactions after taking
drugs. For example, C. Dallo et al. demonstrate a case of
papulonodular mucinosis in a patient with systemic lupus
erythematosus [6].

While the experience of G. Verma et al. indicates the
possibility of the debut of focal nodular mucinosis due
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to trauma, which acts as a reactive trigger of fibroblast
dysfunction [7].

The relationship between pharmacological agents
and mucin deposition requires special attention. Ac-
cording to the available pool of scientific data, cases of
skin changes have been described with the use of TNF
inhibitors, which hypothetically can activate fibroblasts
to produce mucin through an indirect effect [8,9,10].
The case presented by X. Zhou et al. demonstrates the
occurrence of generalized cutaneous mucinosis in the
setting of psoriasis and treatment with ustekinumab [10].

Thus, even in the presence of a common morpho-
logical substrate in the form of mucin and its excessive
deposition, the initiating factors, clinical manifestations of
mucinosis, and their systematization remain heterogene-
ous and are determined by the individual characteristics
of each individual case. It is this variability that forms a
certain “halo of mystery” in the process of their diagnosis.
Despite the rarity of registration of these dermatoses,
practicing physicians should consider the possibility of
patients developing both primary and secondary mucino-
ses and, if necessary, include them in the list of differential
diagnostic search.

Aim

The aim of this work is to describe clinical cases of retic-
ular erythematous mucinosis and scleromyxedema, as
representatives of a single nosological group of primary
mucinoses, taking into account their clinical and morpho-
logical heterogeneity.

Materials and methods

Examination of both patients was carried out according
to an identical diagnostic algorithm: visual assessment
of lesions, pathomorphological diagnostics. Thus, the
analysis of clinical manifestations of dermatoses was
performed at the Department of Dermatovenereology
and Aesthetic Medicine of the Zaporizhzhia State Medical
and Pharmaceutical University; the final verification of the
diagnosis was determined by morphological assessment
of the skin biopsy.

A 5-mm punch biopsy was performed. The material
was immediately placed in 10 % buffered formalin (pH
7.4), followed by fixation for 24 hours, preparation of
paraffin blocks, sections 4 um thick. Determination of
histological patterns of dermatosis was performed by
evaluating sections stained with hematoxylin and eo-
sin and colloidal iron. To increase the accuracy of the
diagnosis in one of the presented cases, an additional
immunohistochemical study was performed to determine
the expression of antibodies to vimentin.

This work was performed in accordance with the
moral and ethical standards of IGH/GCP, the Declara-
tion of Helsinki (1964 with amendments), the Council of
Europe Convention on Human Rights and Biomedicine
and the legislation of Ukraine. The study was approved
by the Bioethics Commission of the Zaporizhzhia State
Medical and Pharmaceutical University (protocol No. 6
dated 16.04.2026).
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Results

Clinical case 1. A man born in 1961 first noticed single
elements of a rash on the skin of his back and chest 6
months ago, which were almost not accompanied by
subjective discomfort. According to the patient, he some-
times noted the presence of itching of minor intensity,
but, in general, this did not affect everyday functioning.
The patient does not associate the manifestation of this
pathological process with any influence of exogenous
or endogenous factors, because household and eating
habits are unchanged, and there are no occupational
hazards. The patient is somatically compensated and is
not under the care of any specialist.

The appearance of the first efflorescences prompt-
ed him to seek medical attention from a primary care
physician, who established a diagnosis of “eczema” and
initiated treatment according to established standards of
care. As a result of the therapy, which included systemic
antihistamines, desensitizing agents, detoxification meas-
ures, and topical corticosteroids, the patient experienced
a favorable clinical response. This was reflected both in
the outpatient medical records as a partial regression of
the cutaneous pathological process and, according to the
patient, in positive feedback regarding the effectiveness
of the treatment regimen.

However, the improvement observed after the first
course of therapy was not sustained; therefore, a flare-
up of the skin process was noted within several weeks.
Gradually, over 4 months, the rash became widespread
without a clinically significant response to a repeat treat-
ment regimen similar to the first course. Given the pro-
gressive nature of the eruption and the lack of response
to prior therapy, the patient was referred for consultation
to a secondary care specialist— a dermatovenerologist. At
the time of examination, a pink papular rash is visualized
on the skin of the décolleté area, upper and middle third
of the back, which in places forms a reticular-polycyclic
pattern (Fig. 1). When palpating individual morphological
elements, local marginal indurative areas are noted on
the periphery.

Atthe same time, there are no signs of atrophy, hyper-
keratosis and scarring. Laboratory tests (complete blood
count, urine, liver tests) are within the reference values
both at the initial examination and in the dynamics over
the following months. Taking into account the anamnestic
data and clinical manifestations, visual assessment of
dermatosis contributes to the formation of only a list of
potential nosologies, including erythema migrans, granu-
loma annulare, erythema annulare, photodermatitis, and
even lupus erythematosus.

Therefore, histological evaluation of this pathological
process has become key to the final determination of the
nature of the skin lesion and is presented as follows: ep-
idermis with orthokeratosis and focal hyperpigmentation
of basal keratinocytes. In the superficial and deep parts
of the dermis, a dense perivascular lymphohistiocytic
infiltrate with an admixture of single eosinophils is de-
termined. Also, in the dermis, there are signs of solar
elastosis. When performing additional multiple sections
from the paraffin block, the histological picture did not
change. Periodic acid — Schiff (PAS) staining showed no
thickening of the basement membrane. Grocott staining
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Fig. 1. Clinical manifestations of dermatosis on the skin of the back in the form of pink papules that,

when merged, form polycyclic outlines.

2a

2b

Fig. 2. Morphological features of reticular erythematous mucinosis.

a:H & E, mag. x50; b: Coll. Fe, mag. x50.
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revealed no fungal elements. When stained with colloidal
ferum, accumulation of mucin is observed between the
collagen fibers.

This morphological picture allows us to attribute
dermatitis to the perivascular group (superficial and
deep perivascular dermatitis) and, taking into account
the clinical manifestations of the disease, most closely
corresponds to reticular erythematous mucinosis (Fig. 2).

Clinical case 2. Awoman born in 1964 complained of
a rash on the skin of her face and hands, which was not
accompanied by itching or pain. The gradual dynamics
of the spread of efflorescences were noted: from single
ones only within the extensor surface of the hands to
their appearance on the skin of the forehead, earlobes. In
addition to the rash, the patient constantly paid attention to
changes in facial features. Thus, comparing the patient's
photo a year ago, the formation of deep longitudinal
wrinkles in the interbrow area, as well as edema of the
upper third of the face, which leads to a decrease in the
mobility of the facial muscles, is observed.

Regarding the cutaneous lesions, the patient had not
previously sought medical attention, and this consultation
represents the first clinical encounter. The allergy history is
unremarkable, and she denies exposure to any triggering
factors. No dermatological diseases are documented in
the medical record or identified based on the obtained
anamnesis. The patient also denies any history of travel
abroad, particularly to tropical regions. Over the past five
years, the patient has had stage Il, grade 2 hypertension,
which is pharmacologically compensated.

Objectively: multiple waxy-colored papules of firm
consistency on palpation are present on the dorsal surfac-
es of both hands, measuring up to 0.2-0.3 cmin diameter,
with a tendency to group and partial coalescence. Notably,
alinear configuration of these efflorescences is observed.
The skin of the forehead presents identical morphological
elements, but there is a more pronounced density of both
the affected and the visually healthy skin. Due to the for-
mation of induration and deep wrinkles, the face takes on
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Fig. 3. Skin lesions within the forehead and hands in the form of multiple dense papules of white-light pink color with a waxy texture, and deep wrinkles in the area between the eyebrows.

the appearance of a “lion mask”. Within the earlobes and
partially the auricles, the rash is similar in appearance and
palpatory feeling of compaction. Changes in the mucous
membranes are not detected during visual examinations.

The phenomena of self-regression of efflorescences
during the observation period were not recorded. The
presence of the above-mentioned clinical manifestations
in the form of indurative papular changes, edema, and
deformation of facial features primarily requires con-
firmation or exclusion of autoimmune diseases of the
connective tissue, in particular scleroderma.

During morphological evaluation of the biopsy, a slight
atrophy of the epidermis, thickening of the dermis due
to fibrosis with compaction, and thickening of collagen
bundles are determined. In the superficial and deep parts
of the dermis, a slight perivascular lymphohistiocytic infil-
trate is determined. In the examined material, within the
dermis and during differential diagnosis using additional
histochemical methods, congo red staining showed a
negative reaction, and gentian violet staining was also
negative. On PAS-AB staining, a positive reaction was
detected, manifested as mucin deposition. On immuno-
histochemical examination with anti-Vimentin antibodies,
strong cytoplasmic expression was detected in dermal
fibroblasts (more than 85 % around the foci of mucinous
deposition). The obtained data, considering the clinical
manifestations of dermatosis, do not exclude the presence
of cutaneous scleromyxedema.

Discussion

Pathological processes on the skin in both patients
presented in this work belong to the group of primary
mucinoses. But despite belonging to the same nosological
category, the clinical manifestations are not homogeneous
and demonstrate individual features both in the nature
of efflorescences and in the pattern of their distribution
on the skin. Therefore, we will consider each individual
case in more detail.
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Reticular erythematous mucinosis (REM) is a rel-
atively rare nosological entity, which is confirmed by
the absence of a clearly established population-based
prevalence of this dermatosis. According to approximate
estimates reported in the scientific literature, approximate-
ly 100 cases of this dermatosis have been documented
in total [11]. REM can occur in individuals of either gen-
der, but there is a female predominance [12,13]. In the
clinical case presented by the authors, a male patient is
described. Identification of the provoking factor for this
dermatosis is significantly complicated and often remains
uncertain. Possible trigger factors include ultraviolet radi-
ation, hormonal changes, immunological dysregulation,
or previous infections [12,14].

Thus, D. Tenea et al. described a case of REM occur-
rence in a woman with verified HIV infection [11]. In our
patient's case, REM appears to have an idiopathic basis,
as no potential triggering factors could be identified. From
the available anamnestic data and the medical information
system, it is known that the patient has no facts about
prolonged exposure to the open air, harmful habits, or
the presence of chronic diseases. During laboratory ex-
amination, the indicators of general clinical tests (blood
and urine), biochemical indicators of liver and kidney
function, examination for hepatitis, and HIV infection did
not reveal any changes.

Analyzing the clinical picture from case 1, the appear-
ance of a symmetrical rash on the skin of the chest and
back in the form of erythematous-papular efflorescences,
forming a reticular pattern in places, really corresponds
to the manifestations of REM. However, the density on
the periphery, the appearance on exposed areas of the
body, and the partial clinical response to rather non-spe-
cific therapy require differential diagnosis. This, in turn,
indicates a high level of clinical mimicry of this diagnosis
and the need to exclude various nosologies, from gran-
uloma annulare to mycosis fungoides. Special attention
is required to differentiate it from lupus erythematosus.
Despite the absence of atrophy and hyperkeratosis
typical of discoid changes in our patient, lupus tumidus
may still demonstrate certain clinical and morphological
similarities [15,16,17].

To confirm such multivectorality in differentiation and
clinical imitation, we can also cite a clinical case presented
by B. Kenny et al. regarding an atypical manifestation of
REM, which was clinically assessed as cutaneous larva
migrans [13].

Thus, given the gender characteristics, atypical
disease course, and clinical manifestations with high
potential for visual mimicry, the management of the
patient from the first case necessitated a clear corre-
lation between clinical symptoms and morphological
changes.

Scleromyxedema, despite the fact that it also belongs
to the group of primary mucinoses in the form of diffuse
myxedematous changes, is characterized by a more
persistent, severe course with potential damage to various
organs and systems, even with a possible fatal outcome
[18,19]. This condition usually debuts in middle-aged
people; according to some authors, the average age
of registration of scleromyxedema is 59 years [19,20].
At the time of dermatological consultation, the patient
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from case 2 was 60 years old, which corresponds to
the characteristics of a typical onset of the pathological
process. Scleromyxedema is a condition characterized
by the following diagnostic triad: diffuse / generalized
papular and scleroderma-like skin involvement, specific
histological features in the form of mucin deposition, fi-
brosis, and fibroblast proliferation, as well as monoclonal
gammopathy [19].

In our own described case, the patient has dense
waxy papules on the hands and face, ears, edema, skin
density, formation of folds on the forehead, with a tenden-
cy to facial expression disorders, as well as morpholog-
ically verified changes. The presence of efflorescences
with dense infiltrate, edema primarily prompts the clinician
to think about scleroderma-like changes; however, as the
last case demonstrates, this may be a condition associat-
ed with mucinous deposition as well [21,22]. At the time of
examination, there were no complaints about the patient's
general condition, and the examination by specialists of
the therapeutic profile, except for hypertension, did not
reveal any changes. The indicators of general clinical and
biochemical examinations were within the age norm. It
should be noted that no structural or functional changes
of the thyroid gland were identified. The patient was in-
formed of the necessity to exclude or confirm monoclonal
gammopathy and received a referral for consultation with
an oncohematologist.

However, the described clinical case occurred prior
to the full-scale invasion, specifically in February 2022,
and the patient was subsequently lost to follow-up,
making it impossible to determine her further diagnostic
and therapeutic trajectory regarding the concomitant
hematological diagnosis.

Therefore, in this case, precise nosological catego-
rization is considerably challenging: according to certain
studies, scleromyxedema in its classical sense is associat-
ed with paraproteinemias, whereas this form of mucinosis
may also occur without the aforementioned concomitant
changes. In the latter case, this may correspond to the
manifestations of atypical lichen myxedematosus, which
is likewise characterized by papular skin eruptions with
atendency toward widespread sclerosis, development of
restricted facial mimetic mobility, and specific histological
changes [19,23,24].

Since the presence or absence of gammopathy is
a key diagnostic criterion for classical scleromyxedema,
the cutaneous changes observed in our patient may
be attributed either to her early presentation and the
initial stages of this chronic and potentially protracted
pathological process, or to the manifestation of atypical
scleromyxedematous changes. Given the inability to
definitively differentiate between these conditions, it was
decided in this clinical situation to retain a generalized
diagnostic definition of primary mucinosis, emphasizing
the presence of a characteristic clinical and morphological
pattern inherent to scleromyxedema.

Thatis why, even after morphological evaluation of the
skin biopsy, in each individual case of dermatosis suspect-
ed of mucinosis, an interdisciplinary and comprehensive
algorithm is important: visual assessment, histological
picture — analysis of the comorbid background.
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Conclusions

1. Primary mucinoses are characterized by significant
clinical variability, which necessitates a broad differential
diagnostic approach. In the case of reticular erythematous
mucinosis, key mimicking conditions include both forms
of lupus erythematosus and dermatoses with a polycyclic
pattern, while scleromyxedema is primarily associated
with scleroderma-like features of lesions.

2. Morphological correlation is crucial for the diagnosis
of primary mucinosis, since it is the comparison of clinical
manifestations with histological changes that allows for a
correct diagnostic algorithm.

3. Familiarization of practicing specialists with the
clinical manifestations and morphological features of
cutaneous mucinoses is necessary for timely diagnosis
and avoidance of erroneous interpretation and choice
of treatment tactics for these rare but clinically variable
dermatoses.

Al statement

The following artificial intelligence tool was used in the preparation of
this manuscript: Gemini 3.5 Flash. It was used for language editing
and translation. All Al-generated or Al-assisted content was carefully
reviewed and edited by the authors, who assume full responsibility for
the content of the manuscript.

Funding

The description of this clinical case is a fragment of the research
project of the Zaporizhzhia State Medical and Pharmaceutical
University: “Development of personalized approaches to the
treatment of inflammatory dermatoses, hair diseases, STls, and
correction of age-related skin changes, taking into account comorbid
pathology, aesthetic, and psychopathological factors”, state
registration 0124U003220 (2024-2029).

Conflicts of interest: authors have no conflict of interest to declare.
KoHQAIKT iHTepeciB: BiaCyTHIM.

Haaifiwaa po peaakuii / Received: 08.05.2026
Nicas poonpaltoBarHs / Revised: 13.07.2026
CxBaneHo A0 ApYKy / Accepted: 23.07.2026

Information about the authors:

Makurina H. I., MD, PhD, DSc, Professor, Head of the Department

of Dermatovenerology and Aesthetic Medicine, Zaporizhzhia State
Medical and Pharmaceutical University, Ukraine.

ORCID ID: 0000-0002-3293-2748

Horodokina L. 0., MD, PhD, Associate Professor of the Department
of Dermatovenerology and Aesthetic Medicine, Zaporizhzhia State
Medical and Pharmaceutical University, Ukraine.

ORCID ID: 0000-0002-3057-8685

BiaomocTi npo aBTopiB:

Makypita I. ., A-p MeA. Hayk, npodecop,

3aB. kad. AePMaTOBEHEPOAOTT Ta ECTETUYHOI MEAULIMHM, 3anopi3bKuii
AepXaBHUI MeANKo-bapMaLieBTUUHMI yHIBEpCUTET, YkpaiHa.
TopopokiHa A. 0., A-p dinocodii, AOLEHT Kad. AepMaTOBEHEPOAOTT Ta
KOCMETOAOi 3 KyPCOM AEPMATOBEHEPOAOTT Ta ECTETUYHOI MEANLIMHM,
3anopiabkuil AepXaBHUI MEANKO-GapMaLEBTUYHIUI YHIBEPCHTET,
YkpaiHa.

Ninisi Topoaokina (Liliia Horodokina)
lilgrdkn@gmail.com

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

References

1.

10.

11

12.

13.

14.

15.

16.

17.

19.

20.

21

22.

Stabile G, Pesce N, Di Marco G, Podo Brunetti A, Bigotto GD, Guida S,
etal. Primary cutaneous mucinoses in connective tissue diseases as a
diagnostic and prognostic challenge. Clin Dermatol. 2025;43(6):810-27.
doi: 10.1016/j.clindermatol.2025.09.028

Cérdenas-Gonzalez RE, Ruelas M, Candiani JO. Lichen myxedem-
atosus: a rare group of cutaneous mucinosis. An Bras Dermatol.
2019;94(4):462-9. doi: 10.1590/abd1806-4841.20198478

Sharquie K, Jabbar RI. Papular mucinosis (papular lichen myxedem-
atosus): Clinical and histopathological evaluation. Our Derm Online.
2021;12(2):113-9. doi: 10.7241/ourd.20212.3

Ghaleb M, Benchekroun K, EI Ali FZ, Gallouj S, El Jouari O.
Unusual presentation of primary cutaneous mucinosis with Blasc-
hkoid Hemibody distribution: case report. Oxf Med Case Reports.
2025;2025(11):0maf244. doi: 10.1093/omcr/omaf244

Steinmann S, Guillet C, Cheng PF, Levesque MP, Dummer R, Kolm |,
et al. Identifying the potential origin of mucin in primary cutaneous
mucinoses-A retrospective study and analysis using histopathology
and multiplex fluorescence staining. J Eur Acad Dermatol Venereol.
2023;37(7):1302-10. doi: 10.1111/jdv.18992

Dallo C, Lee K, Cragun WC, Lee M. A Case of Papulonodular Mucinosis
in a Patient With Systemic Lupus Erythematosus. Am J Dermatopathol.
2020;42(4):280-2. doi: 10.1097/DAD.0000000000001518

Verma G, Mrig PA, Gautam RK, Malhotra P. Trauma-induced Focal Nod-
ular Mucinoses: ARare Entity. Indian Dermatol Online J. 2018;9(1):50-2.
doi: 10.4103/idoj.IDOJ_63_17

Lesiak A, Wiodarczyk M, Sobolewska A, Sieniawska J, Rogowski-Ty-
Iman M, Sysa-Jedrzejowska A, et al. Can biologic treatment induce
cutaneous focal mucinosis? Postepy Dermatol Alergol. 2014;31(6):413-
6. doi: 10.5114/pdia.2014.40944

Garber C, Rosmarin D, Nguyen B, Goodarzi M, Shinagare S, Jes-
sup C, et al. Cutaneous mucinosis in a patient taking ustekinumab
for palmoplantar psoriasis. Dermatol Online J. 2017;23(3):13030/
qt2s2128vw.

Zhou X, Mubanga D, Chen Z, Bi X. Secondary Generalized Cutane-
ous Mucinosis Developed During Etanercept Treatment in a Patient
with Psoriasis. Clin Cosmet Investig Dermatol. 2022;15:987-92.
doi: 10.2147/CCID.S368390

Tenea D, Campaini C. Reticular Erythematous Mucinosis in an African
Woman with HIV Infection: Case Report and Literature Review. Case
Rep Dermatol. 2023;15(1):117-125. doi: 10.1159/000531464
Bélaceanu-Gurau B, Tutunaru CV, Orzan OA. An Atypical Presentation
of Reticular Erythematous Mucinosis: A Case Report and Comprehen-
sive Literature Review. J Clin Med. 2025;14(6):2131. doi: 10.3390/
jcm14062131

Kenny B, Lichtenwald D, Wright GR, Osmond A. A case report of a
localized reticular erythematous mucinosis like eruption of the lower
legs mimicking cutaneous larvae migrans. SAGE Open Med Case
Rep. 2021;9:2050313X211003075. doi: 10.1177/2050313X211003075
Takada T. Reticular erythematous mucinosis: Relationship between
its dermoscopic and histopathological findings. Clin Case Rep.
2023;11(9):e7934. doi: 10.1002/ccr3.7934

Burlando M, Molle MF, Guadagno A, Cozzani E, Parodi A. Reticular
Erythematous Mucinosis: Exclusive Involvement of the Axillary Region.
Case Rep Dermatol. 2021;13(3):441-4. doi: 10.1159/000517547
Koritala T, Grubbs H, Crane JS. Tumid Lupus Erythematosus. [Updated
2023 Jun 28]. In: StatPearls [Internet]. Treasure Island (FL): StatPearls
Publishing; 2023.

Garcia B, Hasnaoui A, Ramdass P. Lupus Erythematosus Tumidus
Misdiagnosed as Erythema Nodosum from Coccidioidomycosis. Case
Rep Dermatol. 2024;16(1):128-32. doi: 10.1159/000538737
Sunderkotter C, Bruns T, Pfeiffer C. Skleromyxddem [Scleromyx-
edema]. Dermatologie (Heidelb). 2024;75(3):225-31. German.
doi: 10.1007/s00105-024-05303-0

Knobler R, Geroldinger-Simi¢ M, Kreuter A, Hunzelmann N, Moinza-
deh P, Rongioletti F, et al. Consensus statement on the diagnosis and
treatment of sclerosing diseases of the skin, Part 2: Scleromyxoedema
and scleroedema. J Eur Acad Dermatol Venereol. 2024;38(7):1281-99.
doi: 10.1111/jdv.19937

Rongioletti F, Merlo G, Cinotti E, Fausti V, Cozzani E, Cribier B, et al.
Scleromyxedema: a multicenter study of characteristics, comorbidities,
course, and therapy in 30 patients. J Am Acad Dermatol. 2013;69(1):66-
72. doi: 10.1016/j.jaad.2013.01.007

Collas O, Ellis S. E031 Scleromyxedema: a scleroderma mimic.
Rheumatology (Oxford). 2025;64(Suppl_3). doi: 10.1093/rheumatol-
ogy/keaf142.268

Aoki M, Matsushita S, Kawai K, Kanekura T. Scleromyxedema Clini-
cally Resembling to Scleroderma. Indian J Dermatol. 2016;61(1):127.
doi: 10.4103/0019-5154.174204

Pathologia. Volume 23, Issue 2, May - August 2026


https://pat.zsmu.edu.ua/
https://doi.org/10.1016/j.clindermatol.2025.09.028
https://doi.org/10.1590/abd1806-4841.20198478
https://doi.org/10.7241/ourd.20212.3
https://doi.org/10.1093/omcr/omaf244
https://doi.org/10.1111/jdv.18992
https://doi.org/10.1097/DAD.0000000000001518
https://doi.org/10.4103/idoj.IDOJ_63_17
https://doi.org/10.5114/pdia.2014.40944
https://doi.org/10.2147/CCID.S368390
https://doi.org/10.1159/000531464
https://doi.org/10.3390/jcm14062131
https://doi.org/10.3390/jcm14062131
https://doi.org/10.1177/2050313X211003075
https://doi.org/10.1002/ccr3.7934
https://doi.org/10.1159/000517547
https://doi.org/10.1159/000538737
https://doi.org/10.1007/s00105-024-05303-0
https://doi.org/10.1111/jdv.19937
https://doi.org/10.1016/j.jaad.2013.01.007
https://doi.org/10.1093/rheumatology/keaf142.268
https://doi.org/10.1093/rheumatology/keaf142.268
https://doi.org/10.4103/0019-5154.174204
https://orcid.org/0000-0002-3293-2748
https://orcid.org/0000-0002-3057-8685
mailto:lilgrdkn%40gmail.com?subject=

KAIHIYHMK BMNAAOK

23. Letzelter M, Grimaux X. Scleromyxedema Without Monoclonal Gam-
mopathy Treated with Intravenous Immunoglobulins. Acta Dermato-
venerol Croat. 2021;29(1):51-53.

24. Yootsoontorn M, Pratchyapruit W, Sudtikoonaseth P. Scleromyxedema
Without Monoclonal Gammopathy in HIV Association Presenting with
Leonine Facies and Madarosis: A Case Report. J DMS. 2018;43(6):148-
51. Available from: https://he02.tci-thaijo.org/index.php/JDMS/article/
view/247712

Matonoris. Tom 23, Ne 2(67), TpaBeHb - cepnerb 2026 p. ISSN 2306-8027  https://pat.zsmu.edu.ua 167


https://pat.zsmu.edu.ua/
https://he02.tci-thaijo.org/index.php/JDMS/article/view/247712
https://he02.tci-thaijo.org/index.php/JDMS/article/view/247712

Case report

YAK 616-018.4-06:616.34]-053.31/.32
DOI: 10.14739/2310-1237.2026.2.353962

CTaH KicTKOBOi TKAHMHU Y NepeAYacHO HapOAKEHOI AUTUHH
3 HEKPOTU3YIOUMM EHTEPOKOAITOM Ta XBopoboio lMpLunpyHra:
KAIHIYHUM BUNAAOK

A. C. OBuapeHko®BECF A\, M. Bospcbka®A, T. C. fepacimuyk®P®, M. 0. MakapoBa®P,
0. B. KotnoBa®®, A. 0. Liumban®E

3anopisbkuii AepxaBHUI MeAUKO-GapMaLeBTUYHUI YHIBEpCHTET, YKpaiHa

A - KoHLLeNLis Ta AM3alH AOCAIAXEHHS; B - 36ip AaHux; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTaTTi; E - peaaryBaHHs cTarTi;
F - octatouHe 3aTBEpPAXEHHA CTaTTi

Katouosi croBa:
nepeaYacHo
HapOAXEHI AITH,
HEKPOTU3YHOUMit
EHTEPOKOAIT
HOBOHaPOAXEHMX,
xBopoba
lpwnpyHra,
HeoHaTaAbHa
0CTeoneHis,
YAbTPa3ByKOBa
AEHCUTOMETIA.

Naronoris. 2026.
T. 23, Ne 2(67).
C.168-174

Keywords:

preterm infants,
neonatal necrotizing
enterocolitis,
Hirschsprung
disease, neonatal
osteopenia,
ultrasound
densitometry.

Pathologia.
2026;23(2):168-174

168 ISSN 2306-8027

MepenyacHo HapomMKEHi AiTM MarTb BUCOKWIA PU3MK METabOMHHIX NOPYLUEHb KICTKOBOI TKaHUHM, 30KpeMa OCTEOMNeHii, Je-
pes3 HeJOCTaTHIO BHYTPILLUHBOYTPOOHY MiHEPani3aLlito KICTOK i HE3piNiCTb EHTEPanbHOTO BCMOKTYBAHHS KarnbLito i ¢hocdopy.
Puswnk 3pocTtae, Konu BUHUKAE XipypriYHa naTorioris LUMyHKOBO-KULLIKOBOTO TPaKTy, Yepes nicnsionepaLiiHi 3viHu, Tpueane
napeHTepanbHe XxapyyBaHHs Ta Manbabcopbuito MiHepanis i BiTamiHy D.

Meta po60T1 — OLIHATY MiHepanbHy LLiNbHICTb kKicTkoBOT TkaHHK (MLLKT) y HenoHoLLeHoi AnTiHm 3 KoMOpGiAHOKO naTornorieto
KULLKIBHUKA Ta 03HANOMUTY MiKapiB-NPaKTUKIB i3 KNiHIYHMM JOCBIAOM.

Marepiaaun i metoau. [utuHy obetexxero B KHIM «Micbka autaya nikapHa Ne 5» 3MP (m. 3anopixks, Ykpaina). MLLKT
OLiHtoBanM 3a AOMOMOTOH KiflbKICHOT YnbTpa3BykoBoi AeHcuTomeTpii (QUS) Lunsxom BUMIPIOBaHHS LIBUAKOCTI MOLLIMPEHHS
yneTpaseyky (SOS, m/c) Ta Z-score Ha coHomeTpi Sunlight Omnisense 9000. [JiarHo3 HekpoTuaytodoro eHTepokonity (HEK) 3
nepdopaLlieto KULLKIBHMKa Ta xBopobu MpLunpyHra (XI7) BCTAHOBMEHO Ha OCHOBI KITiHIYHIX, NaBopaTopHUX, iIHCTPYMEHTanbHUX
[aHuX i pe3ynbTatiB nanapoToMmii 3 FiCTONOMNYHUM NiATBEPIKEHHSAM.

Pesyastatu. [poTarom 20-mMiCSiHHOMO CnocTepexeHHs 3a nepefyacHo HapomKeHUM Xonymnkom (31 TuxaeHb rectadlii) 3adik-
COBaHO yCKnaZHeHWit nepebir HeoHaTanbHOro nepioay: AuxanbHi po3naaw, nerexHesi kposoTedi Ta HEK xipypriuHoi cTagii Ha
16 0oby. IHTpaonepaLinHo BusBNeHo nepdopalii KnyboBOi KULLKM Ta 30HY 3BY)XEHHSI; NATOrCTONOrMYHO niaTBepmpkeHo XI.
Micns TpuBanoi peabinitauii 3 npuBoay HeoHatanbHoro cencucy (107 4ib) | peLnanBHUX KULLKOBUX iIHXDEKLIN iarHOCTOBaHO
TSKKWIA AedpiumTt mMacy Tina. o 17 micsuiB ckoperoBaHoro Biky BiAHOLLUEHHSI Macy 40 JOBXMUHM Tina AOCSTNO PiBHS HDKYE
cepenHboro (15 nepueHTMnb) Npy cTabinbHin auHamili pocTy (-1 go +1 Z-score). 3a pesynsratamu yrsTpasBykoBOI 4EHCUTO-
MeTpii y ckoperoaHomy BiLi 6,5-9,0 micsiLiB BusiBneHo cytTese 3HuxeHHs MLLKT (Z-score Big -2,9 po -3,1), Wwo signosigano
HeoHaTarbHil octeoneii. [Micns ABOMICSYHOTO Kypcy npenaparty KanbLito Bu3HaveHo Hopmanisauito MLLKT (Z-score Big +0,3
[0 +1,7), WO CBigYMTb NPO BiAHOBMEHHS TEMMIB MiHepaniavii.

BucHosku. [NepenyacHo HapomkeHa AUTHA (TEPMiH recTaui npy HapomkeHHi — 31 TukaeHb) 3 KOMOPBIAHMMM 3aXBOPIOBAHHAMM
kuwwkiBHuka (HEK, XI) y Biui 4o 20 micsiuiB Mana Bkpaii CroBinbHEHY MiHepani3aLito KICTOK, @ Came 03HaKu HMXYOi KICTKOBOI
Macy NOpiBHSIHO 3 KOHTPOILHO rPYMoto AiTer (6a3a faHux ynbTpa3ssykoBoro coHomeTpa Sunlight Omnisense 9000). 3rigHo 3
pesynsTatamm LOCHIIKEeHHS, NepeaYacHo HapoKeHi AiTv 3 xBopobamm KuLLKiBHVKA NOTPebyroTb 0coBnMBOI yBaru negiatpis
LLI0A0 OL|iHIOBAHHS POCTY Ta 300POB’S KICTOK.

Bone tissue status in a preterm infant with necrotizing enterocolitis and
Hirschsprung’s disease: a clinical case

L. S. Ovcharenko, L. M. Boiarska, T. S. Herasimchuk, M. 0. Makarova, Yu. V. Kotlova, A. Yu. Tsymbal

Preterm infants are at high risk of developing metabolic bone disorders, particularly osteopenia, due to insufficient intrauterine
bone mineralization and immaturity of the mechanisms of enteral calcium and phosphorus absorption. This risk is further in-
creased in the presence of gastrointestinal surgical pathology. Postoperative alterations, prolonged dependence on parenteral
nutrition, and malabsorption of minerals and vitamin D create additional conditions for impaired mineralization.

Aim. To assess bone mineral density (BMD) in a preterm infant with comorbid intestinal pathology and to familiarize practicing
physicians with relevant clinical experience.

Materials and methods. The patient was examined at the MNE “Municipal Children’s Hospital No. 5” ZRC (Zaporizhzhia, Ukraine).
BMD was assessed using quantitative ultrasound (QUS) by measuring the speed of sound (SOS, m/s) and calculating the
Z-score with the Sunlight Omnisense 9000 sonometer (Sunlight Medical Ltd., Israel). The diagnosis of necrotizing enterocolitis
with intestinal perforation and Hirschsprung’s disease was established based on clinical, laboratory, and instrumental findings,
as well as results of diagnostic laparotomy with histological confirmation.

Results. During a 20-month follow-up of a preterm male infant (gestational age 31 weeks), a complicated neonatal course
was documented, including respiratory distress, pulmonary hemorrhage, and surgically treated necrotizing enterocolitis on
© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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day 16 of life. Intraoperatively, ileal perforations and a stenotic segment were identified; Hirschsprung disease was confirmed
histopathologically. Following prolonged rehabilitation for neonatal sepsis (107 days) and recurrent intestinal infections, severe
failure to thrive was observed. By 17 months of corrected age, the weight-for-length ratio reached the “below average” range
(15th percentile) with stable linear growth dynamics (ranging from -1 to +1 Z-score). Ultrasound densitometry performed at
a corrected age of 6.5-9.0 months revealed a marked reduction in BMD (Z-score ranging from -2.9 to -3.1), consistent with
neonatal osteopenia. After a 2-month course of calcium supplementation, normalization of BMD was achieved (Z-score ranging
from +0.3 to +1.7), indicating restoration of bone mineralization rates.

Conclusions. A preterm infant born at 31 weeks’ gestation with comorbid intestinal diseases (necrotizing enterocolitis and
Hirschsprung’s disease) demonstrated markedly delayed bone mineralization up to 20 months of age, with evidence of
reduced bone mass compared with the reference population (based on the Sunlight Omnisense 9000 ultrasound sonometer
database). This case highlights that preterm infants with intestinal pathology require special attention from pediatricians,
particularly regarding growth assessment and bone health monitoring.

MNepenyacHo HapomXKeHi A4iTM MaloTb MiABULLEHWI PU3NK
HegoCTaTHLOI MiHepanisauii KiCTOK, OCKifbku came
npOTAroM TPETLOro TPUMECTPY BariTHOCTi Bifbysa-
€TbCS IHTEHCMBHE (DOPMYBaHHS CKeneTy mrnoga, Komnm
HakonuyyeTbea Maxe 80 % kanbLito, HeobxiaHoro
Ans disionoriyHoi MiHepanisauii KiCTKOBOI TKaHUHM.
MepenyacHe HapOAXXEHHS MepepuBaEe KPUTUYHUIA
nepiog hopmyBaHHs Ta MiHepanisauii ckenerta nnoga,
O Y paHHbOMY Bili MOXe NPU3BECTU O PO3BUTKY
0CTeoneHii, a Hagani Moxe CNpPUYUHATU PO3BUTOK
octeonopoay [1,2,3,4].

Y HOBOHApOMXKEHUX i3 3aXBOPHOBAHHAMM LLIYHKO-
BO-KWLLKOBOTrO TPaKTy Ha/yacTille BUSABNATb HEOHa-
TarnbHy OCTEOMEHilo, WO acouifnoBaHa 3i 3HMKEHHAM
MiHepanbHOi LWiNbHOCTI KicTkoBOi TkaHuHM (MLLKT) Ta
MiaBULLYE PU3KK NepenomiB KicTok [5]. BogHouac came
eKcTpeMarnbHO Ta AyXe HedOHOLUEH: AiTM MatoTb BULL
PU3VIKV PO3BUTKY FOCTPOTO MOLLKOAKEHHS LLITTYHKOBO-KULL-
KOBOFO TPaKTy Npy PO3BUTKY HEKPOTU3YIOUYOTO EHTEPOKO-
nity (HEK), wo 3arpoxye xuTTio HeMoBnAT. [pu paHHii
diarHocTuui HEK gouinbHUM € koHcepBaTUBHE NiKyBaHHS,
ane B 2040 % BvNapkiB 3aXBOPIOBaHHA HOBOHAPOMKEHI
noTpebytoTb XipypriYHoro BTpyyaHHs [6].

BcTtaHoBneHo, wo aitn 3 aHamHesom HEK matotb
MiABULLEHWIA PU3MK PO3BUTKY MOPYyLUEHb MiHepaniavii
KICTKOBOI TKaHWHW Ha PaHHLOMY eTani XWUTTS NOPIBHAHO
3 pitbMu 6e3 HEK [7]. Haivacriwe npu HEK BusiBnsitoth
YPaXXEHHS TEPMIHarbHOrO BiAAiNy TOHKOT KMLLKK, LLO Ha-
Jani BNiMBae Ha NpoLec BCMOKTYBaHHS PO3LLENeHUX
PEYOBVIH, SIKi ONOCEPEAKOBAHO NOPYLLYIOTb BCMOKTYBaHHS
KanbLjito B BEPXHIX BifAinax TOHKOro KULLKIBHUKA [7].

Y HeMOBNSAT OOHWM i3 PIAKICHUX 3aXBOPHOBaHb, LLO
TaKOX YpaXkaroTb KULLKIBHUK, € xBopoba [MplunpyHra (XI).
Mpu XI' BUABNSAIOTL 30KPEMA MOLLKOKEHHS TOBCTOMO
KkuwkiBHUKa. XI© xapakTepruayeTbCsl 3HAUHUM 3HDKEHHSIM
abo BiACYTHICTHO raHIMIO3HUX KNITUH Y TOBCTIl KMLLILLi, O
CMPVYMHSIE MOPYLLEHHS NEepUCTanbTUKW KULLKIBHUKA Ta
PO3BUTOK KULLKOBOI HenpoxigHocTi [8,9,10].

EHTepokonit, acouinosanui i3 XI, € 0QHUM i3 Hanno-
LUMPEHILLMX YCKMaHEHb, sIKe MOXE BUHUKHYTW B Oyab-
SIKUIA Yac Bif Nepiofy HOBOHAPOMKEHOCTi 40 AOPOCIOr0
Biky [11,12]. KniHiuHa kapTuHa eHTepokonity npu XI nig
yac rocTpoi pasu Bkouae GriroBaHHS XOBYHO, TMXOMaHKY,
BUPaXEHE 30YTTS XMBOTA, KPIM TOTO, MOXE BUHUKHYTU
nepcopaLis KULLKK, 60 FiCTONOrYHI 3MiHW € CYTTEBUMM:
araHrmio3 y M’si30B0-MiACrIM30BOMY HEPBOBOMY CMNETiHHI,
aTpodist CN30BOTO LLUAPY KULLKW, PO3BUTOK YCKNaaHEHb
(abcuec KpunT, CKYMYEHHs NENKOLMTIB i BMpa3ku B ypa-
XKEHIN CTiHUi KnLwku) [12].
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BcraHoBneHo, Lo 3 Nporpecom y XipypriyHomy miky-
BaHHi XI" CMepTHICTb 3Ha4HO 3HK3MUNacs Ta CTaHOBUTb Bif,
1% 0o 10 % [13,14]. B okpemmx BuNagkax, ik npasuno,
nicns BUAaNeHHs ypaeHo  YaCTUHW KULLKIBHUKA, AiarHoc-
TYHOTb CUHAPOM KOPOTKOTO KULLIKIBHKA, LLIO MOXE Npu3Be-
CTU OO0 HeJoCTaTHbOrO 3aCBOEHHS MOXMBHUX PEYOBUH i
Ma€ BiaAaneHnin BNnNuB Ha noganbiue 3pocTtanHHs [15,16].

Y [OCTYynHIN dhaxoBin nitepatypi BUSIBNEHO Heno-
CTaTHIO KiNbKiCTb nybnikauin i3 pedynsratamu gocni-
IDKEHb KICTKOBOI Macv B AUTUHCTBI Y AiTel, HapOMKEHUX
nepegyacHo, 3 aHamHeaom HEK um XTI JocnigxeHHs
3 LIbOr0 NUTaHHS BaXNWBi, OCKINbKX AiTW 3 NaTOsOrieo
KULLKIBHMKA MOXYTb MaTW 3Ha4Hi MOPYLUEHHS MiHeparni-
3aLii KICTOK Yepes BnimB Takmx hakTopis, SK TpMBanicTb
niKyBaHHs1, MikpoBionoriyHi 3MiHV Ta XipypriuHi BTpyYaHHs.
Po3yMmiHHSA LMX acnekTiB CpusTMME BOOCKOHANEHHIO
cTparterii NpoinakT1kn Ta MikyBaHHs, CnpsiMOBaHi Ha
30epeeHHs 300POB’S KICTKOBOI TKaHWHW Y L€l Bpa3nuBeoi
nonynsuii giten.

Merta po6otu

Oujnnty MLLIKT y HepoHoLLEHOT AnTuHK 3 komopbigHOoH
MaTonorieto KMLLKIBHWKA Ta 03HANOMUTU NikapiB-NpakTykiB
3 KMiHIYHMM JOCBIAOM.

Marepianu i meToAU AOCAIAKEHHA

PosrnsHyTo MeauyHy AokyMeHTaLilo HeQOHOLEHOI au-
TVHK, SIKa HApoAMNacs y rectauiiHomy BiLi 31 TVXKAEHb.
CtaH MLUKT y anTMHM BM3HaYanu 3a LUBWAKICTIO
noLmMpeHHs ynstpaseyky (SOS, m/c) y ainsHui giadisy
BEMVKOTOMINKOBOI KicTku. Llel nokasHuk nopisHioBamm
3 OYiKyBaHUMM 3HA4YEHHSMY BiKOBOI HOPMY 3 penpeseH-
TaTMBHOI 6a3n AaHWX 3a KpuTepiem Z-score ynbTpassy-
koBoro coHomeTpa Sunlight Omnisense 9000 Ha 6a3i
kadenpn anTaumnx xeopob 3anopisbKoro AepaBHOMo
MeavKo-hapMaLLeBTUYHOTO YHIBepCUTETY (3aBidyBad ka-
thenpwy — 3acnyxeHui iy Haykv Ta TeXHIKW Ykpaitu, A-p
meg. Hayk, npodpecop J1. C. OsyapeHko) Ta KHI «Micbka
antada nikapHa Ne 5» 3MP (m. 3anopiioks, Ykpaina);
(B. 0. MmeguyHoro aupektopa — P. J1. LLleB4eHko).
JocnimkeHHst BUKOHAHO 3 JOTPUMAHHSIM OCHOBHUX
GiOETMYHMX NPUHLMNIB | NpaB NHOAWMHU BiAMOBIAHO A0
nonoxeHb enbCiHCbKOI Aeknapalii BcecBiTHbOI Me-
AndHoi acouiauii (1964 poky 3 noganblwvMK 3MiHamm),
KonBeHUii Pagv €sponu 3 npas nognHmy i iomeamumHm
(1997 poky) Ta unMHHOrO 3akoHoaascTea YkpaiHu. Mpo-
TOKON AOCNiMKEHHs po3rnsHyTO i cxBaneHo Kowmicieio
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3 nuTaHb GioeTnky 3anopi3bkoro AepxaBHOTO Meau-
KO-thapMaLeBTMYHOIO yHiBEpcUTETY (MpoTokon Ne 2 Big
06.02.2026 poky). [lo 3any4eHHst AUTUHWU Y AOCTIIKEHHS
Big G6aTbkiB ab0 3aKOHHUX NPEACTaBHUKIB OTPUMaHO
MUCbMOBY iH(POPMOBaHY 3roAy Ha y4acTb Ta nybnikauijto
aHOHIMI30BaHMX AaHWX.

Ha nigcrasi kniHiko-nabopaTopHux Ta iHCTpyMeH-
TanbHUX AaHWUX OOCTEXEHHS OUTWHW, 3a pesyrbTatamm
AiarHOCTUYHOI NlanapoToMii BCTAHOBIEHO AiarHO3 HEKpo-
TU3YHOYOro EHTEPOKONITY 3 NepdopaLietd KULLKIBHUKA.
Micns ricTonoriYHOro BMBYEHHS PE3eKLiiHOro 3paska
KWLLKX SIK TiCTOMOriYyHa 3Haxigka BCTAHOBMEHO [iarHo3
xBopobu lMpLunpyHra.

CnocTepexeHHs 1 OLHIOBAHHA PO3BUTKY AUTUHU
3iICHANM, BPaxOBYKOYM CKOPUroBaHWUiA Bik. PisnyHUI
PO3BUTOK NepeavacHO HapOmMKEHO! AUTWUHM OLHIOBaNM
3a Macoto Tina, 3pOCTOM Ta OKPY>KHICTHO rONoBM 3a Tabnm-
usmm GeHToHa [0 40 TYBKHIB CKOPUrOBaHOrO BiKy, nicns
LbOro HaCTYMHUIN PO3BUTOK MOPIBHIOBANM 3 BIKOBUMM
cTaHaapTamm BignosigHo Ao Hakazy MO3 Ykpainun Big
13 BepecHs 2024 poky Ne 1590 [17].

Pe3yabTaTti

[duTtuHa Hapogunacs B gpyromy nispiudi 2022 poky
Big Il BaritHocTi, | monoris. Mig yac cnocTepexeHHs 3a
PO3BUTKOM NIofa 3a pesynsratamy yrnsTpasBykoBoi fia-
FHOCTUKM Ha 13, 17, 21 TWXHAX recTaulii cnoctepiranu nig-
BULLIEHHSI TOHYCY MaTKU1, HU3bKe MPUKPINIEHHs XOpioHa,
MOTOBLLEHHS NNALEHTH, [iarHoCTyBanm AeumayarnbHui
nonin y uepsikanbHoMy kaHani. XXiHka rocnitanisosaHa
B nepuHatanbHui LeHTp Ill piBHA HagaHHa gonomorn 3
PETYNSPHUMU Nepeiimamm, CTPIMKOK MOMOroBO Aisinb-
HICTIO Yepes 2 roAvHM MicNs NEPEAYACHOTO BiXOMKEHHS
HaBkornonnigH1x Bog. 3a YMOB iHTEHCMBHOI MOMOroBOi
JiSANbHOCTI BariTHIN aHTeHaTanbHo He Byno NpusHayeHo
cTepoiay Ans 3anobiraHHs pecnipaTopHOro AUCTPEC-CUH-
ApOMY Y nepefvyacHoO HapomKeHo! AUTUHK. [epLiuni
nepioq nornoris TpBas 6 roauH 25 XBUNWH, ApYrun —
20 xBunuH. Monorn camocCTilHi nepegyacHi B TepMiHi
recTauii 31 TvkgeHb y nepeaHbOMY BUAI NOTUAUYHOTO
nepeanexaxHs. HaskononnigHi Bogm yucTti. Hapoauecs
xnoneLp i3 macoto Tina 1420 r (32 nepueHTUnb), JOBXWUHA
Tina — 43 cm (83 nepueHTunb), 06Bia ronosu — 27 cm
(16 nepueHTUNb). Di3UYHNIA PO3BUTOK AWTWHK BifMOBI-
[aB rectauiHomy Biky. OuiHka 3a wkanoto Anrap Ha 1
Ta 5 xBunuHax — 5 Ta 6 6anis BigNOBIAHO; 3a LIKaNow
CinbBepmaHa — 8 6anis, LLO BiAMOBIZAE TSHXKKOMY CTYMEHHO
pecnipaTopHOro AUCTPEC-CUHAPOMY.

HesigknagHy gonomory OWTWHI HagaHo 3a yMOB
3a0e3neyveHHs1 afeKBaTHOroO TEMoBOro 3axucTy nig
[DKepernom npoMeHEBOro Tenna Ta 3 BUKOPUCTaHHAM
cTony 3 nigirpisom. CTaH AUTWHK HE NMOKPALLMBCS MiCns
HeiHBa3WBHOI LUTYYHOI BeHTUNALIT nereHb (LLIBI) yepes
macky anapatom Neopuff npoTarom 5 XBunuH: KoHUEeHTpa-
List SpO, <80 %, 4acToTa cepLieBMX CKOPOUEHb — 85-95
yA./x8. HoBOHapomxeHuWi 3aiHTy60BaHUI | nepeBeaeHui
Ha iHBaameHy LUBJI. MNpusHaveHo cypdakTaHT-3amiCHy
Tepanito nopakTaHToM anbda B 403i 200 mr/kr.

Ha opyry o6y »uTTs 3acikcoBaHO pisKy HeraTuBHy
AVHaMIKy — NporpecyBaHHs AuxarnbHux posnagis. [ia-
THOCTOBaHO nereHeBy KpoBoTeuy. [JUTUHY nepeBeneHo
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Ha BUCOKOYACTOTHY OCLMNSATOPHY BEHTUNALILO nereHb,
NPOAOBXEHO remocTaTuyHy Tepanito. Ha TpeTio goby
XUTTS CTaH yCKNaZHWBCS PO3BUTKOM Hampy>XeHoro
MHEBMOTOPAKCy MpaBoi nereHi. 3hiicHeHO ApeHyBaHHs
nneBpasibHOi NOPOXHWHK 3a bionay, Lo dyHKLUiIOHYBano
11 ni6. Ha pes’aty ooy xuTTa CTaH OMTUHK JELLo cTa-
6inisyBaBcs, Xnonus nepeeeaeHo Ha ctaHapTHy LLBIT.

Y BiUi 12 gHIB BUHUK NMOBTOPHWIA eni3oq nereHeBol
KkpoBoTeui. Kpim remocTatuyHoi Tepanii, AUTuHa oTprma-
na NoBTOPHI reMoTpaHCay3ii Yepes 3Ha4Hy KpOBOBTpaTy
Ta PO3BUTOK TSXKKOI @HEMii 3MiLLAHOrO reHesy.

3 NepLUMX rOAVH XMTTSl HOBOHAPOLKEHOMY NMPOBOAM-
NI YaCTKOBE NapeHTEparbHe Xap4yBaHHS, L0 3abe3neyy-
Barno 10 3—4 fi6 xuTtts otpumManHs 3,5 r/kr amiHokMcnor,
3,2 r/kr ninigiB npy WwBewmakocTi yTunisauii rmokosn 4-8
mr/kr/xB. Xnonewpb eHTepanbHO OTPUMYBaB roTOBY Crie-
LianbHy pigKy CymiLl AN nepeayacHo HapomKEHNX AiTen
i3 BMicToM Ginka 2,9 r 8 100 Mn cymiLui; 03HaKu Xap4oBoi
iHTOMEepaHTHOCTi Ha LbOMY eTani He BUSBMSANMW, TOMY
06’eM eHTeparnbHOro XxapyyBaHHs NOBINLHO 30inbLUyBanm
3 8 mn/poby go 25-30 mn/gooy.

HesBaxaloum Ha BXWTi 3axoay, CTaH AUTUHU 3ani-
LLIABCS BKpaW TSXKKUM. Y BiLli 2 TVDKHI y 3B’A3KY 3 Xap40OBO
IHTONEPaHTHICTIO CKAcOBaHO eHTepasibHe XapyyBaHHS,
PO3rOpHYTO anropyUTM HaZL@HHS! 4ONOMOTM HOBOHaPOKe-
HOMY 3 NPUMNYLLEHHAM NPO BUHUKHEHHS HEK. 3piiicHeHo
[PEHYBaHHS YEPEBHOI MOPOXHWHYW, OTPUMAHO BEMWKWIA
00’eM rasy Ta xoBui.

HacTynHoi o6y BUHWK TPETIN eni3og NereHeBoi Kpo-
BOTEMi, NPOBEAEHO reMOCTaTUYHY Tepanito, TpaHcdys3ito
CBiXO3aMOpOXeHoi nnasmu. CTaH Xmonus 3anuwaBcs
BKpan TSHXKKAM, MO0 OLIHEHO K KPUTWUYHMWIA. KRiHiYHi
03HaKu Napesy KWLWKIBHUKa He Manu TEHAEHLT 0O 3MeH-
LUEHHSI: NepuCTansTUKy HE BUSIBNEHO, BUNOPOXHEHb He
6yno, XuBIT 30inbLUyBaBcs B 00’'€Mi LLOAHS.

3a pesynsratamm AMHAMIYHOMO PEHTIEHOMONYHOTO
[OCNIIKEHHS! YEePEBHOT MOPOXHWUHWN BUSIBMEHO MHEB-
MaTo3 KULLKOBOI CTiHKW, AunaTauito KULWKK, MHeBMOone-
puTOHEYM. [liarHOCTOBaHO PO3BMTOK XipypriyHoi cTagii
HEKPOTUYHOTO eHTepokoniTy. Ha 16 o6y UTTA BUKOHAHO
CepenvHHy nanapoToMilo Ta PEBisito OpraHiB YepeBHOI
nopoxHuH. IMig yac ornsgy kny6oBOT KULLKV Ha BigcTaHi
10 cM Big ineouekanbHOro KyTa BUSBNIEHO ABa nepdopa-
LiMHUX OTBOPW, Hadani Npu peBisii TOHKOMO KWLLKIBHMKA
BUSIBNEHO e ABi nepdopalii Ta nepeanepdopalii.
CTiHKM KIy©OBOI KMLLIKM TOHKi, PO3LUMPEHI.

BukoHaHO pesekuito TOHKOro kuiwkiBHUKa (10 cm),
KryBOBOi KWMLKV B Mexax 300pOBOi TKaHWHW NPUBIZHOTO
BiOAINY 3 il 3arnyLUeHHsM, BUBEAEHO KiHLIEBY ineocToMmy.
MNig Yac peBisii AucTanbHOI AiNAHKM kIy6OBOI KULLKKM
BU3HAYEHO, IO B JIOKYCi il BNagiHHS B ineouekanbHui
KYT KWLLKa pi3KO 3BYXXeHa. 3AilCHMNN ornsg TOBCTOI
KULLIKW, LLIO Mana BUIMSA LWiNbHOTO (HEYHKLOHAIbHOrO0)
LUHypa. Ha nigcTasi umMx AaHux y nauieHTa npunycTunm
po3ssuTok XI.

[JiarHo3 nicns onepaTuBHOMO BTPYYaHHS: HEKPOTUY-
HUN eHTEPOKONIT; YUCNEeHHI nepdopaLii KULLKIBHUKA;
MOLUMPEHNIA KaNOBWIA NEPUTOHIT; CTEHO3 KIyOOBOI KNLLIKW;
xBopoba lMpwunpyHra (?).

Mig Yac naTtoricTonoriYHoro AOCNIIKEHHS B M'A30B0-
My LLapi TOBCTOI KWLLKX BU3HAYEHO BUPaXeHy aTpodito
raHrmiiB i3 AinsHKaMy 4YacTKOBOTO araHrmiosy, atpodito
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KAIHIYHMK BMNAAOK

Tabauus 1. [luHamiyHe kniHiko-nabopaTtopHe 06CTEXEHHS NepeayYacHo HapOMKEHOT AUTUHM

Bik (aHi), CB (micsaui) PedhepeHTHi 3Ha4YeHHA

Moka3HuK, oguHULi
BUMipOBaHHSA

®ocdop, Mmonb/n - - 1,60
3aranbHuii kanbLii, MMonb/n 1,75 2,44 2,27
|oHi3oBaHWi KanbLjii, MMOIb/N - - -
®ocdarasa nyxHa, Og/n 467,0 903,0 440,0
BitamiH D 3aranbHuid, Hr/mMn - 18,7 79,9

1,60 1,79 0,81-2,07

2,60 2,55 2,5-3,0

1,37 1,36 1,12-1,32

336,6 4345 104,0-345,0

51,9 38,6 30,0-80,0 — poctarHii piBeHb; >80,0 — MOXNMBWIA TOKCUYHWIA edhekT

CIM30BOTO LUapy Ta XPOHIYHe 3ananeHHst 3 Habpsikom
BCIET TOBLLi KULLKW.

Hapani ctaH AuTUHKM 3anuwiascs TpUBanuii Yac
JyXKe TSHKKUM, NPOrHOCTUYHO 3arpo3nmBUM AS XUTTS,
6e3 cyTTEBOI ANHAMIKN. TSHKKICTb 3yMOBNEHa PO3BUTKOM
HeoHaTanbHOro cerncucy, pecnipatopHMMU po3nagamm
3a ymoB hopmyBaHHsi BpoHxonereHeBoi agucnnasii,
HEBPOSONYHOI CUMMTOMATUKOIO Ha POHI MOPHOdYHK-
LlioHanbHOI He3pinocTi.

3a TepmiH nikyBaHHA Ta BigHoBneHHs (107 AHiB)
nauieHT otpumaB 10 KypciB aHTubakTepiansHoi Tepanii,
3aMiCHy Tepanito BHYTPILUHLOBEHHUM iMyHOrNoByniHOM,
CUMNTOMATWYHY Tepanito. [JoCArHyTO MO3WUTUBHOI Au-
HaMikK, 30KpEMa 3MEHLIMANCS pecnipaTopHi po3naaw,
3HWKIA KMCHEBA 3aneXHICTb. Y HEBPOMOriYyHoMy cTa-
TYCi TaKOX BM3HAYEHO MO3UTMBHY AMHAMIKY: XMOMYMK
dikcyBaB nornsg, Cnigkysae 3a NPegMETOM, 3'ABUMOCS
HETPVBAne ryniHHs.

[nTnHa noyana camocTiNHO NOBINbHO 3'iAaTh Linbo-
BU 06’€M pigKoi CyMmiLLi ANnsi nepeaYacHo HapOmKeHNX
aiten 3i 100 % rigponisoBaHM CMPOBATKOBKM BiflkoM, a
Hapani — cnewianbHi CyMilli Ans nepefyacHo Hapomke-
HUX giTen. Y Biui 3,5 micsus (ckoperosaxwii Bik (CB) — 6
TWXHIB) BUNMCAHWUI [OLOMY.

Ha 4ac Bunucku gutHa mana nokasHuku disnyHoro
PO3BUTKY, LLIO XapaKTepu3yBasnu ii CrioBinbHEHUI PiCT: Maca
Tina—3300r (-1,62 Z), noexuHa Tina—51 cm (-1,67 Z), 06-
Big ronosu — 35,5 cm (-1,29 Z). Po3saHTaxyBanbHa cToma
(pyHKLUiOHYBana 3a40BiNbHO Ta Y BiLli 6 MiCALB paaykanbHO
CckoperoBaHa 3a Metogom Soave—Boley.

Hagani xnoneupb agivi (CB — 6,5 micaus, 8 micauis)
nepebyBaB Ha cTalioHapHOMY NiKyBaHHi 3 npuBoAay
KULLKOBUX iHGDEKLUIN. Y Liel nepioq MaB Tskkui aediuut
macu Tina (5350 r i 6085 r BigNOBIAHO) — NOKA3HWKM

CniBBiOHOLLEHHS Macy Tina 4o AOBXWUHM Tina Hukdi 3a
TPETIl NepLEHTUNb, LLIO XapaKTepr3yBaso HefoCTaTHICTb
XapyyBaHHSI.

lNicns npoBeaeHoro NikyBaHHA Ta NACUNEHOTO XapYy-
BaHHS HYTPUTUBHUI CTATYC NaLlieHTa AeLLO NOKpaLLMBCS:
y CB 17 wmicsauis maca Tina BigHosunacs o 9500 r, wo
y CniBBiAHOLIEHHI Macu 4O JOBXMHM Tina Bignosigano
PIBHIO HUXYE CepenHboro (xapaktepHe ans 15 % aiten
uiei nonynauii). 3a HacTynHi micaui xutTa (3 17 go 19
micaus) maca Tina 36inbwunaca Ha 350 r. Lie signosi-
[arno HopMarnbHWM Moka3HWkam 30iNbLIEHHS MacK Tina,
OCKinbku Bignosigano gianasoHy 90-398 r (sig -1 Z oo
0 Z) ouiHtoBanbHoi Tabnuui AvHaMiki Macu Tina xsonuis
Bikom [0 2 pokis [17].

OujiHKa LOBXVHY Tina AUTUHM Oyra B Mexax CepeaHix
3HayYeHb NPOTArOM YCbOro Nepiofy CNOCTEPEXEHHS: Bif
-1Zpo+1ZyCBB8ig 6,5 micaus (68,0 cm) fo 19 micsauis
(82,5 cm). inHamivHe iHTepBanbHe OLHIOBaHHS (iHTEP-
Basn BMMIpIOBaHb — 2 MiCsLli) BiANoBifano HopmarbHil
AVHaMmiLi 30inbleHHs [oBXMHKM Tina (Big -1 Z oo +1 Z).

[Mig yac rocnitanisauii 8 CB 6,5 ta 9,0 micsus BuKo-
HaHO EHCMTOMETPItD. Y pesynbTaTi BUSHAYEHO CyTTERE
3HWkeHHa MLLKT: Z-score -2,9, SOS 2877 m/c Ta -3,1,
SOS 2940 m/c BignosigHo B CB 6,5 micaus Ta 9 micsuis.
Lli 4aHi BignoBigatoTh B3HAYEHHIO HEOHATasIbHOI 0CTEO0-
neHii y nepeg4acHo HapomKEHWX AiTen.

Po3nouato Kypc nikyBaHHS npenapaTtoM KanbLito
(enemeHTapHuin kanbuin 500 Mr Ha goby, opanbHa
dopma) npoTsarom 2 micailis. Po34uH BitamiHy D3 (y osi
1000 MO) anTuHa oTpumyBana MocTiiHO BifMOBIAHO
Ao Hakasy MO3 Ykpainu Big 17.04.2023 poky Ne 730
«[po 3atBepmKeHHst CTaHOapTiB MEAQWMYHOI 4ONOMOTK
«[podhinakTvka Ta nikyBaHHS aniMEHTapHOro paxiTy».
3achikcoBaHO BUpaxeHy NO3WUTVUBHY AYHAMIKY NOKa3HWKIB

3900

3640
///

3380

SOS, mlc

3120

2860

2600

o
-
N}

Bik, pik %u1TTs

Puc. 1. [iunamika nokasHukis SOS (M/c) NpoTAroM TEPMiHy CMOCTEPEXEHHS.
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MLUKT. ¥ CB 15 micsuis 3adhikcoBaHoO HopmanisaLiio
nokasHukis: Z-score 0,3, SOS 3313 m/c.

Hapani guHamiyHi BUMiptoBaHHS 3 iHTepBanom 3
MicsiLi ABiYi nokasanu ctabinbHe NiABULLEHHS NOKA3HW-
kiB: Z-score +1,4 Ta +1,7, SOS 3458 m/c i 3513 m/c. Lle
iHTepnpeTyBanu SiK BiZHOBMEHHS (i3ioNoriyHMX Temnis
MiHepanisaLii. Pa3om i3 TM, KOHTPONbHE OOCNIKEHHS
MLLKT y CB 2 poku nokasano neBHe MoripLUeHHs napa-
meTpis (Z-score -0,5, SOS 3378 wm/c).

[uHamiyHe kniHiko-nabopaTtopHe 06CTeXeHHs Aano
3MOry BUSIBUTWM JOCTaTHI KOHLeHTpauii B cupoBartLi
KpOBI 3aranbHOro / ioHi30BaHOro KanbLito Ta docdopy
(mabn. 1). 3achikcoBaHO BULLi KOHLIEHTpaLii NTy>HOi poc-
¢hatasu BigMOBIAHO 4O MaKCUMArbHO HU3bKMX 3HAYEHb
MLLKT, a Takox nocTynoBse nigBuLLEHHS BMICTY BiTaMiHy
D y cuposaTLj KpoBi.

3ayBaxmmo, LU0 Mi Yac MOHITOPUHIY MCUXOMOTOP-
HOTO PO3BUTKY, SIKMIA BMKOHYBanm 3 ypaxyBaHHsm CB,
OLjiHIOKYM KIHoYOBI cchepy po3BuTKY: rpydy Ta ApibHy
MOTOPVKY, MOBIMEHHEBWI | KOTHITUBHWIA PO3BUTOK, COLYi-
anbHO-eMOLHY cdepy, — KOHCTaTyBanw BiAMOBIAHICTb
BIKOBIW HOpMIi. Yac i NocniAoBHICTb Npopi3yBaHHS 3y6iB
TaKoX BifnoBiganu BikOBIN HOPMI.

Pasom i3 TMm, nesHe noripweHHs napameTpis MLLKT
(Z-score -0,5, SOS 3378 wm/c), 3achikcoBaHe nia Yac KOH-
TponbHoro aocnigpkeHHst B CB 2 pokw, Moxe CBiguMTv Npo
HeCTabinbHICTL NpOoLeCiB KICTKOBOrO PeMOENOBaHHS,
X NabinbHICTb | AOLINBHICTb NOAANBLIOMO MOHITOPUHTY 3
KopexLieto hakTopis pusuky (puc. 1).

06roBopeHHA

OujHt0BaHHS CTaHy KICTKOBOI CUCTEMU Y MepeayacHo Ha-
POKEHWX OiTEN B OCTAHHE AECATUPIYYS NPUBEPTAE yBary
HeoHaTonoriB i negjatpis. Came us koropTa fitei Yepes
HEOOCTaTHIO BHYTPILLUHLOYTPOBHY MiHepanisavito KicTok
i He3pINiCTb MexaHi3MiB eHTepanbHOr0 BCMOKTYBaHHS
KansLjto Ta docdopy nepebdysatoTb y rpyni BUCOKOTO
PU3MKY PO3BUTKY METabOMIYHMX MOPYLUEHDb KICTKOBOI TKa-
HUHW, 30Kpema ocTeoneHii [18]. HaBiTb B HeoHaTansHOMy
nepiofi BUHWUKAE PU3NK BUHUKHEHHS NMEpenoMiB KiCTOK,
a npy NoAanbLIOMy 3pOCTaHHI AUTUHW PO3BUBAETLCS
OCTEO0MNOopo3 i3 BUCOKMM PU3MKOM iHBaniguaadii. Lien
PU3VK MOCUITKOETLCS 3@ HASIBHOCTI Y HOBOHAPOMKEHUX
KOMOpOigHMX CTaHiB, 0COGNMBO XipypriyHoi natonorii
LUMYHKOBO-KMLLKOBOTO TPAKTY.

KniHiyHi BMNagkn HEKPOTWYHOMO EHTEPOKOMITY Y
nepeayacHo HapOMKEHMX OiTeN, Ha Xarb, He € pigKiCTo
B NpakTuLi HeoHaTonori. Yactota HEK y giteit i3 gyxe
Marno Macoro Tina npu HapomKeHHi cTaHoBnTb 5-10 %,
netanbHicTb — A0 30 % BUNaakiB. 3Baxaroun Ha 4oCBIA
CBITOBOI 4OKA30BOi MeaWLWHN, METOAMN OiarHOCTUKMU,
nikyBaHHS Ta npodinakTuku HEK yoockoHaneHi Ta yitko
cchopmynboBaHi y HawjioHanbHin HacTaHosi [19]. BusHa-
YeHO HaiMOBIPHILLi MpWYMHU po3BuTKy HEK i HavacTilwy
TOHKOKULLIKOBY fOKasi3auito ypaxeHHs [20].

[JiarHocTtnka noegHaHHa HEK Ta araHrniosy TocTo-
o0 KULLKIBHWKA Yy NepefyvacHO HapomKeHUX AiTen Mae
04EBUIHI OOMEXKEHHS, MOB’A3aHi 3 YaCTOTOK XBOPOOYU
lMpwnpyHra — 1 Ha 5000 HoBOHapomxeHuX. Y axosiit
niTepatypi 4OBONi AeTanbHO OMUCAHO KIiHIYHI NposBY 1
ycknagHeHHs XTI, Sk-0T 3ananbHUN eHTEPOKONIT, KULLKOBA

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

HEMPOXiAHICTb | PO3BUTOK rEMOPArivHOrO iLLEMiIYHOrO He-
KPOTUYHOIO EHTEPOKONITY 3 i3051b0BaHO0 Nepdopalieto
TOBCTOI KULLIKM NP Ni3HIl giarHOCTULi 3axBoptoBaHHs. Lli
yCKMaAHEHHs NoTpebytoThb KNiHIYHOro AndepeHLiitoBaHHS
i Mix coboto, i Wwono moxnmeoro HEK y nepegyacHo
HapomKeHux aiTen. HaBeaeHi dakty yaromkyoTbes 3
NOOAVHOKAMW LaHUMK, WO HaBefeHi B MiKHapO4HIN
HayKOBIl MiTepaTypi, Ta NiATBEpIKYOTLCA pe3ynsraTa-
MM aHanisy KniHiYHOro BMNaKy, ONMCaHOro B L CTaTTi
[21,22,23].

B onwcanii kniHivHii cuTyauii y nepegyacHo Hapoa-
XKEHOT AUTUHMN 3 TSHXKKUM YP@XKEHHSAM KULLKIBHUKA OMiKY-
BaHWMU € 3MiHW KICTKOBOrO MeTaboniamy 3 po3BUTKOM
HeoHaTarnbHoi ocTeoneHii. fi hopMyBaHHA crpudnHeHe
TaKoX TEPMiIHOM HapOMKEHHS — Ha 31 TWXHI recTaLii, Wo
nepepsano isionoriyHMi Nepiog BHyTPILLHLOYTPOBHOTO
iIHTEHCUBHOIO HAaKOMUYEHHS MiHepaniB y KiCTKax, a Takox
AyXe Manow Macow Tina AUTUHW NPU HaPOMKEHHI,
KOMOIHALEr0 TSHKKUX KOMOPOIOHUX CTaHIB, sIKi 3yMOBWIM
TpuBarne cMCTeMHe 3anarieHHs Ta HeobXigHICTb pesekuii
YaCTUHW KWLUKIBHWKA, 3MEHLUNNN eDeKTUBHY NIoLLy
BCMOKTYBaHHS MOXWBHWX PEYOBWH, BiTaMiHIB | MiHepanis.
[OwuTuHa notpebyBana Tp1Banoro napeHTepanbHOro Xap-
YyBaHHS, Mana 3Ha4He MeVKaMeHTO3He HaBaHTaXEHHS],
nepebysana B cTaHi Tpueanoi iMmobinisaii, LwWo Kkymyns-
TVWBHO NMPU3BENO [0 3HVKEHHS MiHEPanbHOI LiNbHOCTI
KICTKOBOI TKaHWHW [24,25,26,27].

HesBaxatoun Ha Te, WO AWTMHA 3 BiAHOBMNEHUM
€HTepanbHUM Xap4yyBaHHAM Yy cTabinbHOMY CTaHi y
Biui 3,3 micaus (CB 6 TwxHiB) BUNMCaHa Jo OoMmy,
MPOrHO3 LWOAO BIAHOBMEHHS CTaHy il KiICTOK 3anuLuas-
cst HenepeabadysaHum. po e cBiguMnu pesynsraTm
AMHAMIYHOTO BUMIpIOBAHHSA LUBWAKOCTI MOLUMPEHHS
ynbtpa3syky (SOS, m/c) Ta ii ouiHoBaHHS (Z-score):
-2,9 i -3,1 BiANOBIAHO OO0 BIKOBOI HOPMW HEMOBRAT Y
6,5 9,0 micaug. Taki NokasHWUKM BU3HAYaIOTb CTIAKUIA
AediumnTt MiHepanisauii Ta BUCOKUIN pU3MK NOPYLUEHb
pemoaentoBaHHs KiCTKOBOI TKaHWHM Ha (oHi Ginko-
BO-EHEPreTNYHOI HeOCTaTHOCTI.

3HaHHs o0 BiaAaneHux pesynsraris y naLlieHTiB i3
XI HakonuyytoTbes. CUCTEMHY Ta NoKarnbHy perynsioo
rOMeOoCTaTUYHOrO LIMKIY KanbLjito B OpraHiaMi MioguHu
BiTamiHom D i napaTpeoigHMM ropMOHOM HUHI BUBYEHO
[l0BOMi feTanbHo. BctaHoBneHo, Wwo y 3a0poBux ocib
CHCTEMHWI piBEHb BiTaMiHy D NO3UTUBHO KOpEntoe 3 exc-
npecieto peLienTopis BiTamiHy D TOBCTOI KULWKK. BiTamiH D
30inbLUye BCMOKTYBaHHS! KarbLjto B KULLKIBHUKY, 3anobirae
BTpaTi KasbLlito B HechpoHaxX HUPOK i ranbMye pe3opoLito
KICTKOBOI TKaHWHW 3aranoM. Y nauieHTiB i3 3aXBOpHOBaH-
HSMMW KWLLKIBHUKA, LLO CYyNPOBOMXKYIOTLCS 3ananeHHsm
TOBCTOI KWLLKM, BCTAHOBIIEHO 3HWXKEHY EKCMPECito pe-
LenTopi BiTamiHy D, L0 MOXe CIpUYUHATI NOPYLLUEHHS
MiHepanisauii KICTKOBOT TKaHuHW y aiTen [28,29].

3rigHo 3 pe3ynsTatamMu aHaniay KniHiYHOro BUnaaky,
nig cnocTepexeHHsm nepebyBana 3HayHO nNepegyacHo
HapomkeHa AnTYHA 3 TUNOBKM Nepebirom nocTHaTanbHoi
OCTEONEHii: BUpaXeH!M AedilluTOM KiCTKOBOI LLiNbHOCTI
MPOTArOM NEPLUOro POKY XUTTSH Ta IMOBIPHOK HOpMarni-
3aLliero NokasHyKa Ha ApYyroMy poLli; BOAHO4ac He MOXHa
BUKIMKOYUTY NOAANbLLI KONMBAHHSA NOKa3HMKIB. KniHiYHMiA
BUNAZOK, SIKWIA onucanu, niaTBepaxye HeobXigHicTb
TPMBANoOro CNoCTEpeXeHHs Ta iHAMBIAyani3oBaHOro
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nigxogy [0 OLiHIOBaHHS CTaHy KICTKOBOI TKAHWUHMW Y TaKux
nauieHTiB, 0cobNMBO Ha (OOHI TSHKKMX CYMyTHIX CTaHIB.

JocnigxeHHs mae neBHi obmexeHHs. 3okpema,
NPeaCcTaBNeHO pe3ynsTat OOCTEXEHHS NULLE OLHOTO
navuieHTa, Lo He fiae 3MOrv pOOUTU y3aranbHEHHS LLOAO
OTpUMaHVX pe3ynbratiB. Xo4a JOCMIMKEHHS NiaTBEPIKYE
BaXNMBICTb PaHHbOI AiarHocTuky XI™ Ta NopyLUEeHHs Mi-
HeparbHoro 06MiHy y nepeayYacHo HapOMKEHOT AUTUHW,
HEeBENMKII po3mip BUBIpKV 0BMEXYE 1oro BUCHOBKM. Kpim
TOro, He ByNo NPOBEAEHO rEeHETUYHE TECTYBAHHS, | TOMY
HEMOXIIMBO 3p0BUTM OCTATOUHI BUCHOBKM LLLOZO ETIONOriT
BPOIKEHOI aHoManii y navjeHTa.

BucHoBKU

1. OnncaHo KniHiYHWA BUNaaoK TMNOBOrO nepebiry
MOCTHaTanbHOI OCTEONEHil Y 3HAaYHO NepeayacHo Hapo-
[DKEHOT ANTUHM, SKa Mana TSKKY XipypriYHy naTonoriio B
HeoHaTarnbHoOMy nepiofi.

2. Y nepwwi pik XUTTS AUTUHU BU3HAYEHO BUpa-
XEHUN aediunT MiHepanbHOI WiNnbHOCTI KICTOK, WO
MOCTYMOBO KOPWUryBaBCS NULLE MiCNs Kypcy NMiKyBaHHSA
KanbLiem i npogoBxeHHsM BiTamiHoTepanii D3. Hopma-
ni3auii nokasHWka JOCArHYTO Ha APYromMy poui XWTTs,
Hapani konueaHs MLLKT nomipHi.

3. Pe3ynbrati aHaniay KniHiYHOro BUNagky nigreep-
DKYHOTb JOUINBHICTL TPUBANOro 1 iHaMBIAyanizoBaHOro
CMOCTEPEXEHHS 3a CTAHOM KIiCTKOBOI TKaHUHW Y nepea-
YaCHO HapPOMKEHUX AiTEN ANS paHHLOI AiarHOCTUKK OC-
TeOneHii, CBOEYaCHOI KOpeKLii hakTopiB pr3uKy, a TakoxX
[Nt MeAVKaMEHTO3HOTO 3abe3neqeHHs HopMarbHOT MiHe-
panisauii KICTKOBOi TKAHUHW Ta 3MEHLLEHHS! IMOBIPHOCTI
yCKnagHeHb Hagani.

Aexnapauif wopo BukopuctaHHa LI

Mia yac NIATOTOBKM CTaTTi BUKOPUCTAHO TaKi iHCTPYMEHTH LUTYYHOTO
{HTEAEKTY: BeAMKa MOBHa MoAeAb Gemini (po3pobHuk Google).

i 3aCTOCOBAHO AAR MOBHOTO peAaryBaHHs, nepeKAaay TepMIHOAOTIYHMX
6A0KIB @HMAINCBKOKO MOBOIO Ta MOLLYKY MPOGIALHOI AiTepaTypu.

Yci bparmeHTH, CTBOpeHi abo onpaLboBaHi 3 BUKOPUCTAHHAM

LLII, nepesipeHi Ta BiApeaaroBaHi aBTopami, fiki HECYTb MOBHY
BiAMOBIAAABHICTb 3@ 3MICT CTaTTi.
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	p117-126
	Савчук Т. В., Лещенко І. В. [Ремоделювання ворсинчастого хоріона у вагітних на 19–25 тижнях гестації після перенесеної коронавірусної хвороби (COVID-19) при народженні живого доношеного плода та при антенатальній загибелі плода]
	Таблиці
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	Рисунки
	 Рис. 1. Структурні зміни плаценти при COVID-19 у вагітної. А, В: група І; Б, Г: – група ІІ; Д, Е: підгрупа І-А. А, В, Д, Е: H & E; А, Б, Д: ×50; Б, Г: MSB; В, Г, Е: ×400.
	Рис. 2. Структурні зміни судин термінальних ворсин хоріона при COVID-19 у вагітних з основної групи та порівняння. А, Б: група І; В, Г: група ІІ; Д, Е: група порівняння. А–Г: центральне розташування судин у термінальній ворсині; Д, Е: периферійне розташування судин у групі порівняння. A, В, Д: експресія моноклональних антитіл проти CD31 в ендотелії судин ворсин хоріона, ×
	Рис. 3. Структурні зміни артеріоли зрілої проміжної ворсини хоріона при COVID-19 у вагітних із І, ІІ груп та в групі порівняння. А, В: група І; Б, Г, Е: група ІІ; Д: група порівняння. А–Е: експресія гладком’язового актину (α-SMA). А: ×700, Б–Е: ×1200.
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	Fig. 1. Timeline of COVID-19 progression from acute infection to long-COVID (original composition).Schematic representation showing the phases before symptom onset, acute COVID-19, and long-COVID, with associated biological mechanisms and organ involvement.
	Fig. 2. Pathophysiology of post-COVID syndrome (original composition). Diagram summarizing major mechanisms contributing to post-COVID syndrome, including persistent inflammation, pulmonary fibrosis, endothelial injury, viral persistence, and post- intensive care syndrome.
	Fig. 3. Key biological mechanisms underlying long-COVID (original composition). Illustration showing viral reservoir formation, microbiome dysbiosis, autoimmunity, endothelial dysfunction, and cytokine-mediated inflammation.
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	Рис. 1. Еволюція концепції діагностики ендотеліальної дисфункції у дітей: від класичних біомаркерів до інтегрованих цифрових технологій.
	Рис. 2. Сучасна мультимодальна модель діагностики ендотеліальної дисфункції у дітей.
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	Fig. 1. A: axial sections of contrast-enhanced computed topography images with a well-defined, heterogeneously enhancing mass in the supraglottic and glottic regions. The lesion involved the bilateral false vocal cords, true vocal cords, and para glottic spaces, resulting in complete obliteration of the laryngeal lumen from the C4 to C6 vertebral levels. B, C: a whole-body FDG PET scan shows uptake in the larynx. No cervical / supraclavicular lymphadenopathy or areas of metastasis were identified.
	Fig. 2. A–C: the squamous area of the tumor showing well-differentiated squamous cells arranged in sheets and nests, having abundant eosinophilic cytoplasm, irregular hyperchromatic nucleus, and inconspicuous nucleoli (H & E, ×200). D–F: the spindle cell component, arranged in small fascicles with storiform and diffuse patterns. The tumor cells have a high N/C ratio, coarse chromatin, and frequent mitosis with areas of necrosis (H & E, ×100, ×200, and ×400 respectively).
	Fig. 3. Immunohistochemistry images. A, B: diffuse cytoplasmic positivity of the tumor cells with vimentin in the spindle cell areas (×100, ×400 respectively); C, D: diffuse cytoplasmic positivity with pan cytokeratin in the squamoid areas (×200, ×400 respectively); E: diffuse cytoplasmic positivity with EMA in the squamous areas (×200); F: both spindle and squamous cell areas negative with desmin, while the intervening muscle fibers have taken stain (×40).
	Fig. 4. Immunohistochemistry images. A: cytoplasmic positivity with SMA in the spindle cell areas (×200); B: Ki-67 proliferative index was 60–70 % in the more proliferative regions (×200); C: negativity with CD34 with positive internal control; D: nuclear positivity with p63 in the squamoid areas (×200).
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	Fig. 2. Morphological features of reticular erythematous mucinosis. a: H & E, mag. ×50; b: Coll. Fe, mag. ×50.
	Fig. 3. Skin lesions within the forehead and hands in the form of multiple dense papules of white-light pink color with a waxy texture, and deep wrinkles in the area between the eyebrows.
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