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OpwuriHaAbHI AOCAIAXKEHHS

MopdomeTpuuHe OLiHIOBaHHA CTPYKTYPHOI nepebyaoBu
MioKapAa AiBOro LUAYHOUKaA NPU eKcnepuMeHTaAbHOMY
LlYKpoBoOMY Aiabeti 1 Tuny i npu BBeAe€HHI amiHOKUCAOT

M. I. IcaueHKo©ABCP |0, M. KoneCHUKDEF

3anopi3bknii AepxaBHWUI MeAUKO-GapMaLeBTUYHUI YHIBepCHTET, YKpaiHa

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

F - octatouHe 3aTBEPAXEHHS CTaTTI

Merta po6oT - OLiHWTV CTPYKTYPHY Nepebynosy Miokapaa NiBOro LUTyHOuKa Npy eKCiepyMeHTansHOMY LiyKpoBomy AiabeTi 1 Tuny
Ta gocniguti Bnnme L-apriHiHy i N-auetun-L-upcteiny.

Marepianu i metoau. [locnimkeHHs 3giicHunu Ha 47 wypax-camusx niHii Wistar. Liykposuii giabet 1 Tuny mogentosanu ctpen-
TO30TOLIMHOM (45 Mr/kr). MounHatoum 3 LOCTOrO TUXKHS, TBAPUHM OTpUMyBanm L-apriHiH abo N-auetun-L-umuctein (1,5 r/kr). 3a
Jonomoroto ImageJ aHaniaysanu nioLly kapaioMioLuTiB, SAEpPHO-UMTONNA3MaTUYHNIA KOEILEHT i LWINbHICTb KNITUH Ha 1 MM?2
TKaHUHY.

Pesynbratn. BcTaHOBNEHO, LLO LYKPOBWIA AjiabeT 1 Tuny CrpuimnHsie natonorivHy rinepTpodito kapgiomiounTis (nnowa +17 %) Ha
(pOHi 3HVKEHHS IXHBOT LLINBHOCTI (-26 %) Ta NPUrHiYeHHs SAepHOro anapary (saepHo-LuTonnasMaTuyHui koediuieHt -10 %).
BBeneHHst L-apriHiHy CpuUmHANO 3MeHLUEHHsI nepuBackynsipHoI iHAinLTpaLii, ane pa3om i3 TM NpU3BOAMIO A0 NOLANBLIOMO
3HIWKEHHS SAEpHO-LMTONNasMaTuyHoro koediujeHta (-17 % BigHocHo rpynu Lykposoro Aiabety 1 tuny). Hatomictb N-aue-
TUn-L-umcteil cnpuss BigHoBNeHH nnowi siaep (+34 % Lwomo rpynu 3 ekcnepuMeHTanbHUM LiyKpoBKUM fjiabeTom 1 Tuny) Ta
crabiniaayii KNITUHHOI LLINBLHOCTI 4O PIBHS KOHTPOSHO.

BucHoBKkU. ExcriepuMeHTanbHuin LyKkpoBuii Aiabet 1 Tuny npu3BoguTh A0 rinepTpodii, Ky Cnig BU3HAYUTU SiK NATOMOTIYHY,
3i 3HAYHOIO BTPATOHO KNITUHHOT Macu i NOpyLUEHHSIM MOPGOMETPUYHNX XapaKTEPUCTUK AAEP | BHUKEHHSIM SAePHO-LMTONNas-
MaTnyHoro koedilieHTa. BukopuctanHs L-apriHiHy acouiioBaHe 3i 3MEHLLIEHHSM BUPAXEHOCTi NepuBackynspHoi 3ananbHoi
iHinbTpauii, ane He 3anobirano dparmeHTaLii M'I30BUX BOMOKOH i KNITWHHIA reTeporeHHOCTI, CNPUYMHANO 3HKEHHS
saepHo-UmMTonnasmatyHoro koedidieHta. N-auetun-L-umcTein cnpusiB 3MEeHLLEHHI0 NMPOsIBIB NATOMNOrYHOI rinepTpodii Ta
HopManisauii sgepHoro anapary.

KatouoBi cnoBa:
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Morphometric assessment of structural remodeling of the left ventricular myocardium
in experimental type 1 diabetes mellitus and with amino acids supplementation

M. I. Isachenko, Yu. M. Kolesnyk

Aim. To evaluate left ventricular myocardial structural remodeling in experimental type 1 diabetes mellitus (T1DM) and to assess
the effects of L-arginine and N-acetyl-L-cysteine.

Materials and methods. The study involved 47 male Wistar rats. Type 1 diabetes mellitus was induced by streptozotocin (45 mg/kg).
From week 6, rats received L-arginine or N-acetyl-L-cysteine (1.5 g/kg). ImageJ software was used to analyze cardiomyocyte
area, nucleo-cytoplasmic ratio, and cell density.

Results. T1DM was found to cause pathological cardiomyocyte hypertrophy (area +17 %) alongside decreased cell density (-26 %)
and suppression of the nuclear apparatus (nucleo-cytoplasmic ratio -10 %). L-arginine administration reduced perivascular infiltration
but further decreased the nucleo-cytoplasmic ratio (-17 % compared to type 1 diabetes mellitus). N-acetyl-L-cysteine promoted
nuclear area recovery (+34 % compared to type 1 diabetes mellitus) and stabilized cell density to control levels.

Conclusions. Experimental type 1 diabetes mellitus leads to pathological left ventricular hypertrophy with significant cardiomyo-
cyte loss and disturbance of morphometric characteristics of nuclei with a decrease in nuclear-cytoplasmic ratio. The use of
L-arginine attenuates the severity of perivascular inflammatory infiltration and reduces the nuclear-cytoplasmic ratio but does not
eliminate muscle fiber fragmentation and cellular heterogeneity. N-acetyl-L-cysteine reverses pathological hypertrophic changes
and restores nuclear apparatus.
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Llykposuit giabeTt 1 Tuny (LA 1) dhopmye TsKe ypakeHHs
miokapga cepus, 0cobnuBO 110ro niBoro WwiyHouka. B
natoreHesi Liei kapaiomionaTii BaxnuBy porb BidirparTb
MOPYLLEHHS ra30CTPaHCMITEPHIX CUCTEM, OCOBMMBO OKCUAY
as30Ty Ta Cynbigy BOAHIO, L0 BNAUBAOTL Ha perynsuito
CYZMHHOTO TOHYCY, EHEpreTUYHoro Metaboniamy W aHTu-
okcupgaTtHoro 3axucty kapgiomiouwtis (KML) [1]. 3a gaHrmm
(haxoBoi niTepaTypu, OLHNM i3 KITFOYOBMX NaTOFEHETUYHUX
MapKepiB CTpyKTypHOi nepebynosu miokapga npu LIA1
€ came rinepTpodis, L0 XapakTepuaye nepexid Bif KOM-
NEeHCaTOPHOI aganTalii 40 HE3BOPOTHOMO MAaToMNOrYHOMO
pemogentoBaHHs [2]. BCTaHOBNEHO, WO i BUPaXeHICTb
MpAMO 3anNeXuTb Bif HA3BAHWNX MEXaHI3MiB.
MopdomeTpuyHuin aHani3 ricToapXiTekTypu Miokapaa
[ae 3Mory OLiHWTW NOTEHLINHUIA BNIIMB aMiHOKUCAOT — A0-
HaTOpIiB ra30TPaHCMITEPHUX CUCTEM Ha PEMOAENIOBAHHS
Miokapda B yMOBax eKcrnepuMeHTansHO cpopmMoBaHoOi
natonorii. Tomy gouinbHo BuB4aTth L-apriHiH i N-aue-
TUN-L-LMCTEIH SK NONEepeaHVKN CUHTE3Y ra3oBUX MOIEKYTT,
LLIO NOTEHLINHO MOXYTb BAIIMHYTY Ha rinepTpodito [3,4].

MeTa po6otu

OuiHuTI CTPYKTYPHY NepebynoBy Miokapaa MBOro LLMYHOY-
Ka npu eKkcnepyMeHTarnbHOMY LiykpoBoMy Aiabeti 1 Tuny Ta
focnigntv BnnmBe L-apriHiHy i N-auetun-L-upcTeiny.

Martepianu i MeToAH AOCAIAKEHHA

Yci pocnigxeHHs 3aiicHunm Ha 6asi HaB4ansHo-HaykoBoro
MeamKo-nabopaTopHOro LIEHTPY 3 BiBapiem 3anopi3bkoro
[epKaBHOTO MefuKo-hapMaLeBTUYHOMO YHIBEPCUTETY
(cBigoUTBO NpO TexHiYHy komneTeHTHicTb MO3 Ykpainu
Ne 181/23 Big 21.12.2023, pie go 20.12.2028 poky). Mig
yac AOCTIMKEHHSI BPaxoBaHO HaLlioHasbHi Ta EBpONeichki
HOPMW NOBOKEHHS! 3 TBAPMHAMMU, SIKUX BUKOPVCTOBYIOTh
Ans HaykoBux uinen. Matepianu, HaBeaeHi y cTaTTi,
PO3rMsHYTO Ha 3acigaHHi Komicii 3 nutaHb GioeTukn npm
3anopisbkomy fepxaBHOMY Meanko-hapMaLeBTUYHOMY
YHIBEPCUTETI, NOPYLUEHb He BUSBMEHO (MPOTOKON Bif,
12.05.2026 poky Ne 7).

LIA1 3mogenboBaHo Ha 47 wwypax-camusx niHii Wistar
Bikom 18-20 micsLiB. TBApWH NOAINMMW Ha B EKCNEPUMEH-
TanbHi rpynn: koHTponto (n = 7) Ta UA1 (n = 40). IHaykuio
LIA1 3piricHioBanu BBEAEHHAM CTPENTO30TOLMHY (45 Mr/kr
BHYTPILLHbOOYepeBUHHO, Sigma Aldrich) y uutpaTtHomy
6ydepi. KoHTponbHuM Liypam BBogunu nuiue 6ydep. Ye-
pes 2 TWxHi Bigbupanu TBapuH i3 rmikemieto >15 Mmonb/n.
lMounHaruM 3 LOCTOTO TUWXKHSA EKCEepUMEHTY, LLYypIB i3
L1 ginvnv Ha 3 nigrpynu: 6e3 BBeAEHHS amiHOKWCIOT
(LA1-1, n = 7), 3 BBeAeHHAM L-apriHiny (L1-2,n =7) Ta
N-auetun-L-uncteiny (L1-3, n = 7). O6uasi pevoBuHM
[oaaBanu 4o nuTHoi Boau y £osi 1,5 r/kr/noBy 3i LwoneHHo
3aMiHO po3unHY. Yepes 2 TWxHI Kopekuii (3aranbHa Tpu-
BasliCTb MOZENNOBaHHS — 8 TWXKHIB) BUKOHYBanW eBTaHasito
LUNSAXOM fekaniTauii nig Tionentanom Hatpito (120 mr/kr).
[eTanbHille An3aiH JOCimpKeHHs HaBEAEHO B MONepeaHi
pobori [5].

®parMeHTH TKaHWUHM Miokapaa NiBOro LWyHoYKa ik-
CyBanuy po3unHi byeHa, 3HeBOAHIOBany B rpagyioBaHOMY
€TaHori, 3anv1Banu B napannacr i pobunm 3piav 3aBTOBLLIKM
5 MKM 32 JONOMOIO POTOPHOrO MikpoToma. [icTonoriyHi
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3piav 3abapentoBany rematokcuniHoM Kapauiui Ta eo3nHoMm
(H & E), 3rigHo 3i cTaHgapTHUMK NPOTOKONaMy.

MopcbomeTpuyHnin aHania 3giicHUIM 3a 4OMOMOrO
LmdpoBux MikpodpoTorpadii, ki OTpUMank 3a 4ONOMOror
cBiTnosoro mikpockona PrimoStar (Carl Zeiss, Hime4unHa),
Lo obnagHaHuin udposoto kameporo AxioCam 105 color
(Carl Zeiss, HimeyunHa). 306paxeHHs 3piiB Miokapaa
OTpUMaHo Ha 06’ekTnBi x40, 3 BUNAaKOBO 0BpaHKX Nonis
nonepeyHoro 3pisy Miokapaa NiBoro LUyHouka (KniTuHU
OKpyrmnoi abo 6araTokyTHOI hoPMU 3 LIEHTparbHM SAPOM).
[Nons, Wwo micTunm aptedakTi, BENWKi CyAUHM, 3Ha4HI 30HM
hibpo3y, BUKIIOYEHO 3 AOCTIMKEHHS. [N KOXHOI TBapUHM
npoaxaniaosaHo no 20 NoniB i3 HACTYMHUM YCepeAHEHHAM
nokasHuki. 3o6paxeHHs aHanisyBanu B Imaged py4Hum
METOLOM i3 BUAINEHHAM KapaiOMiOLMTIB i sAep iHCTPYMeH-
Tom «Polygon Selection». Kputepii BKIHOYEHHS KIiTUH:
circ 20,65-0,70; round 20,7; AR <1,5; Solidity 20,9, sigpo
LieHTparbHe 3 YiTKO OKPECTIEHOK SAEPHO MeMBpaHoto i
piBHOMipHO 3abapeneHe. AHanidyBanu nokasHuku «Area,
Minferet». [ani B pexxumi nnarita «Color Deconvolution»
[6] i3 BuGopom BekTopa «H & E» BuMiptoBanu 3aranbHy
nnowly siaep i umtonnasmu kapaiomiouuTis y kagpi, 06-
yncnoBanm Kinbkictb saep. Micns uporo obpaxosyBanm
siAepHo-LmMTonnasmatuyHuin koedivieHT (ALK) sk cnis-
BiOHOLUEHHS 3aranbHOi NnoLli saep B kagpi 40 nnowi
LmTonnasmm kapaioMiounTiB y Kagpi Ta WinbHICTb KNITUH
Ha 1 MM? TKaHUHU: WinbHicTb = (KiNbKIiCTb saep y ka-
api / 58452,6146) x 1000000, ne 58452,6146 — nnowa
Kaapy.

CTaTuCTNYHO pesynbTaTi onpaLtoBany 3a JoNOMOrow
opHoakTopHoro aucnepcinHoro aHanisy (ANOVA) y npo-
rpami Statistica (niueHsis Ne JPZ8041382130ARCN10-J).
Yci 6e3nepepBHi 3MiHHI NepPeBIPeHO Ha HOPMarbHICTb
posnogin 3a gonomoroto W-tecty LLanipo-Binka i B cTartTi
HaBEEHO SIK CepeaHe + CepeaHe 3HAYEHHs CTaHAapTHOT
nomunku (M £ m). [1BoctopoHHe 3HayeHHs p < 0,05 Bu3Ha-
YEHO SIK CTAaTUCTUYHO BiporigHe AN BCiX TECTIB.

Pe3yabTatn

[ocnipxeHHs 3pa3kiB Miokapza LLypiB KOHTPOILHOI rpynu,
3abapenexnx H & E, gano amory BUSIBATY KOMMNEKCHI Na-
TOMOTiYHI 3MiHW, LLO XapaKTepHi 41151 CNPUYUHEHOTO BIKOM
CTapiHHa cepus Lypis. BussneHo dibpotuyHi Ta cknepo-
TWYHI 3MiHU CYAMHHO-MEPUBACKYNAPHOMO KOMMIEKCY, L0
3YMOBIMIOIOTb 3MEHLLEHHS MPOHUKHOT 30aTHOCTI riCTo-reMa-
Tu4Horo 6ap’epa Ta noripLUeHHs Tpodikv Miokapaa. MoMipHi
HabpskoBi Ta iBPOTMYHI 3MiHM BU3HAYEHO i y NpoLLapkax
CrOMYyYHOT TKaHVHM IHTEPCTULiIO, KV 4acTo NOEAHYBABCS 3
rinepTpodivHMMM 3MiHaMU KapZiOMIOLMTIB 3i 36iNbLLEHMMM
rinepxpoMHUMU sipamMu, HeOAHOPIAHO 3abapBneHo Lu-
TONNa3Moto Ta ABMLLAMM NOMIPHOI riaponiYHoi AncTpodii
(puc. 1A, B, mabn. 1).

MopdonoriyHa kapTHa Miokapga y LypiB i3 nigrpynu
LIA1-1 (6e3 amiHOKCNOT) CBigYMna npo rmnboky CTPyKTyp-
Hy [ie30praHisaLlito TkaHUHW. PeMopentoBaHHs CyauH Xxapak-
Tepu3yBanocs GinbLL BUPaXEHUM NOTOBLLEHHAM CTIHKM i
nepyBacKyNspHIMY CKIEPOTUYHIMM 3MIHaMW, acoLifioBaHe
3 BinbLL 3HAYYLLMMM [ECTPYKTUBHO-MPUCTOCYBANbHUMM Ta
peakTMBHUMW 3ananbH1Mu 3MiHamu Miokapga. B npocaiTi
OKpeMVX apTepion BUSIBNIEHO perioHanbHUIA CTa3 KpoBi, abo
nepenTpOMBOTUYHIIA NPOLIEC.
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Tabauusa 1. MopchomeTpuyHi napameTpu Miokapaa LypiB ekcrnepuMeHTanbHux rpyn, M £ m

it n=7 Wit 2.n=7 it n=7

Cepentst nnowa uutonnasmu KMLL, pm? 267,8+79 314,4 +12,3*
Minferet, pm 14,0£0,5 16,1 £0,2*
CepenHs nnolla siapa, m? 15,3+0,2 13,3+0,4*
BaranbHa nrotua saep Y kagpi, pm? 9254 +13,3 594,3 +17,0*
BaranbHa nnotwa KML| y kaapi, pm? 41761 + 305 29876 + 160"
AuK 0,0226 + 0,0005 0,0204 + 0,0006*
LLinbHICTb KNITWH HA 1 MM? TKAHUHY 1034 £6 763+ 4

318,0+ 18,5 301,8+10,8*
17,0£0,7* 15,5+ 0,5
12,3+0,3* 17,940,2%¢
534,1+11,0% 845,0 + 11,3*%
31736 + 286™ 41815 + 455%
0,0169 £ 0,0001* 0,0204 £ 0,0003**
744 £ 8 810+ 4

*: CTATUCTWNYHO 3HaYYLL BiAMIHHOCTI MOPIBHSIHO 3 KOHTPONeM, p < 0,05; #: cTaTUCTYHO 3HaYYLLi BiAMIHHOCTI MiArpyn Kopekwii nopieHaHoO 3 nigrpynoto LI 1-1 (6e3 kopekuii), p < 0,05;
$: cTaTcTIYHO 3HauyLWi BigMiHHOCTI niarpynu LA1-3 i3 N-auetun-L-umcteiHom nopieHsiHO 3 LA1-2 i L-aprikiHom, p < 0,05.
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Omxe, Ans wypis i3 nigrpynu LI 1-1 xapaktepHe noep-
HaHHS apTePIOCKNEPOTUYHIX | reMOKOarynALiiHNX MexaHis-
MiB MOpYLLEHHs reMoumpkynsLii. BusHaveHo rineptpodito
okpemux KML i3 gudpy3aHoto rinepeoanHodinieto uutonnas-
MU, LLUO KiNbKICHO BMSIBNSNN 32 30iMbLUEHHSIM CepenHboi
nnowi knitvi KML, i Minferet nopiBHsiHO 3 KOHTpONeM Ha
17 % i 15 % BignoBigHO. BusSiBNSNM QiNSHKW 3i 3HAYHUM
3amicHUM hibpo3oM (BinbLL BUPaXXEHUM, HiX Yy KOHTPOSTI)
CTPOMMU, O3HaKaMu BaKyonbHOi AUCTpoii (KNiTuHM 3
ONTUYHO MPO30PVMI BaKyONSIMI B LIUTONMA3Mi) Ta aTpodii
KMLU,. Lle npr3Boamnno [0 3HWKEHHs Nrowi uutonnasmu
KMLL y kagpi Ha 28 % i winbHocTi Ha 26 % NOpIBHSHO 3
KOHTPOIbHWMM MoKasHukamu. BusiBnieHo Takox ocepeaku
XPOHIYHOT 3anarbHoi iHinbTpaLii MiokapaiansHoi cTpomuy,
30Kpema MakpodbaranbHO-TiICTIOUMUTapHi CKynyeHHs. Yei Ui
CTPYKTYPHI 3MiHU NPU3BOASATL A0 MPUTHIYEHHS! SAEPHOMO
anapary KniTuH, L0 BUSIBMISIOTb 338 3MEHLUEHHSM MOLLj
anep (-13 %), 3aranbHoi nnowwi saep B kagpi (-36 %) Ta
3HkytoTb ALK (-10 %) NOPIBHAHO 3 KOHTPOMBHUMK 3Ha-
yeHHsmu (puc. 1C,D, mabn. 1).

BeeneHHs L-apriniHy wypam i3 nigrpynu L1-2
npu3Beno Ao crabinisauii ricToapxiTekToHiku Miokapaa, a
CaMe acoLliioBaHE 3 MEHLL BUPKEHNM 3anarnbHUM KOMMO-
HEHTOM nopiBHsAHO 3 nigrpynoto LA 1-1. Monpw ue, M's308i
BOIOKHA 3anuLianics oparMeHToBaH1MM Ta po3aineHumMm
npoLlapkamm cnosyyHoi TkaHuHU. KML] 36epiranu o3Hakm
reTepOreHHOCTI, BUSIBMEHO 3HAYHO rinepTpodoBaHi, aTpo-
¢hoaHi enemeHT Ta BakyonbHy AncTpodito. MokasHukm
nnowi KMLL ta Minferet gocTtoBipHo He BigpisHanucs Big
nigrpynn LA1-1, ane cepenns nnowa uutonnasmu KML
y Kagpi 30inbwmnacs Ha 6 %. Haronocmo Ha 3MeHLUEHHI
ALK Ha 17 % nopisHaHo 3 nigrpynoto LIA1-1 BHacnigok
3MEHLLEHHSI CepeaHbOI NIOLL sAep | 3aranbHoi NnoLLi saep
y kagpi. CTiHKV CyaWH 3anuwanics NOTOBLLUEHUMM, NpoTe
HaBKOMOCYAMHHA 3anarbHa peakLis CyTTEBO 3MEHLLYBa-
nacb, a npunerni BonokHa byni GinbLu CTPYKTYPHO LiifTiCHi
(puc. 1E,F, mab6n. 1).

BeegeHHs N-aueTtun-L-uucTeiny Lypam i3 nigrpynu
LIA1-3 cnpusino 36epexeHHt0 apxiTEKTOHIKV OCHOBHOT Macut
MapeHXimMu1, MOTOBLUEHHK) CYOMHHWX CTIHOK Ta aKTMBHIN
nepuBacKynspHil KNiTUHHIA peakuii. Benvka nnowa saep
KML| Ta ixHe iHTeHCVBHE 3abapBneHHsl kopentoBano 3
MOPCOMETPUYHIMM AaHUMK LLOAO TinepTpodii saepHoro
anapary i nopiHsHO 3 nigrpynoto LIA1-1 (cepeaHs nnowya
anep — 34 %, nnowwa saep y kagpi — 42 %), i kKOHTponem
(cepenns nnowa sigep — 17 %). Xova BUSBMSNW OKpeMi
ainsHkm gectpykuii KML, saranbHa nnowa KML, y kagpi
6inbLua 3a nokasHvk nigrpynv LIA1-1 Ha 40 %, Bignosigana
PiBHIO KOHTPOIH. BTiM, nokasHuku cepeaHboi nnowwi KML|,
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i Minferet He manu cTaTUCTUYHO 3HAYYLLMX BigMIHHOCTEN
wopo nigrpynu LA1-1. Taki 3miHm cTpykTypn miokapaa
niBOrO LUMYHOYKa NMpU3Beni [0 30inbLUEHHS LWinbHOCTI
KNITUH nopiBHsHO 3 nigrpynoto LI 1-1, ane 6e3 ctatuctnyHo
3HaYyLLMX 3MiH nokasHuka ALK,

06roBopeHHsA

Y pesynbrati JOCMimKeHHS 3ahikCOBAHO PO3BUTOK KOMI-
NEKCHOro NaTomnoriYHoro peMoAentoBaHHs y Lwypis i3 LIA1,
LLIO BKITt04AE NOEAHAHHS rinepTpOdIYHUX, AereHepaTMBHUX
Ta iHTepCTULianbHUX 3MiH Miokapaa. 3a aaHumu HaykoBoi
niTepatypu, rinepTpodito Miokapaa NiBoro LUyHouKa chig
BW3HaYaT SK KOMNEHCATOPHY peakLiito Ha MeTabonivH1i
CTPEC | EHEPreTUYHWIA AediLuT, Lo BUHUKAE ANs NiATPUM-
K1 CKOpPOTNMBOI (PyHKLUi cepusi. 3okpema Lie MoB'3aHo 3
ancperynsuielo AMPK- (AMP activated protein kinase),
mTOR- (mechanistic Target of Rapamycin) ta NF-k@-
(Nuclear Factor kappa-light-chain-enhancer of activated B
cells) 3anexHnx curHanbHUX MexaHiamis [7].

IHcyniHOBa HEQOCTATHICT i rineprmikemis NpU3BOAATL
[0 3cyBy meTaboniyHoro Bektopa KML y 6ik nigsuLLeHHs
BUKOPUCTaHHS BINIbHUX XUPHWX KACIIOT, LLO 3HAYHO Nigsu-
LLye YTBOPEHHS aKTUBHIX (DOPM KVCHIO, MITOXOHZpianbHy
AMCAYHKLIIO Ta 3HKEHHS epeKTUBHOCTI CuHTe3y AT [8].
Lli 3miHn peanisytotbes BHacnigok npurHiveHHs AMPK-cur-
HaniHry, WO CYNpPOBOMAXYETLCS 3HKEHHAM ranbMiBHOrO
BBy Ha mMTORC1, kvl CTUMYIIOE PO3BMTOK MeTabo-
NiYHO HeedekTUBHOI rinepTpodii 3 NOPYLLEHHsIM ayTo-
dharii Ta HaKOMUYEHHS MOLLKOMKEHNX OpraHen, 30Kpema
mitoxoHapin [9,10].

BcTaHoBnEeHO 3MeHweHHs winbHocTi KMU, wo
CBIfYNTb NPO BTPATY KMiTWHHOI Macu, sika Nporpecye,
iMOBipHO, BHacnigok anonto3y i Hekposy KML| uepes
ITIOKO30TOKCUYHICTb, OKCUAATUBHUI CTPEC i MOPYLLEHHS
KanblieBoro romeoctasy. 3a gaHumu H. Wang et al,,
OCHOBHMM anonToTuyHnM wnsxom npu LIA1 e Bax/Bcl-2
AncbanaHc i3 BuBinsHeHHsM uutoxpomy C [10]. Oopatko-
BMM haKTOpOM, LU0 06TSIKY€E NPOLIEC, € 3aMiCHWI ibpos,
Akun possuBaeTbea yeped NF-kB- i TGF-B-curhaninr.
Lle 36inbLuye xopcTkicTb Miokapaa, 3BinbLuyloun YacTky
HEKMITUHHOTO KOMMOHEHTa CTPOMM [2].

OcobnrBo BaxmMBMM € 3MeHLLIEHHS oL saep KML,
SKe CMPWUYMHMIIO JUCOLiaLilo MK po3Mmipamu Ta Hykne-
apHUM anapaTom, Lo BMSBNANM 3a 3MeHLeHHaM ALK.
Lle cnig Bu3Hayati SK MapKkep came «naTosioriYHOCTI»
¢chopMOBaHOT0 peMofeNtoBaHHs y LypiB i3 L1, ockinbku
3a yMOB pisionoriyHoi rineptpodii 060B’A3k0BUM € Npo-
nopuiitHe 3binbwenHs nnowi KML, i spepHoro anaparty,
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Lo 3abe3neyye HopMmarbHY TPaHCKPUMLIAHY aKTUBHICTb.
ba 6inbLe, imMoBipHO, Yy Wypis 3 L1 BinbyBaeTbes pe-
AYKUiS gAep, NPUrHIYEHHS1 eKCNPECUBHOI aKTUBHOCTI Ta
6iocuHTe3y BinkiB, TOOTO BUSBNAOTH O3HAKN BUCHAXKEHHS
apantauinHoro noteHuiany KML,. 3a agaHumu A. Rezaee et
al., ue peanisyetbcst Yepes akTuaLito NF-K[3-3anexHoro
CUrHaMbHOTO LUMSXY, LLO CTUMYHOE EKCNPECIto Npo3anarb-
HUX LMTOKiHIB, iHAYKUit0 INOS i jopaBaHHs HITPO3aTUBHOMO
cTpecy. Lle cnpuumHsie Hitpauito 6inkis, dparmeHTaLio
[OHK Ta iHribysaHHs penapatvBHux npouecis [11].
BBeneHHs L-apriHiHy Mano obmexeHy KapgionpoTek-
TUBHY €(PEKTUBHICTb. 3 0AHOrO 6OKY, IMOBIPHO, HAZMLLIOK
cybeTparty ans «po3’eaHaHoi» Ha choni L1 eNOS i Bupa-
xeHoi INOS cnprumHIB yTBOPEHHS NEPOKCUHITPUTY 3aMiCTb
okcupay asoty. Lie nocmnmno HiTpo3aTuBHe MOLLIKOMKEHHS
6inkis, ninigis i AHK KML, wo BusiBunN 3a NporpecuBHAM
3MeHLLeHHaM nnowi sgep Ta ALK. 3 iHworo Goky, cTpyk-
TYpHE PEMOZENOBaHHS Miokapaa CynpoBOXKYBanocs
36inbwerHam nowli KML| y kagpi; xoua Ha cepeaHto nioLy
KML, i Minferet Lie He BNMHYIO, TO, IMOBIPHO, MOKPALLEHHS!
acouiioBaHe 3i 3MeHLLeHHaM ibpo3y [3].
N-auetun-L-umuctein xapaktepusyBaBCs BUPaXEHUM
KapaionpoTekTUBHUM edekToM. 3a aaHumm S. P. Levick
et al., oro gis nos’s3aHa 3 BiQHOBMEHHAM PEOOKC-CTaHy
KNiTVHW (PIBHS BHYTPILIHBOKIITVHHOTO FIYTaTIOHY Ta 3HU-
XXEHHSM aKTUBHIX (hOpM KUCHIO), BigHoBntoe AMPK-curHa-
niHr. BigHoenenHs nnowi saep KMU, y winn nigrpyni moxe
CBIZYNTM NPO HOpMani3aLito TPAHCKPUMLINHOI aKTUBHOCTI
Ta aKTVBaLii penapaTyBHWX NPOLIECIB, @ NiABULLEHHS LLiiNb-
HOCTi KNiTUH MOXXe BYTW HaciAKOM 3MEHLLEHHS anonTo3y 1
YNOBINIbHEHHS (DIBPOTUYHOO peMoAentoBaHHs [4].

BucHoBKU

1. EkcnepumeHTanbHuin LykpoBui giabet 1 tuny
npW3BOANTbL O rinepTpodii, AKy cnif BU3Ha4aTh sk nato-
OrYHY 3 MacUBHOK BTPATOKO KITITUHHOT MacK i NopyLUeH-
HSIM MOPHOMETPUYHNX XapaKTEPUCTUK SAEP, 3HWKEHHSAM
SAEPHO-LMTONMA3MaTUYHOro KoedilieHTa.

2. BukopuctaHHs L-apriHiHy 3MeHLLYE BUPaXeHICTb
nepvBacKymnApHOI 3anasnbHoi iHGiNkLTpaLi, npoTe He ycyBae
chparmeHTaLlii M’A30BMX BOMOKOH i KNITUHHOI reTeporeHHo-
CTi, 3HVKYE SAEPHO-LIMTONNA3MaTUYHNIA KOEiLjieHT.

3. N-auetun-L-umCcTeiH 3MEeHLLYe NPOsiBU NATONOTYHOI
rinepTpodii Ta cnpusie Hopmanisavji saepHoro anapary.
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Concept of venous thromboembolism prophylaxis following endovenous
thermal procedures for chronic venous disease of the lower limbs
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Aim. To enhance the safety and efficacy of thermal ablation procedures in patients with chronic venous disease (CVD) of the lower
limbs by developing a strategy for venous thromboembolism (VTE) prevention.

Materials and methods. This single-center, prospective, open-label study included 420 consecutive patients with CVD (C2-C6).
Participants underwent radiofrequency ablation (RFA, n = 206) or endovenous laser ablation (EVLA, n = 214). At the first stage,
VTE risk stratification was conducted using the Caprini scale; at the second stage, the optimal thromboprophylaxis algorithm was
selected. Patients were divided into two homogeneous groups. Group 1 (208 patients) received VTE prevention with standard
elastic compression only, while Group 2 (212 patients) received prophylaxis based on the proposed algorithm. The incidence of
postoperative VTE and bleeding complications was assessed.

Results. According to VTE risk stratification, 23.6 % of patients were classified as low risk, 63.1 % as moderate risk, 9.0 % as high
risk, 3.1 % as very high risk, and 1.2 % as the highest risk. Based on the second phase analysis, 12 patients (2.9 %) of Group 1
developed thrombotic complications during the early postoperative period: EHIT class Il was diagnosed in 3 cases (0.7 %) after
EVLA and in 2 cases (0.5 %) after RFA. Additionally, distal deep vein thrombosis (DVT) was detected in 7 patients (1.7 %) with
high VTE risk on postoperative day 7: 3 after EVLA and 4 after RFA. Implementation of the proposed thromboprophylaxis strategy
significantly reduced the total incidence of thrombotic complications compared to Group 1 (0.4 % vs. 2.9 %; p = 0.031). In Group 2,
only one patient (0.4 %) with moderate VTE risk was diagnosed with distal DVT. Among 39 patients (18.3 %) who received prophy-
lactic acetylsalicylic acid or rivaroxaban, a statistically significant increase in ecchymosis occurrence was observed (p = 0.018).

Conclusions. Implementing a differentiated, risk-oriented thromboprophylaxis strategy significantly (p = 0.031) reduced the incidence
of VTE from 2.9 % to 0.4 %, p = 0.031, without increasing the risk of clinically significant bleeding.

Katouosi cnoBa:
XPOHiYHi
3aXBOPIOBAHHS

BEH, TEPMiUHi
METOAM AiKyBaHHS,
paaioyacTotHa
abasuis,
€HAOBEHO3Ha
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BEHO3HWI
Tpom6oeMBOAI3M,
EHIT, npodinaktuka.
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KoHuenuis npodirnakTuku BeHO3HOro Tpomboembonizmy
nicAA 3aCTOCYBaHHA €HAOBEHO3HUX TEPMiUHUX METOAIB AiKyBaHHSA
XPOHIYHMX 3aXBOPIOBaHb BEH HUXKHIX KiHLiBOK

0. 0. AtamaHtok, B. A. Ckpunko, C. B. ®epopos, B. M. AtamaHok

Merta po6otn - nokpaluTi BesneyHicTb Ta ePeKTUBHICTL TePMiYHOI abnauii y nauieHTiB 3 XPOHIYHUMM 3aXBOPIOBAHHAMMN BEH
(X3B) HIKHIX KIHLIBOK LLMSIXOM pO3pobneHHs cTparterii npodinakTuki BeHo3Horo Tpomboemboniamy (BTE).

Martepianu i metoau. 3ailicHUNM OQHOLEHTPOBE, BIAKPUTE, MPOCMEKTUBHE AOCHIMKEHHS, [0 SKOTO 3anmy4veHo 420 nocnigoBHUX
nauieHTis i3 X3B C2-C6. Y 206 Bunagkax BukoHaHo pagiodactotHy abnsuito (PHA), y 214 — eHgoBeHO3HY nasepHy koarynsiLiio
(EBIIK). Ha nepiomy etani aaicHuny ctpatudikadio pusnky BTE 3a wkanoto KanpiHi, Ha Apyromy eTani BU3Ha4eHo onTumans-
HWUA anroputm TpombonpodinakTyku. MauieHTiB noginunm Ha ABi 3icTasHi rpyny gocnimkeHHs. [Jo nepLuoi rpynu 3anyyexHo 208
nauieHTis, npocinakTtuka BTE y skux nepenbadana Tinbku 3aCTOCYBaHHS enacTuyHux Bupobis. [lo Apyroi rpynu 3anyyeHo 212
obcTexeHux, y kotpux npodinaktuky BTE 3giicHunm BignoBigHO A0 3anponoHoBaHoro anroputMy. OLiHoBanM po3suTok nicns-
onepadinHoro BTE Ta yacToTy kpoBoTeu.

Pe3yasratu. 3a cryneHem pusuky BTE poanoain nauieHTis Takuii: 23,6 % — Hu3bkoro puauky, 63,1 % — cepeaHeoro, 9,0 % — B1cokoro,
3,1 % — pyxe Bucokoro, 1,2 % HalBuMLLOrO praunky. 3a pesynsTatamv aHanisy Apyroro etany AOCHIMKEHHs BCTAHOBMEHO, WO Y 12
(2,9 %) navjieHTiB NepLUOT rpynu y paHHbOMY nicisionepaLiiHoMy nepioai BUHWKAM TPOMOOTUYHI yeknagHeHHst: y 3 (0,7 %) — nicns
EBJK, y 2 (0,5 %) — nicnst PYA giarHoctoBaHo EHIT Il knacy. Kpim Toro, y 7 (1,7 %) nauieHTis i3 Bucokum pusnkom BTE Ha cbomy
A00y BUSIBNEHO A1CTanbHUIA TPOMO03 rnbokvx BeH: y 3 Bunaakax — nicns EBJIK, y 4 — nicna PYA. 3actocyBaHHs 3anponoHoBaHoi
cTparerii TpoMbonpoMdinakTVKM acoLiioBaHe 3 BipOriAHUM 3HKEHHSM 3aranbHOi YacToTV TPOMBOTUYHMX YCKNaAHEHb NOPIBHAHO
3 nepwoto rpynoto (0,4 % npotn 2,9 %; p = 0,031). Y gpyrin rpyni nuwwe B ogHoro nauieHTa (0,4 %) i3 nomipHum puankom BTE
[iarHoCTOBaHO AucTanbHuiA Tpomb03 rmubokux BeH. Y 39 (18,3 %) nauieHTis, siki 3 NpodinakTYHOW0 METOK OTPUMYBANH aLEeTUn-
caniuunoBy kucnoty abo prapokcabaH, BU3Ha4eHo BiporigHe 30inbLUeHHs YacToTh po3BuTKY ekximo3is (p = 0,018).

BucHoBku. 3anpoBamkeHHs AndepeHLiioBaHOl, pu3nK-opieHTOBaHOI cTparerii TpoM6onpodinakTuk Cnpusno BiporigHoMy
(p =0,031) 3HuxeHHto YacTotn BTE 32,9 % 1o 0,4 % Ge3 niaBULLEHHS pU3MKY KNIHIYHO 3HAYYLLIMX KPOBOTEM.

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

Zaporozhye Medical Journal. Volume 28. No. 3, May - June 2026


https://zmj.zsmu.edu.ua/
https://doi.org/10.14739/2310-1210.2026.3.348582
https://orcid.org/0000-0002-6400-6896
https://orcid.org/0000-0002-1555-2030
https://orcid.org/0000-0002-2202-4279
https://orcid.org/0000-0003-0229-0374
https://creativecommons.org/licenses/by/4.0/

OpwuriHaAbHI AOCAIAXKEHHS

Technological advancements in medicine have led to signif-
icant changes in the treatment of chronic venous disease
(CVD) of the lower limbs. Minimally invasive treatment
methods have largely replaced open surgery in many
phlebology centers and have become the gold standard
in the management of this condition [1,2]. However, de-
spite these advances, minimally invasive phlebological
procedures remain associated with the risk of venous
thromboembolism (VTE).

According to retrospective studies, the prevalence of
symptomatic deep vein thrombosis (DVT) appears relatively
low, under 1 %, with pulmonary embolism occurring in ap-
proximately 0.063 % of cases [3]. In contrast, prospective
observational studies have reported a 5- to 10-fold increase
in VTE incidence with DVT rates ranging between 3.5 %
and 7.3 %, resulting in significant disability and broader so-
cioeconomic consequences [4]. Thermal ablation presents
a unique VTE risk compared with other short-term surgical
procedures, showing a VTE incidence comparable to that
observed after major joint surgeries. Conversely, compara-
ble day-case procedures such as inguinal hernia repair and
laparoscopic cholecystectomy demonstrate substantially
lower VTE rates. Even major abdominal surgeries such as
colectomy are associated with a lower incidence of VTE
compared to thermal ablation procedures [5,6].

The literature highlights substantial uncertainty regard-
ing the utility of risk assessment for guiding thromboprophy-
laxis in patients undergoing superficial venous interventions
[7]. Current protocols applied in phlebology centers are
primarily based on individualized risk stratification, adapted
or extrapolated from general surgical VTE prevention guide-
lines [8]. Efforts to mitigate VTE risk have resulted in various
clinical approaches in the United Kingdom: 52 % of clinicians
routinely administer a single dose of low-molecular-weight
heparin, 15 % prescribe extended pharmacological throm-
boprophylaxis with low-molecular-weight heparin or direct
oral anticoagulants, and 33 % do not use any pharmaco-
logical thromboprophylaxis entirely [9].

The lack of strong evidence has led to considerable
heterogeneity in clinical practice, which often differs across
countries. For example, Emily Boyle et al. reported that
73.3 % of Irish vascular surgeons routinely use postopera-
tive chemothromboprophylaxis following CVD surgery [10],
whereas Alcides Ribeiro et al. reported anticoagulant use in
only 28 % of open and 34 % of endovenous procedures in
Brazil [11]. Moreover, both the quantity and methodological
quality of studies on antithrombotic prophylaxis following
open or minimally invasive CVD interventions remain
exceedingly limited.

International guidelines highlight the scarcity of
high-quality evidence in this domain. The European Society
for Vascular Surgery (ESVS) guidelines provide a class
Illa, level B recommendation for considering individualized
thromboprophylaxis strategies [1]. In contrast, NICE clinical
guidance advises against routine thromboprophylaxis for
patients undergoing CVD interventions when their VTE risk
is low [12]. Meanwhile, American consensus statements rec-
ommend pharmacological thromboprophylaxis for high-risk
patients undergoing endovenous ablation, albeit as class
2C recommendations [2].

Beyond the uncertain value of routine thromboprophy-
laxis, there is no consensus regarding the optimal pharma-
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cological approach. Evidence remains limited concerning
the most suitable agents, dosages, or duration of thrombo-
prophylaxis when applied.

Aim
To enhance the safety and efficacy of thermal ablation
procedures in patients with chronic venous disease of the

lower limbs by developing a strategy for venous thrombo-
embolism prevention.

Materials and methods

According to the study design, a single-center, open-label,
prospective study was conducted between 2019 and
2024 and enrolled 420 consecutive patients with clinically
evident CVD classified as C2-C6 based on the CEAP
classification [13].

Inclusion criteria were age over 18 years, pathological
reflux in the great or small saphenous veins, and provision
of written informed consent to participate in the study.
Exclusion criteria encompassed indications for therapeutic
anticoagulation (such as atrial fibrillation or thrombophilia),
a history of deep or superficial vein thrombosis, congenital
vascular malformations, obliterating arterial disease of the
lower limbs, severe systemic diseases, known allergy to
aspirin or direct oral anticoagulants, pregnancy or lactation,
and inability to provide informed consent.

Eligible patients underwent treatment in a day-surgery
setting. In 206 cases, radiofrequency ablation (RFA) of the
affected venous trunks was performed using the Closure
RFG generator and ClosureFast™ Catheter (Medtronic, San
Jose, CA, USA) with a 7 cm heating element for the great
saphenous vein (GSV) and a 3 cm element for the small
saphenous vein (SSV), following the established technique
[14]. Endovenous laser ablation was performed in 214 cas-
es using an 80 W, 940 nm Dornier Medilas D MultiBeam
system (Dornier MedTech, Germany) and bare-tip fibers.
Allinterventions employed tumescent local anesthesia with
concomitant miniphlebectomy.

The mean age of the enrolled patients was 49.8 + 9.4
years. Females represented the majority of the study popu-
lation (286 patients, 68.1 %). Mean body mass index (BMI)
was 26.9 + 1.4 kg/m2,

In the first phase, VTE risk was stratified using the
Caprini score. Each individual risk factor was assigned a
defined point value ranging from 1 to 5 based on thrombotic
potential, followed by calculation of the patient’s total individ-
ual risk score. The degree of VTE risk was categorized using
the online tool developed by Professor Joseph Caprini [15].
Consistent with the total score, risk levels were classified as
follows: low risk — 0—2 points, moderate risk — 3—4 points,
high risk — 5-6 points, very high risk — 7-8 points, highest
risk — 29 points.

The second phase aimed to validate an optimized
thromboprophylaxis algorithm. For this purpose, patients
were randomized into two matched cohorts by CEAP
class, age, and treatment modality. Group 1 included 208
patients who received VTE prevention with class Il elastic
compression garments alone, while Group 2 comprised
212 patients who underwent VTE prophylaxis following the
proposed algorithm (Fig. 1).
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23-32 mmHg
for 14 days

Risk stratification for VTE
using the Caprini score

Elastic
compression

Acetylsalicylic acid
100 mg

once daily
for 10 days

Fig. 1. VTE prevention algorithm in patients after thermal ablation procedures.

Table 1. Baseline clinical characteristics of study participants

Characteristics %

Clinical class (CEAP)

Affected limb

Affected vein

C2 162 38.6
C3 170 40.5
Cda 47 1.2
C4b 22 5.2
C5 14 33
C6 5 12
Right 216 514
Left 204 48.6
GSV 389 92.6
SSV 31 74

In the postoperative period, sonographic monitor-
ing was conducted using a LogigE ultrasound system
(GE Healthcare, USA) equipped with a 7.5 MHz linear
transducer. Assessments were performed within 48 hours
and subsequently at 7 days, 1 month, and 1 year post-pro-
cedure. Postoperative VTE events were defined as EHIT
classes |-V, DVT, and pulmonary embolism. Procedural
safety was evaluated by documenting bleeding compli-
cations.

Statistical analyses were conducted using descriptive
and comparative methods with the StatPlus software (An-
alystSoft, USA, version 2021; license No. 2-2405609903).
Quantitative variables were reported as absolute frequen-
cies and percentages. Between-group comparisons of
thrombotic and hemorrhagic complication rates employed
the Pearson ¥? test; Fisher’s exact test was applied when
expected frequencies were <5. Differences were considered
statistically significant at p < 0.05.

Results

During the initial phase of the study, patients were stratified
into VTE risk categories based on cumulative Caprini scores.
The distribution of these risk levels is illustrated in Fig. 2.
The findings demonstrated that the majority of patients,
265 (63.1 %), were classified as having a moderate risk of
thrombotic complications. A total of 56 patients (13.4 %)
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represented the cohort with the highest overall VTE risk: 38
(9.0 %) were in the high-risk group, 13 (3.1 %) in the very
high-risk group, and 5 (1.2 %) in the highest-risk category.

An analysis of contributing risk factors showed that,
beyond the primary diagnosis of CVD, the most prevalent
additional risk factor was a procedural duration exceeding
45 minutes, which was observed in 272 patients (65.0 %).
The duration of the surgical procedure was primarily contin-
gent upon the length of the involved venous trunk (GSV or
SSV) and the extent of concurrent miniphlebectomy. Based
on our data, the mean ablation length was 357 + 94 mm for
the GSV and 168 +42 mm for the SSV, both of which exerted
an objective influence on total operative time.

Another significant risk factor identified was lower limb
edema, which was diagnosed in 170 patients (40.5 %).
Furthermore, 88 participants (20.9 %) presented with more
advanced CVD manifestations, including hyperpigmenta-
tion, lipodermatosclerosis, and active or healed venous
ulcers. Although these clinical markers are not explicitly
incorporated into the Caprini scoring system, they may
be regarded as additional pathophysiologically relevant
VTE risk factors with clinical significance comparable to
that of edema.

Atotal of 165 patients (39.3 %) had a BMI >25 kg/m?,
which is regarded as an independent VTE risk factor. No-
tably, a small subgroup of 5 patients (1.2 %) presented with
a BMI >40 kg/m?, contributing an additional point to their
cumulative Caprini score. While this subgroup was small,
global trends in obesity prevalence suggest that its impact
on VTE risk profiles will likely increase in the future.

Age distribution analysis revealed that 160 patients
(38.1 %) were aged 41-60 years, adding 1 point to the
Caprini risk assessment. Additionally, 90 patients (21.4 %)
in the 60—74 age bracket received 2 points, while 5 patients
(1.2 %) aged =75 years were assigned 3 points, markedly
elevating their VTE probability.

Since prior deep or superficial vein thrombosis and
known thrombophilia were established as exclusion criteria
for this study, family history of thrombotic events among
first- to third-degree relatives was evaluated as an additional
factor. This was identified in 5 patients (1.2 %), resulting in
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a 3-point increase in their cumulative risk score. A history
of malignant neoplasms was reported in 6 patients (1.4 %),
adding 2 points to their total VTE risk assessment.

Finally, the second-stage analysis demonstrated that
12 patients (2.9 %) from Group 1 developed thrombotic
complications during the early postoperative period. Specif-
ically, 3 patients (0.7 %) with moderate VTE risk developed
EHIT class Il on postoperative day 2 after endovenous
laser ablation, and 2 patients (0.5 %) after radiofrequency
ablation (Fig. 3).

All of the abovementioned patients received anticoag-
ulant therapy with 10 mg of rivaroxaban once daily, which
was associated with a favorable sonographic response
confirmed at the 7-day follow-up ultrasound examination. In
addition, 7 patients (1.7 %) with a high VTE risk were found
to have distal DVT during routine sonographic follow-up
on postoperative day 7 (3 cases following endovenous
laser ablation and 4 following radiofrequency ablation).
The incidence of distal DVT was statistically significantly
higher in high-risk VTE patients compared to those in low-
and moderate-risk categories (p = 0.008, Fisher’s exact
test). Only one patient presented with symptomatic medial
gastrocnemius vein thrombosis, while the remaining cases
were asymptomatic and detected solely via ultrasound
examination. Therapeutic anticoagulation with rivaroxaban
(15 mg twice daily for 21 days, followed by 20 mg once daily
up to 45 days) resulted in positive clinical and sonographic
outcomes in all patients at the 1-month follow-up.

The implementation of the proposed differentiated
risk-based thromboprophylaxis strategy in Group 2 was as-
sociated with a significant reduction in the overall incidence
of thrombotic complications compared to Group 1 (0.4 %
vs. 2.9 %; p = 0.031). In Group 2, only one patient (0.4 %)
with moderate VTE risk developed distal DVT, which was
detected by ultrasound on day 7 and remained clinically
silent. No cases of pulmonary embolism were recorded in
either study group throughout the entire follow-up period.

No clinically significant bleeding occurred in Group 2.
However, 39 (18.3 %) patients who received prophylactic
acetylsalicylic acid or rivaroxaban showed a statistically
significant increase in the incidence of ecchymosis com-
pared to Group 1 (p = 0.018), regardless of the endovenous
ablation method employed. Both the frequency and extent
of ecchymosis were significantly higher in patients treated
with acetylsalicylic acid than in those receiving rivaroxaban
(p = 0.041). Nevertheless, all cases followed a benign
course, required no specific treatment, and resolved spon-
taneously within one month of surgery.

Discussion

VTE risk stratification constitutes the foundational step in
the selection of an optimized thromboprophylaxis algorithm.
Currentinternational clinical guidelines recommend VTE risk
assessment for patients with superficial venous insufficiency
undergoing surgical intervention [1,2].

Nevertheless, there is currently no formally endorsed
risk assessment tool or scale specifically tailored for this
patient population. The findings of the present study confirm
that patients with CVD exhibit a heterogeneous VTE risk
profile that cannot be accurately evaluated without system-
atic stratification using validated scoring systems. Despite
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the proven effectiveness of the Caprini risk assessment
model in fields such as general surgery, otolaryngology,
plastic surgery, and intensive care, its predictive accuracy
in patients with CVD remains under-investigated due to dis-
ease-specific pathophysiological and clinical features [16].

Contemporary evidence suggests that endovenous
thermal techniques are generally associated with a low
incidence of clinically significant thrombotic complications;
however, EHIT class -V is diagnosed in approximately
1.2-1.4 % of patients in the postoperative period even
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when standard endovenous ablation protocols are fol-
lowed. Furthermore, the reported incidence of DVT ranges
from 3.5 % to 7.3 %. The incidence of thrombotic events
increases particularly in patients with a cumulative burden
of predisposing risk factors, ensuring that VTE remains a
critical clinical challenge [1,2,4,16].

Within our study cohort, 13.4 % of patients were clas-
sified as being at the highest VTE risk. These data align
with contemporary evidence suggesting that although
endovenous thermal techniques generally carry a low risk
of major thrombotic complications, they do not entirely
eliminate VTE potential, particularly among high-risk in-
dividuals with multiple predispositions [16]. Consequently,
VTE management remains a paramount clinical concern.
A substantial proportion of detected DVT cases were
asymptomatic, being detected exclusively through proto-
col-based ultrasound follow-up. These findings contrast
with the updated American consensus guidelines, which,
with a grade 1B recommendation, suggest avoiding rou-
tine early postoperative duplex ultrasound examination in
asymptomatic patients after endovenous thermal ablation
for the detection of ablation-related thrombus extension
or DVT [2].

However, our results are consistent with the obser-
vations by K. Wotkowski et al., who reported that active
postoperative sonographic surveillance leads to improved
detection of subclinical EHIT and distal DVT, frequently
underreported in registries focusing solely on clinically
manifest events [4].

The ESVS clinical practice guidelines emphasize the
need to tailor management strategies to individual throm-
botic risk and peri-procedural factors in patients with CVD.
At the same time, these recommendations acknowledge
the absence of a universal thromboprophylaxis protocol
following endovenous procedures, thereby highlighting
the necessity for further research aimed at optimizing
risk-adapted strategies [1]. Currently, no single thrombo-
prophylactic regimen can fully eliminate thrombotic risk.
Nevertheless, most published studies confirm that phar-
macological thromboprophylaxis substantially reduces the
incidence or clinical impact of postoperative VTE. However,
consensus is lacking regarding the optimal agents, dosages,
and duration of prophylactic treatment [17].

In this context, the results of our study demonstrate that
implementing a differentiated, risk-based thromboprophy-
laxis strategy, guided by individual risk assessment and
an evidence-based anticoagulation protocol, significantly
decreases the incidence of VTE (0.4 % vs. 2.9 %) compared
with the standard approach. These findings are consistent
with recent systematic reviews, including that by Moreira
et al., showing a similar trend toward a lower incidence of
VTE among patients who received anticoagulant therapy
after varicose vein surgery [18].

Conclusions

1. Patients presenting with chronic venous disease
of the lower limbs demonstrate a heterogeneous VTE
risk profile, with 13.4 % of subjects categorized within the
highest-risk category.

2. The most prevalent additional VTE risk factors identi-
fied were a procedural duration exceeding 45 minutes, lower
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limb edema, overweight status, and advanced age. These
factors collectively contribute to risk score accumulation,
even in patients without a prior history of thrombotic events.

3. Among the cohort receiving exclusively elastic com-
pression for thromboprophylaxis, the incidence of thrombotic
complications during the early postoperative period was
2.9 %. The majority of these events occurred in high-risk
patients and followed an asymptomatic clinical course.

4. The implementation of a stratified, risk-oriented
thromboprophylaxis strategy resulted in a significant
reduction in VTE incidence to 0.4 % (p = 0.031) without
an associated increase in the risk of clinically significant
hemorrhagic complications.

5. While pharmacological thromboprophylaxis was
associated with a higher frequency of ecchymosis, these
events consistently followed a benign, self-limiting course
and required no clinical intervention. Rivaroxaban demon-
strated a statistically superior local safety profile regarding
bleeding compared to acetylsalicylic acid (p = 0.041).

6. The data obtained substantiate the feasibility and
clinical efficacy of a personalized approach to VTE pre-
vention following endovenous interventions, based on
Caprini score-guided risk stratification and the individualized
selection of prophylactic regimens.

Perspectives for further research. Future research
should focus on conducting multicenter randomized con-
trolled trials to evaluate the effectiveness of the proposed
thromboprophylaxis strategy following thermal ablation
methods for the treatment of CVD of the lower limbs.
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Meta po60TH - BU3HAUMTI NOKA3HUKW BUKOHAHWX HEIPEKTOMIiA ik CKMafoBOI onepaLlil Ha H1pKax | ce4oBoaax B YkpaiHi, perio-
HanbHi 11 obnaci ocobnmeocTi 3a nepiog 3 2018 go 2023 poky.

Marepiaau i meToau. [laHi oTprMaHo 3 aHaniTU4HMX 3BipHUKIB enigeMionoriYHnx NoKa3HWKIB CTaLioHapHOI MeaUyHOT 4ONOMOTH.
OtpumaHi aaHi BuB4anv no YkpaiHi 3aranom, a Takox no KoxXHOMYy 3 'St perioHis (3axigHui, LienTpanbHui, MiBrivHo-CxigHni,
MiBoeHHo-CxigHuiA, MiBaeHHNI) Ta 3a 06nacTsamm, WO BXOAATb 0 iX cknagy, y M. Kuesi. ing cTaTMCTUYHOIO OnpaLoBaHHs AaHWX
BUKopucTaHo naketv nporpam SPSS for Windows, Bepcisi 11 Ta MedStat; 3actocyBanu kputepiit xi-kBagpar, NOPIBHSANN YacTku
ANst ABOX rpyn 3 BUKOPUCTaHHSAM KYTOBOrO NepeTBopeHHs Piluepa (3 nonpaskoto €itca). Ak JOCTOBIPHI BU3HAYEHO BiAMIHHOCTI
Ha pisHi p < 0,05.

Pesynsrati. B YkpaiHi npoTsirom 6 pokis B13Ha4atoTb NOCTYNOBE 36inbLUEHHS KiNbKOCTi onepaLiit Ha HupKax i ce4oBozax, HanbinbLu
cyTTeBo — B 2022-2023 pokax. BogHouac 3MeHLLYeTbCs KinbkicTb HedpekToMil, ocobnueo B 2020-2022 pokax (Ha 19 %) i3 Ha-
CTynHUM 3BinbLueHHam y 2023 poui. 3MiHIOETLCS CNEKTP 3aneXHO Bif, MPUYKH: BCTAHOBIMEHO 3HWXEHHS BIACOTKA Bif 3ararnbHol
KiNbKOCTI BTPyYaHb 3 NPUBOAY rigpoHedpo3y Ta kameHiB H1pok (p < 0,05) y 2021-2023 pokax, 3nosikicHUX HOBOYTBOPEHb HUPKY — B
2021 poui (p < 0,001) Ha dooHi HE3MIHHOIO PiBHS B OCTaHHI 5 POKIB; 36inbLUyBanMCs YacTkv LOBPOSKICHNX HOBOYTBOPEHb HUPKU
11 iHbeKLi cevoBMBIAHMX LUNAXIB (NienoHedpuT / nienoHedpos) sk nprnumnH onepadii 3 2019 poky (p < 0,05); BincoTok XBOpUX
obox rpyn y 2022-2023 pokax AOCTOBIPHO BinbLLmiA, Hix y 2018 poLi. Y nauieHTiB i3 ceqokam’siHOK XBOPO6OLO 3aranbHa KirnbKicTb
HedbpekTOMii NOCTYNOBO 3HWXKYyBanack y nepiog 3 2018 go 2023 poky Ha 25 %; y ueit camuin nepiog Ha 200 % 36inblunnacs
abcontoTHa KinbkicTb HePPEKTOMI y KpaiHi, BUKOHAHUX Yy XBOPWX Ha nienoHedpuT / nienoHedpoa.

BucHoBKuM. AHani3 NoKa3HWKIB LLOAO BUKOHAHWX HEPEKTOMIN faB 3MOry BCTaHOBUTU AuHaMiKy 3a 2018-2023 poku 3aranom rno
KpaiHi. BcTaHOBNEHO perioHanbHi 0coBMMBOCTI OKPEMMX i3 HUX 3a poKaMK, L0 MOXHA NOsicHUTK BnmBoM nangemii COVID-19
(@ocToBipHi 3miHM y 20202021 pokax) Ta BOEHHUMM fisimu 3 2022 poKy, acoLLiAoBaHi 3i 30iNbLUEHHSIM BiACOTKa BUKOHAHWX HEGpek-
ToMmin y LieHTpanbHomy, 3axigHomy Ta MiBHiuHO-CXifHOMY perioHax i 3HkeHHAM y niBaeHHnX obnacTsx Ta M. Kuesi (p < 0,001).
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indicators, regional
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Epidemiological characteristics of nephrectomies in Ukraine during 2018-2023

S. 0. Vozianov, 0. V. Shulyak, V. Ye. Driianska, V. M. Grygorenko, 0. S. Vozianov,
G. Ye. Kononova, Yu. 0. Mytsyk, L. M. Startseva

The aim of this study was to analyze temporal trends and regional distribution of nephrectomies within the spectrum of kidney and
ureter surgery in Ukraine, including macro-regional and oblast-level characteristics in 2018-2023.

Materials and methods. Data were obtained from the annual statistical reports of the Ministry of Health of Ukraine; indicators
of inpatient medical care were analyzed for Ukraine as a whole, for five macro-regions (West, Central, North-East, South-East,
South), individual oblasts, and Kyiv. Statistical analysis was performed with IBM SPSS Statistics usinng chi-square and Fisher’s
exact tests; p < 0.05 was considered statistically significant.

Results. Over the six-year study period, the total number of kidney and ureter surgeries increased, with the largest relative increase
occurring in 2022-2023. The annual number of nephrectomies declined from 2020 to 2022 by 19 %, followed by an increase
in 2023. The indications for nephrectomy shifted significantly: the proportions attributable to hydronephrosis and urolithiasis de-
creased (p < 0.05) in 2021-2023, and to malignant renal neoplasms in 2021 (p < 0.001), despite an otherwise stable proportion
over 2018-2020 and 2022-2023. The proportions attributable to benign renal neoplasms and pyelonephritis increased from 2019
onward, with both groups reaching higher percentages in 2022-2023 than in 2018. In patients with nephrolithiasis, the absolute
number of nephrectomies declined by 25 % between 2018 and 2023; during the same period, nephrectomies for pyelonephritis/
pyelonephrosis increased by 200 % in absolute terms.

Conclusions. Distinct temporal trends and regional variation in nephrectomy rates across Ukraine were identified for 2018-2023.
These patterns are temporally consistent with the effects of the COVID-19 pandemic (2020-2021) and the ongoing armed conflict
(from 2022) and are associated with a statistically significant increase in the proportions of nephrectomies performed in the Central,
Western, and North-Eastern regions, accompanied by a decrease in the Southern regions and Kyiv (p < 0.001).
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OpwuriHaAbHI AOCAIAXKEHHS

HedpekTomiss — onepaTnBHe BTpyYaHHS, SIKE BUKOHYIOTb
y pasi HeedheKTVBHOCTI KOHCEPBATVBHOI Tepanii, 30kpema
Mpu NYXIVHI, NOLLKODKEHHI OpraHa Yepes kaMeHi Ta TpaBmy,
riapoHedpo3si TOLLO, a TaKoXK KOMNu B NaLieHTa BUSBNSIOTH
LWinbHi nicnsonepauiiHi nepuHedpuyHi cnaiiku [1,2].
XipypriyHe nikyBaHHsl 3anMLIAETbCA OCHOBHUM METOAOM
nikyBaHHs y BiNbLUOCTi BUNAAKIB paky HWPKW, 0COBNMBO
KONV NyxIMHa 0OMeXKeHa Heto. K HanJacTiLui yCKnaaHEHHS
BM3HAYal0Tb KPOBOTEMI, CE4OBI HOpULL Ta iHdeKLiT [3].

PosBuTok MeToay HePPEKTOMIi 'PyHTYETHCSA FONOBHUM
YMHOM Ha eKCTIepUMEHTaX, Mif, Yac SKUX BCTAHOBMWMM, LLO
TBapUHA MOXE BIDKUTY, MaKOUM NINLLIE OLHY HUPKY. Tak, [eH-
Apik BaH PoHxenaeH (Hendrik van Roonhuysen)y 1672 poui
Ta [xy3enne 3ambekkapi (Giuseppe Zambeccari) y 1678
poui onybnikysanu pesynsrati ogHo6iHHOT HedhpekToMmii y
TBAPUH, B3HAYMBLLY MO3UTVBHI PE3yNnbTaTh BYXMBAHHS Ta
KoMneHcaTopHy dyHKLto Apyroi Hupku. Lii onepadii cranu
PYTUHHUMU B XipYpriYHiA YPONOriYHii NpakTuLi 3aBAsku
yAOCKOHarneHHto aHectesii Binbsmom MopToHom (William
T. G. Morton, 1847) i Oxeimcom CimncoHom (James
Young Simpson, 1848), aHTucentuku [xosechom Jlictepom
(Joseph Lister, 1867), xipypriuHux nigxoais Yapnbaom
Kneem (Charles Clay), Tomacom CneHcepom Benncom
(Thomas Spencer Wells), Tomacom Kitom (Thomas Keith) y
Bpuranii Ta EgmyHoom Micni (Edmund Peaslee) B Avepuui
B cepeauHi XIX ctonitTa. MNepLuy ycnilHy «3annaHoBaHy»
HedpekToMito NioanHN BuKoHas yctas Kpictod Akob
®pigpix Moggir Cimox (Gustav Simon) 2 cepnHst 1869 poky
B M. leiinensbepr [4].

HuHi NpoaoBXYOTb YAOCKOHANEHHS METOAY fanapo-
CKOMIYHOT pe3eKLii HMPKW Ta HedhPEKTOMIT sIK eheKTUBHOMO
ManoiHBa3VBHOMO MeTody MikyBaHHs MaLieHTIB i3 HOBO-
YTBOPEHHSIMU, LLO Aa€ 3Mory oTpumaty besnocepeHi
pesynsTaTi, 3iCTaBHi 3 BIAKPUTUMM BTPYYaHHAMU. Pasom i3
TUM, METOZ, MaE CyTTEBI NepeBaru, ake XxapakTeprayeTbes
MEHLLIOK TPABMATUYHICTHO, KOCMETUMHMM 11 EKOHOMIYHMM
nepeBaramu, WO JatoTb 3MOTy 3HU3WUTW PiBEHb micrnsone-
pauiiiHoro 6onto, 4acToTy i TSKKICTb micnsionepaLinHnx
YCKNaAHEHb, KiNbKiCTb CTALiOHAPHMX MiKKO-AHIB, Npu-
CKOpUTK TepMiHM peabiniTauii, a oTke NoninWuTK SKICTb
KUTTS XBOPUX.

CborogHi B po3BUHEHMX KpaiHax BUSHAYEHO TEHAEHLi0
[0 3HIKEHHS! YacToTK He(hPEKTOMIN 3@ NPOCTUMU MoKa-
3aHHAMW 3aBASKW PAHHLOMY BUSIBMEHHIO Ta NiKyBaHHIO,
a B KpaiHax, Lo pOo3BMBaKTLCA, YacToTa HedpekToMii
npu JOOPOSIKICHUX 3aXBOPIOBAHHSX 3HAYHO BULLA, HiX
y po3BuHeHnX [5,6]. Baxnueo BM3HAUMTK hakTopu, LLO
CMPUYNHSIIOTD BTPATY HUPOK, Ta BXMBATW BiAMoBIgHUX
3axofiB Anst PaHHbOrO BUSBMEHHS NATONOMYHUX 3MiH i
CBOEYACHOTO NiKyBaHHS.

MeTta po6otu

Br3HauMTI NOKa3HUKY BYUKOHAHWX HECDPEKTOMIl SIK CKITago-
BOI OnepaLii Ha HUpKax i cevoBogax B YKpaiHi, perioHanbHi
11 obnacHi ocobnmsocTi 3a nepio 3 2018 no 2023 poky.

Martepianu i meToAn AOCAIAKEHHA

[laHi oTprMaHo 3 aHaNITUYHUX CTaTUCTUYHIX 36ipHKKIB [7,8]
ANS BU3HAYEHHS enifemionoriyHm1X NoKasHUKIB BUKOHAHMX
B YkpaiHi HedopekTomii (HE). [Ins uporo npoaHanisysanu

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

MOKa3HWKM OO OnepaLin Ha HUpKax i ce4oBoaax sk
BaXJIMBOI CKMaZOBOI CTALiOHAPHOI MEAMYHOI [OMOMOTH.
OtpumaHi gaHi BMBYanu no YkpaiHi 3aranom, a Takox
Mo KOXHOMY 3 Mt perioHiB: 3axigHomy (3axia.), Lien-
TpanbHomy (LleHTp.), MiBHiyHO-CxigHomy (MiBH-Cxig.),
MisoeHHo-CxiaHomy (MiBa-Cxia.), MisgeHHomy (MiBaeH.),
y M. KvieBi.

[ns cTaTMCTMYHOTO ONpaLikoBaHHS AaHWX BUKOPUCTaHO
naketn nporpam SPSS for Windows, Bepcis 11 Ta MedStat;
3acTocyBanv KpUTepin Xi-kBagpar, NOPIBHAMM YacTKn AN1s
[BOX Tpyn 3 BUKOPWUCTAHHSIM KYTOBOTO NEpeTBOPEHHS
®iwepa (3 nonpaskoto €iTca). Ak AOCTOBIPHI BU3HAYEHO
BiAMIHHOCTI Ha piBHi p < 0,05.

Pe3yabtati

Y pesynerati aHaniay BCTaHOBINEHO CyTTeBE 30iMbLUEHHS B
YkpaiHi kinbkocTi onepauin Ha Hupkax i ceqoBogax 3 2018
10 2023 poky —Maibxe BABidi. 1icns KonmBaHHS NoKasHUKIB
y 2018-2021 pp. Bu3HavatoTb niasuLLeHHs B 2022 i 2023
pokax, HainbinbLue B 3axig. (Big 8916 fo 11 826 1a 13 909
BignoeigHo) Ta LlenTp. (sig 8812 go 10 893 1a 13 018
BiANOBIAHO) perioHax, a Takox B [MiBHiu-Cxig. (Big 3227
[0 5128 ta 6521 BignosigHo) (puc. 7). OaHi, 3adikcoBaHi
HanpukiHui 2025 poky, csigyartb, LWO KinbKiCTb Takux one-
pauin'y 2024 poui 3binbLumnacs Ha 16 % nopisHsiHO 3 2023
pokoM — 10 69 297.

HaiibinbLuy kinbkicTb onepaLii BukoHaHo B [JHinpone-
TPOBCbKiln 0BMacTi, BU3HAYEHO NOCTYNOBE 3DiNbLLEHHS KiMb-
kocTi BTpyyaHb Big 4316 B 2018 poui o 6383 B 2023 poui.
B m. KvieBi 3a Leit nepiop 3acpikcoBaHo 30inbLUeHHs Maixe
B 1,5 pasa - Big 5202 g0 7482 3 TUMYACOBWM 3HWKEHHSAM
82020 i 2021 pokax (4730 Ta 4117 BignoBiaHO); He MOXHa
BUKMIOYATH, WO Lie NOB’si3aHO 3 naHgemieto COVID-19.
HaimeHLLy KinbKiCTb onepaLii NpoTsrom 6 pokiB BUKOHaHO
B 3akapnarcbkiii obnacTi, ie BCTaHOBMNEHO MiABULLEHHS
nicns 2022 poky Bia 239 go 548, a Takox B JlyraHcbkil, ae
3adpikcoBaHo 3HWKeHHs Big 357 y 2018 poui go 163 Ta 19
B 2022 i 2023 pokax BignoBigHO Sk HACNiAOK BOEHHNX [iiA.

BigHocHa KinbKicTb onepavii Ha HMpKax i ce4oBodax
(%) no perioHax He BigpisHsnaca B 2018-2021 pokax
(p 2 0,05). 3 2022 poky BCTAHOBMEHO JOCTOBIPHE 3MEH-
weHHs yactku MNisa-Cxig. perioHy (p < 0,001) BHacnigok
36inbLueHHs 3axia. (p < 0,001) ta MNisH-Cxia. (p < 0,001)
4acToK Y 3arasbHil KinbKOCTi BUKOHAHWX Y KpaiHi onepavii
(puc. 2); ui cniegigHoLeHHs 36epiratotbest | B 2023 poi,
Konm BigcoTkoBa pisHuUs 3 2022 poKOM HeJOCTOBipHA
(p20,05).

AHania nonepegHsoro nepiogy (2009-2018 pp.) Aas
3MOry BCTAHOBWTY NO3UTHBHY TEHAEHLIiIO — 3MiHY 3aranbHoi
kinbkocTi HE, a came 3HkeHHst y 2018 poui nopiBHSAHO 3
2013 Ha 5,2 %, Ha BiaMiHy Big nonepeaHboro M'ATUPIYHOMO
nepioay, konu 3adikcoBaHo Take came ix 30inbLueHHs (Ha
5,2 %) —34110y 2009 poui go 4326 y 2013 [9].

[MpoTsrom ocTaHHix 6 pokiB y kpaiHi BinbyBanoch 3Hu-
XEHHS! KinbkocTi BukoHaHux HE — B 2020-2022 pokax (y
cepeaHbomy Ha 19 %) Bia piBHa 2018-2019 i3 noganbLumMm
nigsuweHHsM y 2023 poui Ha 24 % (Ha 9 % Bif Noka3HWKIB
2018 poky) (puc. 3). 3a oTpumMaHUMK (Micnst HaNUCaHHS
ctatTi) AaHummn 2024 poky, IXHS KiNbKiCTb 3MeHLmunacs
Ha 100 (3074), To670 Ha 3,2 % Bif OCTaHHBOTO NOKAa3HMKa
(2023 poky).
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Puc. 1. AGconioTHa KinbkicTb onepaliit Ha Hupkax | ceqoBopax y 2018-2023 pokax B pisHux perioHax YkpaiHu: LieHtpansHomy (1), 3axiagHomy (2), MisaeHHo-CxigHomy (3), Misaer-

Homy (4), NisHiuHO-CxigHomy (5), M. KuiB (6) Ta no YkpaiHi 3ararnom (7).
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Puc. 2. BigHocHa KinbKicTb onepaLiit Ha Hupkax i ceqoBopax (%) y piaHi poku B pisHnX perionax Ykpaitu: LieHTpansHomy (1), 3axigHomy (2), MisaeHHo-CxinHomy (3), MiBaeHHoMY

(4), MigHiyHo-CxigHomy (5), M. Kuesi (6).

Y pesynerarti aHanisy BHecky HE y 3aranbHy KinbkicTb
onepaujiin Ha Hupkax i cedoBogax (%) npotsrom 6 pokiB
BCTAQHOBIEHO KOMMBAHHS NMOKa3HMKA B Pi3HMX perioHax 3i
CTaTUCTUYHO HEAOCTOBIPHUMU 3MiHaMK B LIeHTp. perioHi,
[OCTOBIPHUM MOCTYNOBWM 3HKeHHaM B [iBa-Cxig., no-
unHatoum 3 2020 poky (p < 0,001), NisgeH. y 2022 i 2023
pokax npotn 2018 (p = 0,031 Ta p < 0,001), 3axia. y 2023
poui npotu 2018 — Big 7,3 % 00 4,0 % (p = 0,002) (puc. 4).
HaronocvmMo Ha nokasHyKy onepaLiit 3 NpuBoAy BUAaNeHHs

202 ISSN 2306-4145  https://zmj.zsmu.edu.ua

Hupku B [MiBH-Cxia. perioni B 2020 pouji sk HaBuMLLOMY 3a
Ui pokn — 9,6 (p < 0,001), Hapgani y 2021 poui 3adikcoBaHo
3HKeHHs nopiBHsHO 3 2018 (p = 0,008), us TeHaeHuis
36epiranacs i B 2022, 2023 pokax (p < 0,001) (puc. 4).

Y Kuesi B 2019 ta 2020 pokax BifHOCHa kinbkicTb HE
[OCTOBIpHO 3HWXKYeTbCs Bif 5,6 % 10 4,5 % (p = 0,006 i
p = 0,014 BignoBigHO), ane noTiM NOBEpTAETLCS A0 PiBHSA
2018 poky (p = 0,05) i 3HOBY AOCTOBIPHO 3HWKYETLCA B
2023 poui po 3,5 % (p = 0,014) — HatHWK4NiA cepeq iHLLMX
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Puc. 3. ABcoritoTHa KinbkicTb ycix HedpekTomiit y 2018-2023 pokax y pisHux perioHax Ykpainu: LieHTpansHomy (1), 3axigHomy (2), MisgeHHo-CxigHomy (3), MisgeHHomy (4),
MiBHiYHO-CxigHomy (5), M. Kuesi (6) Ta no Ykpaii 3aranom (7).
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Puc. 4. KinbkicTb HechpeKToMil oA BCix onepaliiit Ha Hupkax i ceqoBopax (%) y 2018-2023 pokax y pisHux perioHax YkpaiHu: LieHtpanbHomy (1), 3axiaHomy (2), MisaeHHo-Cxia-
Homy (3), MisaeHHomy (4), MisriyHo-CxigHomy (5), M. Knei (6) Ta no YkpaiHi 3aranom (7).
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Puc. 5. Kinbkictb HedppekTomiit / 1 MnH HaceneHHs B 2018-2022 pokax y pisHux perioHax Ykpaiku: LieHtpanbHomy (1), 3axigHomy (2), MisgeHHo-CxigHomy (3), MisaeHHomy (4),
MiBHiYHO-CxigHoMmy (5), M. Kuesi (6) Ta no Ykpaini 3aranom (7). 3a 2023 pik faHi LWoA0 KinbkoCTi JOPOCMOro HaceNEeHHs B kpaiHi He YTOUHEHI.

204

PEerioHiB MPOTArOM YCiX POKiB aHaniay. 3aranom no KpaiHi
MOKa3HWK NOCTYNOBO AOCTOBIPHO 3HWXKYBaBCS Bxe 3 2019
poky (p = 0,021) i Hapani BigpisHseTbCs Big 2018 poky
(p<0,001) (puc. 4). Y 2024 poui ua TEHAEHLiS NPOJOBXY-
Banacs, i Bigcotok HE Big ycix onepauii Ha Hupkax Ta
ceyoBofax ctaHoBuB 4,4 %.

Ak i 3aranbHa KinbKicTb onepaLiin Ha H1pKax i Ce4oBo-
[Jiax, HanbinbLuy kinbkicte HE 3adikcoBaHo B [JHiNponeTpoB-
Cbkilt obnacTi (264, 310, 266, 245, 240, 292) Ta M. KveBi
(293,244, 214,233, 275, 430), a Takox XapkiBCbkin obnacTi
y 2018-2019 pokax (304, 264) Ta bBiBCbkin B 2020-2023
pokax (200, 234, 268, 401); HaiiMeHLLy — B 3akapnaTcbkil
(67,51, 28, 31, 35, 60), INyraHcskin (30, 39, 41, 24, 4, 12) i
KipoBorpaachkin (43, 50, 22, 21, 44, 52) obnacTsix. 3ayBa-
XMMO Ha nokasHukax [oHeubkoi obnacTi: Big 188-200 y
2018-2019 pokax go 13 i 36 BrpyyaHb y 2022-2023, o
KOPErIOe 3 MOYaTKOM BOEHHOTO CTaHy.

BcTaHOBNEHO 3HWXEHHS NO perioHax Ta KpaiHi 3aranom
KinbkocTi HedpekToMili / 1 MnH HaceneHHs B 2020 poui
(p < 0,001) nopiBHsHO 3 ABOMA NOMEPEAHIMU (He BUKIHO-
yenuin BnnmB naHgemii COVID-19), Hapani — nocTynose
3pocTaHnHs B 2021 i 2022 pokax, kpim MiBH-Cxig. perioHy,
Ae 3adikcoBaHo 3binblieHHa nokasHuka B 2019 poui
(p <0,001) i3 nopanbwmm nosepHeHHaM B 2020-2022 po-
kax po pisHs 2018 (puc. 5). Haronocumo Ha HanbinbLomy
nigsuLLeHHi B 2022 poLi (MOXIMBO, Yepes No4aToK BOEHHNX
Zii) nopiBHsHO 3 2020 POKOM KinbKOCTI Takux onepavin y
LleHt., 3axin. perioHax Ta M. Kuesi i cyTTeEBOMY 3HUKEHHI B
MiBa-Cxip. perioHi (p < 0,001) (puc. 5).

ISSN 2306-4145  https://zmj.zsmu.edu.ua

IMopiBHSAHHS KiNbKOCTi HedhPEeKTOMIN / 1 MITH HAaCeNeHHs!
B 2022 poui i3 gaHumm 2018 poky sik moyaTkom aHanidy
nokasano JOCTOBIpHe MiABULLEHHS B LieHTp. perioHi Ta
3HwkeHHs B Miea-Cxia. i Misg. (p < 0,001) perioHax.

[poaHanisyBanu po3nogin ycix BUKOHaHMX B YKpaiHi
HE 3anexHo Big Npu4uH BTPATW HUPKK, OCHOBHI M'ATb
[JiarHo3iB i BIGHOCHY KirnbKiCTb onepauiii (puc. 6). Y rpyny
iHWwMX npuyrH HE BKntoYeHo (BigNoBigHO 4O 3MEHLLEHHS
IXHBOI KiflbKOCTi B LbOMY psagy AiarHosis y 2018 poui)
BPOKEHi aHOMarii, TpaBMU, 3MOPLLIEHY HUPKY, OHOPCTBO,
abcuec / kapbyHkyn, atpodito Ta Ty6epkynbo3 HUpKU. 3
2018 poky npoTsarom ycix 6 pokis gocnimkeHb yactka HE
Yepes 3MosiKiCHIi HOBOYTBOPEHHS HUPKM 3anuiuanach He-
3MiIHHOH, KpiM AOCTOBIPHOIO 3HIKEHHS NMOKa3HMKa B 2021
poui (p <0,001); BiporigHux BigMiHHOCTE Mix 201812022,
2023 pokamu Hemae (p = 0,667 Ta 0,488).

3 2018 poky 3adikcoOBaHO MOCTYMOBE 3HWKEHHS,
poctoipHe B 2021-2023 pokax, BigcoTtok HE 3 npusoay
rinppoHecbposy (p = 0,017, 0,019 i 0,001 BignosigHo) Ta
ceyokam'saHoi xsopobu (CKX) (p = 0,021, 0,018 Ta <0,001
BiANOBIAHO) (puc. 6). Pasom i3 Tum, 36inbLumnacs yactka HE
3 NpuBOZY [OBPOSIKICHX HOBOYTBOPEHb HUPKM Ta IHGDEKLN
cevoBux wnsxis (ICLU), nounHaroum 3 2019 poky (p = 0,016
i 0,003 BignoBigHO), i 3anuMLLanack A1 XBOpyx 060X rpyn
B 2022-2023 pokax AOCTOBIpHO BMLLOIO 3a AaHi Big 2018
poky (p < 0,001) (puc. 6).

Y rpyni iHwwx natonorii ocobnuy yeary Tpeba 3Bep-
HyTW Ha nigsuLieHHs 3 2018 go 2023 poky KinbKocTi one-
paLii 3 BuganeHHst HUpKK Yepes JOHOPCTBO Bid 54 fo 104
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7 250 o
200 b\\
150
100
v @
I— e
0
2018 2019 2020 2021 2022 2023
=@ LleHTp. (1) —=0- 3axip. (2) =0 [iBg-Cxin. (3) MisaeH. (4)
=0 [liBH-Cxia. (5) === M. Kuis (6) @ YkpaiHa (7)

Puc. 7. A6contoTHa KinbkicTb HedopekToMilt y xBopux Ha CKX 'y 2018-2023 pokax y pisHux perioHax Ykpaiu: LientpanbHomy (1), 3axiaHomy (2), MieaerHo-CxigHomy (3), MisoeHHOMY
(4), MigHiuHo-CxigHomy (5), M. Kuesi (6) Ta no Ykpaiki 3aranom (7).
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206

(1,8-3,3 % Big ycix BTpy4aHs, p < 0,001) Ta abeuec / kap-
6yHkyn Big 8 fo 25 (0,3-0,8 % Big ycix onepain, p=0,010)
Ha pik. Cepen ycix Bunagkis HE 3achikcoBaHo TeHAeHLiT A0
3HWKeHHs B 2022—2023 pokax BigcoTka BAaneHHs HUpKu
y naulieHTiB 3 i BpomkeHot aHomanieto (p = 0,085 1a 0,062
BIANOBIAHO), NIABULLEHHS — 3 TpaBMoto Hupkm (p = 0,063
Ta 0,078 BignoeigHo). 3 npuBoay Ty6epKynbo3y B KpaiHi
BUkoHyBanu 1-2 HE Ha pik 3a nepiog 2019-2023 poku, ane
B 2018 poui 3airicHeHo 40 Takux onepadii, 39 i3 HUX — y
[HinponeTpoBchkilt obnacri.

MpoaHanisoBaHo perioHansHi 0cobnmBoCTi po3noginy
onepalliii 3 BuaaneHHst HUPKI 3 NPUBOLY TakuX MOLUMPEHMX
natonorii, sk CKX i ICLL (nienoHedput / nienoHedpos)
npotsarom 2018-2023 poky (i acnektn 6yayTb po3rsHyTi
B iHLLKX CTaTTSIX).

Akwwo abcontoTHa KinbkicTb ycix HE B 2018-2023 pokax
KonmuBanacb (puc. 3), TO y MauiEHTIB i3 KAMEHSIMU HUPKK
BOHa NOCTYMOBO 3HIMKyBanacs (Tak camo sik i BifCOTOK Bif
ycix HE Ha 30 % B 2023 npotn 2018 poky) — Big 243 fo
184 (puc. 7). Mo Ykpaini nporsrom 2018-2023 poky yacTka
HE 3 npueogy CKX Big ycix Takux onepaLii 3miHioBanacs
Tak: 8,3 %, 8,1 %, 7,8 %, 6,7 %, 6,6 % i 5,8 % (y 2024
poui — Takox 5,8 %); KOHCTATOBaHO AOCTOBIPHE 3HVKEHHS
nokasHuka B 2022 i 2023 pokax nopiBHsSHO 3 AaHumm 2018
(p=0,018i<0,001 BignoeiaHo) Ta 2019 (p = 0,039i<0,001),
a Takox 2023 poky — 3 2020 (p = 0,004).

lMNepLue micLie 3a BiZHOCHO KinbkicTio HE y navieHTis i3
CKX npotsrom ocTaHHix 6 pokis — 3a iBa-Cxia. perioHoMm,
[Je 3acikcoBaHo HamBuLmii Bincotok y 2020 poui— 36,7 %
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npotn 25,6 % y 2021 pokom (p = 0,028) Ta 24,8 y 2022
(p = 0,023) (puc. 8). Y ueih came nepiof BCTAHOBMEHO
MiABULLEHHS nokasHuka B M. Knesi — Big 3,2 % B 2020
poui o 10,0 % y 2021 (p = 0,015), y 2022 poui BiH Maitxe
BABivi nepesuLLyBaB aaHi 2020 poky — 7,4 %, ane pisHuus
HepocTosipHa (p = 0,121). [locToBipHOI pi3HWLi MO pokax
B iHWWX perioHax He BusiBNeHo, y M. Kuesi Ta MiBH-Cxia.
PErioHi Lji MoKasHUKK HalHuxui (puc. 8).

Ha BigMiHy Bif MokasHUKiB y XBOpUX Ha yponiTias, y
2018-2023 pokax 36inbLumnacs abcontoTHa kinbkicts HE
Y XBOpUX Ha nienoHedpuT / NiEnoHedpo3 (3i 3HMKEHHAM
y 2021 poui nopiBHAHO 3 nonepeHimM nepiogom — Big 94
[0 69, p = 0,008, wo MoxHa NOYacTy NOSICHUTW MaHae-
mieto COVID-19 i npobnemamu Meau4Hoi 4onomMory Lsoro
nepioay) i B perioHax, i no kpaiHi 3aranom — Big 57 go 175
(puc. 9); y 2024 poui Len nokasHuk 3Hn3uecsa Ao 143 (Ha
18 % Bin 2023 poky). HaibinbLu BupaxeHi Ui 3viHv —B Misa-
Cxiz. (321 po 9), 3axia. (343 po 25) ta LieHtp. (3 13 no 4)
perioHax (puc. 9). BigHocHa KinbkicTb Takux onepaLiit Big
yCix BuAaneHb HUPOK y kpaiHi npotarom 2018-2023 pokis
36inbwwmnacs Big 2,0 % 8o 4,7 % (p < 0,001).

Lle nigTBepmxeHoO BIANOBIAHUMMU 3MiHAMM BiZHOCHOI
kinbkocTi HE no perionax y 2020-2021 pokax — 3HuKeH-
HSIM YacTKu onepauinn y uux 3 perioHax, y 6ik 3pocTaHHs
— B MNisgeHHomy Ta M. Kuesi (puc. 10). Axkwo B 2018 poui
Hanbinblua YacTka Bif BCiX onepaliii 3 BUAaneHHs HAPKU
3 npuBogdy nienoHedputy / nienoHedposy — y Misa-Cxia.
perioHi, TO B HACTyNHi M'ATb pokiB — y 3axigHomy (puc. 9),
A€ iXHs KinbkicTb 30inbLuMnacs npotsrom 6 pokie — Big 1
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00 9y BonmHcnkilt Ta Big 4 go 35 Ha pik y JlbBiBCbKilt 06-
nacrti. Haronocvmo Ha 3HauHoMmy 36inbLueHHi BincoTka HE
y M. Kuesi 3 2021 po 2023 poky (puc. 10).

06roBopeHHs

OTpvMaHi pesynsTaTi KOPEntoTb i3 AaHUMK, LLO OTpUMa-
TV iHWWi aBTOPK, Ta AOMOBHIOKTL CyYacHi YABMEHHS WOoJ0
XapaKTepUCTVKW NaTororil, Siki NPU3BOASATL 10 BUAAMNEHHS
HUPKW, SIK-OT HOBOYTBOPEHHs, CKX, nienoHedpuT, HedpyHk-
LioHanbHa HUpKa Ta iHLWi JOBPOSIKICHI ypax)eHHs, iXHbOI
4acToTu Ta ycknagHeHs [6,10,11].

Mogpeni Ta nokasanHs fo HE BapitotoThb y pisHUMX BiKO-
BYX rpynax, 3arnexHo Big reorpaddivyHnX pPerioHis i YacoBMx
nepiogis. B okpemux cepisix BUAaneHHs HUpK BUKOHyBamnu
Hacamnepez npy 3nosikiCHUX 3aXBOPIOBAHHSIX, @ B iHLLMX —
npyW He3nosikicHuX, € nybnikawi LWoao pesynbraTie y AiTen
[5]. Hawi gaHi wopmo nprymH BuAaneHHs HUpku 3biratotbes
3 paHumm, ski otpumanu U. O. Ezomike et al. AsTopu
nokasanu, wo 6inbwicte HE BUKkOHaHO 3 npuBogy 3no-
AKICHIUX 3aXBOPOBaHb, 0OCTpPYKLUii cevoBmx wnsxis (CKX),
TpaBMM HUPKK ToLo [5]. 3a pesynbTatamu, WO OTpUMaHi
B HaB4ansHoMy rocnitani MakuctaHy, He3aBaxaroun Ha Te,
wo Binblwictb HE (76,6 %) Tam BUKOHaHO 3 NpuBOaY A0-
OposikicHUX cTaHiB, 23 % BUMaakiB — 3nosikicHoi natonorii
HUpKW (M 3adbikcyBanu npotunexHi aaxi) [10]. BogHo-
yac, aHarmnoriYHo 10 HalwX AaHux, y rpyni JoOposiKicHUX
3axBOPIOBaHb Benuka Yactka BuganeHnx Hupok (50 %) e
pesynsratom CKX. MpuumHamu iHwmx HE B wint rpyni, ki 3a
[aHUMU HaLLKX onepaLii, 6ynu nienoHedpuT, Ty6epKyns03
HMpoK ToLwo [10].

LlikaBi faHi oTpumanm GpuTaHcbki yponoru, npoaHa-
nisysaBLm pesynstatu 1093 HE 3 npusogy pobposikicHx
3axBoptoBaHb (537 BUNaAKiB — HE(YHKLIOHAMbBHI HUPKY,
142 — cevokam’sHi 3axBoptoBaHHs, 129 — nmienoHedpurT,
285 Bunapkie — iHLWi AOBPOSIKICHI YTBOPEHHS HUPKK) Ta
33[10KyMEHTYBAaBLUW NOKa3aHHs, METOAN BUKOHAHHS Ta
Hacnigkv [11]. Lii nawi 36iratoTbes 3 pesynsratami HaLLoro
[IOCIIIKEHHS.

Pesynbratit Hawworo JOCMimKeHHs AaloTb NigcTaBm
Hagani cnupatvcs Ha 3icTaBHi AaHi bputaHckkoi acouiadii
yponoriyHmx xipypris 3 ayauTty HE Lwoao nepionepaLliiiHux
pesynbTaTiB YacTKOBOI Ta paguKanbHOI HedpekToMil npu
nyxnuHax Hupok. EkcnepTu 3a pesynstratamu aHanisy
TpWBanocTi onepaLii, KPOBOBTPATH, TEMMOBOI iEMii Ta
iHTpaonepaLinHux, nicnsonepaLinHnx ycknagHeHb AinLunm
BWCHOBKY, LLIO, HE3BaXatou Ha NPOrpec XipypriyHoi TEXHIK,
pagvkanbHa HedpeKkToMis acoLinoBaHa 3 BUCOKUM pu3i-
KoM nicnsionepauinHux ycknagHeHs HE [12] Ta notpebye
MPOJOBXKEHHS AOCTIIKEHD i3 BUKOPUCTAHHAM Cy4acHX
merogis [13,14].

OTpumaHi faHi 06r'pyHTOBYIOTb HEOOXIAHICTL Nogans-
LUMX pocnimpkeHb. 30Kkpema, JOCi HEMAE YiTKMX PEKOMEH-
Jauii Wwoao Toro, KoM i 3a SIKUX YMOB CRif, BUKOHYBaTH
npocty HE npw rinodhyHKLii HUPOK 3 0BCTPyKLiiEt0, 30Kpema
Ha cpoHi CKX [6]. Y uboMy acnekTi BU3Ha4YanbHUM € [o-
CArHEHHS YKPaiHCbKWX YPOIOriB — JOCTOBIPHE 3HVKEHHS B
2021-2023 pokax npoTy NonepeaHix TPbOX POKiB BiAHOCHOI
KinibkoCTi BUAaneHb HAPOK 3 NPUBOAY KaMeHiB HUpoK. [Ans
BM3Ha4YeHHs HeoOXiaHOCTi BUkoHaHHs HE moxHa cnimpatucs
Ha BucHoBku A. Demirtas et al., siki BUKOHanW YepesLuKipHy
HedPOCTOMIlO, HE3BaXaKUM Ha nokasaHHa 4o HE yepes
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po3AinbHy YHKL0 HUPOK MeHLUe HiX 10 %, cnpuimHeHy
006CTpyKLUieto cevoBoay. Pesynstati LbOro AOCHIMKEHHS
nokasarnu, Lo Y H1pKax 3 06CTPYKLieto, sk YHKLIOHYHOTb
Hxye Hix 10 % Bif CBOTO pesepBy, H1PKOBA PYHKLIA MOXeE
OyTv ycnilwHo BigHOBNEHa [6].

[NaTornoris KaMeHIB y BEpXHIX CEYOBUBIOHWX LUMSXaX,
LLO MOXe MPWU3BOANTW 4O MOBHOI BTPaTV (OyHKLIii HUPOK i,
3pewToto, go HE, Gyna npeametom JocnimkeHb. Tak, aB-
TOpU NpoaHanisyBany BeNWKUIA Matepian i BCTaHOBWAK, LLIO
cepeq 1059 nauieHTiB maike 9 % manm HedpyHKUiOHamNbHI
Hupku Yepe3 CKX (opyre micLe 3a KinbkicTto nicns Bunag-
KiB HUpKOBUX NyxnuH — 75,6 %) [15]. Lii gani kopentototb
3 OTPUMaHUMKM Hamu BigcoTkamu — Big 8,5 % 1o 6,6 %
BignosigHo B 2018-2020 pokax i 6,6 % B 2021-2023 pokax
ana CKX i maike 70 % npotsrom 6 pokiB cnocTepexeHHs
LIS paKy HUPKW.

3rogHi 3 UMMy aBTOpamm, a TakoX iHLWMMK ny6nikavis-
MM LLI0A0 HeODXIAHOCTi CMOCTEPEKEHHS 3a NaLieHTaMm K
i3 CKX, TaK i HOBOYTBOPEHHSIMY HUPKW, 5IKi € HANBINbLLMMK
(hakTopamu puavKy po3BUTKY HEYHKLIOHAMBHOI HUPKK,
3 PerynsipHUM 06CTEXEHHAIM CEYOBWBIAHOI CUCTEMU ANS
CBOEYaCHOro 3acToCyBaHHA 3acobiB mpodinakTukm Ta
NiKyBaHHS.

[Moromkyemocs 3 aBTopamu JOKa30BUX AOCTiIKEHb
L1000 HeobXiAHOCTI CNocTepexXeHHs 3a naulieHtamu i3 CKXi
HOBOYTBOPEHHSIMU HUPKM SIK OCHOBHUMY ChaKTopamu prsnky
PO3BUTKY HepyHKLIIOHANBHOT HUPKW. [ouinbHUM € perynsip-
He 0DCTEXeHHs! CeYOBMBIAHOI CUCTEMM AN CBOEYACHOTO
3aCTOCYBaHHS NPOMINakTUYHUX i MiKyBanbHWUX 3aX0LiB.

BucHoBKH

1. 3achikcoBaHO 30iMnbLLUEHHS KiNbKOCTI onepauii Ha
HupKax i ceqoBopax 3 2018 poky maike BABIYi, 0COONMBO
iHTEHCWBHE — B OCTaHHi ABa pokm (2022-2023), HanbinbLu
BUpaxeHe — B 3axigHOMy Ta LleHTpanbHOMY perioHax.
HaimMeHLLy KinbKiCTb onepaLii npoTarom 6 pokis BUKOHAHO
B 3akapnarcbkilt i JlyraHcbkii obnactsx, ane 3adikcoBaHo
MiABMLLEHHS NokasHuka nicns 2022 poky B nepuin Ta
3HWKEHHS y apyrii obnacTi. BigHocHa KinbkicTb onepavii
Ha Hupkax i cevyoBogax (%) y perioHax He BigpisHanacs B
2018-2021 pokax, a y 2022—2023 pokax y 3arasbHii Kirnbko-
CTi BUKOHaHMX Y KpaiHi onepaLiin JOCTOBIPHO 3MeHLIMnacs
yacTka [NiBgeHHo-CxigHoro perioHy Ta 3pocna — 3axigHoro
(p <0,001) i NiBHiyHO-CxigHoro (p < 0,001), Lo, IMOBIPHO,
3YMOBJIEHO BOEHHUMMU AisMU.

2. 3 2018 poky BigbyBanocb 3HWXEHHS KinbKOCTI
BUKOHaHMX B YKpaiHi HechpeKTOMilt, HanbinbLL BUpaxeHe
B 2020-2022 pokax (Ha 19 %), Lo no4acTn NOSCHIOEMO
nangemieto COVID-19. Hagani 3achikcoBaHo NigBuLLEHHS
y 2023 poui — Ha 9 % nopisHsaHo 3 2018 pokom. Micns go-
CTOBIPHOTO 3HVKEHHS! BiJHOCHOI KiNbKOCTi HE(hpeKToMIn y
2020 poui (Ha 1 MrH HaceneHHs), nounHatoum 3 2022 poky
BI3HAYatoTb MOBEPHEHHS NOKa3HWKiB Ao piBHiB 2018-2019
pokiB y 3axigHomy Ta lNiBHi4HO-CxigHOMY, 3Ha4HE 3pOCTaH-
He y LleHTpanbHoMy Ta 3HWxeHHs y TiBoeHHo-CxigHomy
Ta lNiBoeHHomy perioHax (p < 0,001).

3. YacTka HedppekTOMIi 3 MpUBOAY riAPOHedPo3y Ta
KaMeHiB HMpoK 3meHwwmnacs B 2021-2023 pokax nopis-
HSIHO 3 monepeaHiMM TpboMa pokamu (p < 0,05), a yacTka
3r105KICHWUX HOBOYTBOPEHb HUPKU 3anuLLanachk HE3MIHHOLO,
KpimM JocToBipHOMO 3HWKeHHs B 2021 poui (p < 0,001) i3
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HaCTYMHWUM BIZHOBMEHHSIM. Pasom i3 Tum, 36inbwunacs
yacTka fobposikicH1X HOBOYTBOPeHb Hupky Ta ICLL (nieno-
HedpuT / NienoHedpo3) Sk NMPUHUH BUAAMNEHHS HUPKW 3
2019 poky (p < 0,05), sanuwwatounck ans xeopux 060X rpyn
y 2022-2023 pokax AOCTOBIpHO BinbLuoto 3a gaHi 2018.

4. Tak camo $IK i BiACOTOK Bif YCiX BUAANEHb HUPKK, Y
xBopux Ha CKX 3aranbHa KinbKiCTb HE(OPEKTOMIN MOCTY-
noBso 3HwxyBanacs 3 2018 no 2023 poky Ha 25 %. Y uen
camuii nepiog Ha 200 % 36inbLunnacs abcontoTHa KinbkicTb
HepPEKTOMIN Y XBOpWX Ha nienoHedpuT / nienoHedpos
(3i 3HWKeHHsAM y 2021 poui NOpIBHAHO 3 nonepeaHiM,
p = 0,008, Wwo noyacTn MOXHa MOSICHUTY MaHAEMIED
COVID-19i npobnemamm Megu4Hoi 4OMOMOTM LbOro Nepio-
Ay) 3 HanbinbLL BUpaxeHot AnHamikoto B MNiBaeHHo-Cxia-
Homy, 3axigHomy Ta LieHTpanbHOMY perioHax.

5. Haibinblumit BigcoTok Bifg BCix onepaluiit 3 Buaa-
NEHHs HUPKK 3 NpuBOZY MienoHedpuTy / nienoHedposy,
nounHaroum 3 2019 poky, — y 3axigHoMy perioHi (30inbLueH-
HS NpoTAroM 6 pokiB y 8 pasiB y BonuHcebkin i MbBiBCbKiN
obnacrsx) Ta 3HauHe nigBuLLeHHs y M. Knesi B 2021-2023
pokax — 19-26 % npotn 5 % y 2018-2020. Lli gaHi no-
TpebyloTb AeTanbHILIOro aHanisy, 30kpema BignoBiAHUX
KniHiKo-opraHi3auiiHux pilleHb i3 3abe3neveHHs AKiCHOT
YPOMoriyHoi 4OMOMOrK.

MepcneKTBM NOAAABLUMX AOCAIAKEHb MOMNSAraTh Yy
NPOOOBXEHHI BUBYEHHS MPUYMH HEHPEKTOMIN | NOKA3HKKIB
HaJaHHs JONOMOrM YPOroriYHM XBOPUM Ans BOOCKOHA-
TIEHHS! CBOEYACHOT AjiarHOCTUKM i eCEKTUBHOTO JiKyBaHHS,
LLIO CMIPUSITUME 3MEHLLEHHIO HEOBXIAHOCTI BUKOHAHHS! TaKIX
onepaLliii, a OTKe Mae BaxsMBe MeOUYHE Ta ColianbHe
3HAYEHHS.

®iHaHcyBaHHA

AOCAipKEHHS BUKOHAHO B pamkax HAP AY «IHCTUTYT yponorii imeHi
akapeMika 0. ®. BosiaHoBa HAMH YkpaiHu» 3a Temoto «BuBunTi
0COBAMBOCTI KaHLLEPOreHe3y CBITAOKAITUHHOTO HUPKOBOKAITUHHOTO
paky nicas aBapii Ha YAEC B YkpaiHi (ricTonoriuHi, imyHoricToximiui
Ta MOAEKYAIPHO-BIONOTiUHI AOCAIAXEHHS)» 33 MPOrPaMOI0 HayKOBHX
AOCAIAXEHD | PO3POBOK, LLO GIHAHCYETLCA 3 AEPXKABHOTO BIOAXETY
AepxaBHUiA peecTpalliimnii Ne 0119U001014 (2019-2021),

3 AOTPUMAHHAM MPUHLMNIB Bi0ETUKM, 3aKOHOAABUMX HOPM | BUMOT
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Prognostic risk factors for inflammatory process exacerbation

in the urinary tract in patients with urolithiasis after laser lithotripsy
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Aim. To identify informative clinical and prognostic risk factors for urinary tract inflammatory exacerbation in patients with urolithiasis
(UL) after laser lithotripsy.

Materials and methods. The study included 74 patients with UL who underwent laser lithotripsy using the holmium laser MultiPulse
HoPlus (Germany) in fragmentation mode with a pulse energy of 1.2 J, a frequency of 20 Hz. Patients were divided into groups
according to the presence of laboratory signs of urinary tract inflammation on the second postoperative day. Urinalysis for all patients
was performed using an automated urine analyser, Laura X| Erba (Germany). The obtained data were statistically processed with
Statistica 13 for Windows (StatSoft Inc., No. JPZ8041382130ARCN10-J).

Results. On the second day after laser lithotripsy, 48.6 % of patients with UL presented with laboratory signs of urinary tract in-
flammatory exacerbation, characterized by leukocyturia (100 %), elevated epithelial cell count (72.2 %), erythrocyturia (100 %),
bacteriuria (88.9 %), and crystalluria (83.3 %). The signs of urinary tract inflammatory exacerbation were correlated with acute
inflammatory indicators. Inflammatory changes on the second postoperative day were significantly more frequent in patients with
comorbid diabetes mellitus (p = 0.03), chronic pyelonephritis in remission at the time of lithotripsy (p = 0.04) and their combination
(p = 0.04). The duration of laser lithotripsy of 260 minutes was associated with a higher frequency of urinary tract inflammation
(p =0.01 in patients with UL on the second day after lithotripsy. The most informative independent prognostic risk factors for uri-
nary tract inflammatory exacerbation in patients with UL on the second postoperative day were comorbid chronic pyelonephritis
(p =0.040) and lithotripsy duration 260 minutes (p = 0.016).

Conclusions. Comorbid chronic pyelonephritis and lithotripsy duration 260 minutes are significant prognostic risk factors for urinary
tract inflammatory exacerbation in patients with UL on the second day after laser lithotripsy.

Keywords:
urolithiasis,
nephrolithiasis, laser
lithotripsy, treatment,
surgical treatment,
inflammation,
comorbidity,
prognosis, risk
factors, urothelium.
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MporHocTUuHi GaKTopu PU3UKY 3aroCTPEHHA 3anaAbHOro NpoLecy
y CEYOBMBIAHMX LUAIXaX Y XBOPUX HA CeYOKaM'AHY XBOpoby
nicaA Aa3epHoi AiToTpuncii

B. 0. MopryHuos, 0. 0. Atoabko, 0. B. PA60KOHb

Merta poboTi — BCTaHOBUTH iHCHOPMATUBHI KIiHIYHI NPOrHOCTUYHI (hakTopK PU3KKY 3aroCTPEHHS 3ananbHOro NPOLeCy y CevoBu-
BiJHWX LLNSIXaX y XBOPUX Ha cevokam’siHy xsopoby (CKX) nicnst nasepHoi nitotpuncii.

Martepianu i meTopu. Y gocnimkeHHs 3anyyeHo 74 xsopux Ha CKX, Sikum BUKOHaHO nasepHy NiTOTPUNCItO 3a AOMOMOTOH0 rofbMi-
€Boro nasepa MultiPulse HoPlus (HimeuunHa) B pexumi oparmeHTalii 3 eHeprieto imnynbey 1,2 Dk, yactototo 20 Iy, MauieHTiB
MOAINUIM Ha rpynn 3anexHo Bif HAasiBHOCTI NabopaTopHMX 03HaK 3anarbHUX 3MiH CEYOBMBIAHWX LLUASXIB HA Apyry Aoby nicns
nitoTpuncii. AHani3 cevi BCiM XBOPUM BUKOHAHO Ha aBTOMaT130BaHOMY aHarizatopi cevi Laura XI Erba (HimeyunHa). CtatnctnyHo
[ZaHi onpautoBanu B nporpami Statistica 13 for Windows (StatSoft Inc., niuensis Ne JPZ8041382130ARCN10-J).

Pesyautatu. Y 48,6 % nauienTis i3 CKX Ha apyry foby nicns nasepHoi nitoTpuncii BUSBNSOTb 03HaKM 3aroCTPEHHS 3anarnbHoro
MPOLIECY Y CEYOBYBIOHMX LLNSAXAX, LLO XapakTepnayeTbes nevikoumtypieto (100,0 %), NigBULLEHHAM KinbKOCTi eniTenianbHUX KNiTH
(72,2 %), eputpoumTypieto (100,0 %), 36inbLweHHsM 6akTepiii (88,9 %) Ta kpucTanis (83,3 %) y cevi. HasiBHICTb 03Hak 3arocTpeHHst
3ananbHOro NpoLiecy y CEYOBMBIAHMX LUNSXax KOpentoBara 3 rocTpo3ananbHMmY nokasHukamm. YactoTa 3arocTpeHHs 3anansHoro
npoLiecy Yy CevoBMBIAHMX Lunsxax y xBopux Ha CKX Ha gpyry noGy nicns nasepHoi NiTOTpUncii BuLLa B NawieHTiB i3 komopbiaHi-
CTIO 3 LykpoBuM aiabetom (p = 0,03), XpOHiYHUM nienoHedhpuToM B cTagii pemicii Ha Yac BuKkoHaHHs nitotpuncii (p = 0,04) Ta ix
noegHaHHsaM (p = 0,04). 36inbLUeHHs TpUBaNoCTi nasepHoi NiToTpuncii 4o 60 XBUNMH i BinbLUe acoLit0ETHCS 3 BUALLOK YacTOTOK
(p =0,01) 3arocTpeHHs 3ananbHOro NPOLECY Y CEHOBMBIAHMX LWNsxax y nauienTis i3 CKX Ha gpyry noby nicns nitotpuncii. Hai-
6inbLU iHpOPMATUBHUMM HE3aNEXHUMM MPOTHOCTUMHUMI (haKTOpaM¥ PU3NKY 3aroCTPEHHS 3anasnbHOro NpoLeCy y CEYOBMBIAHNX
winsixax y xsopux Ha CKX Ha apyry po6y nicns nitotpuncii € koMopBigHicTb i3 XpoHiuHuM nienoHedputom (p = 0,040) i TpwBanicts
nitotpuncii 260 xsunuH (p = 0,016).

BucHoBku. BctaHoBneHo iHpopmMaTBHi MPOrHOCTUYHI (hakTopu pranKy 3aroCTPEHHs 3anaribHOro NPOLECy y CEHOBMBIAHUX LUNSXaxX
y nauienTi i3 CKX Ha apyry go6y nicns nasepHoi nitoTpuncii, BpaxoByro4n KoMopOigHi ctaHu, ocobnmeocTi nepebiry XBopobu i
ONepaT1BHOTO BTPYYaHHS.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Over the past two decades, urolithiasis (UL) has demon-
strated a steady upward trend in incidence. UL is character-
ized by the formation of calculi in various parts of the urinary
system, including the kidneys, ureters, and bladder. The
presence of urolithiasis is associated with the development
of severe pain, hematuria, infectious and inflammatory
complications, and in severe cases, with progression to
irreversible damage to the renal parenchyma [1].

The main risk factors for urinary tract stone formation
include dietary habits, inadequate hydration, genetic pre-
disposition, climatic conditions, excess body weight, and
metabolic disorders. The severity and combination of these
factors vary significantly depending on the geographical
region and socioeconomic conditions, which leads to an
uneven global distribution of UL prevalence. At the same
time, contemporary epidemiological data indicate a stable
global trend toward increasing incidence, particularly in
regions with warm climates and amid significant changes
in dietary patterns among the population [2,3]. From 2000
to 2021, surveillance data demonstrated an increase of
26.7 % in the number of UL cases [4].

The development of endoscopic stone fragmentation
techniques has resulted in the leading position of laser
lithotripsy in the surgical treatment of UL. It is divided into
percutaneous nephrolithotripsy and ureterorenoscopy,
with the possibility of using flexible ureterorenoscopes. A
comparative study of 724 patients demonstrated that the
incidence of inflammatory changes in the postoperative
period was higher after percutaneous access than after
ureterorenoscopy (24.6 % vs. 8.6 %, p < 0.001) [5]. The
advantages of laser lithotripsy also include the ability to
fragment stones of any density and location, with achieve-
ment of the highest “stone-free” percentage through intra-
operative fragment extraction and immediate restoration
of urodynamics [6,7].

The ultimate goal of any intervention is resolution of
the clinical problem with minimal complications. Infectious
complications after laser lithotripsy in patients with UL re-
main a serious clinical problem with an overall incidence of
approximately 10 % [8]. Experimental and clinical evidence
suggests that the increase in intrarenal pressure caused by
irrigation fluid during surgery, with subsequent pyelovenous
reflux, triggers bacterial translocation and bacteraemia
from flora residing on the surface and within the substance
of calculi [9,10]. This mechanism also precipitates clinical
manifestations of infection of varying severity [11]. The
damaging effect of laser energy should also be considered:
energy is not precisely directed but is scattered within the
confined space of the ureter or renal pelvis, thereby injuring
the surrounding urothelium [12].

According to literature, the principal complication in the
postoperative period after laser lithotripsy is exacerbation of
the urinary tract and systemic inflammatory responses. In
a study [13] involving 492 operated patients, inflammatory
changes were observed in 8.5 %, defined by fever (238 °C)
with pyuria (210 leukocytes per high-power field). Among
the 42 patients with infectious complications, pyuria com-
bined with fever was present in 33.3 % of patients, signs
of systemic inflammatory response syndrome appeared in
54.8 %, and sepsis was diagnosed in 11.9 % of patients [13].

An analysis of global clinical experience in the period
between 2015 and 2024, encompassing 19 studies with

ISSN 2306-4145  https://zmj.zsmu.edu.ua

a total of 939,860 patients who underwent ureteroscopy
for urolithiasis, showed that the frequency of post-surgical
infectious complications ranged from 0.8 % to 18.2 %, av-
eraging 7.8 %. The most frequently reported complications
were fever (up to 16.2 %) and urinary tract infections (up to
12.3 %), while severe complications included sepsis (up to
7.0 %) and septic shock (up to 1.9 %) [14].

The search for informative prognostic factors for com-
plications after laser lithotripsy, particularly urinary tract in-
flammatory exacerbation, remains highly relevant. However,
published results of studies by different authors demonstrate
ambiguous data. Thus, despite a certain number of studies
[15,16] on the factor of prior stenting of the ureter, their results
remain controversial. For instance, the study [15] proves
that prior installation of a J-J stent statistically significantly
increases the risk for infectious complications after lithotripsy
(OR=1.91,95% CI 1.26-2.91, p=0.002). At the same time,
other authors’ results refute the previous statement, reporting
statistical data on the absence of significant differences in the
frequency of complications between stented and non-stented
groups (OR 0.94, 95 % CI 0.67-1.33, p = 0.73) [16].

Contemporary data regarding lithotripsy duration as a
risk factor for complications consistently indicate increasing
risk with prolonged operative time. However, the results of
studies on this risk factor demonstrate the need to continue
research in this direction, since the cut-off time established
by different researchers differs [17,18]. Researchers [17]
found that an operative duration exceeding 90 minutes sig-
nificantly increases the rate of adverse events, mortality, and
intensive care unit admissions. In contrast, another study
[18] identified a threshold of 70 minutes for an increased
risk of urinary tract inflammatory changes.

Therefore, it is necessary to clarify the prognostic
risk factors for urinary tract inflammatory exacerbation in
patients with UL after lithotripsy, accounting for disease
characteristics, features of the lithotripsy procedure, and
relevant comorbid conditions.

Aim
To identify informative clinical and prognostic risk factors

for urinary tract inflammatory exacerbation in patients with
urolithiasis after laser lithotripsy.

Material and methods

The study was conducted at Vitacenter LLC between
2023 and 2026. The prospective open study enrolled 74
patients with UL who underwent surgical treatment via laser
lithotripsy. Patient age ranged from 19 to 74 years, with a
median age of 48.0 [43.0; 58.0] years. There were 50 men
and 24 women.

UL was diagnosed based on anamnestic and clinical
data, as well as instrumental examinations (ultrasound and
computed tomography of the urinary tract) and laboratory
findings, in accordance with the European Association of
Urology guideline (2025) and Ministry of Health of Ukraine
guidelines: guideline No. 00238 on Urolithiasis (dated
06.09.2017) and guideline No. 00232 on Urinary Tract
Infections (dated 22.05.2017).

Inclusion criteria were confirmed diagnosis of UL,
surgical intervention with laser lithotripsy, age 18-74 years
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and written voluntary informed consent to participate in the
study. Exclusion criteria were acute inflammatory process
of the urinary tract and comorbid pathology in the decom-
pensation stage.

Laser lithotripsy was performed in all patients using the
MultiPulse HoPlus holmium laser manufactured by Asclepi-
on Laser Technologies GmbH (Germany) in fragmentation
mode with the following parameters: pulse energy 1.2 J,
frequency 20 Hz. All patients received routine perioperative
antibiotic prophylaxis in accordance with the standard “Par-
enteral perioperative antibiotic prophylaxis”, as per Order of
the Ministry of Health of Ukraine No. 822 dated 17.05.2022.

Patients with UL were divided into 2 groups according
to the presence of laboratory manifestations of inflamma-
tory changes in the urinary tract on the second postoper-
ative day. Group | (main) included 36 patients with urinary
inflammatory changes; Group Il (comparison) comprised
38 patients without such changes. All patients were ex-
amined before lithotripsy and on the second postoperative
day. The study evaluated comorbid conditions (diabetes
mellitus and chronic pyelonephritis in remission), history
of stone passage, prior ureteral stenting, stones localiza-
tion (kidney or ureter), stone size lithotripsy duration, and
other parameters.

Urinalysis was performed on the second day after
lithotripsy using an automated urine analyser, Laura Xl
Erba (Germany), in the laboratory of the University Clinic of
Zaporizhzhia State Medical and Pharmaceutical University.

The obtained data were statistically analyzed using
Statistica 13 for Windows (No. JPZ8041382130ARCN10-J).
Results were presented as absolute values and relative
frequencies (abs., %) and as median (Me) with interquartile
range [Q25; Q75]. Between-group differences in categorical
variables were assessed using the chi-square (x?) test; dif-
ferences in quantitative variables were assessed using the
Mann-Whitney U test. Gamma correlation was performed
for associations between categorical variables and quan-
titative indicators; Spearman correlation was performed
for associations between quantitative variables. To assess
independent risk factors, relative risk (RR) was calculated.
Statistical significance was defined as p < 0.05.

Results

The study results have demonstrated that 48.6 % (36 out
of 74) of patients with UL presented with laboratory signs
of urinary tract inflammatory exacerbation on the second
day after laser lithotripsy, despite no such signs being
present prior to lithotripsy. Urinary tract inflammatory ex-
acerbation after lithotripsy was manifested as leukocyturia
in all (100 %) patients, ranging from 51/uL to 4748/uL;
elevated epithelial cell count in 72.2 % of patients (5/uL
to 165/uL); erythrocyturia in all (100 %) patients (118/uL
to 11,770/uL); bacteriuria in 88.9 % of patients (46/pL to
628/uL); and elevated crystal count in 83.3 % of patients
(5/uL to 782/uL) (Table 1).

These urinary changes were accompanied by hae-
matological findings, namely, leukocytosis in 44.4 % of
patients, neutrophilia in 16.7 %, and a left shift of the
leukocyte differential in 11.1 %. Notably, an elevated neu-
trophil-to-lymphocyte (N/L) ratio, a marker of systemic acute
inflammatory response, was detected in 38.9 % of patients,
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Table 1. Characteristics of urinary tract inflammatory exacerbation in patients with UL

on the second day after lithotripsy

Parameter, measurement unit Group 1,n =36 Reference values

Changes in urine

Increased white blood cell count, abs. (%) 36 (100)
Leukocyturia, Me [Q25; Q75], No./uL 154.5[93.0; 427.0]
Increased epithelial cell count, abs (%) 26 (72.2)
Epithelial cells, Me [Q25; Q75], No./uL 26 [0; 45]
Increased erythrocyte count, abs. (%) 36 (100)
Erythrocytes, Me [Q25; Q75], No./uL 962 [710; 3071]
Increased bacteria count, abs. (%) 32(88.89)
Bacteria, Me [Q25; Q75], No./uL 216 [77; 278]
Increased crystal count, abs. (%) 30 (83.33)
Crystals, Me [Q25; Q75], No./uL 95.5[31; 319]
Changes in blood

Leukocytosis, abs. (%) 16 (44.4)
Neutrophilia, abs. (%) 6 (16.7)

Left shift of leukocyte differential, abs. (%) 4(11.1)
Elevated N/L ratio, abs. (%) 14 (38.9)

NIL, Me [Q,; Q,] 2.19[1.66; 3.33]
General response

Fever >38 °C, abs. (%) 8(22.2)

with a median of 2.19 [1.66; 3.33]. Febrile fever (>38 °C)
was recorded in 22.2 % of patients during the specified
observation period (Table 1).

Correlation analysis has revealed a relationship be-
tween urinary inflammatory changes (indicating urinary
inflammatory process exacerbation in patients with UL on
the second day after lithotripsy) and systemic inflammatory
indicators. A gamma correlation was established between
the presence of inflammatory changes in the urine and
the level of blood leukocytosis (r = +0.45, p < 0.05), and
the N/L ratio (r = +0.44, p < 0.05). Spearman correla-
tion analysis demonstrated associations between body
temperature elevation and blood leukocytosis severity
(r=+0.413, p < 0.01) and the level of increase in the N/L
ratio (r = +0.567, p < 0.01).

To identify informative prognostic risk factors for urinary
tract inflammatory exacerbation in patients with UL after
lithotripsy, demographic indicators, comorbidities, disease
history, and intraoperative parameters were compared
between groups.

Comparative analysis of demographic indicators and
comorbidities has demonstrated that Group | patients
(with laboratory signs of inflammatory exacerbation) had a
significantly higher frequency of diabetes mellitus (22.2 %
vs. 5.3 %; x* = 4.55; p = 0.03), chronic pyelonephritis in
remission at the time of lithotripsy (61.1 % vs. 36.8 %;
X2 = 4.36; p = 0.04), and the combination of both comor-
bidities (16.7 % vs. 2.6 %; x? = 4.25; p = 0.04) compared
with Group Il patients. Demographic indicators did not differ
significantly between groups (Table 2).

Further analysis compared characteristics of the UL
course prior to lithotripsy and operative duration to clarify
risk factors for urinary inflammatory process exacerbation
on the second day after lithotripsy. It has been found that
anincrease in lithotripsy duration of 260 minutes was signif-
icantly more frequent associated with urinary inflammatory
process on the second day after lithotripsy (55.6 % versus
26.3 % of patients, x? = 6.56, p = 0.01). At the same time,
other parameters, history of stone passage, pre-operative
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Table 2. Comparison of demographic indicators and comorbidities in patients with
UL according to the development of urinary tract inflammatory exacerbation on the
second day after lithotripsy

Parameter, measurement unit Patients with UL X
Group 1,n =36 | Group 2,n =38

Demographics

Males, abs. (%)

Females, abs. (%)

Age, Me [Q25; Q75], years
Young age, abs. (%)
Middle age, abs. (%)
Older age, abs. (%)
Comorbidities

Diabetes mellitus, abs. (%)

Chronic pyelonephritis, abs. (%)

Combination of diabetes mellitus and
chronic pyelonepbhritis, abs.

26 (72.2) 24 (63.2) 069 040
10 (27.8) 14.(36.8) 069 040
50.5[45.0;60.0] 46.0[28.0;58.0] — 034
8(22.2) 14.(36.8) 189 0.6
16 (44.4) 16 (42.1) 004 083
12(33.4) 8(21.1) 141 023
8(22.2) 2(5.3) 455 003
22 (61.1) 14 (36.8) 436 004
6(16.7) 1(2.6) 425 004

(%)

p: significance of the intergroup difference.

Table 3. Comparison of

UL course characteristics and operative duration according to

the development of urinary tract inflammatory exacerbation on the second day after

lithotripsy

Parameter, measure unit Patients with UL
Group 1,n =36 | Group 2,n =38

History of stone passage, abs. (%)
Pre-operative ureteral stent, abs. (%)
Stone localization in the kidney, abs. (%)
Stone size 220 mm, abs. (%)

Lithotripsy duration 260 minutes, abs. (%)

6(16.7) 10 (26.3) 102 031
12 (33.3) 14 (36.8) 010 075
22 (61.1) 22 (57.9) 008 077
12 (31.6) 8(22.2) 082 036
20 (55.6) 10 (26.3) 656 001

p: significance of the intergroup difference.

Table 4. Prognostic significance of comorbidities and lithotripsy duration for urinary
tract inflammatory exacerbation in patients with UL on the second day after lithotripsy

Risk factors, measurement units

Diabetes mellitus, abs. (%)

Chronic pyelonephritis, abs. (%)
Combination of diabetes mellitus and

Patients with UL RR (95 % CI)

Group 1, | Group 2,
n=36 n=38

chronic pyelonephritis, abs (%)

Lithotripsy duration 260 minutes, abs. (%)

8(222) 2(5.3)  4.22[096-1857]  0.056
22(61.1) 14(36.8) 1.66[1.02-271]  0.040
6(16.7) 1(26)  6.33[0.80-50.06]  0.080
20(556) 10(26.3) 2.11[1.15-387] 0016
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ureteral stenting, stone localization (kidney or ureter), and
stone size >20 mm, did not differ significantly between
groups (p > 0.05) (Table 3).

Considering the statistically significant higher prev-
alence of comorbidities in Group 1 patients, including
diabetes mellitus, chronic pyelonephritis in remission at
the time of lithotripsy, and their combination, as well as the
longer lithotripsy duration of 60 minutes or more compared
with Group 2, relative risk analysis was performed to identify
the most informative independent risk factors. The results
have shown that independent prognostic factors associated
with exacerbation of the inflammatory process in the urinary
tract on the second day after lithotripsy were the presence
of comorbidity, specifically chronic pyelonephritis, RR 1.66
[95 % CI 1.02-2.71] (p = 0.040), and a lithotripsy duration
of 60 minutes or longer, RR 2.11 [95 % CI 1.15-3.87]
(p=0.016) (Table 4).

https://zmj.zsmu.edu.ua

Discussion

According to a meta-analysis [5], the frequency of systemic
inflammatory response after endoscopic laser lithotripsy
is approximately 12 %; however, the authors note that
transient leukocyturia and bacteriuria are recorded in more
than 40 % of patients within the first 48 hours after the inter-
vention. The results of the present study are consistent with
this reported frequency of laboratory changes: 48.6 % of pa-
tients with UL on the second day after lithotripsy presented
with urinary tract inflammatory exacerbation characterized
by leukocyturia (100.0 %), elevated epithelial cell count
(72.2 %), erythrocyturia (100.0 %), bacteriuria (88.9 %),
and crystalluria (83.3 %).

Notably, these changes developed despite preop-
erative antibiotic prophylaxis administered to all patients
in accordance with current guidelines, and despite the
absence of signs of acute urinary tract inflammation prior
to lithotripsy. Findings from other researchers [19] confirm
that urinary tract inflammation cannot be entirely prevented
in all patients after laser lithotripsy, even with a full course of
broad-spectrum antibiotics for those with bacteriologically
negative urine tests or targeted therapy in bacteriologically
positive cases.

According to our study results, the relationship be-
tween urinary changes, indicating inflammatory process
exacerbation in the urinary tract, and acute inflammatory
indicators was confirmed by a gamma correlation between
the presence of urinary inflammatory changes and blood
leukocytosis levels (r = +0.45, p < 0.05) and the N/L ratio
(r=+0.44, p <0.05). In contemporary literature, the attention
of researchers is attracted by the assessment of the prog-
nostic role of acute inflammatory indicators in the infectious
disease course, while an elevated N/L ratio is regarded as
an acute inflammatory marker associated with unfavorable
disease course [20].

The above discussion underscores the need to identify
informative prognostic factors influencing the development
of inflammatory changes in the urinary tract during the post-
operative period. A2021 meta-analysis of demographic data
revealed a predominance of men among patients with UL,
comprising 67 % of the study population [4]. In the present
study, male patients with UL likewise predominated, ac-
counting for 67.6 % (50 out of 74), which is fully consistent
with the reported epidemiological pattern. Nevertheless,
regarding sex as a risk factor for complications after lithotrip-
sy, one study demonstrated an association between female
sex and greater susceptibility to infectious complications
(OR=1.82,95% Cl 1.48-2.23, p < 0.0001) [21]. However,
no statistically significant sex-based difference (p > 0.05)
was observed in the present study.

Assessment of comorbidities in patients with UL
has established prognostic significance for postopera-
tive complications, as demonstrated in several studies
[5,13,21,22,23]. The present study also analyzed the role
of comorbid pathology, namely chronic pyelonephritis
in remission and diabetes mellitus without signs of de-
compensation. According to our results, the frequency of
urinary tract inflammatory exacerbation in patients with
UL after lithotripsy was significantly higher in those with
comorbid diabetes mellitus (22.2 % vs. 5.3 %, p = 0.03),
chronic pyelonephritis in remission at the time of lithotripsy
(61.1 % vs. 36.8 %, p = 0.04), and the combination of both
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conditions (16.6 % vs. 2.6 %, p = 0.04). These findings
align with published data [22] which report postoperative
urinary tract infection rates of 29 % in patients with UL and
concomitant diabetes mellitus versus 11 % in those without
this comorbidity (p = 0.04). Studies [13,18,21,22,24] have
similarly demonstrated that impaired glycemic control was
associated with a higher rate of postoperative urinary tract
inflammatory complications.

Our study has identified that comorbid chronic pyelo-
nephritis, even in the remission phase, was a significant
risk factor for urinary tract inflammatory exacerbation
in patients with UL after lithotripsy, RR 1.66 [95 % CI
1.02-2.71] (p = 0.040). This established association is
explained in modern literature. Respectively, research-
ers [5,23] consider that prior or chronic upper urinary
tract infections promote microbial biofilm persistence on
stone surfaces and within the renal calyceal system. The
prognostic value of the combination of diabetes mellitus
and chronic pyelonephritis (16.7 % vs. 2.6 %, p = 0.04) in
patients with UL on the second day after lithotripsy was
also demonstrated in this study.

Itis noteworthy that in addition to comorbid pathology
in patients with UL, the assessment of the UL course
and the performed lithotripsy is of particular importance
in predicting complications after lithotripsy. An important
pathophysiological mechanism underlying postoperative
infectious and inflammatory complications in patients with
UL after lithotripsy is the elevation of intrarenal pressure
by irrigation fluid, with resulting pyelovenous and pye-
lolymphatic reflux [9,11]. According to experimental and
clinical data, exceeding the threshold values of intrarenal
pressure (>30 mmHg) is associated with translocation
of bacteria and endotoxins from stone surfaces to the
systemic circulation [25,26,27]. Additionally, laser energy
causes local urothelial damage, which facilitates microbial
adhesion and invasion [25,26,27].

The present study demonstrated that lithotripsy
duration 260 minutes was associated with a significantly
higher rate of urinary tract inflammatory exacerbation
(55.6 % vs. 26.3 %, p = 0.01) in patients with urolithiasis.
Moreover, when assessing the relative risk, we have
found that the most informative independent prognostic
risk factor for urinary tract inflammatory exacerbation in
patients with UL on the second day after lithotripsy was
the lithotripsy duration of 260 minutes RR 2.11 [95 % Cl
1.15-3.87] (p = 0.016).

Consistent findings have been reported in multinational
registry studies, where operative time <75 minutes was
defined as associated with a minimal rate of postoperative
complications [24]. This substantiates the idea of a com-
bined effect of elevated irrigation pressure, a larger volume
ofirrigation fluid, prolonged mechanical and thermal urothe-
lial exposure, and a higher risk of mucosal microtrauma
[28]. One of the most debated risk factors for post-lithotripsy
urinary tract inflammation is prior ureteral stenting. Some
authors report that prior J-J stent placement may increase
the risk of postoperative infection [29], while other studies do
not confirm this association [30,31,32]. In the present study,
pre-operative ureteral stenting was not associated with an
increased risk of postoperative urinary tract inflammation
(p > 0.05), consistent with the findings of the latter group
of investigators.

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

Conclusions

1. The rate of urinary tract inflammatory exacerbation on
the second day after laser lithotripsy is significantly higher
in patients with a combination of urolithiasis and diabetes
mellitus (22.2 % vs. 5.3 %; p = 0.03), chronic pyelonephritis
in remission at the time of lithotripsy (61.1 % vs. 36.8 %;
p =0.04), and both conditions combined (16.7 % vs. 2.6 %;
p=0.04).

2. Lithotripsy duration of 60 minutes or longer is
associated with a significantly higher rate of urinary tract
inflammatory exacerbation in patients with urolithiasis on the
second day after lithotripsy (55.6 % vs. 26.3 %; p = 0.01).

3. The most informative prognostic risk factors for
urinary tract inflammatory exacerbation in patients with
urolithiasis on the second day after lithotripsy are comor-
bid chronic pyelonephritis (RR 1.66 [95 % CI 1.02-2.71],
p = 0.040) and lithotripsy duration 260 minutes (RR 2.11
[95 % CI 1.15-3.87], p = 0.016).

Prospects for further research. In our opinion, future
research should focus on developing individualised man-
agement algorithms for patients with urolithiasis scheduled
for laser lithotripsy, incorporating the identified risk factors,
and on validating a multivariable predictive model for post-
operative inflammatory complications.
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Disturbances in iron metabolism play a key role in the pathophysiology of chronic kidney disease (CKD), contributing to clinical
complications, particularly the development of anemia. Evaluating the diagnostic utility of iron metabolism proteins in CKD patients,
depending on disease progression, is of great significance both diagnostically and therapeutically.

Aim: to evaluate the role of iron metabolism proteins in the pathogenesis of anemia and their clinical diagnostic value in patients
with chronic kidney disease at both the conservative and terminal stages.

Materials and methods. The study included patients with stage II-IlIl CKD (conservative group) and terminal-stage CKD undergoing
hemodialysis (terminal group), as well as healthy controls. Serum levels of hemoglobin, iron, erythropoietin, ferritin, transferrin,
lactoferrin, ferroportin, hepcidin, and haptoglobin were analyzed.

Results. In terminal-stage CKD, the concentrations of hemoglobin (22.1 %, p < 0.001 and 28.6 %, p = 0.001), erythropoietin
(26.8 % and 32.5 %, p < 0.001), iron (18.3 %, p = 0.004 and 33.0 %, p < 0.001), TIBC (14.5 %, p < 0.001 and 17.3 %, p = 0.003),
LIBC (14.4 %, p = 0.006 and 14.8 %, p = 0.039), and transferrin (11.3 %, p = 0.042 and 30.8 %, p = 0.008) were significantly
lower in both men and women compared to the conservative group. In contrast, ferritin (2.3-fold and 2.1-fold, p < 0.001), hepcidin
(82.2 % and 65.1 %, p < 0.001), ferroportin (50.0 % and 46.2 %, p < 0.001), and lactoferrin (2.2-fold and 87.5 %, p < 0.001) levels
were significantly increased in the terminal stage group compared to the conservative group. Ferritin and hepcidin demonstrated
the highest diagnostic performance in CKD, showing excellent sensitivity, specificity, and diagnostic efficiency. Lactoferrin and
erythropoietin also showed strong diagnostic value, while ferroportin exhibited moderate diagnostic performance. Transferrin
demonstrated the lowest diagnostic efficiency, indicating limited standalone clinical usefulness.

Conclusions. This study demonstrates that functional iron deficiency in end-stage renal disease is mediated by systemic inflam-
mation. These findings underscore the pivotal role of iron metabolism proteins in the pathogenesis of renal anemia and validate
their clinical utility as diagnostic biomarkers and therapeutic targets.
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MopiBHAALHMI aHaAi3 6irkiB MeTaboAi3my 3ani3a B naToreHesi aHemii
NpY XpOHiuHiN XBOP0O6i HUPOK

. M. EdeHaieBa, I A. Akadaposa

MopyLweHHs meTaboniamy 3anisa BigirpatoTb KMYoBY porib Y natodisionorii XpoHiYHOi XBopobu HUpok (XXH), cnpuynHsioum
KNiHiYHi yCKnagHEeHHs, SK-0T aHeMito. [ocnimkeHHs iHdopmaTtueHOCTi 6inkiB meTaboniamy 3anisa y nauieHTis i3 XXH 3anexHo Big,
MPOrpecyBaHHs 3aXBOPIOBAHHS MAE BAXIMBE AiarHOCTUYHE Ta TEPANEBTUYHE 3HAYEHHSI.

Merta po6oTi - oLiHMTK ponb GinkiB MeTaboniamy 3aniza B natoreHesi aHeMmii Ta iXHI0 KniHiYHY iHDOPMaTUBHICTb Y NaLieHTiB i3
XXH Ha KOoHCepBaTWBHIl | TepMiHanbHil CTagisx.

Marepiaau i meToau. Y gocnimkeHHi B3anu yyactb 44 nauientv 3 XXH |-l ctagii, siki He oTpumyBanu remogiania (koHcepBaTuBHa
rpyna), Ta 46 nauieHTis i3 XXH TepmiHanbHoi CTagji, SkuM perynspHo BUKOHyBanv reMogiania (tepmiHansHa rpyna). o KOHTpOrbHOI
rpynu 3anyyunu 20 npakTU4HO 300POBKX OCID. Y BCIX y4acHUKIB aHasidyBanu piBeHb KpeaTuHiHy, remornobiHy, epuTponoeTHHy,
3anisa, rantornobiHy, (epuTuHy, TpaHCchEPUHY, NAKTOEPUHY Ta renCUaNHY B KPOBI.

Pesynbtatn. Y TepmiHanbHii ctagii XXH koHueHTpauii remornobidy (22,1 %, p < 0,001 1a 28,6 %, p = 0,001), eputponoeTuHy
(26,8 % Ta 32,5 %, p < 0,001), 3aniza (18,3 %, p = 0,004 ta 33,0 %, p < 0,001), 3aranbHoi 3ani3038'a3yBanbHOI 30aTHOCTI CU-
posatku (TIBC; 14,5 %; p < 0,001 Ta 17,3 %; p = 0,003), nateHTHOI 3ani3038’a3yBanbHoi 3gatHocTi (LIBC; 14,4 %, p = 0,006 Ta
14,8 %, p = 0,039), a Takox TpaHcepuHy (11,3 %, p = 0,042 1a 30,8 %, p = 0,008) CTAaTUCTUYHO 3HAYYLLO HVXKYi | B YOMOBIKIB, i
B XIHOK MOPIBHSHO 3 KOHCEPBATMBHOLO rpymnoto. HatomicTb piBHi deputuny (y 2,3 Ta 2,1 pasa, p < 0,001), rencuamny (82,2 % Ta
65,1 %, p <0,001), cdbeponoptuny (50,0 % Ta 46,2 %, p < 0,001) i naktocbepuHy (y 2,2 pasa Ta Ha 87,5 %, p < 0,001) cTatucTyHO
3HaYyLLO NiABULLEHI B rpyni TepMiHaNbHOI CTagiji NOPIBHSHO 3 KOHCEPBATVUBHOK. DEPUTIH | rencUaNH Manu HanBULLLY AiarHOCTUYHY
eekTBHICTb Npy XXH, XxapakTepn3ytoumch BiGMIHHOK YyTNMBICTIO, CNELMAIYHICTIO Ta 3ararnbHOH AjarHOCTUYHOK TOMHICTHO. JlakTo-
(pepuH Ta epUTPONOETHH TaKOX Mank BUCOKY AiarHOCTUYHY LiHHICTb, @ )eponopTvH Nokasas NOMIPHY AiarHOCTUYHY ePEeKTUBHICTb.
TpaHcdeprH MaB HalHUKYY AiarHOCTUYHY eIeKTUBHICTb, L0 CBIAYMTb NPO NOro 0BMEXeHY CaMOCTINHY KMHIYHY 3HaYYLLCTb.

BucHoBku. DyHKLiOHanNbHWA AedilmT 3anisa BUHUKAE Ha (hoHi 3ananerHs npu XXH y TepmiHaneHin ctagii. Lii 3miHu nigTeepmpxytoTh
BaXnBy ponb OinkiB MeTaboniamy 3aniaa B natoreHesi aHeMii, Lo nos's3aHa 3 XXH, Ta 06rpyHTOBYIOTb iXHE KMiHiKO-AiarHOCTUYHe
Ta NPaKTUIHE 3HAYEHHS.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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Chronic kidney disease (CKD) continues to remain a se-
rious public health problem worldwide. According to the
World Health Organization, more than 800 million people
are currently affected by this disease, and this number
is increasing every year [1,2]. CKD is an irreversible,
progressive condition defined by abnormalities of kidney
structure or function, including renal parenchymal dam-
age, albuminuria, or other markers of kidney damage,
or a sustained reduction in glomerular filtration rate to
below 60 mL/min/1.73 m? persisting for three months or
longer [2,3]. The disease gradually leads to impairment
of the filtration, excretory, and endocrine functions of the
kidneys, ultimately resulting in acute or end-stage renal
failure. Anemia, one of the major complications of CKD,
not only worsens the course of the disease but also re-
duces quality of life, increases cardiovascular risks, and
negatively affects survival rates [3,4,5].

In modern practice, relying solely on hemoglobin and
hematocrit indices is not sufficient for the diagnosis of
anemia. A more precise approach requires the analysis of
iron metabolism proteins, their interactions, and their asso-
ciations with inflammatory biomarkers. These biomarkers
provide deeper insights into the etiopathogenesis of anemia
in CKD and enable a more individualized approach.

Several complex mechanisms are involved in the devel-
opment of anemia in CKD. One of the main causes is the re-
duced synthesis of erythropoietin (EPO) in the kidneys. EPO
deficiency leads to the inhibition of erythropoiesis. On the
other hand, under the influence of inflammatory cytokines,
increased synthesis of hepcidin impairs the release of iron
from stores and its absorption from the intestine, thereby
exacerbating functional iron deficiency [6].

Disruption of iron metabolism plays a central role in the
development of anemia. In recent years, the interactions of
biomolecules and proteins involved in this process, erythro-
poietin, hepcidin, ferroportin, ferritin, transferrin, lactoferrin,
and haptoglobin, have begun to be studied in greater detail.
EPO is synthesized in type | interstitial peritubular cells
located in the renal cortex and the outer medullary layer,
and it ensures the differentiation of erythroid cells. EPO
stimulates the production of red blood cells (erythrocytes)
by inducing the synthesis of erythroferrone in erythroblasts,
thereby regulating hepcidin levels. As a result, iron is re-
leased from storage sites and delivered to hematopoietic
tissue. However, in CKD, reduced synthesis of EPO also
leads to a decrease in erythroferrone levels, which in turn
causes an increase in hepcidin. Consequently, iron mo-
bilization is impaired and its availability for erythropoiesis
becomes limited [3,6].

One of the key proteins in the regulation of iron ho-
meostasis is hepcidin. This hormone is synthesized in the
liver, and its levels are regulated by a feedback mechanism
dependent on iron status, while its synthesis is controlled
by iron levels, anemia, infection, inflammation, and eryth-
ropoietic activity [7]. Hepcidin binds to the iron exporter
ferroportin, leading to its degradation. As a result of this
mechanism, iron absorption from the intestine and iron
release from macrophages and hepatocytes is significantly
reduced. Activation of the inflammatory process, resulting
in increased synthesis of inflammatory cytokines such as
interleukin-6 (IL-6), stimulates hepcidin synthesis, thereby
further exacerbating this pathological process [8,9].
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Ferritin is the primary indicator reflecting the body’s iron
stores. However, since ferritin is an acute-phase reactant,
its level does not accurately reflect actual iron reserves in
chronic inflammation, including CKD. In such cases, the
transferrin saturation (TSAT) can be considered a more
objective indicator. A decrease in TSAT occurs against the
background of reduced transferrin levels or low circulating
iron and indicates functional iron deficiency. Transferrin par-
ticipates in the transport of iron in plasma, and its saturation
level reflects the functional iron status [10,11,12].

Lactoferrin is a glycoprotein with the ability to bind iron
and regulate inflammation. It reduces hepcidin synthesis
and also promotes iron mobilization from stores and stim-
ulates erythropoiesis. Lactoferrin is a glycoprotein secreted
by neutrophils and epithelial cells with a high affinity for
iron. Additionally, it directly stimulates transferrin receptors,
thereby accelerating the uptake of iron into cells [13,14,15].

Haptoglobin binds free hemoglobin, reducing oxida-
tive stress that arises during hemolysis, and prevents the
release of heme-bound iron, thereby decreasing the toxic
effects of free iron. In CKD, its levels may vary depending
on the degree of inflammation and hemolysis. Haptoglobin in
these cases is considered a secondary defense mechanism.
During hemolysis and chronic inflammation, haptoglobin
levels can decrease, which may lead to increased toxicity
of free iron, exacerbation of inflammation, and elevated
hepcidin levels [16].

Although numerous studies have been conducted on
iron metabolism in the pathogenesis of CKD, many ques-
tions remain unanswered. A deeper investigation of iron
homeostasis physiology during CKD could help to better
understand the disease’s pathology and improve treatment
efficacy [7]. These considerations highlight the importance
of a comprehensive analysis of iron metabolism biomark-
ers for the timely detection of anemia, accurate differential
diagnosis, and the development of effective therapeutic
strategies in CKD.

Aim
The aim of the study was to evaluate the role of iron me-
tabolism proteins in the pathogenesis of anemia in patients

with CKD at conservative and terminal stages, as well as
their clinical diagnostic value.

Materials and methods

The study included 44 patients aged 43-75 years
(66.2 + 1.7) with CKD stages lI-IIl who were not receiving
hemodialysis (conservative group), and 46 patients aged
19-77 years (60.8 + 2.2) with terminal-stage CKD under-
going regular hemodialysis (terminal group). The control
group consisted of 20 healthy individuals aged 20-75 years
(62.5 £ 1.9). In the conservative group, 17 patients were
women (68.9 + 3.0 years) and 27 were men (64.5 + 2.0
years), while among patients with terminal-stage CKD
(tCKD), 24 were women (62.4 + 2.8 years) and 22 were
men (59.0 £ 3.4 years).

To assess the severity of anemia and renal functional
activity in CKD patients, blood concentrations of creatinine,
hemoglobin, erythropoietin, serum iron, ferritin, transferrin,
lactoferrin, ferroportin, hepcidin, and haptoglobin were
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analyzed. Hemoglobin levels in the blood were measured
using a fully automated analyzer manufactured by Sysmex.
The concentrations of serum iron, total iron-binding capacity
(TIBC), creatinine, and urea were determined spectropho-
tometrically using reagent kits manufactured by Human
(Germany) according to the manufacturer’s instructions.
Serum concentrations of erythropoietin, ferritin, transferrin,
lactoferrin, and hepcidin were analyzed by the enzyme-linked
immunosorbent assay (ELISA) method using reagent kits
from BT LAB Bioassay Technology Laboratory (Shanghai,
China). Serum ferroportin and haptoglobin levels were deter-
mined using commercially available ELISAkits (for example,
Elabscience, USA; Cloud-Clone Corp., USA) suitable for
semi-automated ELISA analyzers and available for interna-
tional distribution. Only patients who met the following criteria
were included in the study: no treatment with iron preparations
(such as ferric gluconate, ferric sorbitol, ferric dextran, ferric
carboxymaltose) during the last two weeks, no history of
blood transfusion, and transferrin levels above 100 mg/dL.
Allanalyses were performed according to the manufacturers’
instructions using certified laboratory equipment.

After determining TIBC and serum iron, the latent
iron-binding capacity (LIBC) was calculated using the
following formula: LIBC = TIBC - iron. To determine the
degree of transferrin saturation with iron in serum, the fol-
lowing formula was applied: TSAT = (iron/ TIBC) x 100 %.

Statistical data processing was carried out using
non-parametric testing (Mann-Whitney U test for be-
tween-group comparisons), one-way analysis of variance
(ANOVA with Fisher—Snedecor F-distribution for multiple
group comparisons), and Pearson’s chi-square test. All
statistical calculations were performed using MS Excel
2019 and IBM SPSS Statistics 26. Statistical significance
was set at p < 0.05.

Results

In the study, a comparative analysis of several clinical and
laboratory parameters was performed across three groups
(control, conservative, and terminal-stage CKD). In the
conservative group, the median creatinine concentration
(umol/L) was 2.2-fold higher (p < 0.001) in men and 2.0-
fold higher (p < 0.001) in women compared to the control
group. In the terminal-stage group receiving hemodialysis,
the median creatinine concentration (umol/L) was 7.6-fold
higher in men (p < 0.001) and 8.2-fold higher in women
(p <0.001) compared to the control group (Tables 1, 2).
The progression of CKD was accompanied by function-
al iron deficiency and anemia in patients. In the conserv-
ative group, the concentrations of hemoglobin (g/L) and
iron (umol/L) decreased by 15.9 % (p = 0.010) and 40 %
(p <0.001) in men, and by 14.6 % (p = 0.008) and 30.7 %
(p < 0.001) in women, compared to the control group. In
the terminal group, the concentrations of hemoglobin and
iron were significantly reduced by 34.5 % (p = 0.010) and
50 % (p < 0.001) in men, and by 39.0 % (p < 0.001) and
54.5% (p <0.001) in women, compared to the control group.
Atthe same time, significant alterations were also iden-
tified in the metabolism of proteins involved in iron transport
and storage in the examined patients. In the conservative
group, TIBC and LIBC (umol/L) did not change significantly
in either men or women compared to the control group. In

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

the terminal stage group, TIBC (umol/L) in men decreased
by 23.8 % (p < 0.001), whereas LIBC showed a non-sig-
nificant decrease of 12.6 % (p = 0.073), compared to the
control group. In women, no significant changes in these
parameters were observed.

In addition, a decrease in TSAT may be considered a
marker of functional iron deficiency. In our study, TSAT levels
showed a significant decline across the groups. Among
males, the median TSAT decreased from 46.0 % in the con-
trol group to 25.0 % in the conservative group and 23.5 %
in the terminal group (p < 0.001). A similar pattern was
observed in females, with median TSAT values of 32.7 %,
19.3 % (p = 0.001) and 15.3 % (p < 0.001), respectively.

Haptoglobin (mg/dL) levels were significantly decreased
in patients with CKD. In the conservative group, its con-
centration decreased by 41.0 % (p < 0.001) in men and by
17.3 % (p = 0.002) in women, whereas in the terminal stage
group, it decreased by 38.0 % (p < 0.001) in men and by
37.3% (p<0.001) in women compared to the control group.

Ferritin (ng/mL) levels in the conservative group showed
arelative decrease compared to the control group, decreas-
ing by 17.9 % (p = 0.010) in men and by 28.6 % (p = 0.009)
in women. In contrast, in the terminal stage group, ferritin
levels were significantly increased, which may be associ-
ated with the intensification of the inflammatory process,
by 66.3 % (p <0.001) in men and by 52.7 % (p < 0.001) in
women compared to the control group.

Transferrin (mg/dL) concentration in CKD patients was
significantly reduced due to functional iron deficiency. In the
conservative group, transferrin levels decreased by 11.7 %
(p =0.021) in men and by 15.8 % (p = 0.001) in women
compared to the control group. In the terminal stage group,
a more pronounced reduction was observed, by 21.6 %
(p =0.001) in men and by 41.7 % (p < 0.001) in women
compared to the control group.

Erythropoietin (mlU/mL) levels showed a stage-de-
pendent decrease during CKD. In the conservative group,
erythropoietin concentration was significantly reduced
by 2.1-fold (p < 0.001) in men and by 36.8 % (p < 0.001)
in women compared to the control group. In the terminal
stage group, a more pronounced reduction was observed,
by 2.9-fold (p < 0.001) in men and by 2.3-fold (p < 0.001)
in women compared to the control group.

Hepcidin (ng/mL) levels showed changes in CKD pa-
tients. In the conservative group, hepcidin demonstrated a
non-significant increase by 19.4 % (p = 0.260) in men and
by 8.5 % (p = 0.359) in women compared to the control
group. In contrast, in the terminal stage group, a statistically
significant increase was observed, by 2.2-fold (p < 0.001)
in men and by 79.1 % (p < 0.001) in women compared to
the control group.

Ferroportin (ng/mL) levels were significantly increased
in patients with CKD. In the conservative group, ferroportin
concentration increased by 86.7 % (p < 0.001) in men and by
44.4 % (p=0.004) in women compared to the control group.
In the terminal stage group, a more pronounced increase
was observed, by 2.8-fold (p < 0.001) in men and by 2.1-
fold (p < 0.001) in women compared to the control group.

Lactoferrin (ng/mL) levels were significantly increased
in patients with CKD. In the conservative group, lactoferrin
levels increased by 19.6 % (p = 0.014) in men and by 50 %
(p=0.002) in women compared to the control group. In the

ISSN 2306-4145

https://zmj.zsmu.edu.ua


https://zmj.zsmu.edu.ua/

Original research

Table 1. Concentration of iron metabolism proteins in male patients with CKD

Parameter, units of measurement

Creatinine, umol/L

Groups (male)

v Jve JoJo v v Jo do v v Jo Jo

81.6 81.0 71.0 94.0 197.3 181.0

123.0 238.0 674.8 618.5 472.0 789.0

p = <0.001 <0.001
, <0.001
Hemoglobin, giL 144 145 129 165 124 122 109 141 97 95 8.0 1.2
p = 0.010 0.010
p,1 <0.001
Iron, umoliL 199 200 170 230 120 120 104 139 97 98 85 123
p - <0.001 <0.001
p, 0.004
TIBC, ymoliL 649 660 570 730 500 586 547 647 490 503 427 536
p - 0.055 <0.001
, <0.001
LIBC, pmollL 450 470 370 500 470 480 403 523 393 411 37 460
p - 0573 0.073
, 0.006
Ferritin, ng/mL 984 950 820 1180 781 780 700 910 1621 1580 1380 1810
p = 0.010 <0.001
p, <0.001
Transferrin, mg/dL 2464 2310 2240 2740 2136 2040 1820 2520 1782 1810 1270  207.0
p - 0.021 0.001
P, 0.042
TSAT, % 466 460 326 525 266 250 212 312 267 235 180 347
p - <0.001 <0.001
P, 0.786
Haptoglobin, mg/d 1596 1660 1480 1700 999 980 880 1080 954 1030 760 1130
p - <0.001 <0.001
P, 0.880
Erythropoietin, miUjmL 2167 2320 2010 2404 1143 1089 935 1254 728 797 491 8.71
p - <0.001 <0.001
P, <0.001
Lactoferrin, ngfmL 093 0970 0720 1090 118 1160 1020 1340 2605 2500 2000  3.100
p - 0.014 <0.001
P, <0.001
Ferroportin, ng/mL 0.31 030 027 035 058 05 049 066 095 084 072 113
p - <0.001 <0.001
P, <0.001
Hepcidin, ng/mL 1755 1650 1590 2040 1912 1970 1490 2400 4025 3500 3170 4440
p = 0.260 <0.001
P, <0.001

M: the mean value; Me: the median; Q1: the first quartile (25th percentile); Q3: the third quartile (75th percentile); p: compared to the control group; p1: compared to the conservative

group.

terminal stage group, a more pronounced increase was
observed, by 2.6-fold (p < 0.001) in men and by 2.8-fold
(p <0.001) in women compared to the control group.

In the terminal stage group, the concentrations of he-
moglobin, erythropoietin, iron, TIBC, LIBC and transferrin
were significantly lower in both men and women compared
to the conservative group: hemoglobin by 22.1 % (p <0.001)
in men and 28.6 % (p = 0.001) in women; erythropoietin by
26.8 % (p<0.001)inmenand 32.5 % (p <0.001) in women;
iron by 18.3 % (p = 0.004) in men and 33.0 % (p < 0.001)
in women; TIBC by 14.5 % (p < 0.001) in men and 17.3 %
(p =0.003) in women; LIBC by 14.4 % (p = 0.006) in men
and 14.8 % (p = 0.039) in women; and transferrin by 11.3 %
(p =0.042) in men and 30.8 % (p = 0.008) in women.

Ferritin, hepcidin, ferroportin, and lactoferrin levels were
significantly increased in the terminal stage group compared
to the conservative group. Ferritin increased by 2.3-fold
(p<0.001) in men and 2.1-fold in women (p < 0.001); hep-
cidin by 82.2 % (p < 0.001) in men and 65.1 % in women
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(p < 0.001); ferroportin by 50.0 % (p < 0.001) in men and
46.2 % in women (p < 0.001); and lactoferrin by 2.2-fold
(p <0.001) in men and 87.5 % in women (p < 0.001).

The diagnostic utility of iron metabolism proteins in the
diagnosis of CKD was studied. The obtained results are
presented in Table 3.

According to the calculations, ferritin showed a cut-off
value of >101 ng/mL with a sensitivity of 93.5 + 3.6 %,
specificity of 100.0 £ 0.0 %, and diagnostic efficiency of
96.7 + 1.9 %, demonstrating excellent diagnostic perfor-
mance (Table 3).

Transferrin (cut-off <160 mg/dL) showed a sensi-
tivity of 52.2 £7.4 %, specificity of 84.1 £ 5.5 %, ODV of
67.8+4.9%, PPV of77.4+7.5%,and NPV of 62.7 £ 6.3 %,
indicating low diagnostic efficiency.

Lactoferrin (cut-off >1.8 ng/mL) demonstrated a sen-
sitivity of 84.8 + 5.3 %, specificity of 95.5 + 3.1 %, ODV of
90.0+3.2%, PPV 0f95.1+ 3.4 %, and NPV 0f 85.7 5.0 %,
indicating high diagnostic value.
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Table 2. Concentration of iron metabolism proteins in female patients with CKD

Parameter, units of measurement

Groups (female)

Creatinine, umol/L 736 71.0 61.0
p -

P,

Hemoglobin, g/L 12.3 12.3 1.5
p -

P,

Iron, ymol/L 14.8 14.0 13.0
p -

P,

TIBC, pmol/L 54.4 52.0 49.0
p -

P,

LIBC, pmol/L 39.7 40.0 33.0
p -

P,

Haptoglobin, mg/d| 1143 110.0
p -

P,

Ferritin, ng/mL 85.2 91.0 82.0
p -

P,

Transferrin, mg/dL 255.4
p -

P,

TSAT, % 39.9 327 30.0
p -

Py

Erythropoietin, mlU/mL 20.04
p -

Py

Lactoferrin, ng/mL 0.963
p -

Py

Ferroportin, ng/mL 0.36 0.36 0.34
p -

Py

Hepcidin, ng/mL 164.8
p -

Py

106.0

253.0 243.0

19.25

18.89

0.960

0.780

165.0 157.0

89.0 193.6 138.8 110.5 251.9 624.7 585.0
<0.001 <0.001
<0.001
132 10.0 10.5 8.5 121 78 75
0.008 <0.001
0.001
16.0 9.9 9.7 8.7 10.5 6.6 6.5
<0.001 <0.001
<0.001
65.0 57.1 58.4 51.2 60.8 48.7 48.3
0.608 0.106
0.003
49.0 473 50.6 421 52.0 421 431
0.063 0.467
0.039
120.0 85.2 91.0 75.0 103.0 741 69.0
0.002 <0.001
0.062
95.0 61.7 65.0 45.0 74.0 141.0 139.0
0.009 <0.001
<0.001
263.0 194.4 213.0 160.0 230.0 156.5 1475
0.001 <0.001
0.008
515 220 19.3 172 229 16.2 15.3
0.001 <0.001
0.004
20.72 11.86 1217 9.86 13.40 7.99 8.21
<0.001 <0.001
<0.001
1.200 1.462 1.440 1.320 1.660 2.621 2.700
0.002 <0.001
<0.001
0.38 0.53 0.52 0.38 0.63 0.86 0.76
0.004 <0.001
<0.001
176.0 166.3 179.0 137.0 204.0 306.0 295.5
0.359 <0.001
<0.001

506.0

432

38.0

62.0

1215

134.0

12.8

7.16

2.100

0.68

258.5

v Jve JoJo v v Jo Jo v v Jor ]

799.5

475
86.0
160.5
184.0
18.0
9.41
3.150
0.93

330.5

M: the mean value; Me: the median; Q1: the first quartile (25th percentile); Q3: the third quartile (75th percentile); p: compared to the control group; p1: compared to the conservative

group.

Erythropoietin (cut-off <890 mIU/mL) showed a sensi-
tivity of 71.7 £ 6.6 %, specificity of 95.5 + 3.1 %, ODV of
83.3£3.9%, PPV 0f94.3+3.9%,and NPV 0f 76.4 5.7 %,
demonstrating good diagnostic utility. Ferroportin (cut-off
>0.66 ng/mL) exhibited a sensitivity of 91.3+4.2 %, specific-
ity of 79.5+6.1 %, ODV of 85.6+3.7 %, PPV of 82.415.3 %,
and NPV of 89.7+4.9 %, indicating moderate diagnostic
performance. Hepcidin (cut-off >254.5 ng/mL) showed a
sensitivity of 91.3 £ 4.2 %, specificity of 93.2 + 3.8 %, ODV of
92.2+2.8%, PPV 0f93.3+3.7 %,and NPV 0f 91.1 4.2 %,
demonstrating excellent diagnostic value.

Among all studied biomarkers, ferritin and hepcidin
demonstrated the highest diagnostic performance in CKD,
while lactoferrin and erythropoietin showed strong additional
diagnostic value. Ferroportin exhibited moderate perfor-
mance, whereas transferrin showed the lowest diagnostic
efficiency. These results indicate that ferritin and hepcidin
are the most clinically relevant biomarkers in CKD-related
iron metabolism disorders.
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Discussion

The results of our study have demonstrated that in the
progressive stages of CKD, the main components of iron
metabolism, iron, erythropoietin, ferritin, transferrin, ferro-
portin, lactoferrin, and hepcidin, undergo significant changes
in various directions. These alterations play an important
role in the pathogenesis of the disease and in the develop-
ment of anemia. As the findings indicate, in patients with
CKD, particularly those undergoing hemodialysis, severe
impairments in renal functional activity are accompanied by
anemia. Specifically, in patients with terminal-stage CKD,
serum creatinine concentration significantly increased
compared to the conservative group, whereas hemoglobin
levels decreased.

The decrease in erythropoietin levels plays a key role
in the pathogenesis of anemia. Absolute erythropoietin
deficiency may result from impaired renal function, lead-
ing to reduced hormone synthesis. The development of
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Table 3. Diagnostic value of iron metabolism proteins during CKD

n 90 90 90 90 90 90

min
max
Cut-off point

n+

38 &5 0.48
230 346 4.3
101 160 18

> < >

46 46 46
43 24 39
93.5 522 84.8
36 74 53
44 44 44
44 37 42
100.0 84.1 95.5
0.0 5.5 3.1
87 61 81
96.7 67.8 90.0
19 49 32
100.0 774 95.1
0.0 7.5 34
93.6 62.7 85.7
3.6 6.3 5.0
>100 3.28 18.65
Excellent Adequate Excellent
0.07 0.57 0.16
Excellent Negative Good

359 0.27 88
1590 1.67 757
890 0.66 254.5
< > >

46 46 46

33 42 42
.7 91.3 91.3
6.6 4.2 4.2
44 44 44

42 35 41
95.5 795 932
3.1 6.1 3.8
75 77 83
83.3 85.6 92.2
3.9 37 2.8
94.3 82.4 93.3
3.9 5.3 3.7
76.4 89.7 91.1
5.7 49 4.2
15.78 4.46 13.39
Excellent Adequate Excellent
0.30 0.1 0.09
Adequate Good Excellent

The data obtained in this study; n: number of observations; min: minimum value; max: maximum value; cut-off: threshold value for the biomarker; n+: number of positive cases;

++. number of correctly identified positive cases; Sn: sensitivity of the test (%); tmp: standard deviation or measurement error; n-: number of negative cases, —: number of correctly
identified negative cases; Sp: specificity of the test (%); ODV: general diagnostic value (%); pPV: positive prognostic value (%); nPV: negative prognostic value (%); LR+: chance ratio of
a positive test; LR-: chance ratio of a negative test.

inflammatory processes inhibits the hypoxia-induced syn-
thesis of erythropoietin, thereby weakening the process of
erythropoiesis [17].

Ferritin is the main protein responsible for iron storage in
the human body [18]. Under physiological conditions, serum
ferritin concentrations closely reflect body iron reserves,
as confirmed by liver biopsy, which is considered the gold
standard for assessing iron status. Nevertheless, inflam-
mation can markedly influence ferritin levels, given that it
functions as an acute-phase protein. When inflammation
occurs, the rise in serum ferritin as an acute-phase reactant
disrupts its correlation with actual iron availability [12]. The
results indicate that ferritin levels decrease in the conserv-
ative group but increase significantly at the terminal stage,
likely due to enhanced inflammation. During inflammation,
elevated hepcidin levels reduce intestinal iron absorption
and increase intracellular ferritin reserves. In CKD, chronic
inflammation artificially elevates ferritin, which can also
serve as an indicator of inflammation. Itis suggested thatin
renal pathologies, high ferritin levels play a nephroprotective
role in response to the progression of inflammation. Elevat-
ed ferritin reflects both the iron storage status and its role
as an acute-phase reactant. Therefore, under inflammatory
conditions, ferritin levels should be interpreted not only as
an indicator of iron status but also as a marker of systemic
inflammation. An increase in ferritin levels accompanied
by a decrease in iron levels is a characteristic feature of
inflammation-related anemia [19]. In our study, the elevation
of ferritin alongside reduced serum iron and TSAT reflects
a classic pattern of functional iron deficiency. In CKD,
serum ferritin levels are usually elevated due to chronic
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inflammation, whereas serum iron parameters often do not
correspond to normal values. The most commonly observed
features include a decrease or normalization of serum iron
and TIBC, an increase in ferritin levels, and a decrease in
TSAT. Low ferritin levels most likely indicate iron deficiency,
whereas high ferritin levels do not exclude iron deficiency in
the context of CKD or chronic inflammation [4].

The transferrin protein binds iron and transports it to
other cells, where it interacts with transferrin receptors. The
bound iron is released, while iron-free transferrin is secreted
back into the extracellular environment, and the intracellular
iron is stored in the form of ferritin. A decrease in transferrin
saturation together with an increase in ferritin is a typical
indicator of functional iron deficiency [20].

Absolute iron deficiency arises as a result of the de-
pletion of iron stores in the body, for example, in cases of
blood loss. Functional iron deficiency, on the other hand, is
characterized by the inability to mobilize iron from the stores
despite its sufficient presence in the body. This condition
may be observed in chronic inflammatory states or during
high, supratherapeutic stimulation of erythropoiesis, such
as during treatment with erythropoiesis-stimulating agents.

In the context of chronic inflammation, functional iron
deficiency is distinguished by elevated hepcidin levels.
In patients with anemia associated with CKD, absolute
iron deficiency (due to blood loss during hemodialysis),
functional iron deficiency (related to acute inflammation),
or a combination of both conditions may be observed [20].

In CKD, disturbances in iron metabolism are associated
with inflammation and dysfunction of the hepcidin—ferropor-
tin axis. During inflammation, the accelerated synthesis of
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pro-inflammatory cytokines stimulates hepatic hepcidin
production, induces ferritin expression in macrophages,
and inhibits ferroportin expression [21,22]. In addition,
reduced glomerular filtration rate in the kidneys may lead
to decreased clearance of hepcidin and, consequently, to
its elevated levels in the blood [5].

An increase in hepcidin levels is one of the major con-
sequences of chronic inflammation observed in CKD. By
interacting with ferroportin, hepcidin blocks the release of
iron from intestinal epithelial cells and macrophages into the
plasma. As a result, in the setting of decreased circulating
iron and elevated ferritin and hepcidin, classical inflamma-
tion-induced functional iron deficiency develops [23,24].

The increase in lactoferrin and ferroportin levels is con-
sidered an adaptive mechanism aimed at maintaining iron
homeostasis in the body. Lactoferrin is a natural iron-con-
taining glycoprotein synthesized in the epithelial cells of
mucous membranes. In addition to its ability to bind iron,
lactoferrin possesses anti-inflammatory and immunomodu-
latory effects, as well as antiviral, antibacterial, and antioxi-
dant properties. Owing to its antioxidant activity, lactoferrin
contributes to the protection of the kidneys from injury [25].
During CKD, the concentration of lactoferrin increases in
a compensatory manner in response to decreased serum
iron levels and the progression of inflammatory processes
[26]. Recent studies indicate that lactoferrin may regulate
hepcidin synthesis and positively influence the mobilization
of iron from stores [27].

Although the increase in ferroportin levels may appear
paradoxical, some studies have suggested that it repre-
sents a compensatory response against hepcidin. In other
words, while the organism attempts to enhance ferroportin
expression to facilitate iron utilization, elevated hepcidin
levels block this effect, thereby impairing iron mobilization
[24]. In chronic diseases (particularly in chronic kidney
failure or anemia associated with inflammation), the simul-
taneous elevation of both hepcidin and ferroportin may be
explained by compensatory mechanisms, the influence of
inflammatory cytokines, tissue-specific differences, and
disturbances in filtration—clearance [28].

Biomarkers such as lactoferrin, hepcidin, ferroportin,
ferritin, and transferrin are of significance both as diagnostic
and therapeutic indicators. Treatment strategies should be
individualized according to the level of inflammation: intra-
venous iron is preferred in the presence of inflammation,
whereas oral lactoferrin may be effective in patients without
inflammation. Naoum F. A. et al. demonstrated that ferritin
possesses high specificity and sensitivity in the diagno-
sis of iron deficiency anemia [29]. Similarly, T. Karlsson
showed that hepcidin has high sensitivity and specificity
in his study [30].

Conclusions

1. In CKD, disturbances in iron metabolism, activation
of inflammatory markers, and impaired erythropoiesis
represent the principal pathogenic mechanisms jointly
contributing to the development of anemia. As evidenced by
the study results, complex and interrelated alterations exist
among iron metabolism proteins. Physiological abnormal-
ities arising in various tissues involved in iron metabolism
disrupt the regulatory mechanisms of iron homeostasis.
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2. In patients with CKD, on the one hand, the levels
of iron, erythropoietin, transferrin and haptoglobin were
significantly decreased, while on the other hand, increased
levels of ferritin, ferroportin, lactoferrin, and hepcidin were
observed. In addition, a decrease in TSAT may be con-
sidered a marker of functional iron deficiency. The more
pronounced manifestation of these indicators in the terminal
stage of CKD suggests that disease progression leads to
more severe disturbances in iron metabolism.

3. Ferritin, lactoferrin, erythropoietin, and hepcidin are
of great diagnostic importance due to their specificity and
effectiveness in evaluating positive results, while ferritin and
hepcidin also carry major practical significance. Accurate
monitoring of these biomarkers is essential for the early
diagnosis of anemia and the establishment of individualized
treatment strategies.
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The issue of mental health among students whose families are involved in military events, especially those whose close relatives
are directly engaged in combat operations or reside in an area of active armed conflict, is becoming particularly relevant. The
constant anticipation of danger to the lives of loved ones, emotional involvement, and empathetic experience of another person’s
trauma creates conditions for the development of secondary traumatic stress (STS), which in its clinical manifestations is compa-
rable to post-traumatic stress disorder.

Aim. To investigate the characteristics of STS and chronic fatigue syndrome (CFS) in higher education students who reported having
at least one close relative with a status related to participation in military operations or presence in a combat zone; to assess the
intensity of emotional, cognitive, and somatic symptoms, as well as to analyze the relationship between indicators of secondary
traumatization and the level of chronic fatigue.

Materials and methods. Empirical data were collected via standardized questionnaires assessing STS and CFS (Fukuda criteria),
administered to 75 higher education students in Ukraine (years 1-5). Analysis of the respondents’ academic profiles allowed
classification into five primary fields of study. The majority of participants were enrolled in medical and pharmaceutical programs
(53.2 %), with substantial representation from psychological and humanities disciplines (18.6 %) and rehabilitation-related
programs (15.8 %). Students from the natural sciences and pedagogical fields accounted for 5.2 %, while the remaining 7.2 %
were distributed across other specialties with lower individual representation. At the time of data collection, all participants
(100 %) were residing within Ukraine. The survey was conducted via Google Forms web-based application. Statistical processing
included Pearson’s correlation analysis with interpretation on the Chaddock scale and significance testing via Student’s t-test.
The study conducted a systematic review of 13 national and international publications indexed in the Scopus and PubMed
databases (search period: 2020-2025).

Results. Of the 75 students surveyed, 68.0 % reported having close relatives involved in military operations or residing in the combat
zone. These findings underscore the extensive familial exposure to the war among study participants and suggest an elevated
vulnerability to STS, as well as to its associated psychophysiological sequelae. Regular obsessive thoughts about the possible
suffering of relatives were reported by almost 70.0 % of respondents (options “sometimes” and “often” combined).

Conclusions. A strong direct correlation was established between STS indicators and CFS (r = 0.70, p < 0.001), indicating the for-
mation of a unified psychosomatic complex in students whose relatives are in the combat zone. These findings confirm the need for
comprehensive rehabilitation programs that simultaneously address both psychological and physiological components of distress.

Keywords:

medical students,
secondary traumatic
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relatives of
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BTOpMHHUI TPaBMaTUUHKI CTPEC | XPOHIYHA BTOMA Y CTYAEHTIB i3 POAMH,
AKI nepeXXuAu BiNCbKOBI NoAji

B. B. YopHa, X. C. AertapeHko, A. C. Aem’saHtok, A. C. TyaseBuy, I. 0. CtenaHeHko

IMpobnema ncvxiuHoro 30opos's 30obyBavis, Yni POAUHM 3amyyeHi 4O BOEHHUX NOAil, 0cobnMBO TuX, Yni 6nmabki poguyi Gesno-
cepenHbo 6epyTb yyacTb y 6oroBKX Lisix abo nepebyBaroTb y 30Hi aKTUBHOMO 3BPONMHOTO KOHANIKTY, HabyBae 0cobNMBOT aKTy-
anbHocTi. TMocTiHe oYikyBaHHS 3arpoan XWUTTIO ONK3bK1X, EMOLIIHA 3anyyeHIiCTb Ta eMnaTuyHe NepexmBaHH YyXoi TpaBMU
CTBOPHOKOTb YMOBM A5 PO3BUTKY BTOPUHHOTO TpaBmaTtuyHoro ctpecy (BTC), sikuid 3a KNiHiYHUMM NposiBaMu Moxe OyTu 3icTaBHUM
i3 NOCTTPaBMAaTUYHIM CTPECOBUM PO3NafoM.

Merta pobotu - gocnigntn ocobnmeocTi nposisie BTC i cuHapomy xpoHiuHoi BTomu (CXB) y 3n06ysauiB, siki nosigoMunu npo
HasIBHICTb LLOHaMeHLLIEe OfHOrO 6rM3bKoro poamya 3i CTaTycoMm, MOB'S3aHNM 3 Y4acTo Y BOEHHUX Jisix abo nepebyBaHHAM y
30Hi 60MOBOrO KOHMIKTY; OLIHATK IHTEHCUBHICTb €MOLLIHWX, KOTHITUBHUX i COMAaTUMYHMX CUMNTOMIB, @ TakoX MpoaHanisysaTu
B3aEMO3B'I30K Mix MOKa3HWUKaMW BTOPUHHOI TpaBMaTu3aLlii Ta piBHEM XPOHIYHOI BTOMW.

Marepiaau i metoan. EMnipnyHi gaHi 3i6paHo 3a LONOMOrot cTaHaapTU3oBaHMX aHkeT Ans ouiHtoBaHHs BTC i CXB (kpuTepii ®yky-
Ou), SIKi 3aN0BHUNK 75 CTYAEHTIB BULLIMX HABYanbHIX 3aknagis Ykpainu (1-5 kypcis). AHanis akageMiyHnx npodinis pECNOHAEHTIB
[aB 3Mory knacudikysaTu ix 3a M'aiTbMa OCHOBHUMM HanpsMami HaB4aHHS. BinbLUiCTb y4acHMKiB HaB4anncs 3a MeaUYHUMK Ta
tbapmaLieBTN4HMMK nporpamamu (53,2 %), 3Ha4YHy YacTKy CTaHOBWMMW 3A00yBayi OCBITU NCUXOMOMYHNX i FyMaHITapHNUX crieLli-
anbHoctel (18,6 %) i nporpam, nos’s3axux i3 peabinitauieto (15,8 %). CTyAeHTM NPUPOAHUYMX | NeAaroriyHUX crnewjanbHOCTeN
craHoBunm 5,2 %, a pewwta 7,2 % — 3000yBavi OCBiTM 3a CneLianbHOCTAMM 3 MEHLLOI iHAVBIAYaNbHOK NpeacTaBneHicTo. Ha
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yac 36opy aaHux yci ysacHukm (100 %) npoxwveanu Ha TepuTopii Ykpaiiu. OnuTyBaHHs 3aiicHunu 3a gonomoroto BeGaogarka
Google Forms. CtatuctnyHa 06pobka nepenbavana kopensuiitHuin aHania 3a MipcoHom 3 iHTepnpeTalieto 3a Wwkanow Yennoka
Ta NepeBipKy 3HauyLLOCTi 3a gonomoroto t-kputepito CTbtoaeHTa. BukoHanu cuctematnyHmii ornsg 13 BiTYM3HSHNX | 3apyBikHNX
ny6nikauiii, inaekcoBaHux y 6azax aaHux Scopus i PubMed (nepioa nowwyky — 2020-2025 pp.).

Pe3syAbtati. 3-nomix 75 onutanux 68,0 % CTyaeHTIB NOBIZOMMUNK, WO iXHi Brinabki poanyi 6epyTh yyacTb Y BiliCbkOBWX onepaLisix
ab0 NpoxwuBatoTh y 30Hi BoiioBux Ain. Lli aaHi nigTBepmKyoTh 3HAYHUIA BMAVB BilHU Ha CiM'i y4aCHUKIB LLOCIMKEHHS Ta BKa3ytoTb
Ha NiABULLEHY CXWIBHICTb [0 BTOPUHHOIO TPABMAaTUYHOIO CTPECY Ta MOB’'A3aHNX i3 HUM CynyTHIX NCMXOMI3iONOrivHMX HacMiaKiB.
Marixe 70,0 % pecnoHAeHTiB NOBIAOMUAM NPO PETYASPHI HaB'S3MMBI 4yMK LLOAO MOXIIMBUX CTPaXAaHb POAMYIB (CyMa BapiaHTiB

BiZNOBIAEN «iHOAi» Ta «4acTo»).

BucHoBku. BcTaHOBNEHO cunbHY npsimy kopensiuito Mix nokasHukamm BTC i CXB (r= 0,70, p <0,001), Lo cBig4nTb Npo hopMyBaHHs!
€[MHOTO NCYXOCOMATUYHOTO KOMMIEKCY Y CTYAEHTIB, Ui poamdi nepebyBatoThb y 30Hi 6oroBmX gii. Lii pe3ynbrati nigTBepmKyoTh
HEODXiAHICTb PO3pObNEHHsI KOMMMEKCHIX peabiniTaLiiHnx nporpam, CnpsiMOBaHUX OAHOYACHO Ha NCWUXOMOriyHi Ta disionoriyHi

CKNaJoBi CTPECOBOIo CTaHy.

The conditions of full-scale war in Ukraine have signifi-
cantly transformed the psychosocial environment in which
students function, making them one of the most vulnerable
social groups. The period of intensive cognitive devel-
opment, formation of professional identity, and personal
self-determination coincides with the prolonged influence
of extreme stress factors that significantly exceed the adap-
tive resources of young people. Today’s higher education
students are in a state of chronic poly-stress caused by the
constant threat of rocket attacks, information trauma due to
the continuous flow of war-related news, and deprivation
of basic living conditions due to interruptions in electricity,
water, and heating supplies. The conditions of prolonged
military threat, disruption of the normal rhythm of life,
forced adaptation to an unstable educational process, and
socio-economic uncertainty significantly increase the risk of
developing stress-related mental disorders [1,2,3].

The need to maintain academic performance combined
with prolonged psychological stress creates favorable con-
ditions for the formation of reactions to severe stress and
adaptation disorders corresponding to the F43 heading in
ICD-10. At the same time, the military experience of close
relatives of students who are directly involved in combat
operations or are in an area of active armed conflict has a
particularly traumatic significance in the structure of stress
factors. Physical violence was experienced by 47.7 % of
male students compared to 8.2 % of female students;
30.4 % of female and 18.2 % of male higher education stu-
dents had been in a war zone; 26.8 % of female and 11.4 %
of male students in Ukraine had experienced unwanted or
unpleasant sexual violence. Furthermore, 23.7 % of female
and 22.7 % of male students reported severe psychological
distress [4,5].

The issue of mental health among students from
families involved in military events is particularly relevant,
especially those whose close relatives are directly involved
in combat operations or are in an area of active armed con-
flict. The constant anticipation of a threat to the life of a loved
one, emotional involvement, and empathic experience of
another person’s trauma form the basis for the development
of secondary traumatic stress (STS), which in clinical terms
is comparable to post-traumatic stress disorder (PTSD) [6].

Despite the growing volume of international research,
the phenomenon of STS among students in the context of
full-scale war in Ukraine remains relevant in the national
scientific community. At the same time, the combination of
STS and chronic fatigue syndrome (CFS) creates additional
risks for a decline in academic performance, professional
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motivation, and the overall level of psychosocial functioning
of higher education students [7].

STS is a psychological condition that arises as a
result of indirectly experiencing traumatic events through
an emotional connection with the traumatized person. In
scientific literature, STS is discussed alongside the related
but conceptually distinct concepts of vicarious trauma and
compassion fatigue. According to the criteria of DSM-5
(Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition), symptoms of STS can develop not only in
individuals who have directly experienced trauma, but also
in cases involving life-threatening situations or the death of
a family member or close friend [8,9].

Research into the characteristics of STS in students
from families involved in military events is scientifically and
socially significant. The results obtained can serve as an
empirical basis for the development of targeted psycho-
prophylactic, counseling, and rehabilitation programs within
the higher education system of Ukraine in both the wartime
and post-war periods.

Aim

To investigate the characteristics of secondary traumatic
stress and chronic fatigue syndrome in higher education
students who reported having at least one close relative
with a status related to participation in military operations
or presence in a combat zone; to assess the intensity of
emotional, cognitive, and somatic symptoms, as well as to
analyze the relationship between indicators of secondary
traumatization and the level of chronic fatigue.

Materials and methods

To collect empirical data, standardized questionnaires
were used: the adapted Secondary Traumatic Stress
Scale (STSS) for assessing STS, and the Fukuda criteria
for assessing CFS, administered to higher education stu-
dents (years 1-5). The study sample comprised 75 higher
education students from Ukraine.

The purpose of using the author-developed questions
was to obtain a detailed assessment of the subjective man-
ifestations of STS and CFS. The questions were developed
based on an analysis of existing scientific instruments for
psycho-emotional assessment and recommendations for
studying STS and CFS. The author-developed questions
underwent expert verification. The use of these questions
allowed for the collection of additional empirical data, which
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Fig. 1. Share of respondents by gender and age characteristics, %.

enhanced understanding of the participants’ psycho-emo-
tional state and refined the results of the correlation analy-
sis. This approach enabled the integration of quantitative
data from the standardized questionnaires with qualitative
indicators of psycho-emotional state, thereby increasing the
validity of the study. The survey was conducted using the
Google Forms web application.

Statistical data processing was performed using cor-
relation analysis (Pearson’s coefficient) with interpretation
on the Chaddock scale and significance testing using
Student’s t-test.

A systematic review of 13 national and foreign publica-
tions indexed in the Scopus and PubMed databases (search
range 2020-2025) was also conducted.

Results

Analysis of the respondents’ academic profiles allowed
classification into five primary fields of study. The majority
of participants were enrolled in medical and pharmaceutical
programs (53.2 %), with substantial representation from
psychological and humanities disciplines (18.6 %) and
rehabilitation-related programs (15.8 %). Students from
the natural sciences and pedagogical fields accounted for
5.2 %, while the remaining 7.2 % were distributed across
other specialties with lower individual representation.

At the time of data collection, all participants (100 %)
were residing within Ukraine. The experimental group (EG)
included students who reported having at least one close rel-
ative involved in military operations or residing in a combat
zone (68.0 %). The control group (CG) consisted of students
without close relatives involved in military events (32.0 %).

The gender structure of the sample revealed a marked
imbalance, with women dominating (82.7 %) over men
(17.3 %), which corresponds to general trends in higher
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education and reflects the actual structure of the student
population. The age composition of participants was char-
acterized by a wide range, from 16 to 48 years old, but the
distribution had a pronounced right-sided asymmetry. The
modal age group was 17-18-year-old students, whose
total share was 49.3 % of the total sample. This age cor-
responds to late adolescence, the period most sensitive to
the formation of stress-induced psycho-emotional reactions.
The second largest group was people aged 21. Older re-
spondents (aged up to 48 years) were few in number and
did not have a significant impact on the overall structure of
the sample structure (Fig. 1).

An analysis of the distribution of respondents by aca-
demic year showed that the sample was concentrated in
the early stages of higher education. The largest share was

Fig. 2. Share of students by academic year, %.
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Fig. 3. Percentage of higher education students with relatives involved in military operations, %.
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represented by first-year students (32.0 %) and second-year
students (30.7 %), which corresponds to the period of initial
academic and psychosocial adaptation, most vulnerable to
the influence of chronic war-related stressors. Third-year
students accounted for 14.7 %. Fifth-year students consti-
tuted 22.7 % (Fig. 2).

The largest proportion of respondents indicated that
none of the listed statuses applied to their relatives, reflecting
the diversity of family circumstances in the sample (Fig. 3).

Among persons with relatives involved in military
operations, the highest proportions were observed in the
categories “parents” (8.52 % — combatants, 1.97 % — inter-
nally displaced persons (IDPs)) and “other relatives” (6.23 %
— combatants, 0.33 % — IDPs, 2.30 % — registered on the
contact line, 0.66 % — prisoners of war), which indicates a
significant representation of both immediate and extended
family members.

IDPs mainly concerned parents (1.97 %) and siblings
(0.66 %), while cases of registration on the contact line and
captivity were rare and did not significantly depend on the
type of family relationship (0.0-0.66 %).

The structure of family involvement shows that the
emotional burden and risk of developing STS are largely
determined by the closeness of family ties with combatants,
which is a critical determinant of the psycho-emotional state
of young people in wartime.

The study analyzed the number of close relatives of
respondents who have a status related to participation in
military operations or presence in a combat zone (Fig. 4).

The results showed that 52.9 % of respondents had one
close relative with a status related to military participation.
Two relatives were reported by 17.6 % of respondents, and
three relatives by 11.8 %.

Situations with a larger number of relatives involved
in military operations were less common: four relatives in
3.9 %, five relatives in 5.9 %, six relatives in 3.9 %, and
seven relatives were also found in 3.9 % of respondents.

This distribution indicates that most students have a
limited number of close relatives directly involved in combat
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operations; however, even one or two relatives with this
status may be a sufficient determinant for the development
of STS and related psycho-emotional manifestations of
chronic fatigue, which is a key aspect of the study relevance.

Among EG respondents, the most common reported
duration of relatives’ participation in combat operations was
more than three years (50.0 %). More than two years and up
to six months were each selected by 20.0 % of respondents,
while more than one year was reported by 10.0 % (Fig. 5).
These data indicate the stability and prolonged duration of
the involvement of students’ relatives in combat operations,
which has cumulative implications for the psycho-emotional
state of families.

Analysis of the collected data indicates that most
respondents have relatives with more than three years of
combat experience, whereas shorter periods of participation
are reported far less frequently. These findings may reflect
the sustained and long-term involvement of the respondents’
relatives in combat operations. The results are important for
evaluating the potential impact of prolonged exposure to the
combat zone on the socio-psychological well-being of fam-
ilies and students enrolled in higher education institutions.

Respondents gave varied answers to the question,
“How often during the last month have you had obsessive
thoughts about the possible suffering of your relative?” Only
9.6 % of participants reported that such thoughts never
occurred to them, and 13.5 % chose the option “rarely”. The
largest share of respondents chose the options “sometimes”
(30.8 %) and “often” (38.5 %), which together account for
almost 70.0 % of the sample (Fig. 6). These results indicate
a high level of emotional distress and sensitivity to the con-
dition of loved ones, characteristic of individuals with family
involvement in military operations.

Our findings suggest a high level of concern about
relatives’ well-being among the majority of students at
higher education institutions in Ukraine. Recurrent intrusive
thoughts about the possible suffering of loved ones may
reflect emotional and psychological distress characteristic
of individuals whose relatives are in the combat zone. The
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study examined how a relative’s condition influences stu-
dents’ tendency to avoid war- and captivity-related news,
conversations with friends, and activity on social media.

An analysis of responses regarding “avoiding news
about the war” shows that most respondents demonstrate a
moderate level of avoidance (40.4 %), indicating deliberate
regulation of information flow to maintain emotional balance.
Astrong influence was noted by 21.2 % of students, indicat-
ing significant emotional pressure and a desire to distance
themselves from traumatic news. A negligible influence was
also noted by 21.2 %, indicating the relative resistance of
some students to information stress. The option “no impact
atall” was chosen by 17.3 % of students, which shows that
there are respondents who do not experience significant
emotional stress from news about the war.

The distribution of responses regarding “avoiding
news about captivity” was more even. Moderate influence
was noted by 32.7 % of respondents, indicating moderate
concern about the condition of a relative in captivity. A neg-
ligible impact was reported by 25.0 %, and no impact by
23.1 %, reflecting the diversity of emotional responses and
strategies for distancing oneself from traumatic information.
A strong impact was reported by 19.2 % of respondents,
demonstrating that some students experienced significant
emotional stress in connection with the captivity of a relative.

In the category “avoiding conversations about the
war,” the options “moderately affected” (30.8 %) and “very
strongly affected” (26.9 %) together accounted for more than
half of the sample, indicating that a significant proportion
of respondents actively regulate social contacts to reduce
psychological discomfort.

A smaller proportion indicated a weak (25.0 %) or no
(17.3 %) influence, demonstrating individual differences
in the perception of social interactions related to the war.

Similar findings were found in the category “avoiding
conversations about captivity”: 28.8 % reported a moderate
impact, 25.0 % — a strong impact, 28.3 % — a weak impact,
and 17.3 % of respondents — no effect. These data suggest
amoderate-to-high sensitivity among students to a relative’s
captivity and indicate the active use of avoidance strategies
in social communication.

The least influence of a relative’s condition was ob-
served in “social media avoidance”: 38.5 % of respondents
reported no effect on their social media activity, indicating
a separation of online activity from emotional state. A slight
influence was noted by 26.9 %, a moderate — by 21.2 %,
and a strong — by only 13.5 %, demonstrating that social
networks were not the main channel for emotional response
for the majority of respondents.

The aggregated responses of students from higher
education institutions in Ukraine to the above questions
are presented in Fig. 7.

The findings on avoidance of information and commu-
nication triggers suggest that a person’s status as a relative
significantly influences students’ tendency to avoid war- and
captivity-related information and communication cues. The
strongest effect was observed for news exposure and live
interpersonal conversations, whereas the weakest effect
was observed for engagement with social media. These
results indicate the use of diverse psychological defense
mechanisms and emotion-regulation strategies among
students at higher education institutions in Ukraine.
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Fig. 6. Frequency of obsessive thoughts about relatives’ suffering in EG respondents, %.

The subsequent stage of the study focused on evaluat-
ing the retrospective prevalence of the identified symptoms
over a 30-day period and on conducting a comparative
statistical analysis of secondary traumatization and energy
deficiency between the main and control groups. Quanti-
tative analysis showed that the mean total CFS score was
50.12 in the experimental group and 40.09 in the control
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Fig. 7. Generalized responses regarding the influence of relatives’ status on the desire to avoid informational and communicative triggers, %.
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Fig. 8. Correlation profile of symptoms as an indicator of differences in the psycho-emotional state of students in the EG and CG.

group. These findings indicate a greater severity of the
investigated symptoms among respondents in the experi-
mental group than in the control group, thereby confirming
intergroup differences in the composite index.

The next stage of statistical data processing was aimed
at verifying the differential validity of the studied symptoms.
Using Pearson’s correlation analysis, a correlation profile of
symptom frequencies was constructed to characterize the
degree of divergence between EG and CG profile (Fig. 8).

This approach enabled the assessment of the degree
to which each symptom was specific to students whose
relatives were directly involved in military events, while also
distinguishing these features from the generalized stress
responses observed in the broader student population under
martial law. The negative correlation coefficients obtained
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(r < 0) indicate a pronounced divergence in symptom
expression between the groups, thereby confirming the
sensitivity of the selected markers to the presence of aloved
one engaged in combat operations (Figs. 9, 10).

No or almost no correlation (|r| < 0.1): aggressiveness
(-0.04), frequent nighttime awakenings (-0.09), pessimism
about the future (-0.08).

Weak inverse correlation (Jr| = 0.1-0.3): emotional
numbness (-0.14), easily irritated by trifles (-0.16), expecta-
tion that something bad will happen (-0.25), loss of interest
in others (-0.11), decreased activity (-0.13), avoiding sleep
due to disturbing dreams (-0.21), problems falling asleep
(-0.13), feeling tired after sleep (-0.25), difficulty concentrat-
ing (-0.22), difficulty remembering information after hearing
war news (-0.27).
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Fig. 9. Comparative characteristics of negative affective states and psycho-emotional reactivity in the EG and CG, %.

Moderate inverse correlation (|r| = 0.3-0.5): avoidance
of educational activities due to emotional exhaustion (-0.41),
avoidance of social activities due to emotional exhaustion
(-0.3). The most pronounced correlations were observed
in areas related to emotional exhaustion and behavioral
avoidance.

Analysis of the results for the cluster of negative affec-
tive states shows a significant intensification of destructive
emotions in the EG (Fig. 9). Manifestations of “emotional
numbness,” which is a classic marker of secondary trau-
matization, occurred three times more often in the “often”
category in the EG than in the CG (13.73 % vs. 4.35 %).
Although episodic aggression was characteristic of both
groups, the “almost always” category was recorded exclu-
sively in the EG (7.84 %), indicating depletion of emotional
self-regulation mechanisms in EG students. The level of
despair about the future also differed markedly: the propor-
tion of EG respondents who “often” experienced this state
was twice as high as that of the CG (28.85 % vs. 13.04 %).

Special attention was given to motivational deficit
symptoms, which are regarded as pathognomonic for CFS
and demonstrate strong discriminative validity between
groups. Comparative analysis of response distributions
showed a pronounced trend toward reduced energy and
volitional capacity in the EG (Fig. 10). In particular, the item
reflecting diminished social interest (“not interested in being
around others”) in the EG shifted toward more frequent
occurrence: only 36.0 % of EG respondents reported never
experiencing this symptom, compared with 59.09 % in the
CG. Asimilar pattern was observed for overall activity level,
where the “often” category was entirely absent in the CG
(0 %), whereas nearly 10.0 % of students in the EG reported
a persistent decline in activity.

The most significant finding for academic malad-
justment concerned avoidance of educational and social
activities due to emotional exhaustion. In the EG, the total
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percentage of those who “often” or “almost always” avoided
academic activities was 17.64 %, significantly exceeding
the CG indicators. Furthermore, the cognitive component of
apathetic-abulic syndrome was clearly evident in concentra-
tion ability: the category “never have difficulty concentrating”
in the CG was almost twice as high as the corresponding
indicator in the EG (36.36 % vs. 19.61 %, respectively).

The assessment of insomnia-related indicators made
it possible to characterize the pattern of physiological
exhaustion among Ukrainian university students within the
present study. Although difficulties with sleep onset exhib-
ited comparable trends in both groups, marked differences
were observed in the stability of nocturnal rest. Specifically,
the proportion of respondents in the experimental group
reporting frequent awakenings without an obvious cause in
the “sometimes” and “often” categories reached 31.37 %,
whereas in the control group this indicator was substantially
lower at 14.29 %. These findings suggest a state of persis-
tent psychophysiological strain in the experimental group,
which may impede progression into deep sleep.

The symptom of feeling tired even after prolonged sleep
plays the most important role in the differential validity of
the study. This marker is key to the diagnosis of CFS, as
it reflects qualitative inadequacy of rest. In the EG, high
frequency of “almost always” pronounced fatigue was re-
ported (12.0 %), which combined with the “often” category
covers 22.0 % of the sample. The persistent negative trend
in this indicator confirms that for students whose relatives
are involved in military events, sleep ceases to perform its
restorative function (Fig. 11).

Differential validity (EG vs. CG). The established Pear-
son correlation coefficient (r =-0.32, p < 0.05) between CFS
symptom profiles in the EG and CG indicates a moderate
inverse relationship. This negative correlation vector con-
firms a significant divergence in the mechanisms of fatigue
formation between the two groups. CG students are charac-
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4 — avoidance of social activities due to emotional exhaustion; 5 — cognitive difficulties (lack of concentration).
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Fig. 11. Distribution of insomnia symptoms and somatic recovery deficit in EG and CG students, %.
Numerical designations of symptoms: 1 — avoidance of sleep due to disturbing dreams; 2 — difficulty falling asleep; 3 — nighttime awakenings; 4 — feeling tired after sleep.
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terized by “normative” fatigue caused by standard academic
workload and general wartime distress, whereas in the EG,
the structure of fatigue is predominantly determined by
secondary traumatization. A moderate correlation (-0.32)
shows that as specific SFS, symptoms increase in the EG,
their similarity to general population manifestations of fatigue
(CG) decreases, allowing STS-driven CFS in EG students
to be classified not as a consequence of overwork, but as
a somatized component of vicarious trauma. This finding
demonstrates strong discriminative validity, indicating that
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the presence of a loved one in a conflict zone alters the
physiological state of Ukrainian higher-education students
and gives rise to a distinct pattern of exhaustion that is
statistically rejected by the control-group profile.

Analysis of comorbidity within the EG. The most sig-
nificant result of mathematical and statistical analysis was
the identification of a strong direct correlation (r = 0.70,
p <0.001) between total STSS scores and CFS indicators
within the EG. Such high coherence of symptoms indicates
that in students whose relatives are involved in military
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events, STS and CFS do not act as separate disorders, but
as a single psychosomatic complex. From a clinical stand-
point, this means that somatic exhaustion in this group is a
direct function of psychological distress. The cognitive and
emotional efforts expended in processing anxiety for a loved
one (“emotional numbness”, “intrusions”, “hypervigilance”)
lead to systemic depletion of physiological reserves. Thus,
CFS in this category of respondents can be interpreted as
the physical equivalent of prolonged secondary traumatic
distress. This result is of fundamental importance for the
development of rehabilitation programs, as it suggests
the impossibility of overcoming fatigue in these students
requires primary correction of STS symptoms.

Discussion

The scale of the impact of military conflict on the aca-
demic environment is confirmed by data from a cross-sec-
tional monitoring study by M. Korda et al. [10]. During the
first 18 months of full-scale hostilities, more than 62.5 % of
higher education students reported signs of stress, symp-
toms of anxiety were observed in 59.6 %, and depression
in 58.8 % of respondents. Clinically significant indicators of
severe depression, anxiety, and extreme stress were found
in almost every third student, with female students being
more susceptible to affective disorders. Of particular con-
cern is the finding that 44.2 % of respondents demonstrated
pronounced symptoms of PTSD, with a dominant cluster
of hyperarousal (over 37 points on standardized scales).
This level of psychological stress inevitably translated into
a decline in cognitive performance, with statistical analysis
confirming a significant deterioration in academic results
directly dependent on levels of depression, anxiety, and
hyperarousal [10].

The scientific basis for understanding the mechanisms
of trauma transmission can be found in international longi-
tudinal studies. In a study by S. Leshem et al. studying the
consequences of the 2014 Israel — Gaza military conflict
using standardized instruments (PTSD Symptom Check-
list-5 for veterans and Secondary Trauma Questionnaire for
their relatives), a statistically significant positive correlation
was found between the intensity of primary PTSD in directly
active war veterans and the level of STS in their relatives
[11]. The high correlation coefficient led the authors to
conclude that the intensity of intrusion, hyperarousal, and
avoidance symptoms in veterans is a direct predictor of
similar conditions in students in close emotional contact with
combatants. Thus, the psycho-emotional state of students
in wartime should be considered not as an autonomous
reaction, but as part of a common family traumatic field,
where STS and the accompanying CFS become a natural
consequence of empathic involvement in the war experi-
ence of a loved one [11].

Continuing the analysis of the determinants of psycho-
somatic well-being among young people, it is worth paying
attention to the results of comparative studies by J. Kinley
etal. [12], which highlight the specific mental health charac-
teristics of children and adolescents from military families.
In particular, it has been established that this category of
young people demonstrates a significantly higher frequency
of mental health symptoms and a tendency to increase
physical complaints compared to their peers from civilian
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families. The level of social support was a critical moderator
in this regard: the negative consequences for mental and
physical health were most pronounced in young people who
lacked support from peer reference groups. It is noteworthy
that support from family or teaching staff did not show a
similar protective effect, which emphasizes the unique
role of horizontal ties in mitigating symptoms of secondary
traumatization [12].

Along with psychological markers of trauma, somati-
zation of distress, manifested in the development of CFS,
known in clinical practice as myalgic encephalomyelitis, is
of critical importance. This complex multifactorial disease is
characterized by pathological exhaustion that does not go
away after rest and significantly limits the functional capa-
bilities of the individual. The neurobiological mechanism of
this condition is closely linked to neuroendocrine regulation.
Chronic exposure to stress hormones (especially gluco-
corticoids) has a destructive effect on the brain structures
responsible for cognitive function and emotional stability.
This effect is relevant for any age group, from the prenatal
period to old age. Recent studies, including M. E. Loades et
al., confirm the prognostic link between affective disorders
and CFS: the presence of anxiety and depression correlates
with an increased risk of chronic fatigue manifesting within
the next 4—6 months. For students, additional risk factors in-
clude low levels of physical activity, reduced sleep duration,
and difficulty falling asleep [13]. These deficits, compound-
ed by the psychotraumatic background of war, become
predictors of subsequent disabling fatigue. The etiological
trigger for CFS is often an acute stressful or traumatic event,
which is particularly pronounced in adults. In adolescence,
the reaction to symptoms of exhaustion usually takes two
maladaptive forms: either hypercompensatory “overexertion
(leading to critical exacerbation of the condition) or complete
activity avoidance and social isolation. Cognitive attitudes
toward the emotional sphere play an important role in re-
inforcing symptoms. The belief that negative emotions are
“unacceptable” or “dangerous” blocks the development of
emotional regulation skills, leading to the suppression or
ignoring of internal states. As a result, the overall quality
of life of people with CFS is significantly lower than that of
healthy members of control groups. This applies not only
to physical abilities and social integration, but also to the
academic performance of respondents [13].

Conclusions

1. Sample structure and family involvement: 68.0 %
of Ukrainian higher education students had close relatives
involved in military operations or residing in the combat
zone. This highlights the high level of family involvement
of the study participants in the war and the potential risk of
developing secondary traumatic stress and related psycho-
physiological manifestations.

2. Psycho-emotional manifestations and obsessive
thoughts were found in the majority of students and
demonstrate regular obsessive thoughts about the possible
suffering of relatives: the options “sometimes” and “often”
were chosen by almost 70.0 % of respondents. This indi-
cates a high level of emotional stress and sensitivity to the
condition of loved ones, which is characteristic of individuals
with family involvement in military operations.
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3. The use of avoidance strategies in response to
war-related news and conversations, particularly most
pronounced for live media and interpersonal communication
and least pronounced for social networks, indicates active
butincomplete psychological defense mechanisms that may
accelerate the depletion of emotional resources over time.

4. Experimental group students demonstrated sig-
nificantly higher physiological and cognitive exhaustion
compared to control group, including qualitative sleep
disturbances, post-sleep fatigue, motivational deficits, and
impaired concentration. The moderate inverse correlation
(r=-0.32, p <0.05) between experimental group and control
group chronic fatigue syndrome profiles confirms that the
exhaustion mechanism in experimental group students is
qualitatively different, shaped by secondary traumatization
rather than by standard academic overload.

5. The strong direct correlation between secondary trau-
matic stress and chronic fatigue syndrome indicators within the
experimental group (r=0.70, p <0.001) confirms the formation
of a unified psychosomatic complex in students whose rela-
tives are in the combat zone. These findings demonstrate that
somatic exhaustion in this population functions as the physio-
logical equivalent of prolonged secondary traumatic distress,
which has critical implications for rehabilitation program design
as effective reduction of chronic fatigue syndrome in this group
requires concurrent treatment of secondary traumatic stress
rather than treatment of fatigue in isolation.

Prospects for further research. The data obtained
emphasize the need for further study on the psychological
state of families and students, as well as the development
of preventive and supportive interventions aimed at reduc-
ing anxiety and psychological stress among these groups.
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PaHHA HenponpoTeKuin - epeKTH BNAUBY Ha ekcnpecito 6inkiB p53
Ta aHeKCHHY A5 B 6a3aAbHOMY MarHOLLEAIOASIPHOMY AP MO3KY LLypiB
i3 KOAXiLMH-IHAYKOBaAHUM YPa)KeHHAM

M. B. AaHykano
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Merta po6otu - BCTaHOBUTU XapakTep ekcnpecii p53 Ta aHekcuHy A5 y kniTuHax 6asanbHOr0 MarHOLEMoNSPHOrO siapa rofloBHOMO
MO3KY LLYpiB Ha (hOHi paHHBOI KOPEKLLii LUTHKONiHOM, TioLeTamoM i HSF-1 konxiumH-iHaykoBaHOT HEMPOAECTPYKLT.

Marepianu i metoau. JocnimkeHHs 3aincHnnm Ha 50 wwypax-camugx ninii Wistar. EkcnepumeHTanbHWX TBapyH Noginunu Ha 5 rpyn
(no 10 y koxHiR). Mpyna 1 — KOHTPOIbHI LLYPY, SKMM BHYTPILLIHBOLLITYHO4KOBO B ronoBHMI Mo3ok BBoaunu 0,9 % posunH NaCl. [lo
rpyn 2-5 BKIOYEHO TBAPUH, KM LM CaMUM LLTIIXOM BBOZMIN PO34MH KOMXiLMHY. T1icns Lboro rpyna 2 — no3uTUBHUIA KOHTPOTb,
a TBapWHM 3 rpyn 3—5 Ha HaCTyMHWIA AeHb MICNs ONepaTUBHOTO BTPYYaHHS OTPUMYBamM LMTUKOMIH, TioueTam i HSF BignosigHO
npotarom 14 gHis. Ycix nipgocnigHux LypiB eBTaHasyBany nig 3HeOOoMoBaHHSM TiONEHTanoM, rofloBHUIA MO3OK BUNyYanu Ans
riCTOXiMIYHMX Ta IMYHONYOPECLIEHTHUX AOCTiZKEHb.

Pe3yAbTaTi. BHYTPiLUHBOLLNYHOUKOBE BBEAEHHS KOMXILIMHY acOLioBaHe i3 BTPATO HEMPOHANbHOMO KOMNOHEHTA Ta 36iNbLUEHHSIM
KinbKOCTI nianbHKX KMITWH Y CTPYKTYPi MO3KY, SIKy Zocnigunu. BcTaHOBNEHO, L0 ABOTWMXXHEBA KOPEKLiSi HEMPONpOTEKTOpaMm 3a-
nobirae LbomMy edpekTy. KonxiluH-iHaykoBaHa HepoaereHepaLis CynpoBOAKYETbCA 30iNbLUEHHSIM KinbKoCTi p53* Ta aHekcuH A5*
KniTuH y 6a3anbHoMy MarHoLientonsipHoMy sapi. 3acTocyBaHHs LuTukoniHy Ta HSF-1 cnpusie HainbinbLu BupaxeHoMy 36inbLUEHHI0
KinbkocTi p53-no3nTuBHNX HeWpoHiB (Ha 60—70 % Lwoao natonorii), a TioLeTamy — iMyHOMO3UTUBHIX A0 aHEKCUHY AS-KNITUH. YCi
BWAM 3aCTOCOBAHOI MaTOreHeTUYHOI KOpeKLii Cnpusiny Hopmanisawii nokasHuka iHteHcuBHocTi onyopecuieHLii (CTCF) aHekcuH
AS*-KINITUH 0O KOHTPOIbHUX 3HAYEHb.

BucHoBKu. Y 6a3anbHOMy MarHoLenonsipHoMy Sipi eKCnepyMeHTarnbHUX TBapuH Ha 14 1oby nicns iHTpaLepebpoBeHTpUKynsp-
HOI iH'eKLji KOMXiLWMHY NOPIBHAHO 3 XMGHOONEPOBAHUMM TBAPUHAMW 3aDiKCOBAHO 3HWKEHHS! LLINBbHOCTI HEMPOHIB | 30iNbLUEHHS
LLiNbHOCTI rianbHKX KNiTH. BogHouac y Wi CTpyKTYpi MO3KY LLYPIB i3 rpyn paHHbOrO 3aCTOCYBaHHS LIMTUKOMIHY, TioLeTamy Ta
pekombiHaHTHOro HSF-1 ans kopekuii Aii HEAPOTOKCUHY MOKa3HWMKM LLINTHOCTI HEAPOHIB Ta il BifMOBIgaNM PiBHIO KOHTPOMBHUX
TBapVH. Hanbinblumin nokasHuk CTCF aHekcuH A5-NO3WUTUBHMX KNITUH BCTAHOBMEHO y 6asanbHOMY MarHoLenionspHoMy sapi
LLypiB 3 iHTPaLEpebPOBEHTPUKYNIAPHUM BBEAEHHSM KOMXILMHY MOPIBHAHO 3 XMBHOONEPOBAHUMM Ta TBAPUHAMM 3 FPYM KOpek-
Lii (ae He BWSIBMEHO CTaTUCTUYHO BIPOTiAHWX BigMIHHOCTEl nokasHwka). MokasHuk CTCF p53-no3unTuBHMX KNiTuH 6asanbHoro
MarHoLentonspHOro sapa B YCix ekcrepyMeHTanbHUX rpynax Lypis He MaB CTAaTUCTUYHO 3HaYyLLUX BiAMIHHOCTEW NOPIBHSHO 3
KOHTPOMbBHOIO FPyMoto Ta M rpynamu. KinbkicTb p53- Ta aHekcH A5-N03UTUBHWX KNITUH y Ba3anbHOMY MarHoOLEnNionspHOMY Sapi
€eKCnepUMEHTanbHIX TBApWH 3 iHTpaLEepeOpPOBEHTPUKYNSPHUM BBEAEHHSIM KONXILWHY BipOriAHO NEPEBULLYE NOKa3HKK XmbHoone-
pOBaHUX TBapWH. Y LLYPIB i3 rpyn KOPeKLi Lien NoKasHUK 3anexa Bif npenapary, skuii BBOAWIN.

Keywords:
neuroprotection,
neurodegeneration,
apoptosis, p53,
Annexin Ab, brain,
neurons, citicoline,
thiocetam, HSF-1.
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Early neuroprotection: effects on p53 and annexin A5 protein expression
in the basal magnocellular nucleus of rats with colchicine-induced injury

M. V. Danukalo

Aim. To determine the expression patterns of p53 and annexin A5 in the cells of the basal magnocellular nucleus (BMN) of the
rat brain following early neuroprotective intervention with citicoline, thiocetam, and recombinant HSF-1 in a rat model of colchi-
cine-induced neurodegeneration.

Materials and methods. The study involved 50 male Wistar rats divided into five groups (n = 10 each). Group 1 (control) received
an intracerebroventricular (ICV) injection of 0.9 % NaCl solution. Animals in groups 2-5 received ICV colchicine. Group 2 served
as the positive control (untreated pathology model). Groups 3-5 received citicoline, thiocetam, and HSF-1, respectively, for 14
consecutive days beginning the day after surgery. Subsequently, all rats were euthanized under thiopental sodium anesthesia,
and the brains were harvested for histochemical and immunofluorescent analyses.

Results. ICV colchicine caused loss of the neuronal component and an increase in glial cell number in the BMN. A two-week
course of neuroprotective correction prevented these changes. Colchicine-induced neurodegeneration was also associated with
an elevated number of p53- and Annexin A5-immunopositive cells in the BMN. Notably, administration of citicoline and HSF-1
resulted in a further pronounced increase in p53-positive neurons (by 60-70 % relative to the pathology group), whereas thiocetam
caused a significantly increased number of annexin A5-immunopositive cells. Concurrently, all types of pathogenetic correction
normalized the Corrected Total Cell Fluorescence (CTCF) of annexin A5+ cells to control levels.

Conclusions. In the BMN of experimental animals on day 14 post-ICV colchicine injection, a decrease in neuronal density and an
increase in glial density were observed compared to sham-operated rats. In contrast, in the groups receiving early administration
of citicoline, thiocetam, or recombinant HSF-1, neuronal and glial density parameters remained at levels comparable to control
animals. The highest CTCF values for annexin A5-positive cells were recorded in the colchicine group compared to both sham-op-
erated and correction groups, with no statistically significant differences among the latter. At the same time, p53 CTCF values

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

Zaporozhye Medical Journal. Volume 28. No. 3, May - June 2026


https://zmj.zsmu.edu.ua/
https://doi.org/10.14739/2310-1210.2026.3.352377
https://orcid.org/0000-0003-3413-945X
https://creativecommons.org/licenses/by/4.0/

OpwuriHaAbHI AOCAIAXKEHHS

in the BMN across all experimental groups showed no statistically significant differences compared to the control or each other.
While the total counts of p53- and annexin A5-positive cells in the colchicine group significantly exceeded those in sham-operated
animals, this parameter in the correction groups varied according to the specific pharmacological agent used.

BasanbHe marHouentonspHe sapo (BM#A) y BeHTpomesians-
HOMy narigyMi roroBHOrO MO3KY € KIHOUYOBUM [KEpErom
aueTUnxoniHy B HEOKOPTEKCI Ta Bidirpae BaXnuBy porb Y
niZTPUMLI HOpMaribHOMo KOrHITUBHOrO ctatycy [1]. Beta-
HOBNEHO, WO B BMA 3HauHy akymynsuiio Tay-npoTeiHy
(koMmnoHeHTa HelpodibPUNAPHIX KIyBOYKIB, HAKOMNYEHHS
SKOTO B HEMPOHaxX NPWU3BOANTb A0 iX 3arnbeni) BUSBNAKTbL
yXe Ha camomy noyatky Xxsopobu Anburenimepa, HaBiTb
komv gemeHuii Hemae [2]. Kpim Toro, 3a pesynsratamu
enexkTpodisionoriyHmX i BidyanisauiinHux JOCimpkeHb, CTU-
mynsuis BMA cnpusie 30inbleHHI0 BMICTY aLeTUIXoniHy
B HEOKOPTEKCi, MOCUIIOE KPOBOODIr y Kopi Ta MiKipKOBKX
CTPYKTYpaXx, Np13BOANUTb A0 MOAYNALIT HEMPONIACTUYHOCTI
Ta CMHaNTUYHOI Nepedavi B KipkoBux HelpoHax [3]. OTxe,
BMA ronoBHOr0 Mo3ky € MOTEHLIHOK MilleHHI0 ANs
¢hapMaKonoriyHoro Ta enexkTpUYHOro (METOAOM FMMBOKOT
CTUMYRALii MO3KY) BTPYYaHHS Ans ranbMyBaHHs PO3BUTKY
[eMeHLLi Ta NOKpaLLEHHS SKOCTI XUTTS XBOPUX.

Pa3om i3 TM, hapMaKonoriyHi areHTu xapakre-
PU3YOTHCS HE3HAYHOK €(HEKTUBHICTIO B KOMMNeHcaLii
KOTHITUBHOTO AediLnTy Y NaLieHTIB i3 pi3HUMM Helipoaere-
HepaTuBHWUMM XxBopoGamu, a rmnuboKy CTUMYMALi0 MO3KY
(deep brain stimulation, DBS) B ainsHui BMA BU3HaveHo
K NepcrnekTUBHWA Nigxia. 3ayBaxumo, WO LOCHIgHWKM
BUSIBUNMK 3HAYHO KpaLLmid ecpekT Big npoLieaypy rmmbokoi
CTUMYNALLT MO3KY Ha (hOHi KpaLLoi 36epexeHOCTi CTPYKTypK
BMS, BULLMX BUXIGHWX KOTHITUBHUX BNACTUBOCTEN Ta BiKY.
OTxXe, HiMLNM BUCHOBKY, LIO BiAMOBiAb Ha XOniHepriyHe
nikyBaHHsa (chapmakonoriyHe abo enekTpuyHe) Moxe
MPOrHO3yBaTUCS CTYNEHeM (yHKLIOHaNbHOI XOMiHepriYHoi
uinicHocTi ronosHoro Mo3ky [3]. Tomy HabyBae akTyanbHo-
CTi MUTaHHS LLOAO OLHIOBAHHS MOXITMBOCTEN PaHHLOMO
naToreHeTUYHO OOI'PYHTOBAHOMO HEMPONPOTEKTOPHOTO
BMSIMBY Ha HepoHU BM{A LWsXoM BUBYEHHSI MEXaHI3MIB i
LunaxiB ix 3arnbeni.

[Ons pocnipxeHb y Ui ranysi onTUManbHOW LWOAo
4acoBOrO (€ MOXIMBICTb OLHUTI NOYATOK BIMBY TOKCUY-
HOTO areHTa) 1 NaTOreHEeTUYHOrO acnekTiB € KONMXILWH-iH-
[JyKoBaHa (Lunsixom iHTpauepebposeHTpukynsipHoro (ILIB)
BBEAEHHS!) HelipofereHepauis. Lo Moaenb B4eHi HasBanm
MOAENN0 AeMeHLT anbLreiMepiBCbKOro TUMY, OCKIMbKM
KOMXILWH CMPUYMHSE PYNHYBAHHS LIMTOCKENETa HEMPOHIB
Ta iHiLlitoe FOMOBHi MAToONOriyHi NPOLECH, LU0 BiaOyBaKTHCS
i Npy Bik-acoLNOBaHMX HeipoaereHepaTnBHX XBopobax,
30KpeMa OKCUAATVBHUIA CTPEC, MOPYLLEHHS NpoTeocTasy
Ta cuHanToreHesy [4,5]. MpoTe Wnsxu po3BUTKY KMITUH-
HOI 3arnbeni, WO BMHWKAOTb NPX LbOMY, NNLIAKTHLCA
npeaMeToM Cy4acHUX AOCTIMKEHb, OCKIfbKW X PO3YMIHHS
[acTb NigcTaBy BU3HAYUTU KITHOYOBI MiLLEHi BNAWBY ANs
NiABULLEHHS PE3UCTEHTHOCTI HEMPOHIB NPW MOLUKOMKEHHI
umuToCKenera.

[igTBEPMKEHO 30AaTHICTb KOMXILMHY A0 akTuBaLii npo-
Liecy anonToay B HEMpOHaXx PisHUX BiAAiNiB roNOBHOMO MO3KY
3a yyacri 6inkiB, LU0 BiANOBIgatoTb 3a 110ro epekTopHy a3y
(kacnasa 3), sika € HeBiABOPOTHOIO [6]. BogHouac excrpecito
MPOTEIHIB, LLO PerymntotoTb BinbLL paHHi €Tanu KNiTUHHOI Bia-
MoBigji Ha Aito MOLWKOMKYBarnbHOMO haktopa cybneTansHoi
cvnmn (p53 Ta aHekcuH A5), BMBYEHO HEOOCTaTHBO, X04a
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came ixHsl BionoriyHa akTUBHICTb BU3HaYaTUMe noaanbLui
3MiHW B ypaeHilt kniTuHi (BoHa abo BBiliae B nporpamy arb-
TpyicTUuHOI 3armbeni, abo 36epexe XUTTeRIANbHICTb, abo
3aruHe LNSXOM HEKpO3y i3 HACTYMHUM HeliposananeHHsm
Ta PO3LUMPEHHSAM 30HM MOLLKOKEHHS).

Omxe, OLIHIOBAHHSA CTyneHs ekcnpecii Takux Ginkis,
Ak p53 Ta aHekcwH A5 y BMA TBapuH 3 ILIB BBeOeHHsM
KOMXILWHY Ha (hOHi MaToreHeTYHO 0br'PyHTOBaHOI KOpeKLii
[acTb 3MOry He TiflbKu OLHWTY ii MPOTEKTOPHMIA MOTEHL-
an, ane i po3LWMpUTL YABMEHHS NP0 PaHHi MONEKyNSPHi
MexaHi3aMn [eTepMiHyBaHHA [oNi HEMPOHIB 3a yMOB
KONMXiLWMH-iHAYKOBaHOrO MoWwKomkeHHs. Lle mae Baxnvse
3HaYeHHs Ans NoLyKy HOBMX TEPaneBTUYHVX NiAXOAIB A0
3anobiraHHs HelpoaereHepauii Ta MporpecyBaHHs naTo-
NOriYHOro MpoLecy.

MeTa po6otu

BcTaHoBuTn xapakTep ekcnpecii p53 Ta aHekcuHy A5 y
KniTuHax 6asanbHOro MarHOLIEMONSPHOro SiApa rofioBHOMO
MO3KY LLYypiB Ha (hOHi paHHBOT KOPEKLIii LIMTUKOMIHOM, TioLe-
Tamom Ta HSF-1 konxiLmH-iHayKOBaHOI HEMpOAeCTPYKLi.

Marepianu i MeToAU AOCAIAKEHHA

JocnipxenHs 3gincHunu Ha 50 camusax Lypis nopoau
Wistar Bikom 10-11 micsuis, 3 macoto Tina 180-200 r. Yci
TBapuHW otpumaHi i3 MM «biomogenscepsicy, M. Kuis.
lMepen no4atkom Jocnigy TBapuHW nepebysBanu Ha akni-
MaTu3auii Ta KapaHTuHi npoTaroM 14 AHis, nig Yac sKoro
crocTepirany 3a iXHbOolo NMOBELiHKOK Ta 3aranbHWUM CTa-
HOM. KIiTkv TBApUH PO3MILLYyBany B OKDEMUX MPUMILLEHHSIX.
CaiTnoBuit pexwm: 12 roguH — ceitno, 12 roauH — Tempsiea.
Temnepatypa nositpst — 19-25 °C, BigHocHa BororicTb
— 50-70 %. Yci ui napameTpu peecTpyBanu LUOAEHHO.
YmoBM rogyBaHHs: fobosa Hopma — 30 r/TBapuHy. Lypu
OTpUMYBanV CTaHAAPTHUIA koMBikopMm («Vitay, YkpaiHa) ans
NabopaTopHUX FPU3YHIB, LLIO MICTUTL POCITMHHI KOMMOHEHTM,
4 % XwpiB, Cyxe MOIIOKO.

JocnimkeHHs cxBaneHe Komicieto 3 nuTaHb GioeTuku
3anopi3bkoro aepxaBHOrO Meauko-hapmaLleBTUHHOO
yHiBepcuTety (npotokon Big 06.02.2026 poky Ne 2) Ta
3[iiCHeHe BianoBiAHO 40 HaLlioHanNbHMUX «3aranbHuX eTny-
HWX MPUHLMMIB NPOBELEHHS EKCNIEPUMEHTIB Ha TBAPUHAX»
(YkpaiHa, 2001) Ta MixXHapoAHUX NpaBui NOBOMKEHHS 3
nabopaTopHUMM TBapUHAMU, 3aTBEPMKEHNX [IMPEKTHBOIO
2010/63/€C Eponeicbkoro napnameHty i Pagu €C Big
22 BepecHs 2010 poky «[po 3axucT npas TBapuH, LLO
BUKOPWCTOBYIOTLCS B HAYKOBWX LIiNsX».

[pynun nipgocnigHMX LypiB CTPYKTypOBaHO B mabnu-
uil.

OO6rpyHTYBaHHS BUGOPY BUKOPUCTaHX 3acOoBiB A4S KO-
pekuii HagaHo B NonepeaHiit poboTi i nonsirae y BNAMBI Lyx
PEYOBUH Ha Pi3Hi NaHKu naToreHesy HeMpoaecTpyKLii, Lo
Ccnpu4nHeHa konxiLuHoM. OcobnmBo BaXIMBAMM B LibOMY
KOHTEKCTi € Taki epeKTV LUTUKONIHY, K MITONPOTEKTOpHA
Ta [loHaTopa XoniHy Ans CUHTE3y Mediatopa; TioueTamy
— aHTUOKCUAAHTHA Ais, HopManisaLisi eHepreTMYHoOro
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Tabauus 1. ExcnepumeHTansHi rpynu TBapuH (n = 10), Lo 3anyyeHi 40 AoCimKeHHs

oy sy Josaconortumiarer |

1 rpyna
2 rpyna
3rpyna
4 rpyna

5 rpyna

ILIB BBeaeHHs 0,9 % NaCl (37 °C)
ILIB BBeAeHHs konxiumHy — 15 mkr/3 mkn y 0,9 % NaCl (37 °C) —
ILIB BBEAEHHS KOnxiumHy — 15 mkr/3 Mkn y 0,9 % NaCl (37°C)
ILIB BBEaeHHs konxiumHy — 15 mkr/3 mkn y 0,9 % NaCl (37°C)

ILIB BBEAEHHS KONXiumHy — 15 Mkr/3 Mkn y 0,9 % NaCl (37 °C)

Lntukonin (Ferrer Internacional, SA, Spain)

DapmaKonoriYHui areHT LLinsix BBeAeHHsA [lo3yBaHHA

IHTpanepuToHensHo 500 mr/kr

Tiouetam (komGiHaLisi nipaletamy Ta TioTpiasoniHy  [HTpanepuToHensHo 250 Mr/kr

1:4), Kopriopalist «Aptepiym», YkpaiHa

®akTop Tennosoro Lwoky-1 (HSF-1) (recombinant), IHTpaneputoHensHo 200 mMkn/kr

«Sigma Aldrich», CLLA

meTaboniamy, NiABULLEHHS EKCMPECii XoMiHopeLenTopiB;
HSF-1 — aktuBauis HSP-70 / GSH-3anexHux mexaHiamis
€eHporeHHoi Heponpotekuii [7,8,9,10,11].

BHYTPILLIHBOLLINYHOYKOBO KOMXILWH BBOAWIW Mif 3aranb-
HOH aHecTesie, fka iHykoBaHa 3a 4OMOMOroH0 npenapary
«Tenason» (cknap;: TioneTamiH rigpoxnopus i 3onasenam
rigpoxnopua no 250 mr y conakori) y fosi 0,1 mn Ha 100 1
macu Tina, BHyTpiLLHbooYepeBnHHO. IH'ekuii 3 mkn 0,9 %
posunHy NaCl (37 °C) a60 15 MKr KonxiLyHy, pO34MHEHOrO
B 3 mkn 0,9 % NaCl (37 °C), apiiicHioBanu y natepanbHi
LUSTYHOYKM TOMOBHOTO MO3KY LLYPIB i3 BUKOPUCTAHHSAM
LnpoBoi ctepeoTakcuyHoi cuctemm World Precision
Instruments (CLUA).

[o chapmakokopekuii fobupany TBapuH, y KOTpuX 3a-
(hikcoBaHO AOCTOBIPHE 3HKEHHS MOKA3HMKIB MPOCTOPOBOI
nam’siTi Ta TIOKOMOTOPHOI @KTUBHOCTI Y TECTi BOCbMUKaHasb-
Horo nabipuHTy [12].

KopekuiiiHuii BNnvB npenapartiB NOYMHABCS Ha Ha-
CTynHy o6y nicnsi BHYTPILUHBOLLYHOYKOBOTO BBEAEHHS
konxiyuHy. MNpoTtsrom HacTynHWx 14 OHIB TBapuHam
LLIOAEHHO OIHOPAa30BO BHYTPILLUHLOOYEPEBMHHO BBOAMMM
BiONOBIgHWIA hapMakomnoriYHWiA areHT. Ha m'sTHapusaTy noby
€KCMEPVUMEHTY LLYPIB BUBOAUIMN 3 JOCTIKEHHS LLMSIXOM
ofHoyacHo! aekanitauii nig 3aranbHAM 3HEOOMOBAHHSIM,
AKOro 0CsArany BBEAEHHAM TioMeHTany HaTpito B A03i
120 Mr/Kr BHYTPILLIHEO0YEPEBWHHO.

Opnpasy nicns eBTaHasii BUMy4anu rofioBHAA MO3OK,
3AilicHI0Banu CTaHAapTHY ricTonoriyHy 06pobky. Pikcalio
NpoBOAMAN y PO34uHi ByeHa, micns Lboro TKaHWHK derig-
paTyBany LLSIXOM NOCIIZAOBHOIO NepeHeCeHHs Yepes cepii
€TaHory y KOHLeHTpaLisx, Lo 36insLwysanucs (Big 50 %
a0 100 %). Hagani 3pasku o6pobnsnu cymiwamu 100 %
eTaHony Ta xropodopmy y cnissigHowerHax 2:1, 1:1, 1:2,
Micns 4oro opraH NepeHOCUIN Y YUCTUIA XIIopodopM i B
CyMiLL xiopochopMy 3 napannacTom. 3aBepLuanbHui eTan
— [HGpiNbTPaLis Ta 3aimMBKa TKaHWH Y YUCTUI napannact
(McCormick, CLLA).

MapannacTosi 6r10K1 BUKOPUCTAHO 4715 BUTOTOBMEHHS!
CepifHKX TiCTONOTYHMX 3pi3iB 3aBTOBLLKM 5 MKM 3a A0MO-
moroto Mikpotoma Microm-325 (MicromCorp., HimewuuHa).
TonorpadhivHe BU3Ha4eHHs AinsHKW MO3KY, LLO Bignosigana
6a3anbHOMY MarHoLEemionsapHoMy SApYy, 34iNCHUNM 3a
KOOpAMHATaMW, WO HABEeLEHi Y CTEPe0TakCUYHOMY aTnaci
MO3Ky Luypa [13].

[nsi 06’€KTUBHOTO OLiHIOBaHHSI HEMPOLECTPYKTUB-
HOTO BMAMBY KOMXILWHY CEPINHI 3pi3n rONOBHOTO MO3KY
eKcnepuMeHTanbHVX TBapuH 3abapentosany 3a Hiccnem,
aHanisysanu, BYKOPUCTOBYKOYM Nporpamy LmcpoBoro
aHanisy 3o06paxeHb ImageJ, 3a LONOMOroK iHCTPYMEH-
Ty «Analyse particles», akuin oBpaxoByBaB KinbKiCTb
3abapBneHNX enemeHTiB Ta ixHI nnowly B kagpi. Jani
BUKOPWCTOBYBaNM A1t 0BYUCTIEHHS LWiNBHOCTI HEMPOHIB
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Ta Mii B eKCnepuMeHTanbHux rpynax. [Ans knacudikadii
KNiTWH Ha HeMpOHanbHi Ta rnianbHi NONynALii 3acTOCOBY-
Banu mMetog knactepumsadii K-Means i3 gBoma LeHTpamm
knactepiB (K = 2) 3 matematuuHux 6ibniotek Python.
Mepen knactepusauieto yci 3HaYeHHS NMOLL KNiTUH
CTaHAapTM30BaHO (z-MacLLTaboBaHo) LLOA0 KOHTPOMLHOT
rpynu LLNSIXOM 0BYNCNEHHS Z-3HayeHb: Z = (X — ) / 0, ae
X — NoLLa OKPeMOi KIiTUHW, J — CePEAHE 3HAYEHHS NMOLL
KMITUH KOHTPOMbHOI FPYn, O — CTaHAAPTHE BiAXUMEHHS
MnokasHWKa NIoLL KIMiTUH KOHTPOMBHOT rpynu.

AnropuTM Kractepmsavii 3acTocoByBan O KOXHOMO
J0CTiZly OKPeMO, 3 BUKOPUCTAHHAM MacluTaboBaHuX 3Ha-
YeHb. [icnsa knactepu3aaLii KoXHOMY Kriactepy NPUCBOEHO
GionoriyHy iHTepnpeTaLito BiAnoBiaHO A0 CEpeaHboro 3Ha-
YEHHS MIOLLi B IOTO MeXax: KnacTep i3 BULLMM CepeaHim
3HAYEHHSM Z-3Ha4eHb BU3Ha4an sik nonynsiito HEPOHIB,
a Knacrep i3 MEHLLNM — SK NONYNALto rAii.

[Ons 3abe3neyeHHs BiATBOPIOBAHOCTI knactepuaalii
ikcysanu napametp random_state = 0. Pesynsratu
KnacTtepu3alii BKIoYanuM 064UCIIEHHS KINbKOCTI KMiTWH
KOXHOTO TWMy Ta LLiNbHOCTI (KINbKICTb KMITWH Ha OAVHULIO
nnowi kagpy, Um2).

Ekcnpecito 6inkiB p53 Ta aHekcuHy A5 (annA5) y Helt-
poHax BMA gocnimkysanu 3a ONOMOroko iMyHodbyopec-
LieHTHOrO aHanidy. icTonoriyHi 3pisv nepe NpoBeaeHHAM
peakuii nipgasanu fenapadiHyBaHHio, perigparauii Ta
npoLesypi feMackyBaHHs aHTUrEHIB y LuTpaTHoMy Gydepi
(pH 6,0) 3 BukopuctaHHam PT-mopyns (ThermoScientific,
CLUA). fani 3piau iHkybyBanw B briokyBansHomMy bychepHo-
My po3umHi (SantaCruz Biotechnology, CLLA), nicns usoro
HaHoCcUNM cneumndiyHi MOHOKIOHaTbHI aHTUTiNa MULLAYOro
MOXOMKEHHS!, KOH'tOroBaHi 3 oryopecLeiH-i3oTioliaHaTom
(FITC; SantaCruz Biotechnology, CLUA), BianoBigHo fo
npoTokony BupobHuka [14]. [ns dnyopecueHTHOT ineHTu-
ikawii agep KniTWH y 4OCNImKYBaHIN AiNsHLi BUKOPUCTaHO
6apeHuk DAPI (SantaCruz Biotechnology, CLUA).

®riyopecLeHTHY MIKpOCKONito 3AiNCHUNN B ynbTpadi-
OrneToBOMY Aiana3oHi 3 BUKOPUCTaHHAM CBITNOQiNbTpa
38HE (high-emission) Ha mikpockoni Axiolmager-M2 (Carl
Zeiss, HimeuumnHa), Wwo obnagHaHmin uycpoBo Kameporo
AxioCam-ERc 5s (Carl Zeiss, Hime4unHa). OtpumaHi mi-
kpocboTorpadpii aHanisyBanu, 3aCTOCOBYHOUM MPOrpamHe
3abe3neyeHHst Imaged, 3a LONOMOrOK SIKOTO KinbKiCHO
OLiHWNN TaKi NapameTpu:

— CKOpUroBaHa 3aranbHa KniTuHHa cnyopecueHLis
(Corrected Total Cell Fluorescence, CTCF), wo Bu3Ha-
yana piBeHb HaKOMMYEHHS! IMyHOPEaKTUBHOMO Matepiany
B KNiTUHI. [NoKa3HWK HaBedEHO B YMOBHUX OAMHULAX iMy-
HodhnyopecueHuii (Ogic) Ta obuucneHo 3a dopmyroto:
CTCF=ID, - (S xID,), ae ID, — iHTerpoBaHa onT14Ha LLfirb-
HICTb iMyHOMO3UTWBHOI KNiTUHK (B13HAYEHa aBTOMATHUYHO B
ImageJ); S — nnoLua KniTWHW 3 NO3UTUBHOIO chryopecLieH-

Zaporozhye Medical Journal. Volume 28. No. 3, May - June 2026


https://zmj.zsmu.edu.ua/

OpwuriHaAbHI AOCAIAXKEHHSA

0,0025

0,00194*

0,0020

0,0015

0,00141*

0,00128*

0,0010

0,0005

0,00024
0,00011*

0,0000

1 rpyna

M LLlinbHiCTb HENpOHIB
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TBapWH); #: BipOriaHa pisHMUA nokasHukis (p,, < 0,05) Wwopo rpynn 2 (TBapuH 3 ILIB BBEAEHHSM KOMXILMHY).

uieto; 1D, — iHTerpoBaHa LUiNbHICTL hOHY (3 KNITUH, L0 He
manu cnyopecueHTHoro curHany). CTCF BUKOpUCTaHO ik
HaniBKINbKICHY XapakTepucTuKy Ans OLiHIOBaHHS BMICTY
MiveHoro 6irnka B OKpeMUX HepoHax;

— KiNbKICTb iMyHOMO3UTUBHWX KNITUH B aHanisoBaHin
30Hi 3pi3y MO3KY (AinsHka 6a3anbHOro MarHOLEMoNAPHOMo
sapa) obpaxoByBanu BPy4HY Y MEXax OQHOrO Mons 30py.

OnpaLtoBaHHs ekcnepyMeHTanbHNX JaHUX 30iINCHUMN
3 3aCTOCYBaHHAM NporpamMHoro 3abesneverHs Statistica
(niueHsis Ne JPZ8041382130ARCN10-J) Ta Microsoft Excel
7.0 (Microsoft Corp., CLUA). [ins oujHIOBaHHS xapakTepy
pO3MoZiNy MokasHWKiB y BUOIpkax BUKOPUCTAHO KpUTepin
LWanipo—Binka. MepeBipky CTaTUCTUYHOI 3HAYYLLOCTI
BiIMIHHOCTEN rpyn AOCTIMKEHHS BUKOHAHO 3anexHo Bif
XapaKTepy po3rnogifly AaHuX: y pasi HOpManbHOro poano-
Jiny 3acTocoByBanu t-kputepiit CTblofeHTa 3 NonpaBKow
BoHdepoHi; konu AaHi He BignoBiganu HopmanbHOMY
po3noginy, BUKOPUCTOBYBAnN HenapaMeTpUYHNIA KpUTepin
MaHHa-BiTHi (U-kputepin).

Pe3yAbTati

[MopiBHAHHSA MOKa3HWKa LLiNbHOCTI HEWPOHIB Ta rMii B
CTpyKTYpi BM{A y TBapWH 3 ekcnepuMeHTanbHKUX rpyn i3
KOHTPOSIbHUMK MoKasasno, wo ILB BBeaeHHS KonXiluHy
(rpyna 2) npu3Beno [0 CTAaTUCTMYHO 3HAYyLLOi BTpaTy
HepoHiB Ha 53,6 % Ta 36inbLUEHHs KINbKOCTI rianbHUX
KniTvH Ha 28,4 %. Y BM#A TBapuH i3 rpyn paHHbOT KopeKLii
(3-5 rpynu) nopiBHsHO 3 koHTponeM (rpyna 1) cTaTncTyHo
3HaYyLLY PI3HULIO Hi 32 MOKa3HUKOM LLiTbHOCTi HEMPOHIB,
aHi WinbHocTi mii He 3adikcoBaHo. BogHouvac y TBapuH
i3 rpyn 3-5 BiOHOCHO LLYpIB rpynut 2 LWiNbHICTb HEMPOHIB
y BMA Ginbla Ha 41,5 %, 46,0 % Ta 40,0 % BignosigHo
Ha (oOHi BiPOrigHO MEHLLIOrO NOKa3HWKa LUiNbHOCTI Ml Ha
34,2 %, 27,4 % T1a 21,3 % BignosigHo (puc. 1, 2).

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

IMyHobnyopecueHTHe pgocnigxeHHs 6inkis pS3 Ta
annAb y cTpykTypi BMA ekcnepumerTanbHuX LypiB Aano
3MOry BUSIBUTY NEBHi 0COBMMBOCTI iXHBOT ekcrpecii | Ha ¢hoHi
KOMXiLWH-IHAYKOBaHOI AereHepalii, i Npy paHHiin Kopekuii
TOKCUYHOTO YLLKO[PKEHHS HENPOHIB.

Tak, y cTpykTypi BMA ekcnepymeHTansHUX TBApUH Mig
yac aHaniay nokasHuka CTCF p53*-kniTuH He 3acikcoBaHo
BipOrigHWX BiAMIHHOCTEN rpyn. Pasom i3 TUM, NoKa3HUK
annA5*-kniTUH HaBMWKIA y TBapuH rpynu 2 (3 ILB BBe-
JEHHSIM KOMXiLMHY) Ta BiporigHO NepeBHLLYyBaB BianoBiaHi
napameTpy Lypis rpynu 1 (xubHooneposaHux) — Ha 46,9 %;
rpynun 3 (KopekLuis LmTukoniHom) — Ha 45,4 %; rpyn 4 (kopek-
List TioLeTamom) i 5 (kopekLujist (hakTopom TenrnoBoro LLOKy-1,
HSF-1) —Ha 12,1 %. BignosigHo, Mix xubHoonepoBaHuMm
TBapMHaMU Ta LLypamu 3 KOPEKLIIEI CTaTUCTUYHOI Pi3HNLL
3a [OCTIKyBaHWUM KpuTepiem HelpoHiB BM#A He Gyno, sk
i MDK rpynamu LLypiB i3 Pi3HUMKU NaTOreHETUYHUMM MigX0-
[Jamu [0 KOpeKLiT KonxiLmH-iHaykoBaHoT HelipogereHepaii
(mabn. 2).

Y pesynbTarti OLiHIOBaHHS KiflbKOCTi iMyHOMO3UTUBHUX
[0 p53 kniTuH y cTpykTypi BMA ekcnepumMeHTansHMX Tea-
puH (rpynn 2-5) Wwopo xmbHoonepoBaHux Lwypis (rpyna 1)
BCTAHOBIEHO JOCTOBIPHO GinbLLy iX KinbKiCTb y rpymi 2 — B
2,5 pasa, rpyni 3 — B 3,6 pasa, rpyni 4 — B 2,4 pa3sa, rpyni
5—B4eTBepo. PasoM i3 TUM, NOKa3HWK KinbKOCTi p53*-KNiTuH
y BM#A wypis rpyn i3 kopekuieto uuTukoniHom (rpyna 3) i
pekombiHaHTHUM HSF-1 (rpyna 5) BiporigHo nepesuLLyBas
BigNoBiAHMIA napameTp TBapuH rpymu 2 (LB konxiumHy
6e3 kopekuii) Ha 70 % i 60 % BignosigHO. Y pesynbrari
MOPIBHANBHOMO aHanisy rpyn TBApWH i3 paHHBLOK natore-
HETMYHO 06I'PyHTOBaHOK KOPEKLIIEK 3a AOCTILKYBaHO
XapakTepuCTUKot CTPYKTYpu BMA BCTaHOBMEHO: KinbKicTb
pS3*-kNiTUH y rpynax 3 i 5 BiporigHO NepeBuLLYye Taky rpynu
4 (kopekuis TioueTamoMm) Ha 44 % Ta 40 % BignosigHo
(mabn. 3).
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2A 2B
2C 2D
2E Puc. 2. HeitpoHu Ga3anbHoro MarHoLemionsipHoro siApa Y LypiB eKCriepuMeHTanbHUX

rpyn (3abapBneHHs Ha peqoBuHy Hicens).

A:y wypis rpynu 1; B: y wypis rpynu 2; C: y wypis rpynu 3; D: y wypis rpynu 4;
E: y wypis rpynu 5; scale bar 100 pm.

Tabauua 2. MNokasHWkW ckopyroBaHoi 3aranbHoi kniTuHHoi onyopecueHuii (CTCF) kniTuH, iMyHonoautueHux Ao pS3 Ta annA5, y BMSA ronosHoro mosky
LypiB 3 ekcnepumeHTanbsHux rpyn, Me [Q1; Q4]

ExcnepumeHTanbHa rpyna p53* kniTuHm, Of,, annA5 * knitunm, Op,,

pyna 1 (xubHoonepoBaHi TBapuHU, n = 10) 4860,98 [3065,88; 7309,35] 2739,18 [1956,03; 3902,76]
pyna 2 (tBapuhm 3 ILB konxiumy, n = 10) 5212,23 [3134,24; 7777,14] 4024,89 [2694,63; 6374,05]*
pyna 3 (tBapuHm 3 ILB konxiumHy + umtikoniH, n = 10), 500 mr/kr 4582,47 [2793,97; 6247,30] 2768,34 [1852,42; 4411,24F
pyna 4 (teapuhu 3 ILB konxiumHy + TioueTam, n = 10), 250 mr/kr 4298,77 [2790,43; 6210,25] 3591,79 [1943,96; 4776,96]
pyna 5 (tBapuhm 3 ILB konxiumHy + HSF-1, n = 10), 200 mkn/kr 4147,42 [2985,06; 6146,23] 3589,46 [2276,44; 5034,63]

L. BiporipHi BiAMiHHOCTI nokasHukiB (p,, < 0,05) wogo rpymu 1; 2: BiporiaHi BiAMIHHOCTI NokasHWKIB (p,, < 0,05) wopo rpymu 2.
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Tabauus 3. KinbkicTb KniTuH, iMyHONo3uTuBHKUX A0 p53 Ta annAb, y 3pisi BMA ronosHoro Mosky Lypis 3 ekcnepumeHTanbHux rpyn, Me [Q1; Q4]

ExcnopnverTans ryn

pyna 1 (xnbHoonepoBaHi TBapuHM, n = 10)

Ipyna 2 (tBapuhu 3 ILB konxiumHy, n = 10)

pyna 3 (tBapum 3 ILB konxiumHy + umtikoniH, n = 10), 500 mr/kr
Ipyna 4 (tBaputy 3 ILIB konxiumHy + TioueTam, n = 10), 250 mr/kr
pyna 5 (tBapuhm 3 ILB konxiumny + HSF-1, n = 10), 200 mkn/kr

412;5] 3,0[2,5;4,5]
10 [8; 14]* 6 [4; 13]*

17 [13; 22]*2 13 [11; 19}
9,5 [8; 14]* 17,5 [11; 2012
16 [14; 19]'24 13[12; 141

1: BiporigHi BiAMIHHOCTi NOKa3HWKIB (pU< 0,05) wopo rpynu 1; 2: BiporigHi BiAMIHHOCTI NOKa3HMKIB (pU< 0,05) wopo rpynu 2; 3: BiporigHi BiAMIHHOCTI MOKa3HMKIB (pu< 0,05) wopo rpynu 3;

4: BiporiHi BigMiHHOCTI nokasHmkia (p, < 0,05) wopo rpynu 4.

KirnbkicTb IMyHOMO3UTUBHUX A0 annAS KNiTUH Y CTPYK-
Typi BMA wypis rpynu 1 BiporigHO MeHLLA 3a Taky Y LypiB
rpynv 2 — Bagidi, rpyn 3 i 5 - B 4,3 pasa, rpynu 4 —B 5,8
pasa. 3a3HauMMo, LU0 Cepes rpyn i3 KopeKLieto LLoao rpynu
2 (ILIB konxiumHy 6€3 KopeKLii) AOCTOBIPHO BiapisHanacs
3a KiNbKIiCTIO iIMyHOMO3UTUBHUX KNiTUH Jo annA5 y BMA
TinbkW rpyna 4 (NepeBuLLEHHS MOKa3HUKa Maiike BTpUY),
[e Lypun oTpUMyBasnn Kopekuito Tiouetamom. Mix ekcne-
PYMEHTanbHUMM rpynamMm 3 KOPEKLIIEHO 3a LM MOKa3HUKOM
CTpyKkTYpy BMA cTatncTyHo BiporigHuX BigMiHHOCTEN He
6yno (mabn. 3).

06roBopeHHs

Y UbOMY AOCRIIKEHHI HA OCHOBI MOKA3HWKIB CBIT/IOBOI
Mikpockonii npenapartiB ronoBHOr0 Mo3ky, 3abapBrneHux
3a Hiccnem, B ekcneprMeHTarnbHWX TBapyH BCTAHOBNEHO
MO3WTUBHWI BMVMB PaHHBOT HEMPONPOTEKL;i LIUTUKOMIHOM,
Tiouetamom i HSF-1 Ha kinbkicTb HeiipoHiB BMA npu
iHTpaLepebpOBEHTPUKYNSIPHOMY BBEAEHHI KOMXiunHy. Y
LIbOMY KOHTEKCTi BApTO 3ayBaXK1TH, LLO Mif BNIVBOM Hen-
POMPOTEKTOPHUX Npenaparis, Ha BiAMiHY Bif rpynu 2, e Ui
3acobum He 3aCTOCOBYBanu, He 3adliKCOBAHO 3MEHLLEHHS
KinbKoCTi iIMyHOMO3WUTVBHMX A0 GinkiB p53 Ta annAb kniTuH
BMSA. Mpote cnig BpaxoByBaT ABi BaxMBi BNacTUBOCTI
KOMXIiLMHY 51K TOKCUYHOTO areHTa, 30KpeMa 40303aNeXHICTb
i yacoBui xapakTtep gii. Llei acnekt Bu4anu Y. Liang et
al., siki nokasanu, Lo 3arnbenb HENpOHIB cTpiaTyma y nig-
ZOCMIAHNX MULLIEN BUSIBNSANM HA TPETIN AeHb Nicnst iH ekuji
KOMXiLWHY, | TpUBana BoHa NPOTSArOM HACTYMHOTO TUXKHSI.
Ha nipcTasi oTpuMaHuxX AaHuxX AOCTAHWKN MPUAYCTUIN, LLO
BBEAEHHS CybreTanbHUX 403 KONXILMHY NPOTAroM NepLumnx
[HIB NPMU3BOAMTb [0 KNITUHHOI CMEPTI LLMSXOM HEeKpOo3y, a
HacTyrnHa aereHepauis CTPYKTypy NOB’si3aHa 3 PO3BUTKOM
anonTo3y, 3yMOBIEHOrO BTOPUHHWM MOLUKOKEHHAM Ha
(hoHi HeliposananeHHs [15].

OTxe, BpaxoBylo4M HaBeAEHi AaHi o4O BiporigHO
6inbLuoi kinbkocTi KNiTH BMA, iMmyHonosuTueHWX 4o Ginkis
p53 Ta annAb y rpynax i3 KOpeKLiieto NOPIBHSHO 3 rpyroto,
TBapUHK SIKOi oTpuMyBanu nuwe LB konxiuuHy, Ha doHi
[OCTOBIPHO BiNbLUOT WiNIbHOCTI HENPOHIB Y MepLuKX, cnig
iHTEpNpeTyBaTH Sk CBIIYEHHS! TOTO, LU0 paHHsi HEMPONpPO-
TEKLis 3aCTOCOBaHUMM (hapMakosoriYHUMKM areHTamm
3anobirae MacwBHilN HEKPOTUYHIN 3arnbeni HEMPOHIB.
Mpu LbOMY 3ayBaXMMO, LLIO OCKINbKM KNiTUHHA 3arubernb
LIMSXOM anonTo3y He CynpOBOAXYETbCHA aKTuUBaLiet
3anarnbHoro NpoLecy, MOLIKOMKEHHAM LiMICHOCTI CYCiaHiX
HEVPOHIB, EKCAaNTOTOKCUYHICTIO, TO B TAKOMY KOHTEKCTI ne-
pecnpsiMyBaHHS MOLLKODKEHO KITITUHY HA anoNTOTUYHWIA, &
He HEKPOTUYHMI LWNsX 3arnbeni € A0BOMi NePCNEKTUBHUM
nraHoM HemponpoTekuii [16].

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

BcTaHoBneHo, wo p53 ta annA5 MawTb Takox
LIMTONPOTEKTOPHY HanpaeneHicTb Aji. Tak, p53 perynoe
€KCMPECil0 HU3KM TEHiB, aKTMBALiA SKUX NPU3BOAMTL A0
penapauii JHK [17], a ans annA5 BCTaHOBMNEHO 34aTHICTb
3MEHLLYBaTW NONSApU3aLito Npo3anarnbHWX MiKporrianbHUX
M1 KkniTuH | MOXNUBICTE MOBINi3yBaT aHTUOKCUOAHTHI
cuctemm HeiipoHis (wnsax Nrf2/HO-1) [18]. Tomy, imoBip-
HO, PaHHs HEMPOMPOTEKLIA MOXE CTUMYMIOBATY i 3aXUCHI
edekTn Binki, sKi 4OCMIAUAKW, CNPUSIKOYM B TaKWA CNocio
BV)XMBAHHIO HeVipoHiB BMS B excnepuMeHTi.

OKpemo Haronocumo, Lo He BUSIBIIEHO BMMBY KO-
NXILMHY Ta HEMpOMPOTEKTOPHMX 3acobiB Ha BMICT p53 y
KOXHII OKPeMO B3SATIN iMyHOMO3WTUBHIN KniTuHi BMA exc-
nepuMeHTanbHUX TBapuH. BogHouac y rpynax 3-5 natepHu
KinbkocTi p53*-kniTuH y BMA BigpisHAOTLCS 3anexHo Bif
HenponpoTekTopa, SkW 3acTocyBanu. Tak, NOPIBHAHO 3
rpynoto 2 kinbkictb pS3*-knitTuH y BM#A BiporigHO 3MiHMnM
nvwe unTukoniH i HSF-1. TobTo, HaiMoBipHiLLe, y LuX
rpynax 3acikcoBaHO CTaHAApTHUI BNAMB p53-3anexHux
MexaHiamiB perynswii KniTMHHUX NPOLECIB Y BEMMKIN KiflbKo-
CTi HEMPOHIB, LLIO MOXITMBO NLLIE 32 HASIBHOCTi OCTATHLOI
KifIbKOCTi eHEpreTMyHUX pecypcis i HopManiauii poboTu
MITOXOHAPIN, a Takox cTabinisauii p53, Wo Mae 3aaTHICTb
[0 LWBMAKOI NpOTeacoMHOI Aerpagalii.

Yci HasBaHi epekTn onmcaHo ans uuTukoniHy Ta HSF-1.
Tak, UATVKONIH CnpUsie NOKPaLLEHHI0 poBOTY MITOXOHAPIN,
3anobiratoun BTpaTi KapaioniniHy 3 iXHbOI BHYTPILLHLOT
mMembpaHu, Lo MiATPUMYE B HAX HOPMaIbHUIA TpaHCTopT
enekTpoHiB [19]. Kpim Toro, Baxnueumu akropamm
BVDKMBAHHS HEVPOHIB, O iHOYKYIOTbCA LIMTUKOMIHOM, €
3MeHLLEHHS akTUBHOCTI kacnas [20], cTUMynsLis aHrioreHe-
3y [20], 36inbLueHHs ekcnpecii HenpoTpodivHoro thakTopa
moaky (brain-derived neurotrophic factor, BDNF) [21]. Ans
HSF-1 B13HaueHo aHanoriyHi epekTI, ane BUHMKaOTb BOHM
32 iHLLMMK MexaHi3mMamm. Tak, Lien Binok MoXe CIpUYMHATY
3MEHLLIEHHS eHeproaediLMTY LNSXOM NiABULLEHHS ekcripe-
cil nakTaTaerigporeHasu Ta kiHasw nipyBaTaeriaporeHasu,
WO cnpusie 36inNbLUEHHI0 eEeKTUBHOCTI rmikonisy [22,23].
HSF-1 cTumyntoe aHrioreHe3 3aBasikv TOMY, LUO 36inbLuye
eKcnpecito hakTopa, iHaykoBaHoro rinokcieto (HIF-1), skuid e
TPaHCKPUNLLAHUM haKTOPOM L1151 CYAUHHO-EHAOTENanbHo-
ro dpaktopa pocty (VEGF)[24,25]. [MiaTBepmKeHo 30aTHICTb
uboro ¢haktopa iHribysaTtu anontos Yepes 3anexHy Bif
6inkie Tennosoro woky HSP70/HSP90 ekcnpecito npo- Ta
aHTUaNONTOTMYHWX BinKiB Ha KOPUCTb OCTaHHiX [11,25].

Y BM{ TBapwH i3 KopeKLieto NMOPIBHSHO 3 rpynoto 3
ILIB BBemeHHAM konxiuuHy 6e3 kopekuii annA5*-kniTuHm
XapakTepu3yBanuch BipOriAHO MEHLUMM MOKa3HUKOM iH-
TeHemBHocTi onyopecueHuii (CTCF). 3a paHnmun dhaxosoi
niTepatypy Wogo edeKTiB 3aCTOCOBaHMX Npenaparis,
MOXHa NPUMYCTUTU NEBHI MEXaHi3Mu, LU0 NosicHioBanu 6u
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JNAr - nakTatgerigporeHasa

MNAK - nipyBaTaerigporeHasHnii KOMNNekc

ATP — ageHosuHTpudocdar

HSF — cakTop TENNOBOrO LWOKY

HSP70 - 6inok Tennosoro Lwoky 70

VEGF - cyanHHO-eHaoTenianbHnii haktop pocTy
— - Gnokytounii ecpekt

—— - CTUMYNIOKYUI eDeKT

Puc. 3. [inoTeTn4HMiA MexaHiam BNNMBY 3aCTOCOBAHMX HEMPOMPOTEKTUBHMX 3acobiB Ha ekcnpeciio p53 Ta annAS y knituHax BMA ekcnepumeHTanbHIX Wypis Ha hoHi ILIB BBeaeHHs

KOMXILWHY.

BCTaHOBNEHWI hakT. Tak, Bigomo, Lo annAb e Ca-38's-
3yBarnbHUM GinKoM, SKUIA NPUEOHYETHCA A0 eKCTepHarni-
30BaHOrO hochatnanncepuHy Ha MembpaHi KniTuHu, Lo
nepebyBae Ha paHHili chasi anonTtody [26]. Tomy BaxnmBmMm
thakTopamu ans oro ekcnpecii € cTabinbHICTb KMITUHHOT
mMembpaHu Ta perynsuisi BHYTPILLHBOKMITUHHOMO KarbLito
[27]. Tak, nokasaHo, WO UUTUKOMIH cTabinisye KniTUHHY
mMembpaHy, OcKinbku cTUMyntoe BiocuHTes chocdoniniais i
X nonepeaHuKiB, SK-0T hocdaTUannxoniHy, o € KpUTuY-
HAMW ANS NIGTPUMKU HOPManbHOI apXiTEKTYpK KMITUHHOT
membpanm [28].

Tioueram, 30KpeMa OAuH i3 I0ro akTUBHWX KOMMOHEHTIB
nipaLetam, Moxe Grokysarty kanbLiesi kaHanu N-tuny [29].
LLlono HSF-1, T0, MOXIMBO, MOrO Jist TaKOX MOB’'Si3aHa 3
BHYTPILLUHBOKMITUHHAM KarbLiEM Ta peanisyeTbcsl Yepes
ATO-3anexHi Ca2*-38's3yBarnbHi gomeHn HSP70, abo yepes
BCTaHOBIEHY MoxnuBicTb HSP70 BnnuBaTth Ha akTUBHICTb
noTeHujan-3anexHux Ca?*-kaHanis. [poTe B LibOMY KOHTEK-
CTi Wwe 6pakye hyHaameHTanbHuX fanmx [30].

BigkpuTum 3anmMWaEeTbCs MUTaHHS LOAO AOCTOBIPHO
6inbLuoi KinbkocTi annA5*-knitwH y BMSA TBapuH i3 rpy-
Ny Kopekwii TioueTamoM oo Lypie 3 ILIB BBeAeHHAM
konxiuuHy 6e3 kopekuii. Ha nigcrasi pesynbratis LiboOro
ZOCTIDKEHHS MPUMYCKAEMO, LLIO PaHHE 3aCTOCYBaHHS LibOro
HeliponpoTekTopa npw IL|B BBeaeHHi konxiLmHy 3anobirae
HEKPOTWYHII 3arnbeni kniti BMA, «nepemukaroumy ii Ha
anonToTU4Hy (puc. 3).
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Omxe, Ha NiacTaBi AaHMX, LLO OTPUMAnM nig Yac exc-
nepUMEHTanbHOro AOCTIMKEHHS, Ta BiGOMOCTE (haxoBoi
niTepaTypy MoxHa 3pobunTy Kinbka npunyLLeHb, Nepesipka
Akvx noTpebyBaTiMe NoaanbLUKX JOCTIDKEHb:

— ILIB BBEAEHHS 15 MKI KOMNXILMHY CYNPOBOMKYETHCS i
HEKPOTMYHOLO, 1 aNOMTOTMYHO 3arnbensto HelpoHis BMA
i3 NepeBaXaHHsIM HEKPO3Y;

— PaHHs! KOpeKLlist IUTUKOMIHOM | haKTOpOM TENNOBOIO
woky-1 (HSF-1) y knituax BMA, moxnmeo, cynpoBomxy-
€TbCS ANONTO30M, LU0 aKTUBOBAHWI MEPEBAXHO Yepe3
BHYTPILLHIN LLASX (OCKINbKM BiH BinbLL 3anexHui Big p53),
i p53-3anexHUMM MexaHiaMamm KIiTUHHOT penapawii;

— paHH$ KopekKuis TioueTaMoMm y knituHax BMA,
iMOBIPHO, CyNnpOBOZXKYETHCS anonTO30M, WO aKTUBO-
BaHUI 30e0inbWOro Yepesa 30BHILLHIN LWMSX, NPOTe He
BUKMIOYEHO, WO B OKPEMMUX P53-NO3UTUBHMX KMiTUHAX
BiAOyBalOTLCA | penapaTuBHi NPOLECK Ta BHYTPILLHI
LUMSX anonToasy;

— BaXJMBMM (PaKTOPOM € 3MEHLLEHHS! eKcripecii annAS
B IMyHONO3UTUBHYX KIiTUHaX BMA TBapuH, Lo oTpumyBani
MaToreHeTUYHO OBI'PyHTOBaHY KOPEKLIHO, LLIOSIO FpyMi LLypIB
6e3 Kopekuiii.

BucHoBKH

1. Y 6azanbHOMY MarHoUentnspHoMy saapi ekc-
nepuMeHTanbHUX TBApuH Ha 14 poby nicns iHTpaue-
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PeBbpPOBEHTPUKYNAPHOT iH EKLiT KONXILMHY NOPIBHAHO 3
XWBGHOONEPOBaHYMY TBAPUHAMW BCTAHOBIEHO 3MEHLLIEHHS
LLiNbHOCTI HEMPOHIB i 30iNbLUEHHS LWiNbHOCTI MMianbHUX
KniTvH. BogHovac y gocnimkyBaHiit CTPYKTYpi MO3KY LLypiB
i3 rpyn paHHLOTO 3aCTOCYBaHHS LIUTVKOMiHY, TioLeTamy Ta
pekoM6iHaHTHoro HSF-1 ans kopekuii aii HeMpOTOKCUHY
MOKa3HWKM LLINbHOCTI HEMPOHIB Ta rmii 3adikcoBaHO Ha
PiBHi KOHTPOJTbHUX TBAPWH.

2. HanbinbLunit nokasHuk CTCF aHekcuH A5-noaunTyie-
HWX KTITUH BCTAHOBMEHO B 6a3anbHOMY MarHOLEMonspHo-
My Si4pi LLypiB 3 iHTpaLepeBpOBEHTPYKYNSPHAM BBEAEHHSIM
KOMXILWHY MOPIBHSAHO 3 XBHOOMEPOBaHNUMM Ta TBApUHaAMM
i3 rpyn KopeKLii (ae He 3adhikcoBaHO CTAaTUCTUYHO BIpOria-
HUX BigMiHHOCTeW 3a LM nokasHukom). CTCF pS3-nosu-
TUBHUX KNiTUH 623a51bHOT0 MarHOLIENKONSPHOTO Apa B YCiX
€eKCNepUMeHTarbHNX rpynax LLypiB He MaB CTaTUCTUYHO
3HaYYLLWX 3MiH MOPIBHSHO 3 KOHTPOMBHOK MPYMOKO Ta Mpu
MOPIBHSHHI rpyn Mix co6010.

3. Kinbkictb p53- Ta aHekcH A5-NO3UTUBHUX KITITUH Y
6a3anbHOMY MarHoLentonspHoOMy Sapi ekcnepuMeHTanb-
HWX TBapWH 3 iHTpaLepebpOBEHTPHKYNSIPHUM BBELEHHSM
KOMXILWHY BIPOTiAHO NEPEBWLLYYE TaKy Y XMBHOONEpOBaHNX
TBapWH. Y LLYPIB i3 rpyn KOpEeKLii Lieit MokasHuK 3anexas
BiZ, Npenapary, K1 BBOAWUIIN.

®dinancyBaHHA

DAochipkeHHs diHaHCOBaHe HaLioHaAbHUM GOHAOM AOCAIAKEHD
YkpaiHu B pamkax «KOHKYpCy Ha OAEPXaHHSA rpaHTiB

Mpe3unaeHTa Ykpainu AN NIATPUMKM HAYKOBKX AOCAIAXEHD i
PO3p06OK MOAOAKX BUEHUX-AOKTOPIB dINOCOdIT / KAHAMAATIB Hayk
(A0 35 pokiB BKAKOUHO)», peecTpaLiiHuii Homep 2025.05/0007,
TeMa: «OnTUMI3aLLif NiAXOAIB A0 NATOreHETUUYHOI KOPEKLIi NopyLLEHb
aKCOHAABHOIO TPAHCMOPTY NP EKCTIEPUMEHTAABHIN HEMPOTPABMI»,
Ne porosopy: 267.05/0007.

KoHOAIKT iHTepeciB: BiACyTHIl.
Conflicts of interest: authors have no conflict of interest to declare.

Haailiwaa ao peaakuii / Received: 02.03.2026
Micas poonpaltoBaHHs / Revised: 27.04.2026
CxBaneHo A0 ApyKy / Accepted: 05.05.2026

BiaomocTi npo aBTopa:

QAaHykano M. B., PhD, AOLEHT Kad. natoAoriuHoi ¢igionorii 3
KYPCOM HOpMaAbHOI idionorii, 3anopiabkui AepXaBHUIA MEANKO-
dbapmaLeBTUYHUI YHIBepCKTeT, YKpaiHa.

ORCID ID: 0000-0003-3413-945X

Information about the author:

Danukalo M. V., MD, PhD, Associate Professor of the Department
of Pathological Physiology with the Course of Normal Physiology,
Zaporizhzhia State Medical and Pharmaceutical University, Ukraine.

Makeum Aarykano (Maksym Danukalo)
danukalo.m.v@zsmu.edu.ua

References

1. Chen YS, Shu K, Kang HC. Deep brain stimulation in Alzheimer’s
disease: Targeting the nucleus basalis of Meynert. J Alzheimers Dis.
2021;80(1):53-70. doi: 10.3233/JAD-201141

2. Tiernan CT, Mufson EJ, Kanaan NM, Counts SE. Tau oligomer pathol-
ogy in nucleus basalis neurons during the progression of Alzheimer
disease. J Neuropathol Exp Neurol. 2018;77(3):246-59. doi: 10.1093/
jnen/nix120

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

10.

11

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Nazmuddin M, Philippens IH, van Laar T. Electrical stimulation of
the nucleus basalis of Meynert: a systematic review of preclinical
and clinical data. Sci Rep. 2021;11(1):11751. doi: 10.1038/s41598-
021-91391-0

Rapaka D, Adiukwu PC, Bitra VR. Experimentally induced animal
models for cognitive dysfunction and Alzheimer’s disease. MethodsX.
2022;9:101933. doi: 10.1016/.mex.2022.101933

Kumar A, Seghal N, Naidu PS, Padi SS, Goyal R. Colchicines-induced
neurotoxicity as an animal model of sporadic dementia of Alzheimer’s
type. Pharmacol Rep. 2007;59(3):274-83.

Kaji AA, Torii M, Ishii S. Caspase-3 inhibition toward perinatal protec-
tion of the developing brain from environmental stress. Dev Neurosci.
2023;45(2):66-75. doi: 10.1159/000529125

Danukalo MV, Kolesnyk YM. The specificity of INOS expression indi-
cators in the basal magnocellular nucleus of rats under early pathoge-
netic correction in experimental neurodestruction. Zaporozhye Medical
Journal. 2024;26(5):379-86. doi: 10.14739/2310-1210.2024.5.309732
Belenichev IF, Aliyeva OG, Kamyshnyi AM. Long-term results of
pharmacological correction of INOS, eNOS, nNOS mRNA expression
disorders in rat hippocampus after chronic prenatal hypoxia. Biolog-
ical Markers in Fundamental and Clinical Medicine. 2019;3(2):6-15.
doi: 10.29256/v.03.02.2019.escbm01-06

Demchenko AV, Belenichev IF. [Estimation of thiocetam influence
on glutathione link of thiol disulfde cerebral system in conditions of
experimental chronic ischemia]. Pathologia. 2015;(2):101-5. Ukrainian.
doi: 10.14739/2310-1237.2015.2.51154

Burlaka BS, Belenichev IF, Ryzhenko Ol, Ryzhenko VP, Aliyeva OG,
Makyeyeva LV, et al. The effect of intranasal administration of an IL-
1b antagonist (RAIL) on the state of the nitroxydergic system of the
brain during modeling of acute cerebrovascular accident. Pharmacia.
2021;68(3):665-70. doi: 10.3897/pharmacia.68.e71243

Belenichev IF, Aliyeva OG, Gunina LM, Bukhtiyarova NV. [Evaluation
of the efficiency of the neuroprotective drugs after prenatal hypoxia].
Fiziolohichnyi zhurnal. 2023;69(1):43-53. Ukrainian. doi: 10.15407/
1269.01.043

Danukalo MV, Kolesnyk YM, Hancheva OV. Contemporary compre-
hensive approaches to assessing the effectiveness of experimental
model of neurodegenerative disorders with cognitive status changes.
Mod Med Technol. 2023;(4):51-8. doi: 10.34287/MMT.4(59).2023.7
Paxinos G, Watson C. The rat brain in stereotaxic coordinates. 7th ed.
London: Elsevier Academic Press; 2018.

SCBT. Santa Cruz biotechnology [Internet]. SCBT. [cited 2026 Mar
14]. Available from: https://www.scbt.com/resources/protocols/immu-
nofluorescence-cell-staining

Liang Y, Li S, Wen C, Zhang Y, Guo Q, Wang H, et al. Intrastriatal
injection of colchicine induces striatonigral degeneration in mice. J Neu-
rochem. 2008;106(4):1815-27. doi: 10.1111/j.1471-4159.2008.05526.x
Belenichev IF, Cherniy V, Nahorna E, Pavlov S, Cherniy T, Bukhti-
yarova N, et al. [Neuroprotection and neuroplasticity]. Kyiv: Logos;
2015. Ukrainian.

Almeida A, Sanchez-Moran |, Rodriguez C. Mitochondrial-nuclear
p53 trafficking controls neuronal susceptibility in stroke. IUBMB Life.
2021;73(3):582-91. doi: 10.1002/iub.2453

Gao Y, Zhang H, Wang J, Li F, Li X, Li T, et al. Annexin A5 ameliorates
traumatic brain injury-induced neuroinflammation and neuronal ferropto-
sis by modulating the NF-kB/HMGB1 and Nrf2/HO-1 pathways. Int Im-
munopharmacol. 2023;114:109619. doi: 10.1016/j.intimp.2022.109619
Gareri P, Castagna A, Cotroneo AM, Putignano S, De Sarro G,
Bruni AC. The role of citicoline in cognitive impairment: pharma-
cological characteristics, possible advantages, and doubts for an
old drug with new perspectives. Clin Interv Aging. 2015;10:1421-9.
doi: 10.2147/CIA.S87886

Cavalu S, Saber S, Ramadan A, Elmorsy EA, Hamad RS, Ab-
del-Reheim MA, et al. Unveiling citicoline’s mechanisms and clinical
relevance in the treatment of neuroinflammatory disorders. FASEB J.
2024;38(17):e70030. doi: 10.1096/f}.202400823R

Anandan P, Rengarajan S, Venkatachalam S, Pattabi S, Jones S, Pra-
bhu K, et al. Neuroprotection by cerebrolysin and citicoline through the
upregulation of Brain-Derived Neurotrophic Factor (BDNF) expression
in the affected neural cells: A preliminary clue obtained through an in
vitro study. Cureus. 2024;16(2):e54665. doi: 10.7759/cureus.54665
Xu J, ShiQ, XuW, Zhou Q, ShiR, MaYY, et al. Metabolic enzyme PDK3
forms a positive feedback loop with transcription factor HSF1 to drive
chemoresistance. Theranostics. 2019;9(10):2999-3013. doi: 10.7150/
thno.31301

He L, Lv S, Ma X, Jiang S, Zhou F, Zhang Y, et al. ErbB2 promotes
breast cancer metastatic potential via HSF1/LDHA axis-mediated gly-
colysis. Med Oncol. 2022;39(4):45. doi: 10.1007/s12032-021-01641-4
Du P, Xu L, Wang Y, Jiao T, Cheng J, Zhang C, et al. Astragalo-
side IV ameliorates pressure overload-induced heart failure by
enhancing angiogenesis through HSF1/VEGF pathway. Heliyon.
2024;10(17):e36687. doi: 10.1016/j.heliyon.2024.e37019

ISSN 2306-4145

https://zmj.zsmu.edu.ua


https://zmj.zsmu.edu.ua/
https://orcid.org/0000-0003-3413-945X
mailto:danukalo.m.v%40zsmu.edu.ua?subject=
https://orcid.org/0000-0003-3413-945X
https://doi.org/10.1093/jnen/nlx120
https://doi.org/10.1093/jnen/nlx120
https://doi.org/10.1038/s41598-021-91391-0
https://doi.org/10.1038/s41598-021-91391-0
https://doi.org/10.1016/j.mex.2022.101933
https://doi.org/10.1159/000529125
https://doi.org/10.14739/2310-1210.2024.5.309732
https://doi.org/10.29256/v.03.02.2019.escbm01-06
https://doi.org/10.14739/2310-1237.2015.2.51154
https://doi.org/10.3897/pharmacia.68.e71243
https://doi.org/10.15407/fz69.01.043
https://doi.org/10.15407/fz69.01.043
https://doi.org/10.34287/MMT.4(59).2023.7
https://www.scbt.com/resources/protocols/immunofluorescence-cell-staining
https://www.scbt.com/resources/protocols/immunofluorescence-cell-staining
https://doi.org/10.1111/j.1471-4159.2008.05526.x
https://doi.org/10.1002/iub.2453
https://doi.org/10.1016/j.intimp.2022.109619
https://doi.org/10.2147/CIA.S87886
https://doi.org/10.1096/fj.202400823R
https://doi.org/10.7759/cureus.54665
https://doi.org/10.7150/thno.31301
https://doi.org/10.7150/thno.31301
https://doi.org/10.1007/s12032-021-01641-4
https://doi.org/10.1016/j.heliyon.2024.e37019

Original research

244

25.

26.

217.

28.

29.

30.

Fiser O, Muller P. Role of HSF1 in cell division, tumorigenesis and
therapy: a literature review. Cell Div. 2025;20(1):1-15. doi: 10.1186/
$13008-025-00153-1

Gerke V, Gavins FNE, Geisow M, Grewal T, Jaiswal JK, Nylandsted J,
Rescher U. Annexins-a family of proteins with distinctive tastes for cell
signaling and membrane dynamics. Nat Commun. 2024;15(1):1574.
doi: 10.1038/s41467-024-45954-0

Su G, Zhang D, Li T, Pei T, Yang J, Tu S, et al. Annexin A5 derived
from matrix vesicles protects against osteoporotic bone loss via miner-
alization. Bone Res. 2023;11(1):60. doi: 10.1038/s41413-023-00290-9
Mastropasqua L, Agnifili L, Ferrante C, Sacchi M, Figus M, Rossi G,
et al. Citicoline/coenzyme Q10/vitamin B3 fixed combination exerts
synergistic protective effects on neuronal cells exposed to oxidative
stress. Nutrients. 2022;14(14):2963. doi: 10.3390/nu14142963
Al-Kuraishy HM, Al-Gareeb Al Eliwa D, Alexiou A, Papadakis M, Alru-
waili M, et al. The mechanistic role of piracetam in the management of
vascular dementia. Behav Brain Res. 2025;2025:115551. doi: 10.1016/j.
bbr.2025.115551

de Oliveira AA, Priviero F, Tostes RC, Webb RC, Nunes KP. Dissect-
ing the interaction between HSP70 and vascular contraction: role of
Ca2+ handling mechanisms. Sci Rep. 2021;11(1):1420. doi: 10.1038/
541598-021-80966-6

ISSN 2306-4145  https://zmj.zsmu.edu.ua

Zaporozhye Medical Journal. Volume 28. No. 3, May - June 2026


https://zmj.zsmu.edu.ua/
https://doi.org/10.1186/s13008-025-00153-1
https://doi.org/10.1186/s13008-025-00153-1
https://doi.org/10.1038/s41467-024-45954-0
https://doi.org/10.1038/s41413-023-00290-9
https://doi.org/10.3390/nu14142963
https://doi.org/10.1016/j.bbr.2025.115551
https://doi.org/10.1016/j.bbr.2025.115551
https://doi.org/10.1038/s41598-021-80966-6
https://doi.org/10.1038/s41598-021-80966-6

YAK 616.345-007.272-036.11-053.9-07-08
DOI: 10.14739/2310-1210.2026.3.344856

OpwuriHaAbHI AOCAIAXKEHHS

AHani3 BU6opy MeTOAIB AiarHOCTUKM Ta AIKyBaHHA rocTpoi 06TypauinHoi

TOBCTOKULLKOBOI HENPOXiAHOCTi 3A0AKICHOr0 reHesy
Y XBOPUX MOXUAOrO Ta CTapeyoro BiKy

M. M. Muamua®AEF, B, B. KoteneBeLp®BCP

3anopisbKunit AepXaBHWI MeAMKO-bapMaLeBTUUHWI YHIBEPCHUTET, YkpaiHa

A - KoHLenuis Ta AM3aliH AOCAIAKEHHS; B - 30ip AaHux; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs cTatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpAXKEHHSA CTaTTI

Merta po6otu - nigBULLMTI ePEKTUBHICTB XipypPriYHOro NiKyBaHHS MaLeHTIB NOXMOrO Ta CTapeyoro Biky 3 roCTpO 06TypaLliiHO0
TOBCTOKULLKOBOK HENPOXIAHICTHO 3MOSIKICHOIO I'eHe3y 3a [JOMOMOro AndepeHLiioBaHOrO Nigxody 40 BUOOPY TaKTUKK, LO I'PyH-
TYETbCS Ha [JaHUX [JOAATKOBMX IHCTPYMEHTaIbHUX METOLIB 0OCTEXEHHSI.

Marepiaau i meToau. [poaHanisoBaHo pe3ynsTaTyt XipypriYHoro nikysaHHs 122 nawjieHTis Bikom 65-89 pokiB i3 rocTpoto 06TypaLliii-
HO0 TOBCTOKMLLKOBOK HEMPOXIAHICTIO 3MOSIKICHOrO r'eHe3y, siki nepebyBanit Ha nikyBaHHi y XipypriyHomy BigaineHHi KomyHansHoro
HekomepLiHoro nignpuemcTsa «Micbka nikapHst Ne 9» 3anopisbkoi Micbkoi pagu y 2022—-2024 pokax. MauieHTiB 06CTexeHO i3
3aCTOCYBAHHAM Cy4aCHUX IHCTPYMEHTANbHUX METOLIB [iarHOCTUKK, SIK-OT KOMM KOTEPHOI TOMOrpadii 3 KOHTPACTOM, KOMOHOCKOMil,
OrnsiAoBOI peHTreHorpadii YepeBHOI MOPOXHWUHW 1 YrbTPa3ByKOBOMO AOCMIMKEHHS OpraHiB YePEeBHOI MOPOXHWHY, 34iACHUNN
BVMIPIOBAHHS BHYTPILLHBOYEPEBHOTO TUCKY.

Pe3yastatn. Komn'toTepHa Tomorpadisi € onTMasnbHUM METOLOM AiarHOCTUKM, OCKINbKM B YCiX 06CTEXEHUX Liel MeToa AaB 3mMory
TOYHO BU3HAYMTY NTOKani3aLito NyXMvHW, CTyniHb 06CTPYKLi Ta HASABHICTb YpaKeHHS NiMGaTUyYHNX BY3MiB, & TaKoX BUSIBATY O3HAKM
iLemil KULWKK (HanpuKnag, NOTOBLUEHHS CTiHKW, BiACYTHICTb KOHTPACTYBaHHS!) i NOTEHLNHI ycknaaHeHHs (nepdopauis, abeuec,
nepuToHiT). KomoHockonis gana amory 6esnocepenHbo BisyanidyBaTv NyXIuHy, YTOYHUTY ii Tonorpadito Ta B3aTu Giontat ans
NiaTBEPIKEHHS AiarHo3y. BUMiptoBaHHS BHYTPILUHBOYEPEBHOTO TUCKY [IOMOBHIOBANO KOMMIEKC 06CTEXEHb, BKA3YIOUN Ha CTYMiHb
abpomiHanbHoi rinepTeHaii. 3acTocyBaHHs ManoiHBa3NBHWUX METOLIB (€HLOCKOMIYHOMO CTEHTYBAHHS Ta lanapockonii) acoiioBaHe
3i CPUATAMBUMU pe3ynbTatamu NikyBaHHS!, OCKiNbKW Jano 3Mory eqpekTUBHO YCYHYTW HEMPOXIAHICTb, a nicns cTabinisavii ctaHy
BWKOHATU pagvKkanbHi pe3ekLii 3 NepBUHHUM aHaCTOMO30M.

BucHoBKM. PaHHS kOMMnekcHa AjarHocTvka Ta AudepeHLinoBaHuii nigxig 4O TaKTUKW ONepaTUBHOMO BTPYYaHHS MiABULLYHOTL
e(eKTUBHICTb NiKyBaHHS MaLliEHTIB MOXMMOro BiKy 3 TOCTPOK 0BTYpaLiiHOK HENPOXIAHICTIO TOBCTOI KULIKK. BukopucTaHHs
MarloiHBa3WBHUX TEXHOIMONIN, SIK-OT CTEHTYBaHHS Ta Nlanapockonii, fae 3MOry BUKOHATW Pe3eKLito 3 HaknagaHHsAM NepBUHHOMO
aHACTOMO3y i CyTTEBO 3MEHLLMTY YWCIIO NALIEHTIB 3i CTOMamK, Cpusiioym NokpaLleHHto nepebiry nicnsionepaLiiHoro nepiogy Ta
NOMNINWEHHIO AKOCTI XKUTTS.

KatouoBi cnoBa:
o6TypaujiiHa
HenpOoXiAHICTb TOBCTOI
KWLLKK, KOMM'toTepHa
Tomorpadis,
KOAOHOCKONIS,
Aanapockonis,
NOXWUAWI BiK.
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Analysis of diagnostic and treatment approaches
to acute malignant colonic obstruction in elderly and senile patients

M. M. Mylytsia, V. V. Kotelevets

Aim. To evaluate the effectiveness of surgical treatment for elderly and senile patients with acute malignant colonic obstruction
using a differentiated approach to the choice of tactics based on the data of additional instrumental methods of examination.

Materials and methods. The surgical treatment results of 122 patients aged 65-89 years with acute malignant colonic obstruction
treated at the Surgical Department of the Municipal Non-Profit Enterprise “City Hospital No. 9" of the Zaporizhzhia City Council
between 2022 and 2024 were analyzed. The diagnostic protocol included contrast-enhanced computed tomography, colonoscopy,
plain abdominal radiography, abdominal ultrasonography, and intra-abdominal pressure measurement.

Results. Computed tomography was performed as the gold standard of diagnosis and enabled precise identification of tumor
location, degree of obstruction, lymph node involvement, and signs of intestinal ischemia (wall thickening, lack of contrast) as well
as potential complications (perforation, abscess, peritonitis) in all patients examined. Colonoscopy confirmed tumor topography
and provided histological verification of the diagnosis. Measurement of intra-abdominal pressure complemented the examination
complex, correlating with abdominal hypertension severity. The use of minimally invasive methods (endoscopic stenting and
laparoscopy) showed favorable treatment results, allowing effective elimination of the obstruction and, after stabilization of the
condition, radical resection with primary anastomosis.

Conclusions. Early multimodal diagnosis combined with an individualized surgical approach improves the effectiveness of treatment
for older patients with acute malignant colonic obstruction. The use of minimally invasive techniques (stenting and laparoscopy)
enables resection with primary anastomosis in a substantial proportion of patients, reduces stoma formation rates, and increases
the quality of patients’ life.

© The Author(s) 2026. This is an open access article under the Creative Commons CC BY 4.0 license
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B ocTaHHi gecsTupivys 3HaYHO 36inbLUMIAcS KinbKiCTb
XBOPVX Ha KomopekTanbHui pak [1,2,3]. HesBaxatoun Ha
YMHHY Nporpamy CKPUHIHrY, KifbKiCTb BUNaAKIB HEBIOKNaa-
HOI [JONOMOT M NPy KONopeKTanbHOMy paky 3pocTac [3,4,5].
MepLumm NposIBOM 3aXBOPIOBAHHS YaCcTo CTalTb yCKnag-
HEHHs1, | HaWMOLLMPEHILLMM i3 HUX € rocTpa 06TypayiiHa
TOBCTOKMLLKOBA HEMPOXiAHICTb 3M0SIKICHOrO r'eHesy (3a
AaHumm chaxoBoi nitepatypu, — 26,4-69,0 % Bunaggis) [6].

locTpa 06TypaLiiiHa TOBCTOKWLLKOBA HEMPOXIAHICTb
3M0SIKICHOTO r'eHe3y — HalvacTilla NpuYmMHa HeBiaKknaaHUX
XipypriYHWX onepaLiin y nauieHTiB Noxmoro Biky. Tak, YacTka
€KCTPEHMX onepaLlii y NawieHTiB i3 KonopekTanbHUM pakoM
3pocrae 3 11 % v Bikoil rpyni 8o 65 pokis 10 29 % B ocib
Bikom noHap 85 pokis [7,8].

Moxunun BiK € He3anexHWM akTopoM pU3nKy Mic-
nsonepauinHnX ycknagHeHb | CMEepPTHOCTI Npy pe3ekLii
TOBCTOI Kwikw [9,10]. LLLoG 3HM3MTM CMEPTHICTb, peKoMeH-
[0BaHO BMKOHYBAaTU OMepaLilo B Takux NauieHTiB nicns
crabinisauii 3aranbHoro ctaHy, ane 6e3 HeobrpyHTOBaHUX
3aTpumMok [11].

Hui 3acTocoBytoTb pidHi XipypridHi cTparerii, 3okpema
BVKOHYKOTb OnepaLlii 3a MeTogukor MapTmana, pesekuii 3
HaKnagaHHsM NepBUHHOMO aHacToMO3y abo 3 KONTOCTOMOKO,
€HAOCKOMIYHI pekaHanisauii NyXnuHW 3i CTEHTYBaHHAM
[12,13,14]. Bubip onTumanbHoOro Ans nauieHta metogy
BTPYYaHHS 3aNIeXMTb Bifj pe3ynsTaTiB iHCTPYMeHTarnbHOro
06CTeXeHHs!, 30KpeMa AaHuX KOMM'toTepHoi Tomorpadii
(KT), i oro comatunyHoro ctaHy [8,14,15]. InamBigyansHUin
nigxig i3 BUKOPUCTaHHSM KOMIMIMEKCHOI Cy4acHoi diarHoc-
Tuku (KT, konoHockonis, Y3, BUMIpOBAHHS BHYTPILLHLO-
YEepPEBHOTO TUCKY) A€ 3MOTY MaKCUMarbHO TOYHO OLLIHWTK
cuTyauito i 0bpaTti onTUMarbHY TaKTUKy NikyBaHHS.

OkpeMi nuTaHHs XipypriYHOi TaKTUKW (SK-OT €TanHiCTb
onepaviin Npy NyxnuHax niBoro BiAAiny TOBCTOI KULLKK) 3a-
NNLLIAKTECS NPEAMETOM HayKOBUX AUCKYCIN. BTiM, B OCTaHHi
POKV NOKa3aHO MOXIMBICTb 3AINCHEHHS OLHOMOMEHTHUX
ornepaLiin 3aBAsku 3aCTOCYBaHHIO HOBWX TEXHOIONN Mpu
06TypaLliiiHomy kornopekTansHomy paky [16,17].

Merta poboTu

MiaBAWMTY ehEKTUBHICTB XIPYPriYHOTO NiKyBaHHS NaLjieH-
TiB MOXMIIOrO Ta CTApeYoro Biky 3 rOCTPOK 00TypaLliiHO0
TOBCTOKMLLIKOBO HEMPOXIAHICTHO 3M105IKICHOrO reHesy 3a Jo-
MOMOrot0 AMKHEPEHLINOBAHOTO MigXoay A0 BUOOPY TaKTUKM,
LLIO 'PYHTYETLCA Ha [JaHWX [JOAATKOBYX iHCTPYMEHTaNbHNX
METOiB OOCTEXEHHS.

Marepianu i MeToAH AOCAIAKEHHA

lNpoaHaniaysanu pe3ynbsraTii onepaTuBHOIO NikyBaHHs 122
(100 %) xBopwx Bikom 65-89 pokiB i3 rocTpoto 06TypaLii-
HOI0 TOBCTOKWLLIKOBOK HENPOXIAHICTIO 3NI0SIKICHOTO r'eHesy,
Aki nepebyBanu Ha NikyBaHHi y XipypriyHOMY BifdineHHi
KHIM «Micbka nikapHs Ne 9» 3MP (M. 3anopixoks) y nepiog
32022 no 2024 poky. CepepHin Bik xBopux — 71 pik. Yono-
BikiB — 64 (52,5 %), iHok — 58 (47,5 %).

[liarHOCTUYHI SOCTIMKEHHS, KPiM 3aranbHOMPUAHSATHX,
[0[aTKOBO BKIT04aN1 KOMIM'oTEPHY TOMOrpadito YepeBHoI
MOPOXHVHYW 3 KOHTPACTOM (KOMM'toTepHWi Tomorpad New
Viz 64In Multi-Slize Scanner Ne N64IN230033E, BupoGHuK
Neusoft, Kutan) — 46 (37,7 %) naujeHTiB), KOrOHOCKOMItO
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(konoHockon Pentax video ERK-3000 BupobHuk Pentax
Medical, AnoHis) — 74 (60,6 %), ynsTpa3sykoBe Aocni-
IkeHHst (anapat Y3[1 My Lab X6, BupobHuk Esaote, Ita-
nist) — 46 (37,7 %) Ta BUMIPIOBaHHS BHYTPILLIHLOYEPEBHOTO
TUCKY (niHiiika BumiptoanbHa Metanesa 300d «C3»)—46
(37,7 %) xBopux; B3gTO BionTar 3MOSAKICHOI MyXNMHU ANS
MOPGONOriYHOMO AOCHIDKEHHS.

3a gonomoroto KT i3 KOHTpacTyBaHHAM OLiHIOBaNM
piBeHb 00TypaLlii, po3mipy Ta MPOTSHKHICTb MATONONYHOrO
HOBOYTBOPEHHSI, CTaH CTiHKM KWLLKMW (TOBLLMHY, LICHICTb,
HasBHICTb O3HaK iLLemii 4n nepdbopadyii), cTyniHb Aunatawii
MPOKCMMAanbHVX BiAAINIB KULLKW, PiBHI pigunHm Ta rasy [8].

£k 03HaKM YCKNagHEeHHs OLHIOBANU iLLEMit0 CTiHKM
(HabpsiK, MOTOBLLEHHS, BIACYTHICTb KOHTPACTYBaHHS, MHe-
BMato3), nepdopaLlito (BirlbHWiA ra3 y YepeBHiil MOPOXKHUHI,
BiMbHa pignHa) Ta CUMMTOMU NEPUTOHITY [8].

AHanisyBanu JOA4aTKOBI JaHi, SK-OT CTaH OTOUYHUMX
OpraHiB, TKaHWH (MeTacTaaw, iHInbTpaLlis CyCiaHix CTPyK-
TYp) | Me3eHTepianbHUX CYauH.

BHyTpilwHb04epeBHUiA Tuck (BYT) BumiptoBanu He-
npsmum MeTogom (3a Kron Ta Iberti, 1984) — y nonoxeHHi
nexayn Ha CMvHI B KiHLi BUAMXY MiCNs BBEAEHHS B CEYOBUI
MiXyp MakcumyMm 25 M1 CTEpPUILHOTO (i3ioNorivyHOro pos-
YUHY; HYNbOBUIA pedepeHTHWA piBeHb 3HaXOAMBCS Tam,
[ie cepenHbONaxBoBa NiHis nepeTuHae kny6osuii rpebiHb
[18]. Moka3HukW NopiBHIOBANW 3 HYNLOBWM PIBHEM (ITOHHUI
cumci3) Ta aHanisyBanu 3a knacudikauieto CiToBoro
TOBapMCTBa 3 abOOMIHANBLHOMO KOMMAPTMEHT-CUHAPOMY:
| ctyniHb — 10-15 cm Bog. cT,, Il = 16-20 cm Bog. cT., Il -
21-25 cm Bog. e, IV — >25 cm Bog. cT. [19].

XipypriyHe nikyBaHHa nepenbavyano BUKOHAHHS i
TpaguLiHKUX BiAKPUTMX onepauin, i ManoiHBasmBHMUX
BTPY4aHb, 30KpemMa eHAO0CKOMIYHOT pekaHaniaawii Ta CTeH-
TYBaHHs, Bife0nanapoCcKoniYHNX pesekLiit i3 NepBrHHUM
aHacToOMO30M.

MavujeHTiB noginunu Ha agi rpynn. Jo rpynm | (ocHo-
BHOI) 3anyunnu 46 XBopux, Y SIKUX KOMNIEKC 0BCTEXEHHS
nepenbayas KT, Y3[1, BUT, konoHockonito. Y mexax rpynu
PO3PIi3HANK Nigrpynu:

—nigrpyna |-A (20 nauienTis, 16,4 %) —BYT <12-15¢cm
BOA. CT. (BUMiptoBanu B AyHamiLi). MauieHTam wiei nigrpynm
BWUKOHAHO CTEHTYBaHHsi abo iHTpaonepaLiiiHuin naBax Ta
pagvkanbHy pesekuilo 3 NepBuHHIM aHacTomosom. One-
paTMBHE BTPYYaHHS! BUKOHAHO MPOTArOM 72 roguH micns
YCYHEHHS HENPOXiAHOCTi;

- nigrpyna I-b (26 nauienTis, 21,3 %) — BYT >16-20
CM BOf. CT. (BUMiptoBanu B AuHamiL). AKLLO AeKoMMpecito
KMLLKIBHUKA BUKOHATI HEMOXIMBO, ONEPaTUBHE BTPYYaHHS
3AiNCHUNM 3 (POPMYBaHHSAM [BOCTBOILHOI CTOMU Yepes
MiHigocTyn. Onepallito BUKOHAHO MPOTAroM 24 rogyH nicns
3aCTOCYBaHHS KOHCEPBATUBHUX METO/B.

[o rpynu Il (nopiBHAHHS) 3anyyeHo 76 (62,3 %) navjiex-
TiB, Y SIKMX 3aCTOCYBanW CTaHAAPTHI METOAM LiarHOCTKM,
30KpeMa BUKOHamnm KniHiyHi, GioxiMiuHi aHanian KpoBi Ta
Ceui, OrNAAOBY peHTreHorpadito YePEeBHOI MOPOXHUHK, a
TaKoX 3[iICHEHO OnepaTUBHI BTPYYaHHS: PE3EKLit0 KULLIKU
3 MyXIMHOK 3 HaknagaHHAM KiHueBoi konoctomu. One-
paTuBHE BTPYYaHHS BUKOHAHO MPOTArOM 24 roguH micns
KOHCEpBATWBHUX 3aXOfB.

CTaTUCTUYHO AaHi onpauoBanu 3 BUKOPUCTAHHAM
nporpamu Microsoft Excel 2019 (s6ynoBaHuin naket
aHanisy aanux). [ing onucy skiCHUX NOkasHUKiB HaBeOeHO
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abcontoTHY KinbkicTb i BincoTkM (n, %). Ans NopiBHSHHS Tabauua 1. [liarHoCTUYHI MeToaM Ta pe3ynsTaTn 06CTeXeHHs navieHTiB rpynm |
€(PEeKTVBHOCTI iarHOCTUYHNX METOAIB 3aCTOCOBYBAINM KpH-
Tepin ¥2 MipcoHa. BigMiHHOCTI BU3HaYanm sik CTaTUCTUYHO

[ocCToBipHI npy p < 0,05.

[iarHocTMYHMIA MeToq

Kinbkictb | KinbkicTb HiarHocTnyHa
BUNaAKIB | NigTBepMXeHUX | edieKTUBHICTb

AiarHosis
Komn'totepHa Tomorpadist 3 KOHTPACTYBaHHAM 46 46 100,0 %
P e3yALTaTH KonoHockonis 74 74 100,0 %
OrnsagoBa peHTreHorpadist YepeBHOI MOPOXHMHM 122 98 80,3 %
Yci Bunagku roctpoi 06TypauiiHOi TOBCTOKMLLKOBOI He- YrbTPa3ByKoBE AOCTIKEHHS 46 32 69,6 %

MPOXiAHOCTI 3MOSKICHOTO I'eHe3y CMPUYMHEHI 3MO0SKICHUM
MyXIMHHUM MPOLIECOM TOBCTOI KWLLIKW. HaiyacTilue nyxnvHa
nokanidyeanacs B 060408l kuwui — 70 (57,4 %) naujeHTis,
y npsimin ki — 52 (42,6 %) Bunagku. MNisHs rocnitanisadlis
(noHag 24 rogyHy nicns BUHVKHEHHS CUMITOMIB) 3adhikCo-
BaHa y 75 (61,9 %) nauienTiB. Mig yac HagxomkeHHs 20
(16,4 %) xBopwx y CTagii komneHcaLii, 26 (21,3 %) —y cragii
cybkomneHcauii, 76 (62,3 %) — y cTagii aekomneHcaLji.

Mig yac onepauii y 52 (42,6 %) naujeHTiB BUSIBNEHO
MeTacTaTyHe ypaeHHs perioHapHuX niMaTnyHnx By3nis.
Binnaneni metactasn giarHoctoBaHo y 26 (21,3 %) npo-
oneposaHux: 18 (69,2 %) Bunaakis — y nevinui, 3 (11,5 %)
— Yy nerensix. KaHUepoMaTo3 04epeBuHu [iarHOCTOBaHO Y
5 (19,2 %) Bunagkis.

3a ganumu KT i konoHockonii nigTBepaKeHo AiarHo3
i BCTQHOBIEHO NOKani3aLito NyXnuHM B YCiX 0BCTEXEHUX
xsopwx (100 %). Lie cTaTMCTUYHO 3HaYYLLO KpaLLyiA Nokas-
HVK MOPIBHSIHO 3 OrNSAOBOK PEHTreHorpadlietd YepeBHOT
nopoxHuHn (80,3 %) Ta ynsTpassykoBUM LOCTIMKEHHAM
(69,6 %). KT i konoHockonist CTaTUCTUYHO 3HAYYLLO ne-
peBepLUyoTh peHTreHorpadito Ta Y3[ 3a eekTuBHICTIO
piarHocTukm (x? = 34,65, p < 0,001) (mabn. 1).

BHYTPILUHEO4EPEBHMIN TUCK BUMIPIOBANW B AVHAMIL Y
46 nauieHTis i3 rpynu |. Pesynerati BUMiptoBaHHS: | CTyniHb
BHYTPILLHbOYEPEBHOI rinepTeHsii (12-15 cm BoA. CT.) — y
20 (43,5 %) xBopwux, Il cTyniHb (16-20 cm Bog,. CT.) — y 26
(56,5 %) (mabn. 2).

MavyieHTiB i3 roCTPUM NEPUTOHITOM OnepyBani HeranHo
nicns HeTpuBanoi niarotosku. Y 29 (24,6 %) XBOpuX BHKO-
Hanu onepaLito 3a MeTogom FapTmana.

3aBasky KOHCEPBATMBHUM 3aX0AaM (Ae3iHTOKCMKaLlis,
iHTEHCMBHa perigpaTauis, LeKOMMpecist, aHTMbioTUKOTepa-
nis) roCcTPi CUMNTOMMW HENPOXiAHOCTI BAANOCA KynipyBaTy
y 13 (10,66 %) nauienTiB. Linx nauieHTiB goobctexwnu i
orepysarnu nraHoBO — BUKOHAHO pafukarbHi pesekLii 3
MepBYHHAM aHaCTOMO30M.

Y rpyni I-A nepwum etanom nikyBaHHs 9 (7,38 %)
nawjieHTiB CTano eHOoCKoMiYHe CTEHTYBaHHS 00Typauint-
HOTO MYXJIMHHOMO CTEHO3Y. NS LbOro BUKOPUCTOBYBAMNM
HENOKpWTI camopo3LuLmptoBanbHi cteHTy Non-vascular NI-Tl
Alloy Self- expanding Stent System-Polymer-metal Colonic
stent (Colon/Rectum OTW stent) giametpom 3040 mm,
3aBgoxku 80—100 MM (BUpobHMLTBO «Changzhou Health
Microport Medical Device Co., Ltd», Kutait). Opyrum etanom
iM BWMKOHaHO ManapocKOMiYHy PE3eKLit0 KWLLKM 3 AeCLieH-
[10-PEKTOAHACTOMO30M.

B 11 (9,02 %) nauieHTiB Ui€i rpynu nig yac onepauji
BMKOHAHO TpaHCPEKTanbHUM iHTpaonepaLiiHin naBax
TOBCTOI KWLLKW 32 AOMOMOrOK NPUCTPOD AN 3aKpUTOl
iHTpaonepauinHoi aekoMnpecii TOBCTOI knwikm [20] (puc. 1).
ACUCTEHT Yepes MpsiMy KULLKY BBOAMB 30HA Y MPOCBIT
TOBCTOI KULLKV A0 HWKHBOT MEXi MyXMMHW, MiCrs 4oro 3a
[0MOMOrot NocTynanbHo-06epTanbHUX pyxiB Npoknaaas
«TYHemnby» Yepes 3BYXEHHs. 30HAYUM BULLE NYXMWHW,

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

3aranom — ¥? = 34,65, p < 0,001, cTaTUCTMYHO BiporiAHO.

Puc. 1. TpaHcpekTanbHWi iHTpaonepauiiiimii nasax [20].

3MificHIOBaNK 3aKpUTY AEKOMMPECito NPOKCMMAarbHOro
BiAAINY KMLLEYHIKA, L0 PO3BAHTAXYBAmNOo KULIEYHNK Nepes
pesekuieto. BukoHaHHs iHTpaonepaLiiHoro nasaxy gano
3MOTy YHWUKHYTW KOHTaMiHaLii YepeBHOi MOPOXHWHW Ta
BWKOHATW pagukarbHi onepaLlii 3 nepBUHHUM aHaCTOMO30M.

06roBopeHHs

Ha choHi MakcumarnbHOro NigBULLEHHS BHYTPILLHLO4YEPEBHOT
rinepTeHaii BUHUKaOTb CUCTEMHI po3naau KpoBoobiry, Lo
CMPUYMHSIE NPOrPeCYBaHHS CUHAPOMY NOMIOpraHHoi Hefjo-
CTaTHOCTI. BUMiptoBaHHS AMHaMIKW BHYTPILLHBOYEPEBHOMO
TUCKY Ta IKOMOra paHHsl AEKOMMNPECst MigBMLLYIOTL edhek-
TWBHICTb MOAAMBLIOTO MiKyBaHHS! i CPUSIOTb 3HXKEHHIO
piBHS MicnsionepaLiiHuX ycknaaHeHs | NeTanbHOCTi XBOPUX.
Y nauieHtiB rpynu |-A nicna aekomnpecii BUT cyT-
TEBO 3HWXKYBaBCA NpoTaroMm 1-3 gobu ao Hopmm (o 10
CM BOZ. CT.), LU0 CMPUSANO KOMMEHCALi CTaHy XBOPUX i
MiAroTOBKYM [0 BWKOHAHHS pafukanbHoi onepauii. Y uin
rpyni nomepnn 2 (10,0 %) naujeHTiB BHacnigok Tpom6o-
embonii nereHesoi aptepii (1 (50,0 %) xBopui) i rocTpoi
cepueBo-cyanHHoi HepgoctatHocTi (1 (50,0 %) Bunagok).
Cepep nauienTiB rpynu I-b nicns onepatuBHoro
BTPY4aHHS 3 hOPMyBaHHsM [IBOCTBOIbHOI CTOMW Yepes
MiHigocTyn BYT, BuMipsiHuiz y guHamivi, npotsrom 5-7 aio
focsr pisHs Hopmu (10 cm Bog. CT.). Y Wil rpyni nomepnu
4 (15,38 %) nauieHTiB. puynHU cMepTi: rocTpa ceple-
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BO-CyAMHHa HepocTaTHicTb — Y 2 (50,0 %), Tpomboembonis
nereHeBoi apTepii —y 1 (25,0 %), pakoBa iHTOKCHKaLLiS — B
1 (25,0 %) npooneposaHoro.

BumiptoBanHs BUT y gvHamiui gano amory csoevac-
HO BUSIBUTW KPUTWUYHE MIOBMLLEHHS TUCKY Ta BU3HAYUTK
MOMEHT MEPexoay A0 HEBIAKNAAHOrO ONepaTUBHOTO
BTPYYaHHs.

Y rpyni ll, nauieHTy sKoi NpoonepoBaHi eKCTPEeHHO,
3adpikcoBaHo 18 (23,68 %) neranbHux Hacnigkis. Cepen
MPWYUH CMEpTi: TocTpa CepLeBO-CyAUHHA HEJOCTaTHICTb
-y 5 (27,8 %), Tpomboembonis nereHesoi apTepii — y 4
(22,20 %), TepmiHanbHUIA nepuToHiT y 4 (22,20 %), pakoBa
iHToKCvKais —y 3 (16,70 %), MHOXUHHI abcLecy YepeBHOT
nopoxHuH —y 2 (11,10 %) nauieHTiB. Y nicnsionepaviniHomy
nepiogi y 4 (5,26 %) XBOpWX AiarHOCTOBAHO HarHOEHHS
nicnsionepauiitHoi panu, B 1 (1,32 %) — eBeHTepaLito no
XxoAy nicrnsionepawiiHoi paHu.

MynbTmogansHUi nigxig i3 BukopuctanHsm KT, kono-
Hockonii, yNbTpa3BykoBOro AOCIMKEHHS Ta BUMIPIOBAHHS
BHYTPILUHbOYEPEBHOTO TUCKY AAE 3MOTY TOYHILLE OLHUTY
CTaH navjieHTa Ta 0bpaTi onTUManbHy TakTUKy BTPYYaHHS.

Metoau gekomnpecii (EHAOCKOMIYHE CTEHTYBAHHS,
TPaHCpeKTanbHUI iHTpaonepaLinHWiA naBax) nokasanmu
BUCOKY Be3neky i epeKTUBHICTb Y NaLieHTiB MoXunoro Ta
cTapeyoro Biky. [lonepenHs AeKOMMPecis TOBCTOI KULLIKK
pO3BaHTaxye NPOKCUMAarbHI B4V KMLLIEYHMKa, WO fae
3MOry 34iNCHUTM onepaLlii 3 NePBUHHUM aHaCTOMO3OM i
MEHLLVM PU3MKOM YCKMaAHEHb.

3a gaH1Mu KOMMIEKCHOTO NepeaonepaLiinHoro obcTe-
XEHHS1 MOXHa BYaCHO BMWPILLMTU MUTaHHS LOJO nepes-
onepaLiiHoi AeKoMNpecii kWwky Ta 3asganerigb obpatu
napameTpy CTeHTa (Aoro JOBXMHY i fiameTp). Lle cnpusie
eeKTVBHIN AeKOMNpECii, A€ 3MOry MIArOTYBATU KULLEYHWK
[0 onepaLlii Ta BUKOHATW OnepaTvBHE BTPyYaHHs 3 nep-
BWHHUM aHacTomo30oM. Lli 3axoam aaroTb 3Mory 3MeHLUMTY
KiTbKICTb CTOMOBaHMX XBOPWIX.

BucHoBKU

1. PaHHs KoMnnekcHa giarHocTuka Ta AndepeHLinosa-
HWiA Nigxig o BuGopy onepawinHol TaKTUKM € KIIO4YOBUMM
ANS MigBULLEHHS! €)EeKTUBHOCTI NiKyBaHHA MavieHTiB
MOXMMOro Ta CTapeyoro Biky 3 rocTpok 06TypaLiiHO0
TOBCTOKMLLIKOBOK HENPOXIAHICTIO 3N0SKICHOTO I'eHesy.

2. MauieHTam, SKMM Ha nepLiomy eTani BUKOHaHO
CTEHTYBaHHA 3MOSKICHOI NYXMWUHWU TOBCTOI KWLLKW, NiCNs
YCYHEHHS HEMPOXIAHOCTi MPOTArOM 72 FOAUH Ha Apyromy
eTani 3hifcHIOBany pagukanbHy pesekuito TOBCTOI KULLIKK
3 NepBUHHUM aHacTomosoM. 3adikcosaHo 2 (10,0 %) ne-
TanbHUX BUNaaKK1, BUNaKis nicrsonepaLiiHnx yeknagHeHb
He Oyno. Y xBopuX, KOTPUM BUKOHAHO TpaHCPEeKTarbHUIA
iHTpaonepawiiHin NaBax TOBCTOI KULLIKA 3a AONOMOrOH
MPUCTPOL ANS 3aKPUTOI iHTpaonepaLinHoi AeKOMMpPECil,
netanbHicTb ctaHoBuna 4 (15,38 %) Bunagku, nicnsonepa-
LiiHWX ycknagHeHb He Byno. Y rpyni NopiBHSHHS ycknag-
HeHHs1 pjarHocToBaHo Y 5 (6,58 %) navjeHTis, a netanbHicTb
craHoswna 18 (23,68 %) sunagkis.

3. 3acTocyBaHHS TEXHOMONIN (EHAOCKOMIYHE CTEHTY-
BaHHS1, HTpaonepaLiiiHuiA NaBax, nanapockonivHi onepavii)
[lae 3MOry BUKOHAT PE3EKLI0 3 HAKINaAaHHSM NepPBUHHOMO
aHacTOMO3y, 3HaYHO 3MEHLLIMTMI YXCIIO XBOPMX 3i CTOMamM,
nokpaLymTi nepebir nicnsionepaviiHoro nepiogy, cnpusie
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iCTOTHOMY 3MEHLLIEHHIO nicnsionepaLiiHoi NeTanbHOCTI Ta
NONINLUEHHIO SKOCTI XUTTS NaLiEHTIB.

ETMuHe cxBaneHHSA

Kowmicisi 3 nuTaHb 6i0eTnki 3anopi3abkoro AEPXaBHOTO MEAMKO-
(bapmaLeBTUYHOrO YHIBEPCUTETY PO3rAsiHyA MaTepiany,
HaBEeAEHi y CTaTTi, Ta He BUABMAG NOPYLLEHb ETUUYHKX CTAHAAPTIB,
BUKNAEHUX Y YNHHUX HOPMATUBHUX AOKYMEHTAX, BKAOUAIOUM
TeAbCiHCbKY AeknapaLlito, KoHBeHLito Paan Eponu npo npasa
AOAMHM Ta 6iOMEANLIMHY, Ta iHLIMX NPABOBHX aKTax (MPOTOKOA
Bia 23.10.2025 poky Ne 12).
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Bu3HaueHHA KOPOHAPHOro KaAbLMHO3Y AIK IHCTPYMEHT nepcoHaAi3auil
Tepanii Ta NPOrHo3yBaHHA PU3UKY NPU rinepToHiuHIn XBOPOOi

A. M. ®poreHKo®ABEP M, K0. KoneCHUKDEF

3anopisbkuit AepXXaBHUN MEAMKO-GapMaLEBTUUYHKI YHIBEPCHTET, YKpaiHa

A - KOHLIEMLLS Ta AU3ANH AOCAIAXEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnipeTaLis AaHux; D - HanucaHHs cTaTTi; E - peparyBaHHs cTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi
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linepToHiyHa xBopoba € OJHMM i3 NMPOBIOHNX YMHHUMKIB PO3BUTKY aTEPOCKNEPOTUYHIX CEPLIEBO-CYANHHIX 3aXBOPIOBaHb, ane
TPaAMLINHI LUKanW pusnKky He 3aBXau AalTb 3MOry TOMHO OLIHMTY iHAMBIZyanbHWA NPOrHo3. KanbLyHO3 KOPOHapHKX apTepil,
BU3HAYEHNA METOLOM KoM 'toTepHoi ToMmorpadii (KT), — BucokocneumdiyHnin Mapkep cybkniHiYHOro atepockneposy Ta BaMBuiA
iHCTPYMEHT nepcoHicpikaLlii cepLeBO-CyaUHHOMO PU3NKY.

Merta poboTu - cuctemMaTu3yBaTu il y3aranbHUTY CyqacHi faHi MiXHapOAHWX KIiHIYHUX HACTaHOB, pekOMeHAAL | HayKOBWX cTaTel
LL0A0 KNiHIYHOrO 3aCTOCYBaHHS BU3HAYEHHS KOPOHAPHOIO KanbLMHO3Y SIK iIHCTPYMeHTa nepcoHaniaavii Tepanii Ta nporHo3yBaHHs
PU3VKY NPW FiNepTOHIYHIN XBOPODi.

Marepianu i metopu. [NpoaHanisyBanu MikHapOAHI KNiHIYHI HACTAHOBM, pekoMeHZaLlii Ta HayKOBI CTaTTi, WO iHAEKCYITbCA B Ha-
ykomeTpuyHmx 6asax gaHux PubMed, Scopus, Web of Sciences Ta Google Scholar. Mowwyk 3ailicHeHo 3a KI4oBUMY CIOBaMK:
aprepiarnbHa rinepTeHsis, AMCniniaemisi, KOPOHapHUA KanbLMHO3, CTpaTUdiKaLlis CepLeBO-CYANHHOMO PU3NKY, LyKpoBWiA fiaber,
komm'roTepHa Tomorpadisi cepLsi, NepBuHHa NpodinakTika, CKPUHIHN aCUMMTOMHIUX SOPOCIMX.

Pe3yabtatn. Ha nigcrasi aHanisy haxoBoi nitepatypu nigTBEPAKEHO MPOrHOCTUYHY LHHICTb KanbLiesoro iHaekcy (KI), a Takox
MicLie TeCTy B Cy4acHUX MKHApOAHUX HacTaHoBax. HaBedeHo KniHivHi acnekTn 3actocyBaHHs Kl, nokasaHHs 4O npoBedeHHs
TECTY, BUKOPUCTaHHS ANs peknacudikallii nauieHTiB 3a puanKOM, yXBaneHHs pilleHb OO NpU3HaYeHHs Ninigo3HKyBarnbHOI
Tepanii Ta OLiHIOBaHHS AOLINbHOCTI 3aCTOCYBaHHS acnipuHy B NepBUHHIN npodinakTuui. BuknaaeHo icTopito po3BuTKy MeToau-
Ki KinbKiCHOTO OLHIOBaHHS KOPOHAPHOTO KarbLiito, TeXHiYHI acnektn KT-ckaHyBaHHS, OnpaLtoBaHHs AaHVX i3 3aCTOCYBaHHAM
cneLianbHoro NporpamMHoro 3abe3neyeHHs, a Takox nokasaHo porb iHAeKcy AraTCcToHa Sk CTaHAAPTU30BAHOrO NoKasHWka Ans
KiNbKICHOrO BU3HA4eHHSI KOPOHAPHOTO KanbLMHO3y. BcTaHOBNEHO NepeBaryt MeToay: AOCTYMHICTb, BiICYTHICTb KOHTPACTY, HNU3bka
[03a ONpOMiHEHHS. HaBegeHO 0OMeXeHHs TeCTy, 30KpeMa HEMOXIMBICTb BUSIBMIEHHS! «M'SKUX» HeKanbLMHOBAHMX ORSLLOK i
0bMeXeHy NPUAATHICTb 4151 AMHAMIYHOMO MOHITOPUHIY edpekTMBHOCTI Tepanii. [MigTBepaKeHO NepcnekTBY MacoBOTO CKPUHIHTY
3 BUKOPWCTAHHAM aBTOMATWU30BaHOrO aHanidy KT-3HIMKiB rpyaHOi KNiTkU Ta IHCTPYMEHTIB LUTYYHOrO iHTENeEKTY ANs paHHbOoro
BUSIBINEHHS CYDKIIHIYHOrO aTepocknepoay, NepcoHidikaLlii OLiHOBaHHS cepLEBO-CYANHHOMO PU3NKY Ta NPOMINaKTUYHIX 3axogiB.

BucHoBKH. BaHaueHHsi KOPOHAPHOTO KanbLMHO3Y Y NALIEHTIB i3 riNepTOHIYHOK XBOPOOOHD € BUCOKOCTELMIYHUM METOAOM AN1st
BUSIBMEHHS CYBKNiHIYHOTO aTepoCKNePOTUHHOIO YPaKEHHS!, Mae BIUCOKY MPOTHOCTUYHY LiHHICTb Ans cTpaTudikauii kapaioBacky-
NISPHOTO PU3KMKY Ta NePCOHanNi3oBaHOro Migxoady A0 MikyBaHHS i NpodinakTuku.

Keywords:
hypertension,
primary prevention,
cardiovascular
diseases, coronary
artery calcification,
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calcium score,
computed
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Assessment of coronary calcification as a tool for personalizing therapy
and risk prediction in arterial hypertension

A. M. Frolenko, M. Yu. Kolesnyk

Arterial hypertension (AH) is one of the leading contributors to the development of atherosclerotic cardiovascular disease; however,
traditional risk assessment scales often fail to provide an accurate estimation of individual prognosis. Coronary artery calcification
(CAC), detected by computed tomography (CT), is a highly specific marker of subclinical atherosclerosis and serves as a valuable
tool for personalized cardiovascular risk stratification.

Aim: to systematize and summarize current evidence from international clinical guidelines, recommendations, and scientific pub-
lications regarding the clinical use of coronary artery calcium assessment as a tool for personalized therapy and risk prediction
in patients with arterial hypertension.

Materials and methods. An analysis was conducted of international clinical guidelines, recommendations, and scientific publications
indexed in the scientometric databases PubMed, Scopus, Web of Science, and Google Scholar. The following keywords were

" o« "o« n o«

used: “arterial hypertension”, “dyslipidemia”, “coronary calcification”, “cardiovascular risk stratification”, “diabetes mellitus”, “cardiac

computed tomography”, “primary prevention”, “screening of asymptomatic adults”.

Results. Based on the analysis of the professional literature, the prognostic value of the calcium index (Cl) has been confirmed,
as well as the place of the test in modern international guidelines. The clinical applications of the Cl encompass test indications,
patient risk reclassification, guidance for initiating lipid-lowering therapy, and evaluation of aspirin use in primary prevention. The
evolution of quantitative coronary calcium assessment methods has been reviewed, alongside technical considerations for CT
scanning and specialized software-based data processing. The Agatston score has been highlighted as the standardized metric
for quantifying CAC. Key advantages of the method include the absence of contrast agent requirement, low radiation exposure,
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and increasing availability. Acknowledged limitations of the test include inability to detect non-calcified (“soft”) plaques and limited
suitability for serial monitoring of therapy efficacy. The prospects of mass screening using automated analysis of chest CT images
and artificial intelligence for early detection of subclinical atherosclerosis as well as personalization of cardiovascular risk assess-

ment with preventive measures have been proven.

Conclusions. The detection of coronary calcification in patients with hypertension is a highly specific method for identifying sub-
clinical atherosclerotic lesions with strong prognostic value for cardiovascular risk stratification and for a personalized approach

to treatment and prevention.

CepueBo-cyauHHi 3axBoptoBaHHs (CC3) TpuBanuii vyac
€ NPOBIAHOK NMPUYMHOLK iHBaMigM3aLii Ta CMepTHOCTI B
YCbOMY CBITi, 30kpema B YkpaiHi. Taki BUCHOBKM OTPUMAHO 3i
3BITIB focnimpkeHb [MobanbHoro Taraps cepLeBo-CyaUHHNX
3axBoptoBaHb i puamkiB (Global Burden of Cardiovascular
Diseases and Risks) 3a 1990-2022 Ta 1990-2023 pp.,
wo onybnikoBani y 2023 i 2025 pokax y xypHani AMepu-
KaHcbkoro konemky kapgionorii (Journal of the American
College of Cardiology) [1,2]. Tno6anbHa KinbKicTb cMepTen
Bif] CEpLIEBO-CYAVHHIX 3aXBOPOBaHb 3pocna 3 12,4 MiH B
1990 pouiao 19,8 mnH B 2022 poui. MogmdikosaHi hakTopu
PU3NKY, SIK-OT BUCOKUIA CUCTOMIMHWIA apTepianbHWiA TUCK, Ai-
€TWYHI PU3VIKK, BUCOKWI PIBEHb XONECTEPWHY MinonpoTeiais
HK3bKOI LWinbHoCTi (MTHLL), oxwpiHHg, rinepriikemis Ta
€KOMOriYHi YMHHMKY, 3ymoBunv 79,6 % rmobarnbHoro Taraps
CC3y 2023 poui [1].

Bpaxosytoun Brcoky nowumpericts, CC3 3anuiatotscs
rONOBHOK rnobanbHo NPobneMold OXOPOHN 3A0POB'S.
Bigomo, o maiike 80 % Bunaakis MoxHa 3anobirtu yepes
KOHTPOMb MoaudikoBaHUX (hakTopiB puU3uKy, i HanBax-
NUBILLY oMb Ceped HUX Bifirpae BUCOKUI apTepianbHui
TWCK. TOMy AOUINbHUM € nepcoHicikoBaHu nigxia oo
OLHI0OBaHHS KapAioBacKynspHOro pU3nKy Ta NePBUHHOT
npodinakTuKu.

MeTa po6otu

CuctemaTnayBaTy 1 y3aranbHUTV CyyYacHi AaHi MixxHapoa-
HUX KNIHIYHUX HACTaHOB, pekOMeHaLlil | HayKOBKX CTaTen
LLOAO KMIHIYHOrO 3aCTOCYBaHHS! BU3HAYEHHS1 KOPOHAPHOIO
KanbLMHO3Y SIK IHCTPYMeHTa nepcoHanisauii Tepanii ta
MPOrHO3yBaHHS! PU3NKY MpM riNepTOHIYHIA XBOPOOi.

Martepianu i MeToAH AOCAIAYKEHHA

MpoaHanidyBanu MixXHapOaHi KMiHiYHi HAaCTaHOBM, PEKo-
MeHpaUii Ta HayKOBI CTaTTi, L0 iHOEKCYHOTLCS B HAYKOMe-
TpuyHuX Basax gaHnx PubMed, Scopus, Web of Sciences
Ta Google Scholar. Mowwyk 3ailiCHEHO 3a KMKYOBUMM CIO-
BaMU: apTepianbHa rinepTexsis, aucninigemisi, KopoHapHUi
KarnbLuHO3, cTpaTudikaLis cepLeBo-CYAMHHOTO PU3NKY,
LykpoBuiA fiabeT, koMm'loTepHa Tomorpadisi cepusl, nep-
BMHHA NpOodDinakTuka, CKPUHIHT aCUMMTOMHMX BOPOCIINX.

Pe3yabtati

Y kepiBHUX HacTaHoBax European Society of Cardiology
(ESC) wopo npodpinaktnkn CC3 (2021) pekomeHay0Tb
BWKOPWMCTOBYBATU Taki karnbkynatopu pusmky, sk SCORE2
Ta SCORE2-OP, a Takox BpaxoByBaTh HasiBHICTb LiyKpO-
BOro AiabeTy, OXupiHHs, ciMeiHun aHamHes CC3 ToLwo
[3]. Pasom i3 TMM, Ui WKanu MakoTb CyTTEBI OOMEXEHHS,
OCKIMNbK/ 'PYHTYIOTbCA Ha NONYMALIMHUX JaHUX, O He
BanifoBaHi B YKpaiHi, NOBHOLIHHO HE BPaxoBytOTb iHAMBI-

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

[JyanbHi ocobnmBocTi naLieHTa Ta 6e3nocepenHi Mapkepu
YPaXKEHHS! CyOUH, LLIO NPU3BOANTb 10 HEL0OLiHIOBaHHS abo
NepeoLiiHKV KapaioBaCcKymnspHOroO pU3mKy.

Tomy B cyqacHux pekomeHgaLisx ESC oao nikyaHHs
MiABWLLEHOTO apTepianbHOro TUCKy Ta rinepteHsii (2024)
Ta OHOBMeHMx pekomenaauisax ESC wopno nikysaHHs guc-
ninigemin (2025) Ginblue yBary NpuaineHo MeToAam, Lo
[aKTb 3MOry 34iCHATU iHAMBIZYani3oBaHe OLHIOBAHHS
kapgioBackynsipHoro puauky [4,5]. OgHUM i3 HUX € BU3Ha-
YeHHS! KarbLMHO3y KOPOHapHUX apTepiid, WO MoKpaLlye
nporHo3yBaHHs puaky CC3, SKLLO AOro BUKOPUCTOBYBATU
pasom i3 TpaguuinHumm mogenamu [4]. 3actocyBaHHs
LIbOro MEeTOoZY Aae BaXnuBy iHGhopmaLlilo Ans AiarHOCTUKM
cy6kniHiyHoro atepocknepoay [6].

MatomopdonoriuHi acnekTn Kanbundikauii aptepii.
BriepLue HaykoBWit ONMC NPO 3BanNHEHHS CyAVH NPeLCTaBNB
HiMeLibkuiA naTanoroanatom Voranc Meopr MboHkeGepr
y 1903 poui [7]. Hagani mexaHiam kanbuudikaLii JoBomi
[eTanbHO BUBYMMK, 0COBMMBO B KOHTEKCTI aTePOCKIEpO3y
11 apTepianbHoi rinepTeHaii.

3a cyyacHMMK JaHuMK Womo kanbuudikauii apte-
pin, TpUrepoM mpouecy € eHpgoTenianbHa AUCHYHKLUIA
BHACMIAOK MiABULLEHOTO MEXaHiYHOr0 HaBaHTaXEHHS —
TpuBarnoi apTepianbHoi rinepTeHsii. Lie cTBoptoe ymosu
ANs1 MiKPOMOLUKOAXKEHb CYAMHHOI CTiHKW, iHiLiOBAHHS
3ananeHHs, OKCUOATUBHOTO CTPECY, akTuBaLii peHiH-aH-
rioTeH3MH-anbA0CTEPOHOBOI cucTemun. B ocepenok no-
LUKOZPKEHHS MIrpytoTb MOHOLMTW, Makpodark Ta ninian,
CMPUYMHSI0YY HOPMYBaHHS aTEPOCKIEPOTUYHOI BRSILLKK,
sIka NPOXoAMTb ABi MOPdONoriyHi cTagji — MikpokanbLumgi-
kauii (Moxe pecrabinisyBatv bnsiky Yepes nepeposnogain
TucKy B hibpO3Hin kancyni) Ta audy3aHoi kanbumdikawii
(cTabiniaye OnsiLLKy).

iz BNNMBOM 3ananeHHsl, OKCUAATUBHOIO CTPECy Ta Me-
XaHIYHOro TUCKY BifOyBa€eTbCS PeHoTUNOoBa MoamdikaLlis
KIITWH iIHTUMW Ta Megji CyauH: BOHMU HabyBatoTb XOHAPO- abo
OCTEOreHHOro (heHOTMIY, LLIO CyMPOBOKYETLCS EKCTPECIED
6inkiB KICTKOBOI TKaHWHM (OCTEOKasnbLH, OCTEOMOHTUH),
L0 CTUMYNIOE KanbLmdikaLito No3akniTMHHOTO MaTPUKCY.
lMapanenbHo akTUBYKOTLCS MATPUKCHI METanonpoTeiHasaw,
SKi PYHYIOTb €MacTUYHi BOSTOKHA | 3aMiHIOKOTLCS Ha Kona-
reHOBi BOMOKHA.

BHacnizgok BTpaTv enactuHy Ta HakonW4YeHHs Karb-
Lit0 (OpPMYETHLCS 3HUXKEHA 3AATHICTb CYAUHU PO3TAry-
BaTUCS Yy BIANOBIAb HA MyNbCOBY XBWMKO — Tak 3BaHa
apTepianbHa XopcTKicTb. Lle cnpuynHse nigBuLleHHs
CUCTONIYHOTO apTepianbHOro TUCKY, MOCUITIOE YLLKOAXKEH-
HS eHZoTenito Ta hopmye «xubHe Kono» NporpecyBaHHs
rinepteHasii [8,9].

IcTopis po3BuTKy MeToay. BriepLue meToauky Bu3HadeH-
HS1 Ta KinbKiCHE OL|iHIOBaHHS! KOPOHAPHOTO KarbL'HO3Yy Onu-
caB Arthur S. Agatston y npaui «Quantification of Coronary
Artery Calcium Using Ultrafast Computed Tomography» B
1990 poui[10]. ABTOP PO3POGMB NPOTOKON NS NPOBEAEHHS
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Tabauus 1. BignosigHicTb koediljieHTa LWinbHOCTI Ta NiKoBOI LWiNbHOCTI kanbLudikaTy

LWinbHicTb AiNAHKK KanbLunHo3y, HU KoediuieHT (F)

130-199
200-299
300-399
2400

1

2
3
4

Puc. 1. Mpuknag nporpamu Ans iHTepnpeTyBaHHs [OCMIAXEHHS KOPOHapHOro kKanbLito GE
SmartScore 4.0 Ext. 300. 3eneHnm no3HayeHo AingHKM 3i LwinbHicTio 2130 HU, nnoleto 21 Mm2,
{HLUMMM KOMbOPaMM — KOPOHAPHI CYAVHM. BnacHe crnocTepexeHHs.

komm'toTepHo-TomorpadiyHoro (KT) AocnimKkeHHs Kopo-
HapHUX apTepil, on1caB anropuTM obpaxyHKy BifknageHb
KanbLijto, 3anponoHyeas opmyry 6anbHOMo OLHIOBaHHS,
AKWIA BU3HAYEHO SIK iHAeKC AraTcToHa.

Y 2000-x pokax po3noyarto BENKi KOropTHi 4OCTIDKEH-
Hs1, sk-0T Multi-Ethnic Study of Atherosclerosis (MESA)
3 BUKOPWUCTaHHAM MeTOAY BK3HAYEeHHS KOPOHapHOro
karnbLuHoay. [Mig Yac HaCTynHoro aHaniay migTBepaxeHo
1I0ro MOTYXHY MPOTHOCTWYHY LiHHiCTb [11]. Y 2010 poui
BrepLUE BU3HA4YEHHS KOPOHAPHOTO KarnbLMHO3Y BKITOYEHO
B pekoMeHAaLlii 3 OLiHIOBaHHS KapaioBaCKyNSPHOrO PU3NKY
B aCMMMTOMHWX JOPOCIMX OCi6, Lo po3pobneHi American
College of Cardiology Foundation (ACCF) Ta American
Heart Association (AHA) [12].

Hapani meToq BU3HAYeHHS1 KOPOHAPHOTO KamnbLMHO3Y
iHTErpOBaHO Y NPOBIAHI MXHAPOAHI KNiHIYHI pekoMeHaaLii,
30KpeMma LLoA0 NiKyBaHHS Ta BEAEHHS NaLlieHTIB i3 rinepto-
HiYHOt XBOPO6OHO (MX), @ OTXe MoCcTyNoBo 3BinbLuyBanacs
1ioro KniHiyHa 3HadyLictb. CnoyaTky MeTosn pekomeHzy-
Banu nuLLe SK AOAATKOBUI IHCTPYMEHT ANS OLiHIOBaHHS
KapZioBacKynsapHOro pusuKy y nauieHTiB i3 NPOMIKHUM
pusnkom [13], a TakoX SK apryMeHT Ans NpusHayYeHHs
CTaTWHIB 3aNEXHO Bif KiNbKICHOrO NMoKasHuKa — iHAeKcy
AratctoHa [14]. Y 2018 poui MeTog BU3HAYEHHS KOPOHap-
HOTO KarnbLHO3Y BKITHOYEHO 10 EBPONENCHKUX HACTAHOB i3
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X sik Mapkep CyOKMiHIYHOTO ypaXeHHs opraHiB-MilLeHei,
LLIO XapaKTepw3ye CTyMiHb aTepPOCKIIEPOTUYHOTO PEMOAENHO-
BaHHS; BiH CTaB iHAVBIAYyanbHUM NOKa3H1KOM CTpaTudikaLlii
KapaioBackynspHoro puauky [15].

Omxe, 3 1990 poky, konu BnepLUe onMcaHo excnepu-
MeHTanbHY METOAWMKY KinbKICHOrO BU3HAYEHHS KarnbLMHO3Y
KOpOHapHWX apTepili, MMHYNO MOHaZ TPW AECATURITTS,
i Tenep MeToq NpeAcTaBneHUn y NPOBIAHUX KMiHIYHKUX
eBponecbkux (2024 p.) Ta amepyKaHCbKUX HacTaHoBax
(2025 p.) 3 BeneHHs Ta nikyBaHHs X [4,16].

CyyacHa MeTOAMKA OLHIOBaHHA KOPOHAPHOTO KaAbLI-
HO3Y. BM3HaYeHHs1 KOPOHAPHOTO KanbLWMHO3Y B KNiHIYHINA
MPaKTULi HYHI 3MIMCHIOKOTH 3a AOMOMOrO MynbTUCTipanb-
Hoi KT (MCKT). JocnimkeHHs He noTpebye KOHTPaCTHOro
NiACWNEHHS!, CyNPOBOKYETHCS HU3BKOH 103010 I0HI3YH040r0
onpomiHeHHs (1,0-1,5 M3B), 10r0 BUKOHYHOTb, SIK PaBUIIO,
3 KapaioCUHXPOHi3aLlieto. HeCUHXPOHI30BaHi JOCNImKEHHS
€ Ginblu cy6'ekTUBHUMU B iHTepnpeTaLlii, He [atoTb 3MOru
o6uncnnTY iHaekc AraTcToHa Yepes apTedhakTu pyxy. 4ns
YCMILUHOMO CKaHyBaHHS HEeobXiZHO JOTpUMYBaTUCS NEB-
HWX YMOB: PETYNAPHUIA PUTM (ONTUMarNBHO — CUHYCOBWIA),
yacToTa cepLieBux ckopodeHb <70 ya./xB, nauieHT Moxe
3arpumary guxanHs Ha 15-20 c. BukoHytoTb npocnekTueHe
CKaHyBaHHS 3 KapaioCvHXpOHi3auieto (Hanpyra — 120 kB,
TOBLUMHA 3pi3y — 2,5-3,0 Mm).

Pesynbratit iHTepnpeTyloTh 3 BUKOPUCTAHHAM Npo-
rpamMHoro 3abesnevyeHHs, Lo NocTayaeTbCs pasoMm i3
KOMM'OTEPHUM TOMOTPadhoM i 3anexuTb Bif BUPOGHMKa
(GE-SmartScore, Siemens-syngo Calcium Scoring, Canon-
CT VScore, Philips-IntelliSpace Portal Calcium Scoring
Towo (puc. 1). Li nporpamn maroTb pisHUiA iHTepdeiic,
ane ofHaKOBMI MPUHUMN aHaniay, Wo CKnagaeTbes 3
TaKuX eTanis:

1) BMOKPEMMIOKTL AiNsHKK 3i WinbHicTio 2130 HU,
nnoLLeto =1 MM? y KOPOHAPHKX CyanHax (puc. 2, 3);

2) BUKOHYIOTb aBTOMAaTU4HWIN 06paxyHOK NPOrpaMHiM
3abe3neyeHHsM 3a hopmyroto, Lo 3anpornoHoBaHa Arat-
CTOHOM: 0BYMCTIOITL CyMy iHAEKCIB Ha BCix KT-3pisax,
Lo [OpiBHIOOTb JOBYTKY NnoLwi AinsHKA kanbumdikawii
B NMPOEKLii KOPOHaPHOI apTepii Ha KOeiLeHT LLiNbHOCTI:
Kl=(S1xF1)+(S2x F2)+ (S3 xF3) +..., pe S — nnowa
KanbLuikoBaHOi 4insHKM Ha KOHKpeTHomy KT-3pisi (B
MM?), F — koediLieHT LWinbHOCTI, Lo 3anexuThb Big NikoBoi
winbHocTi kanbumdikaty B oguHnuax MayHedinga (HU)
(mabn. 1).

3) oTpuMaHuit pesyneTat iHTEpPNpEeTYTh, BUKOPUCTO-
BylOUM cyyacHy knacudikauito CAC-DRS, 3anponoHo-
BaHy Society of Cardiovascular Computed Tomography
(SCCT) [17].

Knacudikauis CAC-DRS kniHiko-peHTreHonorivHa,
PO3pi3HAE ABa TUNM OLiHIOBAHHS: 3a iHAEKCOM AraTCToHa
(A) Ta 3a BisyanbHoto ouiHkoto (V). [looatkoo BUKOPUCTOBY-
10Tb MoaudikaTop KinbKocTi ypaxeHnx cyanH (N), 3HaueHHs
sikoro Moxe ctaHoBuTM N1-N4. 3aranom ouiHioTL YoTUpK
CyAMHW: OCHOBHWI CTOBOYP NiBOI KOPOHAPHOI apTepii, ne-
PenHI0 HU3XiAHY, OrMHasbHY Ta NpaBy KOPOHapHy apTepito
(mabn. 2).

MepeBaru Ta 06MeXeHHA METOAY BU3HaY€HHA KaAbLije-
Boro iHaekcy. [epeBaramyt METOLY € LIBMAKICTb CKaHYBaHHS
11 iHTepnpeTauii pesynbTaTis i3 3aCTOCyBaHHAM crewjianb-
HOTO MpOrpamMHoro 3abeaneyeHHsl, HU3bKe MPOMEHeBe
HaBaHTaXEHHS.
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Tabauus 2. Knacudikauis CAC-DRS

Tun ouiHoBaHHs | Kog CAC-DRS Agatston Score / PiBeHb pu3unky PekomeHpoBaHe nikyBaHHSA
Bi3yanbHa oLjiHKa

Agatston LIyKE HU3bKWIA CTaTHW He PeKOMEeHoBaHi
® A1 1-99 NOMIPHO NiABULLEHWI CTaTUHN NOMIPHOT IHTEHCVUBHOCTI
A2 100-299 NOMIpPHO NiABULLEHWIA CTaTHW CepeaHbOi, BUCOKOT iHTEHCMBHOCTI + acmipuH 81 mr
A3 2300 MOMIPHO BMCOKMIA CTaTUHW BICOKOT iHTEHCBHOCTI + acnipiH 81 mr
BisyanbHa ouitka VO 0 LIyKE HU3bKWIA CTaTHW He peKoMeHoBaHi
V1 1 NOMIPHO NiABULLEHWIA CTaTHOTEpanis MOMIPHOT IHTEHCUBHOCTI
V2 2 NOMIPHO NiABMLLEHWIA CTaTUHOTeparnis cepesHbOoi, BUCOKOI iHTEHCUBHOCTI + acnipuH 81 mr
V3 3 MOMIPHO BMCOKMIA CcTaTMHoTepanis BUCOKOT iHTEHCMBHOCT + acnipuH 81 mr

Tabauus 3. KniHiuHe 3Ha4eHHs noporoBux piBHiB Kl B MixkHapogHuX KniHiYHUX PEKOMEHAALSX, KOHCEHCYCaX i KIMYOBMX JOCTILKEHHSIX LLOAO NEPBUHHOI
npodinaktuku CC3, 3okpema y nauieHTis i3 X

M KniHiyHe 3HaueHHs! Ixepeno (pekomeHAaaLji / HacTaHoBa)

Huabkuii kappioBackynsipHUiA PU3IK, MOXHa BIATEPMIHYBaTI NPUAOM — 2025 Focused Update of the 2019 ESC/EAS Guidelines for the management
ninigosHKyBanbHoI Tepanii Ta acnipuHy. Puank kpooTevi nepesuLuye kopuctb  of dyslipidaemias [5];
Bifl NPUIAMaHHs acnipuHy - 2025 AHAJACC Guideline for the Management of Hypertension [16];

—2024 Am J Cardiol Review on Aspirin and CAC [20];
— 2023 ADA Standards of Care in Diabetes [22]

>0 Mapkep cyBkniHiYHOro aTepockneposy. BkrtoueHuii 1o KpUTepiiB ypaxeHHs - 2025 Focused Update of the 2019 ESC/EAS Guidelines for the management
opraHiB-milweHen npu 'X. Bkasye Ha fouinbHicTb novatky abo iHteHcudikauii  of dyslipidaemias [5];
NPUAMAHHS CTaTWHIB Y NaLIEHTIB i3 NPOMiXHUM abo HaBiTb AELLO HUXYNAM - 2025 BMJ Open Systematic Review on CAC Screening in Asymptomatic
pY3MKOM Ta y XBOpKX Ha Aiabet. Moxe ByTh 3HauyLmm CTUMYNom Ans Adults [24];
mogudikaLii cnocoby xuTTs —2023 JACC Cardiovasc Imaging Major Global CAC Guidelines [25];

- 2023 ESH Guidelines for the Management of Arterial Hypertension [18];
- 2021 CCS Guidelines for the Management of Dyslipidemia [19];

— 2023 ADA Standards of Care in Diabetes [22];

— 2025 AHA Scientific Statement on Opportunistic CAC Detection [26]

2100 abo 275 Kputepiit, LWo niaTBepmxye HeobXiaHICTb nepeknacudikalii — 2024 ESC Guidelines for the Management of Elevated Blood Pressure and
nepLeHTUNb ANs  KapAioBacKynspHOroO pUsmKy Ta BinbLLOro KOHTPOMIO 3a hakTopamm PUsiKy. Hypertension [4];
BiKy Ta cTari Sk KpUTepil AOLINBHOCTI NpU3HaYeHHs Npod)inakTMYHOI Tepanii (CTaTuHamm — 2025 AHA/ACC Guideline for the Management of Hypertension [16];
14 acnipuHom). MokasaHHs AN iHiuiauii Tepanii acnipuHom 3a ymosu Husbkoro  — 2025 SCCT Expert Consensus on Cardiac CT in Cardio-Oncology [23];
pU3MKy KpoBOTEYi —2024 Am J Cardiol Review on Aspirin and CAC [20]
>220 [onaTkoBuin KpuTepiit Ans ineHTUdikavii nauieHTiB i3 rineptexsieto, skum Moxe  — 2024 CAC Consortium Study on Coronary Artery Calcium for Risk
6yTV SoLinbHOH iHTeHcUdbikaLlist Tepanii FX Stratification in Hypertension [27]
>300 Pu31k 3Ha4HO 36inbLLYETHCS: AOPIBHIOE 260 NEPEBULLYE PU3VK Y NALIIEHTIB i3 - 2025 Focused Update of the 2019 ESC/EAS Guidelines for the management
niarHoctoBaHnmm CC3, Lo NOB'A3aHi 3 aTePOCKNEPOTUMHUMU YPXKEHHSMM of dyslipidaemias [5]

Tabauua 4. IntepnpeTtauis Kl kopoHapHux apTepii i3 npakTUYHUMK pekoMeHaaLismMu, BianoBsiaHo Ao HactaHoB ACC / AHA (apanTtoBaHo 3 [28])

Kl Ta piBeHb ypaxeHHs TepaneBTU4HI pekomeHAaaLlji, 3a koHceHcycom ACC / AHA

0 —KI-0; — [loTpUMaHHsi NPUHLMNIB NpaBun 340POBOTO COCoBY XUTTS —
— Hemae kanbLHOBaHMX OMsILLIOK; American Heart Association Life’s Essential 8 ans ontumisauii daktopis
— BisyanbHe oLjiHIoBaHHS: KanbLito Hemae PU3UKY;

— OUHUTW MOXTMBICTb HE MPU3HAYATM CTATUHM, SIKLLO HEMAE LiyKpOBOTO
niaberty, piseHb JIMHLL <190 mr/an, nauieHT He € KypLeMm, He Mag CiMenHoro
aHamHe3y nepeayacHoro ASCVD i 10-piuHoro pusnky ASCVD 220 %

4n BUCOKOrO ninonpoteiHy(a) Lp(a);

- MosTopHa KT gns BuaHaveHHs KI un aHania KT 6e3 cuHxponisauii 3 EKI
Yepes 3 poku npu Liykposomy fiabeTi abo Bucokomy 10-piuHOMY pusuKy;
3-5 pokiB — npu cepenHbOMY PU3NKY; 5—7 POKiB — NPU HU3bKOMY PU3KKY

1 — KI'— 1-99 abo <75 nepueHT\nb AN BiKy Ta CTaTi; — [loTp1MaHHS NMPUHLMNIB NpaBKn 340POBOTO CMOCOBY XUTTH —
— Jlerke atepocknepoTuyHe ypakeHHs American Heart Association Life’s Essential 8 ans ontumisaii pakTopis
pu3mky;
— Tepanisi cTaTvHamy (+ He CTaTMHamK) Anst AOCSTHEHHS LiNbOBOrO PiBHS
JINHLLY, <100 mr/gm;

— PerynsipHuit MoHiTopuHr chaktopis puauky (JTMHLL, apTepianbHui TUCK TOLLO)
151 JOCATHEHHS! KITIOYOBIX GIOMETPUYHIX MOKa3HNKIB

2 — KI'— 100-299 abo 275 nepueHTUNb AN Biky Ta CTaTi; Yce BULLE 3a3HaYeHe Nntoc:
— lNoMipHe aTepocKnepoTUyHe ypaxeHHs — Tepanisi CTaTMHamy (x He CTaTMHaMK) Ans AOCATHEHHS LinbOBOrO PiBHA
JINHLY <70 mr/pn;
— BU3HAYNTM AOLIMNBHICTb MPU3HAYEHHS HU3BKUX 03 aLeTMNCaniLoBol
KucnoTy
& — KI - 300-999; Yce BULLE 3a3HaYEHE NMKOC:
— BupaseHe aTepocknepaTiyHe ypaxeHHs; — BUCOKOIHTEHCMBHA Tepanisi CTaTuHaMy (+ He CTaTUHaMM) Anst BOCATHEHHS!
— 2300 noAiGHWiA O PU3MNKY MiCNs NEPEHECEHOT0 iHdhapkTy Miokapaa uinboBoro piBHs JIMHLL| <55 mr/an;
— HW3bKi 03K aLeTUncaniyynoBoi KUCIOoTy
4 —KI-21000; Yce ByLLEe 3a3HayeHe, NMc:
— Bkpait BupaxeHe atepocknepaTniHe ypaxeHHs; — CTaTUHY ( He CTaTUHW) ANs JOCATHEHHs LinboBoro piBHs JIMHLL <55 mr/an;
— ExctpemanbHuin puauk, nogibHuin go nosTopHIUx nogiit ASCVD — BU3HAYNTM JOLINBHICTb 3aCTOCYBaHHS! HOBITHIX METOAIB NikyBaHHS
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Puc. 2. EKI-CMHXPOHiI30BaHe HEKOHTPACTHE BU3HAYEHHS KOPOHAPHOrO KanbLMHO3y METOAOM
MCKT. AkcianbHuit nepepis. lNpyknag nokanbHOro kanbLWHO3y NepeaHbOi MiXLLMYHO4KOBOT apTepii.

BracHe cnoctepexeHHs.

Puc. 3. EKI-CMHXpOHi30BaHe HEKOHTPacTHe BU3HAYEHHsI KOPOHAPHOTO KanbLHO3y METO[OM
MCKT. AkcianbHuit nepepia. Mpuknas BUpaXeHoro Andy3HOTO KanbLHO3y KOPOHAPHUX CYAWH.
Kl = 5694. BnacHe cnocTepexeHHst.

4

Puc. 4. EKT-CHXpOHI30BaHe HEKOHTPACTHE BU3HAYEHHS KOPOHAPHOMO KanbLMHO3y METOAOM
MCKT. AkcianbHuit nepepia. BupaxeHuii kanbLiHO3 nepeaHboi MiXLLITYHOYKOBOI apTepii Ha pisHNX
piHsx. KI-472. BnacHe cnocTepexeHHs.

5

Puc. 5. EKI-CMHXPOHiI30BaHe HEKOHTPACTHE BU3HAYEHHS KOPOHAPHOrO KanbLMHO3y METOAOM
MCKT. AkcianbHuit nepepis. BincyTHICTb kanbLMHO3Y KOPOHAPHHX apTepiit. BniacHe cnocTepexeHHs!.
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OBmexeHHst METoAy 3yMOBMEHi BUKOHAHHAM [ocHi-
[PKeHHS [insHkn cepus 6e3 BUKOPUCTaHHS KOHTPACTHOI
PEYOBMHU, BHACMIZOK YOr0 aTepOCKNEPOTUYHI OGNSk,
IO He MICTATb Y CBOIW CTPYKTYpi AiNAHOK 3BanHEHHS,
— TaK 3BaHi M'ski 6nswwku, He ByayTb AudepeHLinoBaHi
B NpocBiTi cyanHu. BusnaverHs Kl He pekomeHaoBaHe
SK PYTUHHWA METOA AWHAMIYHOMO cnocTepexeHHs abo
KOHTpOto Tepanii.

KniHiyHi nmoka3aHHs 4O BU3HAYEHHSI KOPOHAPHOIO
Kanblito Ans cTpatudikaii kaphioBacKynspHOro pusuky
Ta nepcoHanisawji Tepanii:
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— B 0Cib i3 [X Ans yToYHeHHs KaphioBackynspHOro
PU3UKY Ta NepcoHanisauii dapmakotepanii [4,16,18];

— B aCMMNTOMHMX OCi6 i3 NPOMiKHIM 260 HabnMKEeHUM
[0 MOPOroBOro CEPLIEBO-CYANHHUM PU3VKOM ASIS PiLUEHHS!
LLOAO NpU3HAYEHHs Ninigo3HWKyBanbHoi Tepanii [5,19];

— NS NepCOHiiKOBAHOTO PILLEHHS MPO NPU3HAYEHHS
abo BiaTepMiHyBaHHSA Tepanii acnipyHoM y NepBUHHIN
npodinaktuui [20];

— ANS NOKpaLLEeHHs NPOrHO3yBaHHs aTepoCKepoTny-
HWX CEPLIEBO-CYAMHHIX MO Y AOPOCTNX i3 reTepo3nroT-
HOO CiMeVHOIO rinepxonecTepuHemieto [21];

— popocnum Bikom 40—75 pokiB i3 LykpoBuM aiabeTom
6€e3 BCTAHOBMNEHOrO aTepoCKNepoTUYHOMO CepLeBo-Cy-
[VHHOTO 3aXBOPHOBAHHS, 3 MPOMDKHUM | HEBU3HAYEHUM /
MOPOroBMM KapioBaCKynspHUM PU3MKOM AN YTOUHEHHS
abo nepeknacudikallii pravKy Ta yxaneHHs pilieHHs! Woao
npu3HadYeHHs NinigosHWKyBanbHoi Tepanii [22];

— Moxe OyTu oLiHeHa B YCiX OHKOMOrYHMX NaLieHTiB
6e3 Binomoro ASCVD (aTepocknepoTUYHOro cepLieBo-Cy-
AVHHOTO 3aXBOPOBAHHS), AKi HE MPUIAMAL0Tb NiNiAO3HKY-
BanbHoi Tepanii, akwo puauk ASCVD craHoutb 520 %
(o6umcrieHnit 3a fonomoroto oHMaliH kanekynstopa ASCVD
Risk Estimator Plus) [23].

KniHiuHi acnekTu iHTepnpeTauii BU3HaUeHHA KOpO-
HapHoro KaabLito. KanbuudikaLito KopoHapHUX apTepin
BM3HaYatoTh SIK BUCOKOCTIELMIYHUIA iHaVKaTOp aTepockne-
POTUYHOTO ypaxeHHs CyanHu. Moro KinbKicTb kopenioe
3 TSXKKICTIO aTepOCKNepOTUYHOTO YpaxeHHs Ta BinbLumm
KapgjioBackynsipHAM puaikoM i B ocib 6e3 CC3, it y navlieHTiB
i3 liarHoCTOBaHO apTepianbHOLO rinepTeHsieto, AiabeToMm,
OHKOITOMYHIMM 3aXBOPIOBAHHSIMU TOLLIO.

Y 6inbLUOCTi CyvacHWx pekoMeHpaaLin nokasHuk Kl su-
KOPUCTOBYIOTb NEPEBAXHO ANs CTpaTudikaLlii kapaioBacky-
NSAPHOTO PU3VIKY, YXBANEHHS! PILLEHHS LOAO NPU3HAYEHHS
ninigo3HWKyBarnbHOI Tepanii (CTaTuHIB) / acnipuHy y XBOpUX
Ha apTepianbHy rinepTeHsito, AiabeT, aucninigemito, a Takox
NPV NEPBUHHI NpodinakTuLi.

Y mabnuyi 3 HaBe#EHO OKpeMi y3aranbHeHi AaHi
LLOAO KMiHIYHOMO 3aCTOCYBAHHS HA OCHOBI MKHAPOOHUX
pexomeHgauin 2021-2025 pokis (ESH, ESC, AHA/ACC,
CCS, ADA, SCCT) i kntouoBmx gocnimkeHb (A. Doshi et al.
[20]; A. Gallo et al. [21]; V. Scheu et al. [24]) 3anexHo Big
KinbkicHoro 3HaueHHs KI.

CyyacHiLuiA yHiBepcanbHWiA anropuTM iHTepnpeTavii
KOpOHapHOro Kanbuito 3anponoHyeanu Jared Spitz et
al. [28]. Lien anroputm HaBeaeHo B mabnuyi 4.

Mp1Knaau BUKOPUCTaHHA OLHKU KOPOHAPHOTO KaAbLI-
HO3y y naujeHTiB i3 IX. Hkye HaBeoemo npuknag cuTyaLin,
KOMW BU3HAYEHHS! KOPOHAPHOTO KanbLMHO3Y BMIMHYIIO Ha
TaKTUKy BeAEHHS nauieHTis (mabn. 5).

Tak, y naujeHta Ne 1 iHgekc Kl gopisHtoBaB 472, wo
nepesuiye 300, a 0Txe BM3Ha4Yae 0bCTEXEHOro Ao kaTe-
ropii oci i3 gye BUCOKAM pU3MKOM. 3a AaHUMM LUKanm
MESA Risk Score, 10-piuHuii pusank HECNpUATIMBIX MNOAIN
3BinbLumBCA Y 2,7 pasa. Lie notpebye AocarHeHHs LinboBoro
piBHs xonectepunry JIMHLL meHwe Hix 1,4 Mmons/n, Wwo
mMoxe noTpebyBatyt iHTeHcudikaLii ninigo3HWKyBanbHOT
Tepanii. Takox MOXHa OLHATW MOXIMBICTb MPU3HAYEHHS
HW3bKOI 103V aLeTUNCcaniLMIoBOi KUCMOTH, AKLO HEMae
MPOTUMNOKa3aHb.

Y nauieHTtkn Ne 2 otpumanu Kl = 0. Lle o3Havae,
Wo 10-piYHMIN pU3MK KOPOHAPHMX XBOPOO cepus 3HAYHO
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Tabauua 5. Kniniuxi Bunagxu

Moka3Hu1K, OAUHML BUMiIpIOBaHHSA MauieHT Ne 1 MauieHT Ne 2

Bik, poku 46

Cratb Yonosik
TpuBanicTb rinepToHiYHOT XBOPOGM, POKK 3

KypiHHs He nanutb
CimeliHuin aHamHe3 He ob6TspkeHnin
LlykpoBuii fiaGet Hemae
linoTeHavBHa Tepanis Mpuitmae
JlinigosHwxyBanbHa Tepanis He npuiimas
OcicHuit apTepianbHuii TUCK, MM PT. CT. 170/100
3ararnbHuii XonecTepuH, MMonb/n 6,29

JINBLL, mmons/n 1,94
JINHLL, mmons/n 4,27

TKIM coHHuX apTepiit, MM 0,7
ATepoCcKNepoTHYHI GrisiLLKu Hemae
Kanbuiesuit iHoekc (Agatston) 472

ASCVD Risk Estimator Plus, %
MESA Risk Score (6e3 Kl), %
MESA Risk Score (3 Kl), %
Bnnwve Kl Ha pusnk

45
12,5

3,7 — HN3bKIIA PU3NK

67

XKiHka

7

He nanuTtb

He o6TsxeHni
Hemae
Mpuitmae

He npuiimana
170/100

5,66

1,17

3,87

0,1

Hemae

0

17,3 — NPOMiXKHMIA PU3KK
7,6

31

3HauHe niaBuLLeHHs B 2,7 pasa pu3uky (34,5 % 0 12,5 %) 3HauHe 3HWkeHHs B 2,5 pasa puanky (3 7,6 % po 3,1 %)

3HU3MBCS, | TOMY MOXIMBO BiATEPMIHYBaTV NPU3HAYEHHS
ninigosHwkyBanbHoi Tepanii. PekoMeHZoBaHO NOBTOpPHE
OLiHIOBaHHS Yepes 3—-5 pokis.

MepcneKTMBU NOAAABLIOFO BUKOPUCTAHHA METOAY.
Y 2025 poui ¢haxisLi AMepukaHCbkoi acouiauii cepus
onybnikyBanu cTaTTiO, WO MPUCBAYEHA NepcnekTnBam
CynyTHLOTO BU3HAYEHHS KOPOHAPHOTO KarbLilo Mg yac
KT-gocnimkeHHs rpyaHoi kniTkn 6e3 EKI-cuHxpoHisauii
[26]. AeTOpW Nigkpecnunu, wo Lwopoky y CLLUA BukoHyOTb
noHap 19 mnH KT rpyaHoi kniTku 6e3 cuHxpoHisauii 3 EKT,
LLIO NepEeBYLLLYE NOKa3HKK B 1 MITH CKaHyBaHb, CIPSIMOBaHIX
TiNbKW Ha BU3HAYEHHS1 KOPOHAPHOTO KanbLjto. Taky camy
TEHAEHLi0 BU3HAYEHO i B iHLWKX KpaiHax. 3anponoHoBaHO
BUKOPWUCTOBYBATU BXe BUKOHAHI JOCMIMXEHHS TPyAHOT
kniTkn (6e3 EKI-cuHxpoHisalii) ans aBTomaT3oBaHoro
KinbKiCHOTO OLIiHIOBaHHS! KarbLEBOTO iHAEKCY 3@ AOMOMOrOH0
LLII. BusHa4eHO MOXMMBI 0OMEXEHHS Mif Yac aHanisy Takux
KT-paHux: aptedaktu pyxy, yTpyAHEHe BUOKpEMIEHHS
KanbLjlo Ha )OHI KOHTPACTyBaHHA, BigMIHHOCTI 3a napa-
METPaMU CKaHyBaHHSI.

Brim, Takuin aHania He noTpebye AoaaTkoBUX dhiHaH-
COBUX BUTPAT, HE CMPWUYMHSE AOAATKOBOTO OMPOMIHEHHS,
3MEHLUY€E HaBaHTaXEHHS Ha Nikapis | BiAKPYBaE MOXIMBOCTI
OISt MacoBOro CKPWHIHTY CyOKMiHIYHOrO aTepocknepoay,
CBOEYACHOro Ta NepcoHihikoBaHOro Miaxody A0 BU3HA-
YEHHSI KapaioBacKynspHOro pu3uKy, NPU3HAYEHHs npe-
BEHTWBHOI Tepanii.

BucHoBKU

1. Bu3Ha4yeHHs KOPOHAPHOTO KanbLMHO3Y € KMiHIYHO
3HaYyLLMM, L0 NiATBEPIXKEHO BKITKOUEHHSAM LbOTO TECTY
[0 Cy4aCHWUX MIKHapOAHMX KMiHIYHWX peKkoMeHaauin i
HacTaHoB. Lle migkpecntoe 1oro BUCOKY CneLmMdidHIiCTb
AN BUSIBNEHHS CYOKMiHIYHOro aTtepocknepoTn4Horo
YPpaxeHHs! y XBOPUX Ha riNepTOHIYHY XBOpOOY, a Takox
110ro MPOTHOCTUYHY LiHHICTb Ans cTpaTudikauii kapaio-
BaCKYMSIPHOTO pU3WKy.

2. BukopucTaHHs! kanbLiieBoro iHAEKCY AaE 3MOry nepco-
Hani3yeatu nigxig 4o NpodinakT1kW Ta NikyBaHHS, 30kpema
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00rpyHTOBYBaTY NPU3HAYEHHS! NiNiKO3HWKYBANBHOI Tepanii,
acnipuHy Ta iHTeHcudikaLilo Tepanii rinepToHIYHOT XBOPOGU.

3. BpaxoBytoun nepcrnekTMBM BUKOPUCTaHHS Nig vac
HecuHxpoHisoBaHux 3 EKI™ KT-gocnimkeHb rpygHoi Knitku,
BM3HAYEHHS KOPOHAPHOTO KaNbLIMHO3Y MOXeE CTaTi MeTo-
[OM MacoBOrO CKPUHIHIY [N BUSBNEHHS CybKniHiYHOro
aTepockepoay, 4acTb 3MOry 3aB4aCHO BUOKPEMUTY rpymy
BMCOKOTO KapAioBaCKymSPHOrO PU3VIKy 151 MOAarbLLOMO MO-
TMBYBaHHS A0 MoaudikaLlii cnocoby XWTTs Ta NOCUNEHHS
npodinakTUYHKX, a He NikyBarnbHKx 3axoais. Lie moxe cyT-
TEBO BMIMHYTU Ha 3MeHLUeHHs rnobanbHoro Taraps CC3.

ETMuHe cXxBaneHHA

Komicist 3 nutaHb 6ioeTnkn 3anopisbkoro AepXaBHOMO MEANKO-
(bapmaLeBTUYHOTO YHIBEPCUTETY PO3rASHYA MaTepiaAn, HaBEAEHi
y CTaTTi, Ta He BUSIBMAA NOPYLUEHb ETUYHUX CTAHAAPTIB, BUKAAGAEHNX
Y YUHHUX HOPMATUBHKX AOKYMEHTAX, BKAOUaOuM [eAbCiHCbKY
AeKkAapaLito, KoHBeHLjto Paau €Bponu Npo npaBa AtOAMHM Ta
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Ornsaam

AI€TUUHI cTparTerii y MeHe A)XMEHTi AMCAiniaeMiM:
CyyacHi niaAxoAu Ta AOKa3u

0. T. Pe3HiueHko®A-2F K, B. BoBk©@P-F, A, A. LLepcTiok @8, 0. 0. BraceHko®@8, . C. KpateHko©®E°C

XapKiBCbKMIA HaLliOHaAbHWI yHiBEPCHTET iMeHi B. H. KapasiHa, YkpaiHa

A - KOHLIEMNLLS Ta AU3aNH AOCAIAKEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTaLis AaHux; D - HanucaHHs cTatTi; E - peparyBaHHs cTatTi;

F - octatouHe 3aTBEpPAXEHHS CTaTTI

[ucninigemis — naTonoriYHnin CTaH, Lo XapakTepuayeTbCa NOPYLLUEHHAM KOHLEHTpaUii ninigis i ninonpoTeiHis y nnaami Kposi,
BKJTOYHO 3 NiABULLEHHSM PIBHS 3araribHOro XONecTepuHy, NinonpoTeiHiB HU3bKOI LLINBHOCTI Ta TPUINILEPWAIB, 3HMKEHHSIM PIBHS
ninonpoTeiHiB BUCOKOI LLiNbHOCTI @60 NoeaHaHHAM LX 3MiH. PO3pi3HAKOTb NEPBUHHI (FEHETUYHO 3yMOBIIEHI) Ta BTOPWHHI AUCHi-
nigemii, WO BUHUKAKTb YHACTIAOK iHLWKX 3aXBOPIOBaHbL Y BMMBY 30BHILUHIX (haKTOPIB, € OAHWUM i3 KIOYOBUX MOANGIKOBAHMX
thakTopiB pU3NKy aTepocKneposy Ta CepLeBO-CYANHHIX 3aXBOPIOBaHb.

Merta pobotu - npoaHaniayBaTu BiOMOCTi Cy4acHoi haxoBoi NiTepaTypu LWOAO AIETUYHIMX PeKoMeHaaLi npy gucninigemisix Ta
OLIHUTK iXHIO €CPEKTUBHICTb Y KOpEKLi NinigHoro npodisnto.

Martepianu i metopm. 3piicHunu nowyk y 6asax gaHux PubMed, Embase, ResearchGate, Crossref 3a kno4oBumy crnoamu:
aveninigemisi, fieTMYHe xapyyBaHHs, kapaiomeTaboniyHi posnaau, MeTaboniuHuin CUHAPOM, CEPLEBO-CyAMHHI 3aXBOPIOBAHHS,
ninigHi Giomapkepw Ta cnocio XUTTS.

Pe3yasTaTti. Ha choHi 36inbLUeHHS NOLIMPEHOCTI kKapaiomeTaboniYHX NopyLLEHb BinbLLOro 3Ha4eHHs HabyBatoTb AIETUYHI BTPYyYaH-
HS, LU0 e(hEKTUBHO 3MEHLLYIOT Lji pu3unki. [apanensHo 3 MearkaMeHTO3HOI Teparnieto KOPerylTb XapyoBUil paLlioH, BXWUBaoTL
npodhinakTUYHNX 3aX0AiB ANst 3MiHM cnocoly XUTTS. Tak, 3aX0AM 3 BBEAEHHS Y Xap4oBUiA PaLiOH MEBHUX XapHOBWX CMONYK, SKi
€ B CKNaji OKpeMux NpoayKTiB 3 JOBEAEHUMU 3aXMCHUMM BNACTMBOCTAMM, MaloTb BUCOKI MOKa3HWKW ycnixy. Hankpalyi 4okasu
edpeKTMBHOCTI KopeKLii gucninigemii Mae cepea3eMHOMOPChKa AieTa, AieTa 3 BACOKMM BMICTOM KNITKOBWHY, NpoTU3ananbHa fje-
Ta, fieTa 3 POCNMHHUMK KOMMOHEHTamm Towwo. CepeasemMHoMopChka AieTa, 6arata Ha dpyKTy, ropixv Ta ONMBKOBY OIito, OBOMI,
600608, LlinbHO3epHOBI NPOAYKTY Ta 3 NMOMIPHUM CMOXMBAHHAM pUOM Ta NTULL, NoKasana no3uTyBHI pesynsTaty Nig Yac nikyBaHHs
kapgiomeTaboniyHux po3nagis. Yepes BMICT KMITKOBWHM (PO34MHHOI T HEPO3YMHHOI), MOMIHEHACUMEHMX KUPHWX KACTOT, SK-OT
omera-3, nonicheHonis (oneyponeiH, peceeparpon), hitocTeponis, riaBoHOIAIB, KaTexiHiB, KAPOTMHOIAIB BOHA Mae NpoTu3anarbHi
11 @HTMOKCMAAHTHI BNACTWBOCTI, MOKpaLLye PiBHi NiNiAiB y CMpoBaTLyi, YyTNMBICTb 4O iHCYMIHY Ta 3HWXKYE TUCK KPOBI.

BucHoBkw. [lieTnyHi BTpyYaHHS € NEPLUOIO NiHIEI HEMeAMKamMeHTO3HOT KopekLii ninigHoro npodinto. MNigTBepmxeHo edekTus-
HICTb 3MEHLLEHHS CMOXMBAHHS HACUYEHMUX XWPIB | TPAHCXKMPIB, NiABULLEHHS YaCTKN HEHACKYEHUX XWUPHUX KUCIOT, 30Kkpema
MOHO- Ta noniHeHacu4eHux. Haikpalli xap4oBi natepHn — cepea3eMHomopcbka aieta Ta DASH; y noegHaHHi 3 KOHTponem
Macu Tina, perynspHoto isnyHO akTUBHICTIO Ta MoaudikaLieto cnocoby XMTTS BOHW YUHSATb HARBINbLLKA NOUTUBHWA BNMB
Ha ninigHWA npodine.

KAtouoBi cnoBa:
MeTabOoAIYHMI
CHUHAPOM,
AMCAINIAEMIS,
CepLEeBO-CYAMHHUI
PU3MK, XOANECTEPUH,
TPUTAILEPUAK,
AieToTepanis, cnoci6
KUTTSA.

3anopisbkui
MeAUYHUI XXypHaA.
2026. T. 28, Ne 3(156).
C. 257-266

Dietary strategies in the management of dyslipidemias:
current approaches and evidence

0. H. Reznichenko, K. V. Vovk, L. L. Sherstiuk, 0. O. Vlasenko, H. S. Kratenko

Dyslipidemia is a pathological condition characterized by abnormal concentrations of lipids and lipoproteins in blood plasma,
including increased levels of total cholesterol, low-density lipoproteins, and triglycerides, decreased levels of high-density lipopro-
teins, or a combination thereof. Dyslipidemias can be primary (genetically determined) or secondary, resulting from other diseases
or environmental factors, and represent one of the key modifiable risk factors for atherosclerosis and cardiovascular disease.

Aim. To analyze current evidence on dietary recommendations for dyslipidemia and evaluate their effectiveness in correcting the
lipid profile.

Materials and methods. A search was conducted in PubMed, Embase, ResearchGate, Crossref databases using the following
keywords: dyslipidemia, cardiometabolic disorders, metabolic syndrome, cardiovascular diseases, dietary nutrition, lipid biomarkers
and lifestyle.

Results. Given the growing prevalence of cardiometabolic disorders, dietary interventions that effectively reduce these risks are
gaining importance. Alongside pharmacological therapy, dietary correction and lifestyle modification are recommended as first-
line measures. Thus, incorporating specific bioactive food compounds with proven cardioprotective properties into the diet has
demonstrated meaningful clinical benefit. The strongest evidence for dyslipidemia correction supports the Mediterranean diet, a
high-fiber diet, an anti-inflammatory diet, and plant-based dietary patterns, etc. The Mediterranean diet, rich in fruits, nuts and olive
oil, vegetables, legumes, whole grains, with moderate consumption of fish and poultry and limited intake of red and processed
meat has shown positive effects on cardiometabolic outcomes. Through its content of soluble and insoluble fiber, monounsatu-
rated fatty acids (oleic acid), polyunsaturated fatty acids including omega-3, polyphenols (oleuropein, resveratrol), phytosterols,
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flavonoids, catechins, and carotenoids, it exhibits anti-inflammatory and antioxidant properties, improves serum lipid levels and

insulin sensitivity, and lowers blood pressure.

Conclusions. Dietary interventions represent the first line of non-pharmacological lipid profile correction. Evidence supports the
effectiveness of reducing saturated and trans-fat intake while increasing the proportion of unsaturated fatty acids, particularly
mono- and polyunsaturated fatty acids. The Mediterranean and DASH dietary patterns, combined with weight control, regular
physical activity, and lifestyle modification, provide the greatest positive effect on the lipid profile.

CepLeBo-CyayHHI po3naay 4acTo NOEAHYITLCS 3 MeTabo-
NIYHAM CUHPOMOM, SIKUIA AjarHOCTYHOTb 38 HASBHOCTi TPHOX
i3 TaKUX M'ATV O3HAK: MigBMLLEHA KOHLEHTpaLis Tpurmile-
puaiB, NiABULLEHMI PIBEHB ITIOKO3M, HI3bKa KOHLIEHTpaLis
niNoMpOTEiHIB BACOKOI LMBHOCTI, apTepianbHa rinepTeHsis
Ta oXwupiHHS [1]. HasBHicTb y nauieHta meTabonivyHoro
cuHApoMy 36inbLuye pu3uK rinepTeHsii Ta iHCynbTy, i-
6punauii nepeacepap, iwemiyHoi xeopobu cepus [2]. Kpim
TOrO, MiABMLLYETLCSA PUMK CMEPTI Bif CEPLEBO-CYAUHHUX
3axBOpPHOBaHb [3].

Lis 3anexHicTb i 3Ha4yHa NoLWMpEHICTb Aauchinigemii
notpebye 3acTOCyBaHHS LUMPLLOTO KOna BTPyYaHb LLOA0
npoinakTuku Ta nikyBaHHs [4]. MMigBULWEHWIA piBEHb
XOmnecTEPUHy NiNONpOTEiHIB HI3BKOI LLINbHOCTI Ta TPUTIi-
LiepuaiB, 3HWKEHWIA piBeHb XONECTEPUHY MIMONpoTeiHiB
BUCOKOI LLiNIbHOCTi CMPUYMHAOTL MOPYLLEHHS MiMigHOro
rOMeocTasy, L0 Mae BaXINWBE 3HA4YEHHS y PO3BUTKY Cep-
LIeBO-CYAMHHMX 3aXBOPIOBaHb aTePOCKIIEPOTUYHONO I'eHe3y
[5]. Aucninigemis NpU3BOAUTL 4O XPOHIYHOTO 3ananeHHs
HU3LKOTO CTYNeHs!, AMCAYHKLIT eHpoTenianbHUX KniTuH,
arepor'eHesy Ta iHCymniHOPe3nCTEHTHOCTI. Bee e 36inbLuye
pU3VK KapaioMeTaboniYHMX NOPYLLEHb, NOCUITIOOYN PU3NK
CepLEeBO-CyaNHHMX | MeTaboniyHNX 3axBOpoBaHsb [6].

PaujoHanbHe xap4yBaHHSI Ta CKOPWUroBaHui cnocid
KNTTS — KITIO4OBUIA HANPsIM, CNPSIMOBaHWIA Ha Taki Biomap-
Kepw, SIK XonecTepuH NinonpoTeiHiB HU3LKOI LLifBHOCTI,
TpUrniuepuan Ta noe’si3aHi 3 HUMM NaTodi3ionoriyHi
LUNSAXK, WO TaKoX MOXyTb OyTu 3a noTpebu CkopuroBaHi
niNigo3HWKYBarnbHUMK MeTodamu Tepanii, ika 3HKYe cep-
LIeBO-CYAMHHUI pu3nk [7]. JoBedeHo, Lo Taky Ail0 YUHATb
Zietn, ski nependavaroTb BXMBAHHS AOCTATHLOI KiNbKOCTi
KNiTKOBWHYW, HEHACUYEHWX XWPIB, aHTMOKCWUAAHTIB, Npo-
TM3ananbHuX BionoriYHo aKTMBHUX CMOMyK, ITOXIMIYHUX
pe4oBuH (cTaHonu, cteponu), BitamiHie C Ta E, BitamiHis
rpyn B, npoBioTuKiB i NPOAyKTIB, 3 SKWX BUKMKOYEH Cinb
abo npocTi uykpy. BoHn onTumiayoTb ninigHWiA npodinb
BHACMNIQOK 3HWXEHHS PIBHA TpUrNiLEepuAaiB, NigBULLEHHS
PIBHS XOMECTEPUHY MINONPOTEIHIB BUCOKOI LWiNbHOCTI Ta
MOM’SIKLLEHHS OKCWAATUBHOTO CTpecy. BkntoveHHs go pa-
LiOHYy Xap4yBaHHS Pi3HUX MPOAYKTIB i3 BUCOKUM BMICTOM
6ionoriyHO aKTUBHMX CNOMYK NOB’'si3aHe 3 JOBEAEHNMH 3a-
XVCHUMM BNNMBaMK, SIK-OT 1151 NiKyBaHHs! Ta MpoinakTku
pi3HMX 3aXBOPOBaHb. 30Kpema, Lie Moxe 6yTn echeKTUBHUM
METOAOM NPOchiNakTUKK | 4OAATKOBUM 3aX0L0M Y MeXax
nikyBaHHs kapaiomeTaboniyHmx 3axsoptoBaHsb [8].

Y uncneHHnX SOCTiMKEHHSX NIATBEPMIKEHO, L0 cepen-
3eMHOMOPCHLKY [iETY BU3HAYaLOTb SIK ONTUManbHy MOAENb
3[0POBOr0 XapyyBaHHsl. [l BNACTUBMI BUCOKMA BMICT
¢pykTiB, ropixis, oBovie, 6060BKX, 3nakis, pubu Ta iHLLMX
MOPENpPOYKTIB, & TAKOX 3MEHLLEHHS CNIOXMBAHHS! MOJIOH-
HUX NPOAYKTIB i M'sica. [lieTa xapakTepu3yeTbCs MOMIpHUM
CMOXMBAHHSAM anKoronto (MepeBaxHO BMHA Nif vac igu).
BignosigHo Ao pesynbratie 4ocnimpKeHb, JOTPUMaHHS Liei
JIETU MOXe CNIPUSITU 3HUKEHHIO PU3UKY paKy, CepLEBO-CY-
[JVMHHIX 3aXBOptoBaHb, XBOpobM IMapkiHcoHa, AnbLireimepa,
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a TaKkoX nepefyacHUX CMepTeNnbHUX BUMAAKIB, 30kpema i
TWX, LLO NOB’A3aHi 3 pakoM, CEPLIEBO-CYAMHHUMM 3aXBOPHO-
BaHHAMM. YiTke JOTPUMaHHS Li€i aieTn Moxe 3anobiraty
BUHUKHEHHIO HECTIPUSITIIMBUX CEPLEBO-CYAMHHMX i Liepe-
HpoBackynsipHux nogin. Kpim Toro, cepeasemHomopchka
JieTa No3WTUBHO BMNMBaE Ha MeTabomniuYHWUA CUHAPOM i
3MeHLLYe kapaiomeTaboniuHmin puavik [9].

[NokasaHo, LLio BiMOBA Bifl KypiHHS, perynspHa disunyHa
aKTVBHICTb | KOHTPONb Macu Tina fOAATKOBO MOKPALLYHTb
ninigHWI 06MiH i 3MeHLLYIOTL 3ananenHs [10]. Kpim ontumi-
3auii piBHs ninigis, paLlioHanbHe XapyyBaHHS Mae BaXInBe
3HayeHHs Ans opMyBaHHA Ta NiATPUMMAaHHS 340POBOI
KILLKOBOI MiKpOBioTH, a Lie Takox NO3UTMBHO BrMBAE Ha
CepLeBO-CyaVHHI NOKa3HWKN Ta cuCTeMHe MeTabonivHe
300poB’s [11]. B iHWMX JOCHIMKEHHSIX NMOKa3aHO MOTeH-
Lian npaBubHUX HIETUMHMX BTPYYaHb NS MOKPALLEHHS
pesynsTartis NikyBaHHS, BPAXOBYHOUN FTEHETUYHY CXUIBHICTD.

Llen ornsaa mae ysaranbHATW NO3UTVUBHWUIA BNAUB fie-
TUYHUX PEKOMeHAALLA | KopekLii cnocoby XUTTS y navieHTiB
i3 MeTaboniYHM CMHAPOMOM BIAMOBIAHO A0 MO3UTUBHOMO
BMMMBY Ha kapaioMeTabonivyHui Npoddinb prUanKy Yepes Mo-
Zynsuito ninigHUX i HeninigHux 6iomapkepis. Ornsg MiCTUTL
iHhopmaLLito oA NaTodisioNoriYH1X MeXaHi3MiB PO3BUTKY

KiB, @ TAKOX AaHi OO AIETUYHIX peKOMeHaLli.

MeTa po6otu

lMpoaHanisyBaTut BiLOMOCTi Cy4acHoi haxoBoi Niteparypu
LoAo AieTUYHKMX pekoMeHZaUi npu aucninigemisax Ta
OLHUTM IXHI0 epeKTUBHICTb Y KopeKLii ninigHoro npodinto.

Martepianu i MeToAU AOCAIAXKEHHA

3aincHunu nowyk y 6asax panux PubMed, Embase,
ResearchGate, Crossref 3a Takvmu KIno4oBUMI CIOBaMK:
avceninigemis Ta gieta (1786 ny6nikavin), kapaiometaboniy-
Hi poanaayv Ta gieta (1702 ny6nikaviin), meTaboniyHnin cuH-
[POM i CepLieBO-CyaVHHI 3axBoproBaHHs (1136 nyonikaii),
Ai€TVYHe xapyyBaHHs (2238 nybnikauii), hapmakonoriyHa
Tepanis kapgiomeraboniyHnx pusukis (1519 ny6nikawin),
ninigHi 6iomapkepu (1811 nybnikauin), cepLeBo-CyanHHe
3axBOPtoBaHHs! Ta croci6 xutTs (1008 nybnikaLii).

3actocoBaHo hinkTpK 3a garoto nybnikauii (3 2021
[0 2025 poky) Ta HasiBHICTIO MOBHOTO TEKCTY CTaTel, fe
HaBeAeHO pe3ynbTaTi MeTaaHaniaiB, EKCNepUMEHTaNbHUX
JocnimkeHb, ornsaais. Micns coptyBaHHs 06paHo 79 cTarei,
Ha AKkux GasyeTbest Lien ornsg.

Pe3yabtati

AuchinipemMis: NpUUMHK Ta KAIHIYHI HacAiakn. MexaHiamu
po3BUTKy Aucninigemii 6aratodakTopHi, MogynboBaHi Ai-
ETUYHUMUW TEHETUYHUMI (haKTOpamu Ta ClOCOBOM XUTTS.
HasBHiCTb y Xap4oBOMY paLlioHi BENUKOT KiflbKOCTi TpaHe-
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Ornsaam

XMPIB, HAaCMYEHNX XupiB, pachiHoBaHOrO Lykpy Ta Bpak
KIiTKOBWHM B3HAYaIOTb SIK OCHOBHI YUHHUKY PO3BUTKY AUC-
ninigemii [12]. BxviBaHHs 06pobneHnx NpoayKTiB y Benukii
KiNbKOCTi Ha 40AATOK 10 HAAMIPHOTO CMIOKVBAHHS arKOTOmHo
Ta rinoguHamii Nnpyu3BoaMTbL [0 AucbanaHcy dpakLii ninigis
y C1poBaTLii KpOBi, METaboNIYHOMO CMHAPOMY Ta MiABMLLYE
kapaiomeTaboniyni puauku [13]. Kpim TOro, Le BUKIMKae
OKCUZATVUBHWI CTPEC, MOPYLUYE YYTIUBICTb 40 iHCYMiHY Ta
iHOYKY€ 3ananeHHs, Lo NP13BOAUTL A0 MiABULLEHHS PU3NKY
MeTabonivHMX | CepLEeBO-CyanHHUX po3nagis [14].

Baxnvee 3Ha4yeHHs MatoTb TaKOX reHETUYHI hakTopy.
Tak, myTauii B reHax LDLR, APOB i PCSK9 nos’sisaHi 3
CIMEMHOIO rinepxonecTepuHeMicto, L0 CynPOBOMKYETHCA
NiABULLEHHSIM XONECTEPUHY NINOMPOTEIHIB HU3BKOI LLiNb-
HocTi [15]. BcTaHoBNEHO, Lo METabOrivHMIA CUHAPOM i Liy-
KpOBWIA fjabeT 2 TMy MOXYTb NPU3BOANTY [0 NiABMLLEHHS
piBHA TPUrNILEPUAIB, XONeCTEPUHY NiNONPOTEIHIB HU3bKOT
LLiNbHOCTi Ta 3MEHLLEHHS PIBHS XONECTEPHHY NinonpoTeiHia
BMCOKOI LLiNbHOCTI (3miwaHa aucninigemis) [16]. MNigsu-
LLEHHS PIBHA TPUMMILEPUAIB Y NOEAHAHHI 3i 3MEHLLIEHHSM
PIBHS XONeCTePMHY JINOMPOTEiHIB BUCOKOI LLiNIbHOCTI Mae
fonaTtkosi kapgiometaboniyHi pusnkn [17]. Le 3anexutb
BiZ haKTOpiB JOBKINS, FEHETUYHUX MyTaLi, rinognHamii,
HepaLioHanbHOro XapyyBaHHs Ta (i3U4HOT HEaKTUBHOCTI,
[00aTKOBO MOXE MPU3BECTU [0 FOCTPOrO NaHKpeaTtuty,
iHCYNiHOPE3MCTEHTHOCTI Ta LiyKpoBOro Aiabety 2 Tuny.

[iabetnuHa gucninigemis nos’sa3aHa 3 PO3BUTKOM
LykpoBoro giabety 2 Tuny. [ins Hei XapakTepHUM € nigsu-
LLEHHs! piBHS TpUrMiLepuAaiB, XonecTepuHy NinonpoTeiHis
HU3bKOI LINBHOCTI Ta 3MEHLUEHHS PIBHS XONECTepUHy
ninonpoTeiHIB BUCOKOT LLiNbHOCTI SIK pesyrbTat iHCyniHope-
31CTEHTHOCTI NapanensHO 3 NMOPYLLEHHSAM MifigHOro 06MiHY,
LLIO TaKOX NiABMLLYE PU3VK BUHUKHEHHS CEPLIEBO-CYANHHIX
3axeoptoBaHb [18].

BaxnuBy ponb Bifirpae Take reHeTuyHe 3axBOpHo-
BaHHsl, sk AucheTaninonpoTeiHeMis, Wo € pesynsratom
MyTaLi anoninonpoTeiHy E, npu3BoanTb A0 HAKONMYEHHS
3aMULLKOBMX NiNONPOTEIHIB, NigBMLLEHOO piBHA Ninigis Ta
MigBMLLIEHOTO UKy atepocknepo3sy [19].

lNpuKnagom reHeTUYHOI AUCHINiAeMii € Takox rinep-
XinomikpoHemisi, nepebir sikoi NoB’si3aHWit i3 HaaMipHUM
HaKOMUYEHHSM XiNTIOMIKPOHIB, LLIO MPU3BOAMTB [0 3HAYHOMO
HakonuyeHHs Tpurniuepuais. Liel ctaH xapakTepusyeTbes
BVCOKUM PU3MKOM MeTabonivyHnX ycknagHeHb (rocTpun
MaHKPEeaTUT) i HN3bKM CepLIEBO-CYANHHUM pu3nkom [20].

MposiBn gucninigemii 3a3Buyait HecneumdiyHi Ta
MaronoMmiTHi. Y XBOpWX BUSIBNSIOTH (i3nYHi 03HaKM, SK-OT
XMPOBI BiIKNaAeHHS Mif LKIPOO (KCAHTOMM), Y pa3i TSHKKOI
rinepninigemii gjiarHocTytoTb NaHkpeatut [21]. Lii cumntomm
noTpebyioTb KOHTPOMI, amke CBigYaTb Npo MeTaboniyHi
MOPYLLEHHS! i MOXYTb MPU3BECTU O TaKVX CEPLIEBO-CYANH-
HWX YCKMaaHEHb, SIK iHCYNbT, illemivHa XxBopoba cepus Ta
3aXBOPIOBaHHS NepUEPNYHIX apTepin.

OTke, BCTAHOBNEHHS! KOHKPETHOrO TUNY Auchinigemii
Mag€ 3HaYEHHS 4151 BUSIBNEHHS METAbOMIYHNX | FEeHETUYHUX
nopyLUeHb, i NepeayciM Ans po3pobneHHs eheKTUBHIX
TepaneBTUYHUX cTpaTeriit. Po3yMiHHA naTodisionoriyHmx
MEXaHi3MiB pi3HWX hopm ancninigemii cnpusie panHin gia-
THOCTULLi Ta onTUMarnsHoMy BUBOpY edpeKkTUBHOI CTparerii
BTPYYaHHS, MOCUITIOKMM PO ONTUMANBHOTO XapyyBaHHS
abo kopekuji cnocoby XWUTTS y NOEAHaHHI 3 MeauKameH-
TO3HOIO Teparieto.

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

Auchiniaemis Ta kapaiomeTaboniuHKiA pU3KK. YnepLue
odiLiiHe BM3HAYeHHS MeTaboMivHOro cMHApOMY dhaxisLi
BcecBiTHb0I opraHisaLji oxopoHu 3nopos’st (BOO3) ganu
y 1998 poui. BOO3 Bu3Haumnna iHCyniHOpe3nCTEHTHICTb, a
TaKOX NOB'sA3aHi 3 HEK0 CTaHW (NOPYLUEHHS TONEPaHTHOCTI
[0 TH0KO3W, LlyKpOBUIA AiabeT 2 TUny) K OCHOBHI KOMMO-
HeHTV MeTabonivyHoro cuHapomy. [JoaaTkoBO BKIMHOYEHO
Taki 03HaKK, K rinepTpurnilepuaemis abo HU3bKWIA piBeHb
XOMNecTepuHy NiNOMPOTEIHIB HU3LKOI LLIMBHOCTI, OKVPIHHS,
NigBUMLLEHWIA apTepianbHUIA TUCK, MikpoanbOyMiHypis.

MpoTunexHi apryMeHTN HaBEAEHO y [OKa30BUX
KniHiYHMX HactaHoBax Adult Treatment Panel lll. Y umx
HacTaHOBaX iHCYNIHOPE3UCTEHTHICTb abo LieHTparnbHe
OXWPIHHS HEe BM3HAYal0Tb SK OCHOBHI eneMeHTH meTabo-
NiYHOrO CMHZPOMY, @ MeTaboniYHMIA CUHAPOM PO3MSAAoTL
K KnacTep meTabonivyHMX (hakTopiB PU3NKy, MEHLLE yBarm
NPUAINSA0YM Koro OCHOBHIM naTodisionorii [9]. OTxe,
mMeTaboniyHMin cuHapoM, 3a kpuTepismu Adult Treatment
Panel Ill, nos’a3aHni i3 GinbLUMM PU3NKOM CYAWMHHUX MO-
[iiA, Hixx MeTaboniyHMI CMHAPOM, BiANOBIAHO A0 KPUTEpIiB
International Diabetes Federation.

3 ornsay Ha CknagHiCTb BCTAHOBINEHHS YiTKUX KpUTEPIiB
MeTaboniyHoro CMHAPOMY Ta BiACYTHICTb AOKa30BKX AaHUX
LLOAO MOro naToreHesy, 3anporoHOBaHO BCTaHOBMIOBATU
JiarHo3 MeTaboniyHoro CMHOPOMY, KON BU3HAYEHO Npu-
HaVMHi TPU 3 TaKUX KpUTEPIiB: 30inbLLEHa OKPYXHICTb Tanii
(noporoBi Mexi, BU3Ha4eHi nonynsLiiHIMM Ta HaLioHaNbHM-
MU pekoMeHaaLismMmn — 294 cm Ans eBPOnNenchbKIX HOMoBikiB
i 280 cM An1s1 EBPONENCHKMX XIHOK); piBEHb TPUIMiLepuaiB
y cupoBaTLi kpoBi 2150 Mr/an; 3HWXeHUI piBeHb XonecTe-
PVHY NINONPOTEiHIB BACOKOI LLINbHOCTI y CMPOBATL KPOBI
(<40 mr/gn y vonogikia i <50 Mr/an y iHOK); NiABULLEHMIA
apTepianbHuin TUCK (2130/85 MM pT. CT.); piBEHb MMOKO3N Y
cvpoBarTLi kposi HaTwe (2100 mr/an) [22].

MeTtaboniyHuin CMHOPOM € CKNaAgHOK npobrnemoto
rPOMafCHKOro 300POB’s, 3BaKato4W Ha AOro BUCOKY MOLLIM-
peHicTb. Pasom i3 TM, Lie CTaH, KoMy MOXHa 3anobirty,
ahke BiH TICHO MOB’A3aHNI i3 HepaLioHaNbHUMM XapHOBY MM
ynopobaHHaMK Ta BignoBigHUM cnocobom xuTTs. Mpo-
hinakTnyHi 3axoan (pauioHanbHe xapyyBaHHS, KOpeKLiis
cnocoby XUTTS 3 BIAMNOBIAHOK (Pi3NYHOK aKTUBHICTIO)
[0CTaTHLO ehEKTVBHI LLOA0 METABONIYHOMO CUHAPOMY.

Y 6inbWOCTi AocnimKeHb NOKa3aHO BaXNMBY POrb
Cepea3eMHOMOPCHKOI AIETU Y 3HKEHHI PU3NKY PO3BUTKY
meTtaboniyHoro cuHgpomy. oBeaiHKoBI hakTopy pU3nKy
(WKinMBI Xap4oBi 3BWYKY, TiNOAUHAMIS!, KYPIHHS TIOTHOHY
Ta BXMBAHHS ankoronto) NOCUIIOITb PU3VKM | CepLIEBO-CY-
[VMHHVIX 3aXBOPIOBaHb, | MeTaboniyHnx nopyLueHb. OTxe, Ui
thakTopy pu3nky HeoOXiaHO BpaxoByBaTH Y KOXKHOMY MaHi
npodinakTuki Ta nikyBaHHs aucninigemii [23].

[Ons nikyBaHHs cepLEeBO-CyAUHHUX | MeTaboniyHux
3axXBOPIOBaHb YCi YaCTiLLEe 3aCTOCOBYHOTb MPUHLMMN NEPCo-
Harni3oBaHoi MeauLmMHU. PO3BUTOK iHOVBILYani3oBaHo! Me-
AVLMHN Ta TeHOMHUX TEXHOIO € HOBI MOXIIMBOCTI Ans
niKkyBaHHs! MeTaboniYHOro CHAPOMY Ta CepLIEBO-CYANHHNX
3axBoptoBaHb. Lle fiae 3mory aganTyBati BTpyYaHHs y dieTy
Ta CMocib XWUTTS MOANHM HA OCHOBI IHAMBIAYaNbHWX Xapak-
TepucTuk i notped. Lisi cTpateris cnpusiTiMe NOKPaLLEHH!0
pesynbTaTiB NikyBaHHs i MiHiMi3aLii KinbkocTi noBivHNX
edoekTiB, amke 3 BUKOPUCTAHHAM NEPENOBUX TEXHOMOTIN
aHanisy faHux nikapi MoXyTb BUSBNATY CKNaaHi B3aemogii
Mi hakTOpamu, LU0 BNIIMBAKOTb HA CTaH 300POB’s NaLlieH-
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Ta Ta CXWIbHICTb [0 3aXBOPHOBaHb, a TaKOX po3pobnsTy
BiAMOBiAHI GinbLU UinecnpsMoBaHi Ta ePEKTUBHI METOAM
nikyBaHHs [9].

Kpim TpaguuinHoi giarHOCTVKM MeTaboniyHoro CUHAPO-
MY MOXTMBE BUKOHAHHS SAEpHOI MarHiTHO-pE30HaHCHOT
CMEKTPOCKOMIT Ta BUKOPUCTAHHS XpomaTorpadiyHnx Me-
TOAIB, LU0 JaKTb 3MOTY iAEHTUGIKYBaTW BENWKY KiNbKICTb
meTaboniTiB (MonekynsipHux Giomapkepis), NOB'A3aHNX i3
metaboniyHum cuHapomom. Lle cnpustume ontumisauii
BTPYYaHHs, NOMINWWUTL AiarHOCTUKY Ta NPOoMinakTuky y
nawjeHTiB i3 MeTaboniyHMM CUHAPOMOM [22].

OpHy 3 KIo4OBUX POMEN y PO3BUTKY METabomivHOro
CUHZPOMY Mae ninigHuii MeTaboniam. Baxnusy ponb y
LIbOMY MPOLIECi BiirpatoTb NinonpoTeiHn — ninigHo-BinkoBi
komnnekcy. BoHu TpaHcnopTytoTh rigpodobHi Monekynu
niniais Yepes BOAHe cepenoBuLLE KPOBOTOKY [24].

JNinonpoTeiHn BUCOKOI LLifIbHOCTI LASIXOM 3BOPOTHOTO
TPaHCMOPTY XONeCTEPUHY PEryMHOTL PiIBEHb XONECTEPUHY
ninonpoTeiHiB HU3bKOI WinbHocTi. Lis perynsuis BinOysa-
€TbCS NEPEBAXHO B NEYiHLI Ta NepudepuyHIX TKaHUHaX.
JlinonpoTeiHn BUCOKOI LLiNBHOCTI TPAHCNOPTYOTb Haanu-
LLIOK XONECTEPVHY A0 NEYHKM 1151 MOBTOPHOTO MeTabomiamy.
BignosiaHo, 3MEHLLEHHS PiBHA Ta MOPYLUEHHS PYHKLT L€l
(hpakuii ninonpoTeiHiB MOXe NPU3BECTY JO0 MiABULLEHHS
PiBHSI XONecTepuHy NiNOMPOTEIHIB HWU3bKOI LLNBHOCTI Y
CYPOBATLI KPOBI, @ Lie CNPUYMHSE MiABULLIEHHS PU3KKY aTe-
pOCKIepo3y Ta cepLieBO-CyaANHHUX 3aXBOpoBaHb. Ocobnu-
BOrO 3HaYeHHs Lie HabyBae Npu NoeaHaHHI 3 MeTaboniyHUM
CYHAPOMOM Ta LyKpoBUM fiabeTom 2 Tuny [25].

Ak Hiomapkepu ninigHoro 06MiHy BU3HAYeHO anoni-
nonpoteinn (anoninonpoteid B Ta anoninonpotein A-l).
AnoninonpoTteid B mae TiCHWI 3B’'930K 3 aTepOreHHMM
ninonpoTeiHamu (XonecTepyH NiNonpoTeiHiB Ayxe HU3bKOT
LLiNbHOCTI, XONECTEPWH MIMOMPOTETHIB HU3LKOI LLIMBHOCTI),
a anoninonpoteid A-l — ocHOBHa ckrnagosa NinonpoTeiHis
BWCOKOI LLiMBHOCTI, LLIO MatoTb KapZionpoTEKTOPHY Aito [26].
banaHc Mix LMK anoninonpoTteiHamn Ayxe BaXIBUI
[NS CTaHy CepLeBO-CyaAnHHOI cuctemu. Bucoki pieHi ano-
ninonpoTteiHy B maioTb ateporeHHy fAito Ta 36inbLuyoTh
kappiomeTaborivHi puanki, a BUCOKI PiBHI anoninonpoTeiHy
A-l 3HWXYIOTb Ui pr3uku [22].

OTxe, B3aeMO3B’A30K MiX AucninigeMieto Ta merta-
6oniyHnMK NopyLIeHHAMY Mae Barato acnekTiB i cknaga-
€TbCS 3 OKCUAATWBHOIO CTPECY, IHCYNiIHOPE3NCTEHTHOCTI
Ta CUCTeMHOro 3ananeHHs. Lii ynHHuKu npnssoasTs oo
MiABULLEHHS KapaiomeTaboniyHux puswkis [27]. Aucni-
nigemis Moxe BWHWKATK Yy pasi NOEAHAHHS LLKIANMBOrO
BNMMBY CNOCcoby XWUTTS, 0COBNMBOCTEN XapyyBaHHSA Ta
FEHETUYHUX YMHHUKIB, O MOPYLIYIOTL NiNigHWA MeTa-
6oniam. NMokasaHo, L0 BUCOKWI BMICT HAaCUYEHNX XWpiB
i LyKpiB y AieTi npu3BOaAATb A0 CTaHy Auchinigemii, ans
Kol Oyaie xapakTepHe MiABULLEHHS PIBHS TpurmiLepuais
i BHWKEHHS PIBHA XONMECTEepWHY NiNONpPOTEIHIB BMCOKOI
wwinbHocTi [28]. Lle Takox Ayxe 4acTo CynpoBOAXKYETLCA
NiABULLEHHAM PIBHS TakuX MapkepiB 3ananexHs, sk C-pe-
aKTVBHWIA GINOK Ta iHTepnenkiH-6 [29].

ATeporeHHUM (hakTopoM € TaKoX MiABULLEHUI piBEHb
aKTUBHUX (DOPM KUCHIO Ta MPOAYKTIB NEPEKNCHOIO OKMC-
HEHHs Nninigis (ManoHoBMIA Aianbaeria), Wo CBigYMTb Npo
MiABULLEHNI OKCUOATUBHWA CTPEC, SKWIA 3HAYHOK MipOto
MOB’'si3aHuI i3 gucninigemieto. Liei ctaH Moxxe npusBecTv 4o
OKMCHEHHS! NINOMPOTEiHIB HU3bKOI LLINBHOCTI, WO Bigirpae
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BaXIMBY POrb Y PO3BUTKY aTEPOCKNEepO3y, aKe OKUCHEHa
dopma ninonpoTeiHiB HU3bKOI LLiNIbHOCTI ferie nornmu-
HaeTbCs Makpoaramu, Lo NpU3BOAUTL 4O YTBOPEHHS
MIHUCTWX KNITWH i pO3BUTKY BNALLOK Yy CTiHkax apTepin [30].

3rigHo 3 pe3ynbratamu HaHOBILLMX JOCHiAXeHb, Y
MexaHi3Max po3BuTKy Avcrinigemii BaxnvBy ponb Bigirpae
KuLLKOBa MikpobioTa. [qucbanaHc KuLIKoBOi MikpobioTu
npW3BOAUTL 40 NPOAYKLii npoaTeporeHHnx mMetabonitis
(TpmeTunamiH-N-okcua), WO TakoX BMMMBAKOTb Ha Po3-
BUTOK Aucninigemii Ta atepocknepoay [31]. Tak, iHauBiay-
arnbHi He30POBI Xap4oBi ynofobaHHs MOXyTb BNMMBATU Ha
cKknag KULLKOBOI MIkpoGioTh Ta NnoB’si3aHi 3 BignoBigHUMM
puankamm [32].

IMopyLUEHHS! KMLLIKOBOI MiKpOGIiOTM NOB'A3Y0Tb TaKoX 3i
30iNbLUEHHSM KULLIKOBOI MPOHWKHOCTI, SIKE € LLie OOHNM LLe
OLHUM YYHHKOM CHCTEMHOTO 3ananeHHs 1 ateporeHesy. Lie
MiATBEPMKYE 3B'A30K MiXK 300POB’AIM KULLIEYHWKA Ta cepLie-
BO-CYVHHVIMM PU3MKaMK, KOMM MOPYLLIEHHS KULLKOBOI MikpO-
6ioTn BNnMBanu1 Ha MeTaboniam ninigis i npoLiecy 3ananeHHs.
3HaHHS LWOJO0 UMX MexaHi3MiB HeobxiaHe Ans Kpaluoro
PO3yMiHHS kapaioMmeTaboniuHuX haKTopiB pU3NIKY, Cpusie
pO3po6reHH0 eheKTUBHUX TePaNeBTUHHNX CTPaTEil.

IHTErpaLis cnocoby XUTTS Ta CTpaTeriii XapyyBaHHs 3
(hapmakonoriYHUM BTPyYaHHSM HOPMYIOTb KOMMMNEKCHU
nigxig [o nikyBaHHs gucninigemii Ta cepueBo-CyanHHUX
PU3NKIB, LLO TICHO NOB'A3aHi 3 Heto [22].

QAietotepania aucainipemii. Cnoso «aieta» noxoauTs BiA
natuHebkoro diaeta, Lo Mae rpeLibky 0CHoBY diaita — crnocio
XUTTS. Y faBHbOrpeLUbKin MeauumHi AN NiGTPUMKK 300-
poB’st 6yno po3pobneHo «npaBuna XUTTs», WO BKIKYanu
(i3nyHy aKTUBHICTb, JIETY, AOCTATHIN BiANOYMHOK.

3aBaskn cTparterissM MeaukaMeHTO3HOI AieToTepanii
nikyBaHHs gucninigemii ctae edeKTVBHILLMM, crpsiMoBa-
HE Ha KOHKPETHUI TN aucninigemii Ta nos’si3aHi 3 Heto
(hakTopu cepLeBo-CyOMHHOrO pu3nky. 3a pesyrnbsratamu
AocnimKeHb, gietoTepanis onTMMisye MeTaboniyHui npo-
inb npu gucninigemii, HaBiTb SKLWLO NaLiEHT He Npuiimae
npenapatu, Lo 3HWKYITb piBeHb ninigiB [33]. OTxe, Ko-
pekuist cnocoby XWUTTS Ta ONTUMI3aLlist xap4yBaHHs MakoTh
BaXIMBE 3HAYEHHS, KONK B NaLjieHTa € kapaiomeTaboniyHi
(hakTopy PU3KKY; BOHW NO3UTUBHO BMIUBAOTL Ha MiNigHNA
npodink i MogyntotoTh Biomapkepu [34].

Cepen baraTbox BigOMMX AIETUYHWX MiOXOAIB cepes-
3eMHOMOPCHKMI PaLiOH BU3HAYEHO ik eOeKTUBHUI Mg Yac
nikyBaHHs gucninigemii. LliHHicTb wiei gieTn nonsrae B ii
3patHocTi 3bepiraTy 300POB’'A Ta NOKpaLLyBaTV JOBIOMITTS,
npo Lo 3asBuna Opraxisauis O6’egHaHmx Hauiit 3 nutaHb
0ocBiTH, Hayku Ta kynbTypy (FOHECKO) y 2010 poui [35]. Y
YUCTIEHHWX JOCTIMKEHHAX JOBEAEHO i POrb ANS 3HUKEHHS!
PiBHS 3aranbHOr0 XONecTepuHy Ta NiNonpoTEiHIB HU3LKOT
winbHocTi. Lle pyxe BaXnMBO y NaLiEHTIB 3 aTEPOreHHO
avcninigemieto Ta ciMernHoto rinepTeHsieto [36].

CepepnzemMHoMOpCbKka ajeTa nepenbayae BXMBaHHS
MPOAYKTIB, SKi MICTATb MOHOHEHACWYEHI XMPHI KUCIOTU Ta
nonipeHonw, L0 CNPUSIE 3MEHLLEHHIO OKUCHEHHS NiNonpo-
TETHIB HM3bKOI LLiNbHOCTI Ta NOCUITKOE BNAMB MINONPOTETHIB
BWCOKOI LUiNbHOCTI, NapanenbHO 3HWXYKYM 3ananbHi
npouecy [37]. Y 300poBii cepea3eMHOMOPChKI AiETi Hai-
6inbLue npeacTaeneHi 60608, hpyKkTH, 0BOYI, 3nakw, puba,
CBiXi ropixu (nepeayciM BOMOCHKi, LLO MICTATb OMera-3 Ta
XMPHI KMCIOTK), AUKOPOCHi POCIMHW, ONMBKOBA ORist ik
OCHOBHUI €MEeMEHT Ta BUHO SIk HE0OOB'A3KOBUIA.
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Bigomo, Lo B 0nMBKOBIN Onii MiCTATLCS NonicpeHonw,
L0 YMHATb 3HAYYLLMIA BMMB Ha nepebir metaboniyHoro
CUHOPOMY Yepes Aitl0 Ha apTepianbHy rinepTeHsio, iHcyni-
HOPE3NCTEHTHICTb, BiCLiepanbHe OXVPIHHSA Ta NepekncHe
OKMCHeHHA ninigie. Kpim Toro, nonicyeHonu npurHivyoTb
saepH1in chakTop kanna B, skuin € 0cHOBOKO MeTaboniyHoro
cvHppomy. Lle 3Huxye cekpeLilo npo3ananbHUX LUTOKi-
HiB [9]. OaHMM i3 oGpe BUBYEHNX NOMicheHONIB € pecBepa-
Tpon (3,5,4’-Tpurigpokcu-TpaHC-CTUNBOER), LWO MICTUTLCS Y
BUHOTpagi, apaxici, srogax i Polygonum cuspidatum (crno-
PULL ANOHCBKWI) Ta Mae NpoTu3ananbHi, aHTUOKCUAAHTHI
BacTVBOCTi [38], NO3UTUBHO BMIIMBAE Ha KWLLKOBY MiKpO-
6ioTy nroaurHK, akTUBYE cUpTYiH 1 (HEODXiAHWA KOMMNOHEHT
ninoniay) Ta NiABULLYE YyTNMBICTb O iHCYMiHY.

CepepnsemMHOMOpCbKa AieTa XapakTepuayeTbes [o-
CTaTHIM BMICTOM OMMBKOBOI OIii T MOMIPHOIO KirlbKICTO
pubw, a TaKoK BUCOKAM BMICTOM KOPUCHMX XXMUPHUX KACTOT
(omera-9 Ta omera-3) i HU3bKIM BMICTOM HaCUYEHUX XUPIB
i TpaHCXKMpiIB.

Baxnueo nigTpumyBaTh HanexHe CniBBiAHOLLEHHS
MOMiHEHACUYEeHNX XWUPHWX KUCNOT omera-6 Ta omera-3,
TOMY LLIO OMera-6 Mae npo3ananbHi BNacTUBoCTi, a OMe-
ra-3 — NpoTu3ananbHi; came omera-3 JOBroNaHLKroBrUX
MOMIHEHACUYEHUX KMPHUX KUCIOT YacTo HeJOCTaTHLO B
paLioHi xapyyBaHHs1. 3rigHo 3 pesynbratamut 4OCTIMKEHb,
NiHOMEHOBA KMCMNOTa He BNIMBAE HA OXMPIHHS, a eliko3a-
NeHTaeHOBa Ta [JOKO3areKCaeHoBa KMCIOTH MOXYTb 3MeH-
LLYBATW Macy XMpOBOi TKaHMHW, 0COBMMNBO B NOEAHAHHI 3
BTPYYaHHAMM WoAo moaudikauii cnocoby xutts. Came
TOMY Y paLioHi MatoTb OyTu MopenpogykTH, Lo Barari Ha
omera-3 XvpHi kucrotm [39].

3aBasikv TOMy, LU0 Cepea3eMHOMOPChKa fieTa nepea-
6avae BXMBaHHA MPOAYKTIB, AKi MICTATL omera-9 XWpHi
kucnoty (0cobnmBo oneiHoBY), BOHa YWHUTL NpOTU3ananb-
Hi Ta aHTMOKCUAAHTHI edekTn. Lle no3nTuBHO BNNMBae
Ha GeTa-KNiTWHK MiOLLTYHKOBOI 3amno3su, YyTnmBiCTb A0
iHCyniHy Ta yHkuito eHpoTenito. Kpim Toro, goctatHe
BXWBaHHS ONeiHOBOI KUCMOTK Cpusie onTuMisaii dyHK-
Lii rinotanamyca, 3MeHLIEHHI0 NPOLYKYBaHHIO TPEMiHY,
3HWKEHHIO PIBHSA NINONPOTEIHIB HWU3bKOT LWiNbHOCTI,
MiABULLEHHIO PiBHS MINOMPOTETHIB BUCOKOI LLINbHOCTI Ta
npUrHiveHHto arperauii pomoouuTis [40]. KombGiHoBaHMiA
BMJIMB ONEiHOBOI KUCNOTY Ta NoniheHoNiB, Lo MICTATLCA
B ONMBKOBIN ONii, CNpWsie perynaii aptepianbHOro TUCKY,
OCKIfTbKM NPUTHIYYKOTb aKTWUBHICTb aHriOTEH3WHNEPETBO-
ptoBanbHOro hepmMeHTy.

Y nikyBaHHi MeTaboniYHOro CUHAPOMY BaXNMBE 3Ha-
YEHHs MatoTb PO34YMHHI Ta HEPO3YMHHI Xap4oBi BOMOKHA
[41]. Po34uHHi BoMoKHa 36inbLUYyHOTh BHYTPILLIHLOMPOCBITHY
B'SA3KICTb, ranbMyOTb CMIOPOXHEHHS! LUSTYHKA Ta BCMOKTY-
BaHHS MaKpOHYTPIEHTIB. Y Takuii cnocib BoHM jonomaratoThb
KOHTPOMIOBaTH piBeHb IMIOKO3W Ta Macy Tina. Mg vac
TpaBneHHs! L BOMOKHA CMPWSItOTb MPOAYKYBaHHIO KOPOT-
KOMaHLIOroBYX XXMUPHUX KUCIOT (MPUTHIYYI0Tb NPOAYKLt0
TTIIOKO3M Ta CUHTES XKUPHWX KVUCIIOT Y NEYIHLL) Ta 3HWKYIOTb
BCMOKTYBaHHS MaKpOENEeMEHTIB eHTepoLMTaMu. Po34nHHa
KIMiTKOBMHA CTUMYFOE CUHTE3 KOBYHUX KMUCMOT MEYiHKO0
yepes 3HVKeHHs ix peabcopbuii. Mpu LbOMY NeviHka BUKO-
PUCTOBYE XONECTEPWH, i LiE CNIPUSIE 3HUKEHHIO 0TO PIBHSA Y
cvpoBarLj kpoBi [42]. Hepoa4nHHa kniTkoBrHa 36inbLuye Yac
XKyBaHHS Ta 3MEHLLYE Yac NPOXOMKEHHS ki Yepes TOBCTY
kuwwky. Lie akTuBye Grykatoumii HepB i CpuimnHsiE BiguyTTS
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CUTOCTI, @ OTXE CNIPUSE 3MEHLLIEHHIO 06’€MY CNOXWTOI iXi
Ta 30inbLuye nepiof ii 3aCBOEHHS, 3anobirakoum 30iNbLLEHH0
Macy Tina Ta iHCyniHOpe3nUCTEHTHOCTI [38].

Bitamitn A, C Ta E BigirpaioTb BaxnuBy ponb Ans
3anobiraHHa OKCMATUBHOMY CTPECY, WO € OOHWM i3
YMHHWKIB PO3BUTKY CEPLIEBO-CYANHHNX 3aXBOPIOBAHb, iH-
CyniHOPE3NCTEHTHOCTI Ta paky. BoH € aHTMOKcaaHTamu,
LU0 NoninLyrTb cTaH 6eTa-KNiTWH i TKaHWH NiALLNYHKOBOT
3arno3u, NOKPaLLyKTb YyTIuBICTb A0 iHCymiHy [43]. Kpim
TOro, Ui BiTaMiHX 3MEHLUYIOTb KiflbKiCTb npo3ananbHux
LIMTOKIHIB Ta aKTUBHMX (POPM KICHIO, a Lie ONTUMI3ye PYHK-
Liito eHgoTenito, perynsLito aptepianbHOro TUCKY, NinigHUA
06MiH i cTaH cepLeBo-cyamnHHoi cuctemm [44]. Bucoki oau
HiaUmHy (BiTamiHy B,) 3aCTOCOBYIOTb Mif Yac MikyBaHHs:
rinepninigemit. JocnimkeHHs nokasanu, WO HiaLyH 3HUXYe
piBEHb NINONPOTEIHIB HU3bKOI LLIMBHOCTI, XONECTEPUHY Ta
TpurniLepuaiB i NiaBULLYE piBEHb NINOMPOTEIHIB BUCOKOT
winbHocri [45].

Y mexax cepen3eMHOMOPCHKOI AieTM 0OMEKEHUM €
BXMBaHHSI MPOCTVX BYrNEBOLIB, NIHONEBOI KUCNoTK (OMe-
ra-6), HITPWTIB i HITPATIB, HACUYEHNX XMPIB, TPAHCKMPIB,
XonecTepuHy, HaTpito. BHacnigok uboro Takui paioH
XapyyBaHHS CNpUsiE QOBOMITTHO Ta Mae NepPCreKTUBY OO
BMKOPUCTaHHS Ans 3anobiraHHsi Ta Kopekwii metaboniyHoro
CUHAPOMY.

3rigHo 3 pesynbTatamut JOCTIMKEHb, NOEAHAHHS L€l
Ji€TV 3 MeaMKaMEHTO3HUMU METOLAMM NiKyBaHHs!, 30Kpema
MPU3HAYEHHAM CTaTMHIB Ta iHLWKMX 3aco6iB, CNPSMOBaHMX
Ha MoamdikaLito ninigHoro 0OGMiHy, MOCKMHOE NMiNIBO3HKY-
BaribHi eqheKTI, i ToMy 3MeHLLYE kapaiomeTaboniyHi pusnki.
BcTaHoBMEHO, L0 AOTPUMAHHS Cepea3eMHOMOPCHKOI AiETH
3 ;0AABaHHSAM ropiXiB Ta ONMBKOBOI ORii NEPLLIOTO BimXUMy
CNpWSie 3MEHLLEHHIO NPOSBIB apTepianbHOi rinepTeHsii,
3HVDKEHHIO PIBHSI XONECTEPUHY MiNONPOTEiHIB HU3bKOT
LLiNbHOCTI, NABULLEHHIO PIBHS XONECTEPUHY NINONpPOTeiHiB
BWCOKOI LLiNbHOCTI Ta ONTUMI3aLi YyTNWBOCTI A0 iHCYRiHY.

[Jieta DASH (Dietary Approaches to Stop Hypertension)
A5 KOHTPOSIO apTepiarnbHOI riNepTeHsii xapakTepuyeTbCst
aKLEHTOM Ha LiinbHO3epHOBWX NPOAYKTaX, (PpyKTax, oBoYax
i 3HEXXMPEHMX MOMOYHMX MPOAYKTAX, €HEKTUBHO 3HUKYE
piBeHb XonecTepuHy MinonpoTEiHIB HU3bKOT LWiNbHOCTI Ta
3aranbHOro xonecTepuHy. Lie nosutneHo BNnnBae Ha CTaH
navjieHTa 3 fiabeTnyHoto AMcninigemieto Ta amiLLaHoto rinep-
ninigemieto. Kpim T0ro, y Mexax Liboro paLioHy pekoMeH-
[l0BaHe BXWBaHHSA NPOAYKTIB, LU0 MICTATb Taki (iTOXiMIYHi
PEYOBUHY, SIK KAPOTUHOIAW Ta dhiTocTEPONM, (hriaBoHOIaN,
LLIO TAKOX MOCMITHOE aHTUOKCUAAHTHY aKTUBHICTb i NOKPaLLye
cyHKuii eHgoTenito [46].

lNigTBEpAEeHO MO3UTWMBHUIA BMIIMB KETOrEHHOI MiETH
Ha ninigHUA NPoinb, 30KpemMa LWOAO 3HWKEHHS PiBHS
TpurniLepyaiB i NiABALLEHHS PiBHS NINONPOTEIHIB BUCOKOI
winbHocri. KeToreHHa gjeTa — HU3bKOBYINEBOAHA, BUCO-
KOXMpOBa CUCTEMa XapUyBaHHS, LLIO NEPEBOANTb OpraHiam
y CTaH KeTo3y, KOnW BiH BUKOPKUCTOBYE XUP SK OCHOBHE
LDKEPENo eHeprii 3aMicTb roKo3u. Lien pauioH xapakTe-
PU3YETHCS HA3bKAM BMICTOM BYTIEBOZIB | BUCOKAM BMICTOM
Xupis. Bnave MogyntoeTbCs Yepes BMICT «3LOPOBUX K-
piB» (MpW 3 ONMBKOBOI Onii Ta XWUPHOI pubu), agxe BOHU
MICTSITb HE3aMiHHI XXVPHI KMCIMOTU Ta aHTUOKCUAAHTH, LLO
NO3UTUBHO BMNMBAE Ha NinigHUI oOMiH. KeToreHHa aieTa
Moxe 6y Tn ePEKTUBHO, KONU NaLEHT MaE NiABULLEHI PiBHi
FTII0KO3M KPOBI, ane 3ayBaxuMO, LU0 B OKDEMMX BUMaaKax i3
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Heto Moxe OyTu NOB’sI3aHNIA BUCOKWIA PIBEHb XONECTEPUHY
NiNONPOTEIHIB HU3BKOI LLiNBHOCTI [47].

[ns nauieHTi i3 gucbetaninonpoTeiHemieto Ta aiabe-
TUYHOK Aucniniaemieto Takox OyayTb KOPUCHI POCIMHHI
Jietn, b6arati Ha KniTKOBUHY Ta (DiTOXiMiYHI PEYOBUHM.
Taki pauioHn cnpusitoTb eheKTUBHOMY 3HUXKEHHIO PiBHS
3aranbHOr0 XONecTepuHy Ta XOMeCTepuHy NinonpoTeiHis
HU3bKOI LLiNbHOCTI [48]. KpiM TOro, poCruHHi AiETU MOXYTb
MOKPALLMTL CMIBBIAHOLLEHHS anoninonpoTeiH B / anonino-
npoteid A-l, nigBuLLytouu piBeHb anoninonporteiHy A-l Ta
3HWKYHOYM piBEHb anoninonpoteiny B.

Y naujeHTis, SKi OTPUMYOTb NiNigoMoandikyBansHy
Tepanito (cTatuHm abo ibpaty), 4iETh 3 BUCOKMM BMICTOM
KMITKOBUHW AOOATKOBO MOCUIIONTH ii €(DEKTUBHICTb [49].
3rigHo 3 pesynbraTamu AOCTIMKEHb, CMOXKMBAHHS BOLO-
PO3YMHHMX, B'SI3KMX XapUYOBUX BONMOKOH MOXE CMpUSTM
iCTOTHOMY 3HV)XEHHIO PIBHS 3ararbHOro XOnecTeprHy Ta Xo-
NecTepuHy NinonpoTeiHiB HU3bKOT WinbHOCTi — Ha 5-10 %.
MMpu LBOMY AN ONTUMANBHOMO BMMBY BAXJIMBUM € TUN
KIITKOBUHY, 1T 06’€M i Xap4oBWIA KOHTEKCT. PaLjioHu xap4y-
BaHHS, IO nepeadavatoTb COXVUBAHHS BEMNUKOI KinbKOCTi
npoTM3ananbH1X KOMMOHEHTIB (KNITKOBKHA, nonicpeHonw,
OMera-3 XMpHi KNCIOTH, He3aMiHHi MIKPOHYTPIEHTH), cnpu-
SI0Tb 3MEHLLIEHHIO OKCAATMBHOTO CTPECy Ta KOpeKLii anc-
ninigemii, BNNMBaloyM Ha XpOHiYHe 3ananeHHs, iy Takui
cnoci6 noninwytote Metaboniam ninigis [50].

lMoeaHaHHS IETUMHNX BTPYYaHb i3 MEANKAMEHTO3HO
Tepanieto Moxe ePEKTUBHO KOHTPOMIOBATU AuCninigemito
LUMISXOM BNAMBY Ha NinigHi Mapkepw, piBeHb anoninonpo-
TeiHy Ta kapgiomeTaboniyHi haktopu puauky. Taka kombi-
HaLlist MOXe CIPUSITU OTPUMAHHIO KpaLLMX TEpPaneBTUYHUX
pesynbraris [51].

Mertaboniunuii cuHapom. Po3pisHsitoTb MoaudikoBaHi Ta
HemoaudikoBaHi hakTopy puanky MeTaboniyHOro CUHAPO-
My. MogudikoBaHi hakTopm 4aloTb 3MOry KOpUryBaTu puank
KapaiomeTaboniyHMX 3MiH Yepe3 BianoBigHI 3axoau, SK-0T
LUMSXOM BMIMBY Ha OCOOMMBOCTI XapyyBaHHS, KypiHHS,
(isnyHy akTUBHICTb, rinogmHamito [52].

Bigomo, Lo perynsipHa gisnyHa akTUBHICTb NoninLLye
ninigHWiA Npodbinb, akTMBYe NiNonis (BHaCMigok 30inbLueH-
HSl €HEeproBUTPaT), CMPUSIE 3HWXKEHHIO apTepianbHOro
TUCKY Ta NIABULLEHHIO YyTNMBOCTI A0 iHCYMiHY. KypiHHS
MOB’'sI3aHE OKCMAATUBHWUM CTPECOM, PO3BUTKOM BiCLie-
panbHOro OXMPIHHS Ta HAKOMUYEHHSM XUPY Y YEpPEBHIN
MOPOXHUHI, NOCUITIOE IHCYNIHOPE3UCTEHTHICTb, MiNepTeH-
3it0 Ta Aucninigemito. 3NoBXUBaHHA ankoronemM Takox
acoliioBaHe 3 BicLiepanbHUM OXUPIHHAM, PO3BUTKOM
rinepTeHsii, 3HWKEHHAM YYTNIMBOCTI A0 HCYNiHY, Auchini-
Jewmieto. CTparerii NikyBaHHS Takux CTaHIiB BKIMHOYAKTh i
MeauKameHTo3Hy Tepanito, 1 060B’A3koBy MoaudikaLito
cnocoby xuTTs [22].

Mo3nTVBHWIA BNNMB 300POBOrO CNocoby XMTTA y na-
LieHTIB i3 gucnininemieto nokasaHo B HM3L AOCHIOKEHb, i
110ro echeKT He 0BMEXYIOTLCS NULLIE 3HKEHHSIM apTepi-
anbHoro Tucky [53]. Bigomo, Lo 300poBuMin cnoci6 XuTTs
Ccrpusie onTUMI3aLli NCyUXiYHoro Ta (isnYHOro 340POB'S.
BcraHoBneHo, Lo NoeaHaHHs! ONTUManbHOI AieTu (30kpe-
Ma Cepea3eMHOMOPCHKOI) Ta (i3NYHUX HaBaHTaXEHb [ae
3MOry [JOCSrHYTW HEraTMBHOTO eHepreTYHoro Hanawcy,
AKUIA €PEKTUBHO CMPUSIE 3HIKEHHIO KOHLIEHTPALIIK0 aTepo-
reHHUX NiNoNpOoTeiHIB. [30MboBaHa rinoninigemivyHa Tepanis
He MOXe 3HWU3WTW KapaioMeTaboniyHi pU3NKM y NaLieHTiB i3
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MeTaboniyHMM CUHAPOMOM, ONTUMArLHOTO eqdoekTy 4oCs-
ratoTb NMLLE Y NOEAHAHHI 3i 3MiHamMu cnocoly »uTTs [54].

3a pesynsratamu LOCHILKEHb, OCHOBHUMMW KOMMO-
HEHTaMW, LLO BNMBAOTb Ha KapAiomeTabonivHi pusnku Ta
3HUXYIOTb aTepOreHHy aKTUBHICTb, HOPManiaykoyu piBHi fi-
MONPOTEIHIB, € XMPHI KNCINOTU OMera-6 Ta omera-3 3 ropixis,
ONMBKOBA Ofisi MEPLLOTO BifKMY, POCTIMHHI CTeponu [55],
BOAOPO34MHHI BONOKHa 3 ppyKTiB i 606i8 [56], kapoTuHoiam
3 (OpYKTIiB i OBOYIB (a-, B-KApPOTUH, MHOTEIH, (hYKOKCAHTUH
TOLLO), @ TaKOX aHTUOKCUAAHT KOEH3UM Q, Kl MiCTUTbCS
y ropixax, pykrax Ta osoyax [57].

MpakTnuHi acnekT1 Ai€ToTepanii y nawuieHTiB 3 kKapaiome-
TaboAIUHUM pU3MKOM. Y GaraTbox AOCHIMKEHHS NoKasaHo
e(PeKTUBHICTb Cepea3eMHOMOPCHKOI AieT Ans npodinak-
TUKI Ta KOpEKLLii MeTaboniYHOro CUHAPOMY 3 pU3vKamm Ans
CepLeBo-CyanHHOI cuctemm [58].

Y pekoMeHaaLisix AMeprKaHCHKOTO Konemxy kapgiono-
riB, €BPONENCHKOro TOBAPUCTBA KapAionorie Ta AMepyKaH-
CbKOi acoLliaLii cepList HaBeAEHO Taki KITK04YOBi KOMMOHEHTH
XapuyBaHHs! 15 NpodhinakTHKW CepLEBO-CYANHHUX 3aXBO-
PtoBaHb: 3MEHLLIEHHSI CTIOXMBaHHs1 06poBneHoro M’sca, npo-
[JyKTIB, 6araTux Ha HaCKUYEHi K1Y, CONOAKMX HAMNOIB, COMi
Ta 36inbLUEHHs 06’eMy POCTIMHHOI XXi. HaronowweHo Takox,
LLO KPiM BUKITHOYEHHS! OKPEMMX KOMMOHEHTIB XapyyBaHHS,
Aieta nosuHHa OyTwW iHAMBILYyani3oBaHa, BPaxoBYyHUM
MOXIMBOCTi i 0COBNMMBOCTI KOHKPETHOIO MaLlieHTa, afke
ANs Ntofen NoxXWoro BiKy Lie paLioH Moxe MaTu aediunt
HEeobXiOHWMX PEYOBMH MOPIBHAHO 3 0cobamu cepenHboro
Biky. [louinbHo 6paT [O yBary eKOHOMIYHI Ta KymbTypHi
acnekTu xapyysaHHs [59,60].

MepcnekTuBK y HanpAMi AIETUUHOI KOPeKLii Aichiniae-
mii. HyTpureHomika BUBYaE, Sk XapyyBaHHs BNvMBaE Ha
€eKCnpecito reHie, 0cobnueo Ha meTaboniam ninigis. BeTa-
HOBMeHo, Lo BapiaLlii reHa APOAS pearytoTb Ha BXXMBaHHS
XWpiB, BNNMBAKYM Ha piBEHb TPUMMILEPUAIB i HaaMIpHY
macy Tina [61]. 3rigHO 3 pesynbTraTamu JOCTigXeHb, Ba-
piaHT reHa rs1260326 perynsTopHoro 6inka rmtokokiHasu
[OBOMi CUIbHO MOB’A3aHUN i3 BULLMMM KOHLEHTpaLisiMu
Tpurniuepuais, Wwo Gynu onTUMi3oBaHi y pasi 4OTpUMaH-
HS CepeA3eMHOMOpPCLKOI fieTn [62]. MiaTBepmKeHo, Lo
[00aBaHHsl OMera-3 XWUPHWUX KUCMOT CrpUsie iCTOTHOMY
3HWKEHHIO PIBHS 3ararnibHOrO XONEeCTEPUHY, XONeCTepuHy
ninoNpoTeiHiB H13bKOI LLiNBLHOCTI, TPUrMiLEpUaiB i cupo-
BaTKOBOIO TpUIMiLepuay NpoTSroM TpbOX MicsuiB B OCiO
3 0fHOHYykneoTuaHumu nonimopdismamm PPARG, ski
Mann HEeBUCOKWIA kapaiomeTaboniyHuii puavk. HaBeaeHi
[aHi NiaTBEpAXY0Tb A0AATKOBI MOXIMBOCTI onTuMiaLii
Xap4yyBaHHS 4NS 3MiHW NiNigHOro Npodinto, ane pasom
i3 TMM BKa3yloTb Ha HEO4HAKOBY €PEeKTUBHICTb TiEi Camoi
Ji€TV B 0Ci6 i3 pi3HMu reHeTudHuMK npodpinamu. Lie Takox
nigTBEpAXyE QOLINbHICTL iHAvBIgyanisauii gietu [63].

BcraHoBNEHO, LU0 TakuiA Nigxig He Tinbky CnpusTuMe
eeKTUBHIN KopeKLii aucninigemii, ane 1 moxe 6yTn npo-
(inakTU4HUM 3aX0L0M ANS 3MEHLLEHHS CEPLIEBO-CYANHHUX
PU3NKiB, LLO MOB’A3aHi 3 LM CTaHOM [64].

Kopekuia cnocoby xutTa npu aucainiaemii. Binomo, 1o
AediunT gisnyHOT akTMBHOCTI acoLLiioBaHUI i3 PO3BUTKOM
6araTbOX 3aXBOPIOBaHb i MIABULLYE PU3NK CMEPTHOCTI.
3rigHo 3 pesynsTatamu 6araTbox LOCHIMKEHb, KOMMOHEHTH
(i3M4HOrO HaBaHTaXEHHS MaKOTb 3HAYYLLMIA MOUTUBHWI
BNMMB Ha KapaiometaboniyHe 340pOB's, WO NOB'A3aHO 3
meTaboniyHMMK aganTauiiHMy npoLecammn y TKaHWHaX,
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sIKi TaKOX BMMWBAOTL Ha 3aranbHuiA 06MiH peyqoBuH [65].
3okpema ngetbea npo Taki BUAW hi3MYHOI aKTUBHOCTI,
AK TpyBana nomipHa isnyHa aKTUBHICTb BMPOLOBXK AHS,
KiNbKICTb KPOKIB TOLLIO, LLIO CTUMYITIOKOTL OOMIH NinifiB (Yepes
MigBMLLIEHE OKVCIIEHHS, EKCTpecito NpoTeiHiB, o bepyTb
yyacTb y perynsuii ninoniay) [66].

Llogo mieTnyHoro KoMnoHeHTa perynsuii kapaio-
meTaboniyHux puawukis, TO, BIAMNOBIOHO 4O pesynbTartie
JOCTiIKXeHb, 3MINCHEHNX 3a y4acTio NaujieHTIB 3 Aucni-
nigemieto, BiH Moxe GyTW [JOMOBHEHWIA LUMSXOM KOPEKLLT
cnocoby xuTTs [67]. BcTaHOBNEHO, L0 perynspHa gisuyHa
aKTUBHICTb 3HAYHO MOKpaLLye ninigHUA Npodinb Yepes
36iNbLUEeHHs] aKTUBHOCTI (PEPMEHTIB OKUCHEHHS XUPIB,
MOKPALLEHHS YYTINBOCTI O iHCYMiHY, 3HWKYIOUM B Takui
cnoci6 pu3avik kapgiomeTabonivHOro CMHAPOMY Ta PO3BUTKY
3axXBOPOBaHb CEPLIEBO-CYANHHOI cuctemm [68]. MokasaHo,
LLO Y NaLlieHTIB, SIKi OTPUMYIOTb PErynspHi qidnyHi HaBaH-
TaXEHHS, BU3HAYalOTb 3HWKEHHS PIBHIB XONECTEPUHY
niNonpOTETHIB HA3bKOI LLINBHOCTI Ta TPUIMILEPIAIB, @ TAKOX
MiABMLLIEHHS XONeCTepUHy NiNonpoTeiHiB BUCOKOI LLiSbHOCTI
[69]. Mepenycim, ue BinbyBaeTbCA 3aBAAKM MOEAHAHHIO
MeayKaMeHTO3HOI Tepanii 3 BignoBigHMMK NporpamMamu
aepobHmx cianyHmx HaaHTaxeHb [70]. Lie noegHaHHs Mae
Ba)XINMBE 3HaYeHHs Ans KOHTPOO HagMIpHOI Macy Tina,
OCKINbKM i1 3HYKEHHS 3HAYHO MOKpPALLLye OCHOBHI Mapkepy
Ta ninigHwiA npodins [71].

3rigHo 3 pesynbTatamu SOCTiDKEHb, NpU BicLeparnb-
HOMY OXWVPiHHI, LLO 3a3BMYali NOB'A3aHe 3 apTepianbHOK
rinepTeH3ieto, LOTPUMaHHS ZiETW Ta (i3VNYHI HABAHTaXEHHS
CNPUSILOTb 3HUKEHHIO CUCTONIYHOTO Ta AiaCTOMIYHOro apTe-
pianbHOro TUCKY Ha 4,4 MM pT. CT. i 3,6 MM pT. CT. BignoBigHO
NPy 3HKEHHI Macy Tina Ha 5 kr. OTxe, 3MEHLLEHHS Macu
Tina Ha 5-10 % Big no4aTkoBOi, 0COGNMBO y CepeaHbOMY
BiLli, MOXe MOKpaLUTW MOKa3HWKWN CepLieBO-CYANHHOTO
pu3vKy (aaeKkBaTHUA MeTaboniaM Imoko3un Ta Ninigis, apTte-
pianbHWIA TUCK), 3anobiraioun nepeavacHin cmepTHocTi [38].

[ietn, 3acHoBaHi Ha JoKka3ax, SK-OT Cepeas3eMHo-
mopcbka Ta DASH, € onTumanbHUMKM AN 3HUXEHHS
apTepianbHOro TUCKY Ta kapaioMeTaboniyHoro pusuky. 3a
pesynsTatamu AOChiLKeHb, Cepea3eMHOMOPCbKa AieTa
nepeBaxae PaLioH i3 HU3bKM BMICTOM XUpY, ePeKTUBHILLE
3anobirakym cKnagHUM cepLEeBO-CYANHHUM MOSISM.

Yce 6Ginblue gocnipxeHb NigTBEpAXy0Tb eDEKTMB-
HiCTb i Be3neky aroHicTiB peLienTopiB rMoKaroHoNnogibHoro
nentuay-1 [72]. 3actocyBaHHs cemarnyTuay 3 KOpekLieto
€nocoby XUTTS B OCI6 3 OKUPIHHAM CTPUSIIO 3MEHLLEHHIO
macu Tina y cepenHboMy Ha 12,4 %, 3HWXEHHSI cUcTo-
MIYHOrO TUCKY Ha 5,1 MM pT. CT., @ TaKOX A0 NOKPALLEHHS!
kapgaiomeTaboniyHoro npodinio puaunky [73]. 3MeHLLEHHS
macw Tina, KpiM BTPaTU XMUPOBOI TKAHWHW, NPU3BOANTL
[10 3MEHLLEHHS 3ananeHHsl BHAcnifOK 3HWKEHHS PiBHIB
iHTepnelikiHy-6, C-peakTnBHOro Binka, dhakTopa Hekposy
MyXnuH anba Ta nentuxy [74].

MigTBEpmkeHo nepesaru BapiaTpuyHoi Xipyprii, Lo
Crpysie 3MEHLLEHHI0 Macy Tina, NOKPaLLEeHHIO ninigHOro
npointo, 30Kpema 3MEHLLEHHIO TPUMILEPUAIB i NiABULLEH-
HIO PIBHS XONeCTepuHy MiNonpoTeiHiB BUCOKOI LUiNbHOCTI
MPY HE3MIHHKX MOKA3HWKaX XONMEeCTEPUHy NiNonpoTeiHiB
HU3bKOI LLNIbHOCTi Ta 3araribHOro XonecTepuHy [75].

Kopekuis wkianMemx 3BUYOK, 30kpema BiAMOBA Bif
KYPIHHS1, TaKOX Ma€ BaXI1Be 3Ha4eHHS. Biomo, Lo KypiH-
Hs1 36inbluye OKCUAATUBHWIA CTPEC i 3ananeHHsl, Nocutoe

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

Aucninigemito, CNPUYNHAYM HEraTUBHI 3MiHM ninigHOro
npodinto [76]. Ains BOCArHEHHS CUHEPriYHOro edpekTy Ao-
[aTKOBO HeOOXigHE MOKPALLEHHS SKOCTi CHY, 3MEHLLEHHS
CrMOXWMBAHHS aNKOrorio, 3MEHLLEHHS CTPECOBVIX BNIMBIB Ta
ajeksaTHa rigpatauis [77].

CTpecoBi BNNMBY TaKOX € OAHWUM i3 YUHHUKIB PO3BUTKY
kappiomeTtaboniyHnx 3axsoptoBaHb. CTpec 36inbLLye prUanK
apTepianbHoi XOPCTKOCTI, iLuemiyHoi XBopobun cepus Ta
piabety 2 Tvny Ha 40-60 %. TpuBani CTpecosi BNnuBK
CMPUYMHSIIOTH TaKOX NOPYLUEHHS CEPLIEBO-CYANHHOI, Heil-
POEHAOKPUHHOI Ta iMyHHOT cucTeMm. Lie BnnvBae Ha cuctemy
rinotanamyc — rinoia — HAAHUPHUKM Ta CUMNATUKO-HaA-
HMPKOBO-MO3KOBY CUCTeMy. Y pe3ynbraTi NoCUMeTbCs
3ananbHuii CTaH i MigBMLLYETLCS PU3NK CEPLIEBO-CYANHHUX
3axBOPIOBaHb, @ TaKOXX CMEePTHOCTI [78].

BucHoBKU

1. XapuyBaHHs Bigirpae knto4oBy porb y npodinakTuLi
Ta nikyBaHHi Aycninigemii, a QiETUYHI BTPYYaHHS € NepLUO
NiHiet0 HEMeAMKaMEHTO3HOI KopekLii ninigHoro npodinto.

2. MipTBEpAKEHO EPEKTUBHICTL 3MEHLLEHHS CMIOXMN-
BaHHS HaCUYEHUX XWPIB | TPAHCKMPIB, L0 acoLitoeTbCs 3i
3HWKEHHSIM PIBHSI 3arasnibHOroO XOMNeCcTepyHy Ta ninonpore-
THIB HU3bKOI LLiNbHOCTI. 30iNbLUEHHS YaCTKM HEHACUYEeHUX
KMPHYX KMCITOT, 30KpEMa MOHO- Ta MoriHeHac4eHmx (ome-
ra-3 Ta oMera-6) cnpusie NOKpaLLEeHHHO MiNigHOTo CrekTpa
Ta 3MEHLLEHHIO KapaioBaCKyNSPHUX PU3VIKIB.

3. Xap4oBi natepHu, Taki 9K cepeg3eMHOMOpCbKa
gieta Ta DASH, matoTb Halkpally aoka3oBy 6asy oo
3HWXKEHHS! CEpPLEBO-CYANHHOTO PU3MKY Ta MOKPaLLEeHHS
NiNiAHMX NOKa3HWUKIB.

4. KomnnekcHwit nigxid, IKU NoeaHye QIETUYHI 3MiHU,
KOHTPOIb Macy Tina, perynsipHy ianyHy akTUBHICTb | MOAK-
hikaLlito cnocoBy XUTTS, YNHUTL HANBINBLLMIA MOUTUBHWI
BNMMB Ha NinigHWiA npodins.

MepcnekTMBYM NOAAALLLIMX AOCAIAKEHb MONSAralTb Y
pO3pobneHHi NepcoHaniaoBaHMx AIETUYHNX CTpaTeril, Lo
I'PYHTYHOTBCS HA FEHETUYHUX, METABOMIYHIX | MOBEAIHKOBUX
0cobnmMBOCTAX NaLieHTa. BUkopncTaHHs HyTpuUreHoMiku Ta
HYTPUrEHETVKN MOXe MIABULLMTY eDeKTUBHICTb XapHOBKX
BTPYYaHb Mpy pisHUX ceHoTunax gucninigemiin. MobinbHi
[00aTK, eNeKTPOHHI LLOAEHHUKIA Xap4yBaHHs1, CMapT-CeH-
COpU Ta TenemeguLMHa MOXYTb CYTTEBO MOKpaLLMTK
KOHTPOMb 3a JOTPUMAHHAM JIETUYHUX peKoMeHZaLin i
JagyTb 3MOry NikapsiM BigcnigkoByBaTu AMHAMIKY minig-
HOro Mpodinto y pexumi peanbHoro yacy. MepcnekTns-
HUMW € TaKOX LOCTimKEeHHS ePEeKTUBHOCTI POCIMHHIX
cTeponiB, NPOBIOTHKIB, PO3YMHHOI KMITKOBUHW, NENTUAIB i
MOMIHEHACUYEHNX XUPHUX KUCMOT Y KOPEeKLUii pisHNX TUMiB
aveninipemin. Ocobnuey yeary cnif, NPUAINUTY NOEAHAH-
HIO ZIETUYHUX BTPYYaHb i 3aCTOCYBAHHS HYTPULIEBTUYHUX
komnnekciB. JouinbHO BU3HAUMTW Hanbinbl eeKTUBHI
LIETVYHI MOZeni Ans nauieHTiB 3 aTeporeHHMK gucnini-
LEeMisiMU, OXVPIHHSM, LyKpoBUM fiabeTom i MmeTaboniyHnm
CWUHAPOMOM. Baxnneum € BUBYEHHS Pi3HUX acnekTiB Tpu-
Basioro AOTPUMaHHS Lx pauioHiB. HeobxigHo 3aiicHuTM
paH4OMi30BaHi JOCNIMKEHHS NS OUiHIOBaHHSA edekTiB
NoeaHaHHA AieTn, (i3nYHOI aKTUBHOCTI, HYTPULIEBTUKIB
Ta MeAVKaMEHTO3HOI Tepanii AN JOCArHEHHS CTINKOro
noKpaLLeHHs ninigHoro npodinto.
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Accurate detection of botulinum neurotoxin (BoNT) requires assessing both its proteolytic SNARE-cleaving activity and its ability to
inhibit synaptic transmission. While the mouse bioassay remains the traditional diagnostic standard, its prolonged turnaround time,
limited reproducibility, and ethical constraints underscore the urgent need for advanced in vitro methodologies. Recent advances in
analytical chemistry, stem-cell-derived neuronal platforms, and multi-omics profiling enable the development of sensitive systems
that replicate BoNT’s molecular and functional mechanisms with greater precision than conventional in vivo models.

Aim. To evaluate current methodologies for the diagnosis and functional analysis of botulinum neurotoxin and, synthesizing these
findings, to propose a conceptual algorithmic model for comprehensive neurotoxin detection independent of in vivo methods.

Materials and methods. A literature review was conducted utilizing the PubMed, Scopus, and Web of Science databases. Studies
detailing molecular, cellular, multi-omics, and computational approaches to BoNT detection were included. The extracted data were
synthesized across molecular, cellular, and systems-level domains to construct an integrated diagnostic model.

Results. Modern diagnostic strategies increasingly surpass the mouse bioassay in terms of sensitivity, specificity, and mechanistic
insight. SNARE-specific proteolytic profiling, notably Endopep-MS, enables precise detection of BONT serotypes and their functional
states by quantifying cleavage kinetics across a diverse array of substrates. Complementary human iPSC-derived neuronal platforms
allow for direct functional assessment, revealing electrophysiological suppression, altered calcium signaling, and reporter-confirmed
SNARE cleavage within living cells. Multi-omics analyses, including single-cell transcriptomics, epigenomics, and metabolomics,
capture early stress signatures, serotype-specific responses, and determinants of neuronal susceptibility. Additional resolution
is provided by receptor-binding kinetics and intracellular trafficking studies, which elucidate how serotype-dependent variations
dictate overall toxicity. The integration of these molecular, cellular, and systems-level insights establishes the foundation for the
ULTIMA-BoNT framework, a unified platform designed for high-precision BoNT detection.

Conclusions. The convergence of proteolytic assays, physiologically relevant neuronal models, and multi-omics analytics presents
a robust, reproducible, and ethically sustainable alternative to the mouse bioassay. This integrative approach not only provides
profound mechanistic insights but also supports the predictive analysis of emerging BoNT variants.
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MpocyBaHHA AiarHoCTMKK 60TYAI3MY: iHTErpawia MOAEKYAAPHO cneundiuHuX
in vitro nAaT$popm Ta BUCOKOUYTAUBUX aHAAITHUHUX TEXHOAOTIN
AIK aAbTepHaTUBU MULLauoMy bioaHanisy

. A. boHpapeHko, 0. B. KouHeBa

TouHe BusiBNEHHs 60TyniHiYHOro HempoTokcuHy (BoNT) noTpebye oLiHIOBaHHS | I0ro NpOTeoNiTUYHOT aKTUBHOCTI, LLO PO3LLENSTOE
SNARE-Binku, i 30aTHOCTi NpUrHiYyBaTW CUHANTUYHY Nepegady. Xova BioaHania Ha MULLaX 3anuLlaeTbes TPaAULINHM fiarHoc-
TUYHUM CTaHAAPTOM, 10r0 TPUBAsICTb, 0OMEXeHa BiLTBOPIOBAHICTb Ta eTUYHI 0OMEXEHHS MiATBEPAKYIOTL HEOOXIAHICTL PO3PO-
BneHHs cyyacHux in vitro meTogie. OCTaHHi JOCATHEHHS aHaNITUYHOT XiMil, HEPOHHUX NNATdopM Ha OCHOBI CTOBOYPOBMX KMITUH
i MyNBTHOMIYHOTO NPOINIOBAHHA AatoTb 3MOTY CTBOPIOBATY YyTNMBI CUCTEMM, LLIO BiATBOPHOKOT MOMEKYNSPHI Ta DYHKLiOHAMbHiI
mexaHiamy BoNT i3 BinbLLot TOYHICTIO, HiX TpaauLiHi in vivo Mogeni.

Merta poboTi - OLHATK CyyacHi Niaxoam 40 BUSIBMEHHS Ta DYHKLIOHAmNbHOI XxapakTepucTuki akTueHoro BoNT i 3anponoHysatu
KOHLLenTyasbHy in Vitro giarHOCTUYHY paMKy 5K anbTepHaTuBy GioaHaniay Ha MuLax.

Marepianu i meToau. 3aiicHUNM OrNsAA HAYKOBOI MiTepaTypw, LU0 iHOEKCYETLCS Y HaykoMeTpuuHnx 6asax PubMed, Scopus
i Web of Science. 3anyyeHo gocnimkeHHs, fe OnUcaHo MOMEKYNSPHI, KNITWHHI, MyNbTUOMIYHI Ta KOMM'IOTEPHI NiAXoan Ao
BusiBneHHs BoNT. [laHi cuHTe30BaHO Ha MonekynspHOMY, KNiTMHHOMY Ta CUCTEMHOMY PiBHAX ANt NoOY[oBW iHTErpoBaHoI
[iarHOCTUYHOI MoAaeni.

Pesyabtatn. CyyacHi giarHocTuuHi ctparerii aeaani 6inblue nepeBuLLytoTb BioaHania Ha MuLwax 3a YyTIMBICTIO, cneumndidHICTio
Ta MEXaHiCTU4HUM po3yMiHHsSM. [poTeoniTuyHe npodintoBanHs, cneundivHe 4o SNARE, ocobnmueo metog Endopep-MS, aae
3MOry TOYHO BM3Ha4aTu cepoTuny BoNT Ta iXHil oyHKLIOHAMBHMIA CTaH LUASIXOM KifbKiCHOTO BU3HAYEHHS KIHETVKW PO3LLENEHHS
Ha pisHux cybeTtpartax. Kpim Toro, HerpoHHi nnatchopmu, oTpumani 3 nioacskux iPSC, aatotb 3mory 3giiicHuTi GesnocepeaHe
(pyHKLOHANbHE OLiHIOBaHHS!, BUSIBNSIOUM €NEKTPOI3ioNoriYHe NpUrHiYeHHs!, 3MiHW KanbLieBoi curHaniaawii Ta nigTeepmkeHe
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penoptepamu po3ienneHHs SNARE y xuBux knitvHax. MynsTUOMIYHWIA aHani3, BKOYakouy TPAHCKPUNTOMIKY OKPEMMX KMITUH,
enireHoMmiky Ta MeTabonomiky, dikcye paHHi cUrHaTypu CTpecy, CEpOTUNOBO-CrieLMdidHi peakLii Ta hakTopy HyTIMBOCTI HEMPOHIB.
[lonaTtkoBy TOYHICTb 3abe3nevyroTb AOCTILKEHHS KIHETUKM 3B'I3yBaHHS 3 peLienTopamu Ta BHYTPILLHBOKMITMHHOMO Tpadiky, Lo
rnokasasnu, ik CepoTUNoBO-3anexHi BiAMIHHOCTI BNIIMBAIOTb Ha 3araribHy TOKCUYHICTb. IHTerpaLis Lix MOMEKYNApHIX, KNITUHHNX i
cucTeMHUX faHnx doopmye ocHosy nnatdpopmut ULTIMA-BoNT — eguHoi cuctemm 4nsi BUCOKOTOYHOTO BUSIBNEHHS BONT.

BucHoBKu. [NoegHaHHSA NPOTEONITUYHUX TECTiB, (i3ioNOriYHO PENeBaHTHUX HEMPOHHUX MOZENen i MynbTUOMIYHOI aHaniTukL €
HagiHo0, BiATBOPIOBAHOIO Ta ETUYHO CTIMKOK ankTepHaTUBOK BioaHaniy Ha MuULLaX, MPOMOHYKYM MEXaHICTUYHE PO3YMIHHS Ta

MiZTPYMYKYW NMPOrHO3HY OLIHKY HOBMX BapiaHTiB BONT.

Diagnosing botulism remains a formidable clinical and
analytical challenge, as it necessitates the simultaneous
detection of the highly specific proteolytic activity of botu-
linum neurotoxin (BoNT) and the empirical assessment of
its capacity to block synaptic transmission [1,2]. Although
the mouse bioassay has historically served as the defini-
tive “gold standard”, its clinical and translational relevance
is progressively diminishing. This decline is driven by its
prolonged turnaround time, inherent limitations in inter-lab-
oratory reproducibility, and increasingly stringent ethical
constraints regarding animal testing [1,2,3].

Modern analytical technologies enable the deploy-
ment of molecularly specific in vitro platforms capable
of reproducing the key mechanisms of BoNT action,
achieving diagnostic accuracy that rivals or exceeds that
of traditional in vivo models [4,5]. The relevance of this
study is driven by the need for a rapid, sensitive, and
ethically acceptable platform for detecting active BoNT
in various sample types. The combination of proteolytic,
cell-functional, and molecular-genetic approaches enables
not only toxin identification but also the elucidation of its
underlying mechanisms of action.

The proposed paradigm encompasses three levels: the
molecular level evaluated via SNARE-specific proteolysis
combined with mass spectrometry to generate a proteolytic
activity fingerprint (PAF); the cellular level assessed through
the functional dynamics of human neuronal networks, yield-
ing a functional potency vector (FPV); and the system-an-
alytical level achieved through the integration of receptor
binding kinetics, single-cell multi-omics (forming a systems
response vector, SRV), and predictive machine-learning
algorithms.

A primary innovation of this study is the development
of a comprehensive integrative system that models BoNT
toxicity in vitro while simultaneously addressing funda-
mental inquiries in toxicogenomics and neurobiology:
identification of functional toxin subtypes, the delineation
of substrate-specificity determinants, the characterization
of cellular defense programs via scRNA-seq and scAT-
AC-seq, and the predictive modeling of mutational impacts.
This approach establishes a foundation for highly accurate
diagnostics of active BoNT without the use of animals,
effectively transforming routine detection into a robust tool
for mechanistic analysis and the predictive characterization
of emergent isolates.

Aim

To evaluate current methodologies for the diagnosis and
functional analysis of botulinum neurotoxin and, synthe-
sizing these findings, to propose a conceptual algorithmic

model for comprehensive neurotoxin detection independent
of in vivo methods.
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Materials and methods

A systematic literature review was conducted utilizing the
Scopus, PubMed, and Web of Science databases. The
search was performed using combinations of key terms

n o« n o«

(“botulinum neurotoxin”, “diagnosis”, “proteolytic activity”,

“functional assay”, “in vitro”, “neuronal networks”, “multi-om-
ics”, “machine learning”), allowing coverage of molecular,
cellular, and systems-level approaches to BoNT analysis.
Inclusion criteria comprised original research articles and
reviews describing functional or molecular methods for
BoNT detection, in vitro and in vivo models, proteolytic,
cellular, and multi-omics approaches, and the use of ma-
chine-learning algorithms.

The review included original research articles and
comprehensive reviews published between 2000 and
2025 that described functional or molecular methods for
BoNT detection, in vitro and in vivo comparative models,
proteolytic and cellular assays, multi-omics applications, or
the integration of machine-learning algorithms. Exclusion
criteria encompassed studies lacking primary data, techni-
cal reports without rigorous validation, non-peer-reviewed
preprints, and non-English publications.

Study selection proceeded in two phases: an initial
screening of titles and abstracts, followed by an in-depth
full-text evaluation. Extracted data were systematically
categorized into three hierarchical domains (molecular,
cellular, and systems-analytical) facilitating the integration
of findings regarding proteolytic kinetics, neuronal network
functional shifts, and multi-omics profiling. The selection and
data extraction processes were performed independently
by two reviewers; any discrepancies were resolved via
consensus or consultation with a third independent expert.
The structured data subsequently served as the foundation
for identifying diagnostic trends and conceptualizing the
proposed analytical framework.

Results

Current in vitro and in vivo models for BoNT analysis. Con-
temporary BoNT diagnostics rely on an evolving matrix
of complementary methodologies that are systematically
replacing the traditional mouse bioassay [6,7]. The most
informative in vitro approaches are synthetic SNARE
peptides coupled with mass spectrometry and cellular
reporter models that reproduce the natural action of BoNT
and provide high specificity without ethical constraints
[8,9,10,11,12]. Concurrently, immunochemical methods
serve as rapid screening tools, while PCR and advanced
sequencing technologies are essential for precise bont gene
typing [13,14,15,16,17]. Despite the development of alter-
natives, the mouse bioassay retains reference status due to
its ability to confirm the full spectrum of toxic action, stable
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sensitivity, and regulatory consolidation [5,7]. Molecular
methods are auxiliary, as they do not determine toxin activity
[18,19,20]. Based on the obtained data during the analysis
of modern in vitro models for botulotoxin diagnostics, we
have revealed a possible pattern that collectively may form
a multilevel, accurate, and reproducible diagnostic system
capable of establishing the basis for updated standards in
botulism testing.

The conceptual ULTIMA-BoNT platform in modern
botulotoxin diagnostics. In the rapidly advancing field of
botulotoxin diagnostics, the search for methodologies ca-
pable of combining high sensitivity, rapid result acquisition,
and multilevel analytics is becoming particularly relevant.
Unfortunately, the available alternatives remain analytically
fragmented, capturing isolated facets of BoNT biology,
such as isolated proteolytic cleavage or singular cellular
responses, rather than providing a comprehensive func-
tional profile [17-22]. This highlights the critical need for a
unified diagnostic platform that would ensure the integration
of heterogeneous phenotypic data and allow the formation
of a holistic diagnostic-scientific algorithm.

In this context, the concept of the Unified Layered
Toxicity Investigation with Multi-phenotype Analytics of
Botulinum Neurotoxin (ULTIMA-BoNT) (Fig. 1), or “Ultima”,
is proposed, representing a multilevel architecture for mul-
tiphenotype analysis of botulotoxin. This conceptual platform
is designed as a stepwise layering: Stage 0 — Sample
reception and unified preparation; Stage 1 — Quantitative
multi-substrate proteolysis profiling; Stage 2 — Replica-
tive functional assay; Stage 3 — Single-cell multi-omics
response; Stage 4 — Receptor binding and intracellular
trafficking; Stage 5 — Genetic analysis; Stage 6 — Integrative
Bayesian and machine learning (ML) analytics. Through
this hierarchical architecture, ULTIMA-BoNT transcends
conventional applied testing, providing a new conceptual
framework from registering proteolytic activity to identifying
systemic cellular response programs. It yields both highly
accurate diagnostic determinations and profound insights
into the evolutionary and neurobiological properties of the
toxin.

Stage 0 - sample receipt and preparation (unified
control). The starting point of the algorithm is a rigorously
standardized procedure for receiving and initial preparation
of biological or food material, aimed at maximizing analytical
integrity and controlling reproducibility between independent
laboratory cycles. For liquid samples, the recommended
volume is at least 1-5 mL, whereas for food or microbial
matrices it is 1-5 g, which allows maintaining sufficient
mass/volume for multiparametric studies while minimizing
the loss of informational content, which in turn was based on
the established protocols adapted from S. R. Kalb et al. [23].
The subsequent stage involves preliminary purification of
the sample to remove macromolecular debris and bacterial
contaminants that may cause artifacts during proteolytic
and functional testing. Membrane filtration of 0.22 pm is
applied, which reduces bacterial contamination and en-
sures a controlled composition of low-molecular-weight
components (adapted from S. Pellett et al. [24]). The
resulting filtrate is aliquoted for parallel processing across
the Endopep-MS, carbon-based photo-absorber (CBPA)
microelectrode array (MEA), and multi-omics modules to
minimize cross-contamination, consistent with workflows

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

Sample reception
and unified preparation

l

Quantitative multi-substrate
proteolysis profiling

(N J/ J
'd N\
Replicative
functional assay
(N J/ J
4 N\
Single-cell
multi-omics response
G J/ J
e N

Receptor binding and
intracellular trafficking

N\ J/ J
4 N\
Genetic analysis
G J

Fig. 1. ULTIMA-BONT Steps.

described by O. Rosen et al. [25]. A dual internal standard
system is implemented at this stage: an isotope-labeled
BoNT fragment for mass-spectrometric calibration and a
phospholipid nanoparticle control to monitor matrix inter-
ference in downstream cellular assays.

Stage 1 - quantitative multi-substrate proteolysis profile
(deep endopep-MS). Accurate diagnostics demand not only
the detection of BoNT but also the precise elucidation of
its serotype and functional state. Single-substrate assays
are insufficient because they do not reflect the diversity
of SNARE motifs. An expanded library of 50-200 peptide
substrates encompassing essential SNARE sequences
and other BoNT-sensitive fragments provides high sen-
sitivity required to detect minor inter-serotype variations
[26,27,28]. Prepared samples are incubated with a panel
of isotope-labeled peptides, followed by time-resolved
LC-MS/MS analysis at standardized intervals (0, 15, 60,
240 minutes). The calculated reaction kinetics and cata-
lytic efficiencies of each substrate yield a multidimensional
PAF — a multidimensional profile of proteolysis dynamics.
This PAF vastly enhances diagnostic resolution, allowing
for definitive serotype differentiation based on distinct sub-
strate specificities [2,26,27,28]. This approach also enables
the detection of allosteric changes, co-factor effects, and
even multi-toxin exposures. Finally, Deep Endopep-MS
transforms the analysis into a high-precision tool defining
the toxin’s immediate functional state.

Stage 2 - replicative functional verification in iPSC neu-
rons using MEA, Ca? imaging, and SNARE-reporter system.
The biological relevance of the detected proteolytic activity
is subsequently validated using living neuronal networks.
Utilizing human induced pluripotent stem cell (iPSC)-derived
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motor neurons and neuromuscular co-cultures ensures
physiological relevance and high assay reproducibility,
building upon models established by J. D. Lamotte et al.,
C.Y.Linetal.,and O.F.Vilaetal. [29,30,31]. Functional ac-
tivity is quantified via multimodal endpoints: Microelectrode
Array (MEA) analytics record critical electrophysiological
disruptions (altered network synchronization and firing
amplitude) directly resulting from SNARE blockade [8-31].
Concurrently, live Ca?* imaging monitors the kinetics of cal-
cium signaling, a direct correlate of neuronal excitability [32].

Enzymatic activity is tracked in real-time utilizing a
targeted SNARE-reporter system, wherein specific fluo-
rescence attenuation indicates active intracellular cleavage
[8-23]. Short time-lapse series additionally capture morpho-
logical changes in neurites, loss of synaptic contacts, and
early degenerative features. All indicators are integrated into
the FPV —a multidimensional description of electrophysio-
logical, calcium, biosensor, and morphological characteris-
tics in temporal dynamics (0, 2, 6, 24, 48 h) [33,34,35]. The
FPV robustly confirms the presence of functional toxin and
discriminates between serotypes exhibiting homologous
proteolytic profiles but divergent neuronal network impacts.

Stage 3 - single-cell multi-omics response (scR-
NA-seq + scATAC + metabolomics). The third stage of
ULTIMA-BoNT moves from population-level assessments
to the analysis of cellular heterogeneity. Single-cell mul-
ti-omics allows simultaneous profiling of the transcriptome,
epigenome, and metabolome, revealing the full spectrum
of cellular reactions [36]. Evaluations are anchored at 6
hours (capturing the early Integrated Stress Response
(ISR) and Unfolded Protein Response (UPR)) and 24
hours (capturing consolidated epigenetic remodeling and
allowing for the delineation of resistant versus apoptotic
cellular trajectories) [26—-36]. The analytics combines three
platforms: scRNA-seq (subpopulations, differential expres-
sion, trajectories), scATAC-seq (open chromatin, epige-
netic regulators), and targeted metabolomics (energetics,
neurotransmitters, redox profile) [33,34,35,36,37,38].
Integration via MOFA+ and Seurat WNN forms the SRV,
used to perform pathway enrichment of key pathways —
stress-related, synaptic, endocytosis, autophagy, and
apoptosis [33,34,35,36,37,38]. The system captures
serotype-specific programs: BoNT/A activates compensa-
tory vesicular pathways and alternative SNARE isoforms;
BoNT/E induces rapid polycomb repression of synaptic
genes; BoNT/C forms a UPR+ERAD signature [39,40,41].
Trajectories, in turn, should show that resistant neurons
have high Rab11/35 and NAD*/NADH, while sensitive
ones exhibit an early glycolytic shift [26-41]. Correlating
the early SRV with the FPV allows for the precise predic-
tive modeling of ultimate cellular fate at 24—48 h based
on the early profile (6 h) and the identification of pivotal
neuroprotective regulators (ATF4, CREB, MEF2) [26-41].

Stage 4 - receptor-binding and intracellular dynamics.
The fourth stage of the ULTIMA-BoNT platform is aimed at
an in-depth quantitative investigation of the physicochemi-
cal mechanisms of botulinum toxin interaction with cellular
receptors and the subsequent processes of intracellular
transport. The main goal is to determine whether differences
in toxic activity among various serotypes or isolates are
driven by features of binding, complex stability, or efficiency
of endocytosis and translocation.

ISSN 2306-4145  https://zmj.zsmu.edu.ua

Receptor-level kinetics are mapped using Surface
Plasmon Resonance (SPR) and Biolayer Interferometry
(BLI), which measure real-time interaction of the toxin
with SV2A/B/C, synaptotagmin I/ll receptors and cofactors
(GT1b, GD1a, phospholipids) [41,42,43,44,45]. For each
“toxin-receptor” pair, KD, kon and koff are determined, form-
ing a Receptor Binding Signature (RBS) that reflects affinity
and binding kinetics and allows capturing serotype-specific
differences and the influence of mutations or environmental
conditions. Additionally, cooperative binding (SV2 + GT1b)
is assessed, which characterizes the synergy between
protein and glycolipid receptors. After affinity determina-
tion, analysis of toxin endocytosis and translocation in live
neurons is conducted using dual labeling (BoONT-AF488/
pHrodo) and confocal / TIRF microscopy. Next, the rate of
endocytosis, endosomal half-life, translocation efficiency,
and the balance of endosomal/cytosolic fractions must
be measured; pH-sensitive FRET sensors determine the
moment of translocation. These parameters form the Intra-
cellular Trafficking Vector (ITV) [41,42,43,44,45].

Integration of RBS and ITV produces the Receptor—
Trafficking Profile (RTP), which combines receptor binding
and intracellular transport, allowing one to distinguish affinity
differences from defects in toxin delivery. RTP identifies
mechanistic causes of toxicity variations and forms the basis
for developing binding inhibitors or modulators of endosomal
dynamics as potential antidotes.

Stage 5 - genetic support and structural analytics. The
fifth level of the ULTIMA-BoNT platform provides systematic
mapping of the genetic and structural-functional variability of
botulinum toxin, creating an analytical bridge between nucle-
otide sequence, conformational dynamics, and phenotypic
manifestations of toxicity. Its task is to move from descriptive
genomics to mechanistic interpretation, determining how mi-
crogenetic variations in the bont cluster translate into changes
in substrate specificity, stability of the SNARE—toxin complex,
and functional potency at the cellular level [46,47,48]. At the
first substage, hybrid NGS sequencing (lllumina + Nanopo-
re / PacBio) is used for complete reconstruction of the bont
locus, including flanking regions and mobile elements. The
data must undergo gene annotation (bont, ntnh, orfX, ha),
GC-profile analysis, phylogenetic reconstruction, and identi-
fication of SNPs, indels, and recombination events that may
affect active sites [46,47,48].

The comparative locus profiling module builds graph
models of interactions between mobile elements and toxi-
genic genes, determining evolutionary trajectories and pos-
sible homologous exchange events. The second substage
includes structural-dynamic analysis: homology modeling
(AlphaFold2 / ColabFold), cryo-EM if needed, and molecular
dynamics (100-500 ns) to refine conformations. Evaluate
RMSF of the active site, flexibility of the SNARE-recognition
loop, binding free energy of SNARE peptides, and allosteric
shifts. These parameters form the Structural Impact Vector
(SIV) [46,47,48]. Integration of genomic, structural, and
functional data forms a genotype—phenotype map of the
toxin, and ML models (PLS, XGBoost) will allow establishing
the “genotype — activity” relationship and predicting toxicity
of new isolates.

Stage 6 - integrative analytics: Bayesian inference +
interpretable machine learning. The final level of ULTIMA-
BoNT involves the synthesis of all generated descriptors,
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PAF, FPV, SRV, RTP, and SV, into a unified probabilistic
space through hierarchical Bayesian modeling. Each
level of toxic action is described by separate priors linked
through a shared hyperprior structure that reflects the
pathway from genetic variation to cellular response.
Variational or MCMC inference enables computation
of posterior (active BoNT) and identification of key pa-
rameter contributions (changes in kon/koff or reduction
in MEA activity). In parallel, an interpretable ML module
(XGBoost/ ElasticNet) operates for serotype classification
using SHAP decomposition to explain major features. The
combination of these approaches forms the Composite
Diagnostic Score (CDS) — a numerical metric with a con-
fidence interval and an explanation of determinant factors.
The final stage transforms multimodal data into a causally
grounded diagnostic model capable not only of identifying
active BoNT but also explaining which parameters led to
the prediction.

The practical workflow with time windows provides
stepwise execution of a comprehensive analytical cycle
aimed at rapid and multimodal diagnostics of biological
samples (Table 1). At stage TO (0-1 h), sample reception,
aliquoting, and addition of internal standards are performed,
ensuring accuracy and reproducibility of subsequent analyti-
cal measurements. After primary material preparation, at T1
(0-6 h) Deep Endopep-MS analysis is performed, including
incubation with corresponding enzymatic systems and sub-
sequent mass spectrometric detection of specific peptide
fragments. This stage is critical for rapid detection of toxic
or biomarker components with high sensitivity. In parallel,
during T2 (0-48 h), samples are incubated with differen-
tiated iPSC neurons for subsequent electrophysiological
(MEA) and imaging studies. Key observation time points at
6 and 24 hours enable assessment of both early functional
alterations and delayed cellular responses. At stage T3
(6/24 h), cells are harvested for parallel sScRNA-seq and
SCATAC-seq. This includes library preparation (1-2 days),
followed by sequencing to achieve detailed transcriptomic
and epigenomic characterization of cellular responses.
Additionally, at T4 (1 day), receptor-binding assays are
conducted to quantitatively evaluate interactions between
candidate ligands and their corresponding cellular receptors,
thereby complementing the molecular and cellular profiling
of the system. The final stage, T5, comprises integrative
analytics — the unification of multiomic, functional, and
biochemical datasets into a unified interpretative model.
This process continues over the next 24—48 hours after
obtaining all experimental results.

Discussion

The synthesized evidence demonstrates that advanced in
vitro technologies now possess the analytical precision and
mechanistic resolution required to supersede the mouse bi-
oassay. SNARE-targeted proteolytic profiling, particularly via
Endopep-MS, affords exceptional serotype-specific quan-
tification of catalytic activity, revealing molecular dynamics
obscured in in vivo models. Research by K. Bjornstad et
al. highlights that Endopep-MS achieves limits of detection
equivalent to or surpassing those of standard bioassays,
while effectively distinguishing closely related BONT mosa-
ics in complex matrices [27].
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Table 1. ULTIMA-BoNT analytical workflow: temporal framework

Qupu

0-1h Sample reception, aliquoting, internal

standard addition

T 0-6h Deep Endopep-MS: substrate
incubation + LC-MS/MS analysis

T2 0-48h iPSC neuron exposure; MEA + Ca? imaging +
SNARE-reporter (readouts at 6 h, 24 h)

T3 6/24h-3-4d  Cell harvest for scRNA-seq + scATAC-seq;
library prep (1-2 d) + sequencing

T4 1d Receptor binding assays (SPR/
BLI) + trafficking imaging

T5 Final 1-2d Bayesian integration + interpretable ML

(XGBoost, SHAP)

Quality-controlled
aliquots

PAF (Proteolytic Activity

Fingerprint)

FPV (Functional
Potency Vector)
SRV (Systems
Response Vector)
RTP (Receptor—
Trafficking Profile)

CDS (Composite
Diagnostic Score)

Complementary human iPSC-derived neuronal sys-
tems validate functional toxicity with high fidelity, revealing
electrophysiological suppression, calcium dysregulation,
and reporter-confirmed SNARE cleavage that directly
reflect BoNT’s mechanistic action. Lin C. Y. et al. used
complementary human iPSC-derived neuromuscular
junction models to confirm BoNT functional toxicity with
high fidelity, showing robust suppression of neuronal firing,
calcium dysregulation in myotubes, and reporter-verified
SNARE cleavage that mirror its canonical mechanism of
action [30]. The authors note that these 2D hNMJ cul-
tures recapitulate stepwise synapse maturation in vitro
and add that the same platform can be used to model
neuromuscular disease-associated vulnerability, including
impaired AChR clustering and contraction deficits under
pathological conditions [30].

Single-cell multi-omics adds an additional layer of
diagnostic depth, capturing serotype-dependent stress
signatures, chromatin remodeling, and metabolic shifts
that define neuronal susceptibility. Stuart T. et al. developed
the anchors method for integrating single-cell data, which
corrects for technical differences across experiments and
enables combining multiple omics technologies [36]. The
approach accurately matches shared cellular states, builds
integrated atlases, and transfers annotations between
datasets, even in the absence of certain cell populations.
This allowed detailed characterization of neuronal subtypes,
chromatin and protein signatures, and integration of spatial
data. Their work demonstrates that multi-omics integration
improves cell type classification and enables detection
of rare or novel populations [36]. Together with recep-
tor-binding kinetics and intracellular trafficking dynamics,
these data elucidate how serotype-specific differences in
entry pathways and translocation efficiency contribute to
overall toxicity.

When synthesized with receptor trafficking data, the
ULTIMA-BoNT framework provides a mechanistically
transparent and highly informative diagnostic continuum,
proving that a multi-phenotypic in vitro architecture can
establish a new, ethical, and highly precise standard for
botulism diagnostics.

Conclusions

1. The integration of molecularly specific in vitro
platforms with advanced analytical and computational
technologies provides a rigorously validated alternative to
the traditional mouse bioassay in the diagnosis of botulism.
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2. The combination of SNARE-proteolysis profiling,
cellular reporter models, and molecular-genetic verification
provides high sensitivity, specificity, and a significant reduc-
tion in analytical turnaround time.

3. The obtained data demonstrate the feasibility of
creating a multilevel, ethically acceptable, and standard-
ized system for detecting active botulinum toxin of various
serotypes in clinical, food, and environmental samples.

Limitations of current in vitro approaches. Although
contemporary in vitro technologies provide a mechanistically
grounded alternative to traditional toxin detection, several
constraints must be acknowledged to ensure a rigorous
evaluation of the translational potential of the ULTIMA-BoNT
platform. The standardization of highly complex neuronal,
proteolytic, and multi-omics systems remains inherently
challenging due to their sensitivity to methodological vari-
ability, while the implementation of such platforms requires
substantial financial, infrastructural, and technical resourc-
es. Additionally, inter-laboratory differences in cell-line
characteristics, analytical settings, and data interpretation
may produce variability in readouts, including occasional
false-negative signals or reduced informativeness of specific
analytical modules under certain experimental conditions.
Despite these limitations, the integrative architecture of
ULTIMA-BoNT, encompassing multi-substrate proteol-
ysis, physiologically relevant neuronal functionality, and
systems-level molecular profiling, provides far superior
mechanistic resolution and diagnostic fidelity compared with
the traditional mouse bioassay. Consequently, even with the
noted challenges, the platform represents a fundamentally
more advanced, ethically sustainable, and scientifically
robust framework that has the potential to redefine evi-
dence-based standards in botulism diagnostics.

Prospects for further research. Future research will focus
on advancing the capabilities of the ULTIMA-BoNT platform.
Priority objectives include diversifying the SNARE peptide
panel for Deep Endopep-MS, which is essential for enhancing
serotype discrimination and identifying emerging toxin variants.
Furthermore, the standardization of iPSC-derived neuronal
models remains a critical endeavor to ensure the reproducibility
of functional assays. Emerging avenues include integrating
novel sensing technologies for the real-time monitoring of
neurotransmission blockade. Moreover, high-resolution sin-
gle-cell multi-omics will facilitate the elucidation of temporal
cellular responses to BoNT and the identification of toxin
resistance mechanisms. The application of machine-leaming
algorithms holds significant potential for predicting toxin var-
iant properties and refining diagnostic precision. Ultimately,
the standardization of methodologies and the development
of standardized diagnostic kits are necessary to support the
transition of ULTIMA-BoNT into routine laboratory practice.
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Ornsag npucesyeHo npobnemam nabopaTtopHOi AiarHOCTMKA NPeeknamncii ik OQHOTO 3 HalakTyanbHiLLMX, HANCKNaAHILLUX i
HaiHebe3neyHiLLMX yCKnagHeHb BariTHOCTI, WO XapaKTepU3yeTbCs PiBHOMAHITHAMM ypaXeHHSIMM OpraHiaMy martepi BHaChiZoK
cneumdiYHNX CyaNHHNX | FeMOCTa3ionorivHMX 3MiH.

Merta po6oth - BVBYEHHS 1 aHani3 AaHWX CyvacHoi HayKoBOI NiTepaTypu, WO NPUCBSAYEHA MUTAHHAM KOArynsaLiiHUX 3MiH npu
npeeknamncii Ta 4OCTyNHa B eNeKTPOHHUX HaykoMeTpuyHux Gasax gaHux, 3okpema B PubMed, Web of Science, Scopus Ta
Google Scholar.

Martepianu i metoau. 3aiCHUNM NOLLYK HayKoBWX MybnikaLii 3a Takumm 3anutamu, sk «preeclampsia hemostasis abnormalities»,
«preeclampsia coagulation disorders pathogenesis», «coagulation changes in pregnancy preeclampsia mechanismsy,
«preeclampsia epidemiology global prevalence», «endothelial dysfunction and coagulation in preeclampsia» y HaykoMeTpuiHMx
6a3ax gaHux PubMed, Web of Science, Scopus, a Takox nowuyk y 6asi aaHnx Google Scholar 3a 3anutamu: «npeeknamncis remoctas
KoarynsiLiiiHi NOpyLUEHHs», «NaToreHe3 koarynsuinH1x 3MiH Npy Npeeknamncii», «remocTas nig Yac BariTHOCTi npeeknamncis». 3a
pesynkTaTaMy NoLLYKy OpUriHanbHUX cTaTel y HayKoMeTpuyHmX 6asax 3aiicHUNM PETPOCNEKTUBHMIA aHasi3 BifOMOCTE HayKOBOI
niTepaTypw, L0 BAALLNM APYKOM 32 OCTaHHi 7 pokiB. [1icns ornsigy aHoTawii cTaten Ta 03HanoMIIEHHS 3 TOBHOTEKCTOBUMI BEPCI-
amu o6panu 60 nybnikauiit. BusHaunnu auHamiky cydacHnx nybnikawii LLoao KnoHoBUX NapaMeTpis reMocTasy npu npeeknamncii
AHrNINCLKOIO Ta YKPAiHCHKOK MOBaMM i3 3aCTOCYBAHHSAM TakuX MOLLYKOBWX (inbTpiB, Sk Systematic review i cuctematnyHuii ornsg,

Pe3synbtati. BCTaHOBNEHO LIOpiYHE 36iMbLUEHHS KinbKOCTi nybnikauii 3@ HaBeAeHUMU MOLLYKOBUMM 3anuTamu y AOCTYMHUX
HaykoBMx 6asax AaHux. [opyLLeHHs reMocTady € LIEHTPanbHO NaHKO y PO3BUTKY Npeeknamncii, ToMy aHanis 0OCHOBHMX napa-
MeTpiB (TpomboumTH, (hibprHOreH, NPOTPOMBIHOBMI Yac TOLLO) AAE 3MOTY 3pO3yMITV MeXaHi3mu rinepkoarynsuii, OLiHATY CTyniHb
€HIOTENIanbHOMo YpaXeHHs!, BUSIBUTU B3aEMO3B'SI30K MiX MraLeHTapHo rinonepdysieto, MikpotTpomMb603amu Ta CUCTEMHUMU
3MiHamu remocTasy. BraHaueHo AiarHoCTUYHI KpuTepii Npeeknamncii 3a KI4oBUMY MiXKHAPOAHUMM i1 YKpaiHCbKMMM HacTaHoBa-
MK, Y pesynbTaTi aHanidy BU3Ha4eHo HK3Ky NpobremMHUX NiTaHb, L0 BUHUKAIOTb Nif Yac JOCTIMKEHHS MapKepiB (ibpuHoniay i
aKTuBaLii koarynsuii Ta noTpebyrTb AETaNbHILIOMO AOCTILKEHHS.

BucHoBKK. BBYEHHS KIOYOBUX NapameTpiB remocTasy npy npeeknamncii 4ae 3mory 3po3yMiTh MexaHi3Mu naTtoreHesy npe-
eKnamncii Ta OLjHNUTW PU3NK MaTEPUHCBKUX | NepUHaTanbHUX yCknagHeHb, CpUsie paHHin giarHocTuli Ta ctpatuddikaLii puamky.

Keywords:
preeclampsia,
hemostasis,
laboratory markers,
coagulation.
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Preeclampsia as a hemostatic disorder in pregnant women: epidemiological aspects,
pathogenetic mechanisms of coagulation changes

R. F. Yeromenko, O. M. Lytvynova, H. L. Lytvynenko, N. V. Zaiets

The review focuses on the laboratory and pathogenetic aspects of preeclampsia, one of the most clinically significant and
life-threatening obstetric complications, characterized by multiorgan maternal dysfunction resulting from specific vascular and
hemostatic changes.

The aim of the study was to review and critically analyze peer-reviewed publications on coagulation changes in preeclampsia in
electronic scientometric databases, including PubMed, Web of Science, Scopus, and Google Scholar.

Materials and methods. A search was conducted for scientific publications using the following queries: “preeclampsia hemostasis

” o« C "o«

abnormalities”, “preeclampsia coagulation disorders pathogenesis”, “coagulation changes in pregnancy”, “preeclampsia mecha-
nisms”, “preeclampsia epidemiology global prevalence”, “endothelial dysfunction and coagulation in preeclampsia”. Aretrospective
analysis of scientific literature from the past 7 years was conducted using searches in major scientometric databases. Following
abstract screening and full-text review, 60 relevant publications were selected. Publication trends on key hemostasis parameters

in preeclampsia were tracked in both English and Ukrainian literature, applying “systematic review” filters.

Results. The study revealed a consistent year-on-year increase in publications addressing these search terms across major
scientific databases. Disorders of hemostasis play a pivotal role in preeclampsia pathogenesis; thus, evaluating key parameters
(platelet count, fibrinogen levels, prothrombin time) enables elucidation of hypercoagulability mechanisms, quantification of
endothelial injury, and identification of links between placental hypoperfusion, microthrombosis, and systemic hemostatic alter-
ations. Diagnostic criteria for preeclampsia were established per leading international and Ukrainian guidelines. The analysis
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highlighted several unresolved challenges in investigating fibrinolysis and coagulation activation markers that warrant further

comprehensive research.

Conclusions. Analysis of key parameters of hemostasis in preeclampsia facilitates understanding of its pathogenetic mech-
anisms, contributes to early diagnosis and risk stratification, and enables assessment of the risk of maternal and perinatal

complications.

Mpeeknamncis (MNE) € ogHWM i3 HanaKTyanbHIWKX, Hal-
CKNapHiLLmMX i HaHebe3neyHiMX YCKNaaHeHb BariTHOCTI,
O XapaKTepu3yeTbCs PiSHOMAHITHUMK YPaKEHHAMM
opraHiamy mMatepi BHacnigok cneundiyHnX CyanHHNX i re-
MOCTa3i0NOoriYHMX 3MiH i CyTTEBO BMIIMBAE HA MaTEPUHCLKY
Ta nepuHaTarbHy 3aXBOPIOBAHICTb | CMEPTHICTb y BCbOMY
cBiTi [1,2,3,4]. 3a BU3HAYEHHSM, LE MYNbTUCUCTEMHNIA
CWHAPOM, WO BUHMKaE nicnst 20 TWXHA BariTHOCTI (abo
paHiLLe npu TpochobnacTUyHNX 3aXBOPIOBAHHSIX) i XapakTe-
PU3YETLCS NOSIBOO MiNEPTEHSii (CUCTONIYHNIA apTepianbHUi
Tuck 2140 MM pT. CT. ab0 AiacTonivHUIn apTepianbHAN TUCK
290 MM pT. CT. NpUHaNMHI ABiYi 3 iHTEpBanom y 4 roauHm)
Ta nporteinypii (20,3 r 6inka B fobosil cevi abo cnieBig-
HOLLEeHHs 6inok / kpeaTuHiH 20,3 mr/wr) [5,6]. B ocTaHHix
AOCRimKeHHsX BU3HaYeHHs! ME po3wmpuni, BKMOUMBLLN
Bunagku 6e3 npoTeiHypii, ane 3 03HaKaMn ypaxeHHs op-
raHiB-MiLLeHen, sK-0T TPOMOOLMTONEHIE, NOPYLLEHHSM
pyHKLUT HMPOK, NeviHK1, Habpsikom nerexb abo Lepebparb-
HUMW [ 30pOBKMY po3nagamm [7,8].

Y rnobansHomy Mactutabi ME ypaxae npubnuaHo Big
2 % po 8 % ycix BariTHOCTeN, a B rpynax BYCOKOrO PU3nKy
i nowwmpenicTb moxe caratn 10-15 %. 3a gaHumn BeecsiT-
HbOI OpraHisaLii oxopoHu 3gopos’s (BOO3, 2025), wopoky
y CBITi peecTpytoTb Maibke 46 000 MaTepUHCLKIX CMepTen,
MOB'I3aHMX i3 riNepTEeH3NBHUMM po3naZamu BariTHOCTI,
BKIT04HO 3 [E, L0 CTAHOBMTb 3HaYYLLLy YacTKy rnobanbHoi
MaTepUHCLKOT CMePTHOCTI. Kpim Toro, 3a AaHMK HayKoBOi
niteparypu, NME npuasoguts fo npubnmuato 500 000 de-
TarnbHWX | HEOHaTamnbHNUX cMepTeii Lwopoky [9,10].

Merta poboTu

BuBYEHHS 11 aHani3 AaHMX Cy4acHOI HayKOBOI MiTepaTtypy,
LLO MPMCBSYEHa NUTAHHAM KOarynsuiiHiX 3MmiH npu npe-
eKrnamncii Ta JOCTYMHa B €NeKTPOHHUX HayKOMETPUYHUX
6asax gaHux, 3okpema B PubMed, Web of Science, Scopus
Ta Google Scholar.

Marepianu Ta METOAM AOCAIAKEHHA

3gifcH1M NoLwyK HayKoBMX MyonikaLliv 3a TakvMmK 3anuTamm,
sk «preeclampsia hemostasis abnormalitiesy, «preeclampsia
coagulation disorders pathogenesis», «coagulation
changes in pregnancy preeclampsia mechanismsy,
«preeclampsia epidemiology global prevalence», «endothelial
dysfunction and coagulation in preeclampsia» y Haykome-
TpryHux Gasax gaHux PubMed, Web of Science, Scopus,
a Takox noLuyk y 6asi faHux Google Scholar 3a 3anutamu:
«MPEeeKIamncis reMocTtas KoarynsuiiHi NopyLLUEeHHs», «na-
TOreHe3 koarynsiiH1X 3MiH Npy Npeeknamnciiy, «remocTas
Mif Yac BariTHOCTI Npeeknamncisy.

3a pesynbratamu NoLyKy OpuriHanbHUX cTatei y
HayKoMeTpuyHnx 6asax 34iNnCHUNN PeTPOCNEKTUBHUN
aHani3 BiJOMOCTEN HayKOBOI NiTepaTypu, WO BUALLAW
APYKOM 3a OCTaHHi 7 pokis. [licns ornsgy aHoTauin ctatei
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Ta 03HaNOMIIEHHS 3 TOBHOTEKCTOBUMM BEpCisiMu 0bpani
60 nybnikavii.

Matepianamv gocnigkeHHs cTanu HopmaTuBHO-Npa-
BOBI aKTW, KEPIBHI JOKYMEHTW, pe3ynbraTit JOCMimKEHD,
KMiHIYHI HacTaHoOBM, a Takox mybnikauii Ta iHopmauin-
HO-[0BIAKOBI MaTepiany, NPUCBSYeHi NMMTaHHAM Koaryns-
LiiHWX 3MiH Npy Npeeknamncii.

BusHauunu guHamiky cyvacHux nybnikauin woao
KIIOYOBMX NapaMeTpiB reMocTady npu npeeknamncii aHr-
NiINCBKOK Ta YKPaiHCbKOI MOBaMU i3 3aCTOCYBaHHSAM TakuX
MoLLyKoBMX inbTpiB, 5K Systematic review i cuctematnyHmin
ornsg. Y 6asi gaHnx PubMed gopaTkoBO BUKOpUCTaHO
inbTp 32 MoBotO NMybnikaLji, Ae, KpiM NpaLb aHIMINCLKO
MOBO0, OKPEMO aHanidyBanu nyonikauii ykpaiHCbKOH.

Ockinbku CTaTTs € OrNsA0BOK Ta He nepeabavana
BWKOPWCTaHHS MepCoHanbHIX AaHuX i pesynbratis obcTe-
XEHHSI NaLjiEHTIB, @ TaKOX 3MiICHEHHS Oyab-SKNX BTPYYaHb,
TO BiOETUYHMI BUCHOBOK | MIMCLMOBY 3rofy He OTpUMYBanu.

Pe3yabTati

B YkpaiHi, 32 0¢hiLlinHOK CTaTUCTUKOI, YacToTa recTauin-
HOI rinepTeH3ii, 4O cknady Kol BXOAWUTb Npeeknamncis,
B OCTaHHi pokw csrae 7,5-9,0 % Big ycix BariTHocTei. 3a
AaHummn MidictepcTa oxoporu 3aopoB’s (MO3) Ykpaihu,
3a 2021 pik 3achikcoBaHo 11 075 BunmagkiB npeeknamncii
Ta eknamncii (39,32 Ha 1000 nonorie) Ta 1573 Bunagku
TsoKKkX cpopM (5,58 Ha 1000 nonoris) cepen 21 004 nonoris,
yCKMapHeHWX rinepTeHavBHUMM posnagamu. 3a 2018-2023
POKM NOKa3HWK Npeeknamncii Ta eknamncii NigBuLMBCA Ha
22,9 % (3 38,7 Ha 1000 nonoris y 2018 poui 8o 50,2 y 2023
poui). Y mabnuyi 1 HaBefeHo AaHi LLoA0 MaTepPUHCHKOT Ta
nepuHartansHoi cmepTHocTi 3a 2024 pik [11,12,13].

Taka cTatucTika nigTBepmKye HEOOXIOHICTb 3AIACHEHHS
nomibHVX AOCTimKEHb, PE3YNbTaTh AKVX AadyTh NiACTaBy Ans
PO3pOGIIEHHS HOBYIX AiarHOCTVYHMX | TEPANEBTUYHYIX MiAXOMiB.

Eionoria Ta natoreHe3 npeekaamncii. Etionoris MNE
3anuiiaeTbes 6aratodakTopHOK Ta OCTATOYHO He 3'ACO-
BaHO'0, | TOMY i BUBYaOTL Sik «XBOPOOY TEOPIlt».

OCHOBHI fjiarHoCTUYHi kpuTepii MNE BKNtoYatoTh:

- riNepTeHsil0 — CUCTONIYHUI apTepianbHUA TUCK
(AT) 2140 mm pr. cT. abo pgiactonivnmin AT 290 mm pr. CT.,
3achikCoBaHWI NPUHaNMHI ABiYi 3 iHTepBanom y 4 roguHu
nicnst 20 TWXKHS BariTHOCTI Y 3KiHKW 3 paHille HOpManbHUM
apTepiarnbHAM TUCKOM; TSDKKY MiNepTeH3ito AiarHOCTYIoTb,
komm AT 2160/110 mm pT. cT;

- npoteiHypito — 20,3 r 6inka B o6oBIi cevi abo cnie-
BigHOLEHHS 6inok / kpeaTuHiH 20,3 Mr/Mr, b0 NO3UTUBHMIA
TECTi 3 BUKOPUCTaHHSM TECT-CMYXOK (++ abo BinbLue), KL
iHLUi KiNbKiCHI METOAW HEOOCTYMHi.

£K 03HaKW ypaxeHHs opraHiB-MilleHel BU3Ha4atThb
TPOMOOLIMTONEHItO, MOPYLLEHHS YHKLIiT NEYiHKY, MOPYLLIEH-
HS1 PYHKLT HMPOK, HAabpsik nereHb, LepebparbHi abo 30poBi
posnagm [14,15,16].

Huniy ceiTi BinbyBa€eTbCA nepexia Big 06MexeHoi rinep-
TEH3iHO-NpoTeiHypUYHOT AediHiLii npeeknamncii Ao Lwup-
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Tabauus 1. MatepuHcbka Ta nepuHaTanbHa CMepTHicTb, nos'sisaHa 3 ME, y caiTi Ta B YkpaiHi (aaHi 3a 2024 pik)

rspeno (023-2024

MatepuHcbka CMepTHICTb (3ararbHa)

YacTka cmepTeit, 3yMOBNEHNX

ME / eknamncieto

JleTanbHicTb, 6e3nocepeaHLO NoB's3aHa

3ME / eknamncieto

Yacrora MNE cepep BaritHocTen
MepuHaTanbHa CMepTHICTb (3aranbHa)

YacTka nepuHatanbHux cMepTen,

nos'si3aHux i3 ME

MepepyacHi nonory, nos’s3ai 3 MNE
MepTBOHapomKeHHs, acoujiosaHi 3 MNE

HeoHaranbHa cmepTHicTb (0-28 gHiB)
OujiHka 3aranbHoro BNAMBY npeeknamncii

=223 /100 000 BMNaAKiB XVBOHAPOMKEHHS 17,4 / 100 000 Bunapkis
KUBOHAPOMKEHHS!

10-15 % Bif yCix MaTEPUHCbKIX CMepTen 12-18 %

20-30/100 000 (y kpaiHax i3 Hu3bkum goxogom);  =2,3 /100 000

<0,5/100 000 (po3BuHeHi kpaiHi)
2-8 % (no 12 % y kpaiHax i3 HU3bKUM JOXOA0M)
18,0 / 1000 HapomkeHb (rnobanbHo)

5-10 % ycix nepuHaTanbHux BTpaT
10 20 % Bif ycix BUNAAKiB nepesyYacHnX nomnoris

150 000-200 000 Bunazkis Ha pik (=10 % BiA
3aranbHoro Yucna)

17 / 1000 HapomKEHUX X1BUMM (rN0BanbHO)

>70 000 matepuHebkux i >500 000 nepuHaTanbHuX
CMepTen LLOpOKy

5-7 % (tsokki popmm 1,5-2,0 %)
7,8 /1000 HapomKeHb

8-10 % ycix nepuHaTanbHuX BTpaT
maike 17 %

opieHToBHO 0,8-1,0 / 1000 nonoris
4,3 /1000 HapOmKEHNX KNBUMI

~30-40 matepuHcbkux i o 300 -
nepuHaTtanbHUX BTPAT LLOPOKY

WHO, 2024; MO3 Ykpainu, 2024
WHO, UNFPA, MO3 Ykpaitu
WHO, Lancet Global Health, MO3

Lancet, MO3 Ykpainu
WHO Global Health Observatory;

MOS3 Ykpaitn

WHO, MO3 Ykpaiu

Lancet, YkpaiHcbkuit xypHan

akywepcTsa i riekonorii, 2023

WHO, 2024; MO3 Ykpainu, 2023

WHO, UNICEF, MO3, 2024

Tabauua 2. MNopiBHAHHS AiarHocTUYHUX KpuTepiiB ME (KMoYoBi MikHapoaHi Ta yKpaiHCbki HacTaHoBw [22,23,24])

kowrepin | AcoG (2020) NICE (2021) ISSHP (2018) MO3 Yipainu (2022)

Bu3HayeHHs

linepreHais

Tsxka rinepTeHsis
lMpoTeiHypis
O3HaKm ypaxeHHs!

opraHiB-MiLLeHen
(6e3 npoteinypii)

Knto4oBi BigMIHHOCTI,
MPUMITKN

Hoga rinepteH3is + npoteinypis
ABO 03HaKu ypaxeHHs opraHis-
MiLLeHel

CAT 2140 mm pr. cT. abo AT
290 MM pT. CT. (ABiYi 3 iHTEpBanom
4 rop nicns 20 TUXHS)

CAT 2160 a6o IAT 2110 mm pr. CT.

Hosa rineptenais + npoteiHypis ABO
03HaK1 ypaXeHHs opraHiB-milLieHein
ABO nnaueHTapHa aucdyHKUis

CAT 2140 mm pr. cT. abo IAT
290 MM pT. CT. (ABivi 3 iHTEpBaNom
4 rop nicns 20 TXHS)

CAT 2160 a6o
OAT 2110 mm pr. cT.

Binok / kpeatuHi 230 Mr/Mmorb; a6o
anbOyMiH / KpeaTuHIH 28 Mr/Mmorb;
abo 1 1/n (2+) Ha TeCT-CMYHKU

TpomBouutn <150 x 10%/1; kpeaTuHiH
290 MKMONb/M; TpaHcamiHa3m

>40 MO/n; eknamncis, 3viHa
NCUXONOMYHOrO CTaHy, crinoTa,
CYAOMM, CUMbHWIA FONOBHMIA Binb,
[B3-cuHapom, remonis

Bkntoyae nnaueHTapHy AMCHYHKLIO
(3aTpUMKa BHYTPILUIHBLOYTPOGHOTO
PO3BUTKY Nnofa, aHoMarnbHWi
nonnep)

20,3 /24 ron; abo

6irok / kpeaTuHiH 20,3; abo 2+ Ha
TECT-CMYXLUi

TpomGouutn <100 x 10%m;
KpeaTuHiH >1,1 mr/gn;
TpaHcaMmiHasu 22 x BMH (BepxHst
Mexa HopMu);

Habpsik NereHb; ronoBHUIA Ginb,
30PO0Bi NOPYLLEHHS

Enema He € kputepiem

Hoga rinepteH3is + npoteinypis ABO
03HaK1 ypaXeHHs opraHiB-milLieHen
ABO cumnTomK 3arpo3u nnopa

CAT 2140 mm pr. cT. abo AT
290 MM pT. CT. (ABivi 3 iHTEpBaNom
4 rop nicns 20 TXHS)

CAT 2160 a6o [IAT 2110 mm pr. CT.

20,3 r/24 rop; abo 6inok / kpeaTuHiH
>0,3; abo 1+ Ha TecT-cMyXLUj

TpomGouuti <150 000/MKI; KpeaTuHiH
290 mMKMonb/N; amiHoTpaHchepaan
>40 MO/n; eknamncisi, NCUXidHi
NOPYLLEHHS!, iHCYBT, CUMbHMIA
ronoBHui 6inb

Bkritoyae cumnTomu 3arposu nnoaa
(3aTpMMKa BHYTPILUIHBOYTPOGHOTO
PO3BUTKY, MOPYLLEHHS KPOBOTOKY
nynkoBoi apTepii)

Hoga rinepteH3is + npoteinypis
ABO 03HaKu ypaxeHHs opraHis-
MiLLeHel

CAT 2140 mm pr. cT. abo JAT
290 MM pT. CT. (ABivi 3 iHTEpBanom
4 rop nicns 20 TUXHS)

CAT 2160 a6o [IAT 2110 mm pr. CT.

20,3 /24 rop; a6o 0,3 r/n ABivi
yepes 6 rog

TpomGouutn <100 x 10%m;
KkpeaTuHiH >90 MkMonb/m;
TpaHcaMmiHasu 22 x BMH; Habpsik
nereHb; ronoBHUi Hinb, 30poBi
NOpYLLEHHs!

MomipHa Ta Tsxka ME 3a piBHAMM
AT Ta OpraHH1MM NOpYLUIEHHSMM

LLIOTO BU3HAYEHHS, SiKe BKITI0YaE NoMiopraHHy AMCHYHKL0
HaBiTb 6e3 NPOTETHYPIi, LLIO CBIAUNTL NPO CyTTEBE 3PYLUEHHS
napagurmu. Lle osHavae, wo MNE e dyHaameHTansHo
CUCTEMHWM eHAoTeNianbHAM Po3NagoM, KOnu ypaeHHs
OpraHiB MOXe BUHUKHYTY LLE [10 3Ha4HOI NpoTeiHypii. Take
PO3LLMPEHE BU3HAYEHHS fiae 3MOTY paHilLie AjiarHoCTyBaTu
Tshkki chopmu TE, Lo nOTeHLUiiHo npn3BoauTb A0 BinbLu
CBOEYACHMX BTPyYaHb i MOKPALUEHHS MaTEPUHCLKNX i dhe-
TanbHWXx Hacnigkis [17,18,19].

06roBopeHHsA

3rigHo 3 cyyacHUMK HaykoBuMM danumu, MNE € Hacnigkom
CKMafHVX B3aEMOLN FEHETUYHIX, IMYHOMOMIYHIX, EKOMOTiY-
HWX | cyanHHUX pakTopis. [E XapakTepunayeTbCst 3HaUHUMM
3MiHaMM B CUCTEMI TEMOCTa3Y, L0 BUSIBISIOTL 3@ PO3BUTKOM
rinepkoarynsuiiHoro CTaHy v akTueaLlieto TpoMGoLMTapHOT
naHku. Lii nopyLueHHs € npsamMM HacnigkoM reHepaniaosa-
HOI eHpoTenianbHOi ANCHYHKLIT Ta CUCTEMHOI 3anarnbHOi
BiAnoBidi. Knto4yoBi acnekTn KoarynsuiHux nopyLlleHb
BKITI04AKOTh aKTMBALit0 TPOMOOLMTIB | TPOMOOLMTOMNEHItO,
aKTMBALi0 MIa3MOBOMO reMOCTasy, 3HKEHHS aKTUBHOCTI
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MPVUPOLHNX aHTUKOArynsHTIB, NOpyLIEHHs dibpuHoniay.
Hacnigkamu umux nopyLueHb € MiKpoTpom603u, opraHHa
ANCOYHKLIS Ta CMHOPOM AMCEMIHOBAHOIO BHYTPILLHLOCY-
AVMHHOTO 3ropTanHs kposi ([B3-cunapom) [6,20,21].

[ins kpaLLoro po3ymiHHs ocobnmnBocTei iarHocTukm MNE
33 KIH04YOBUMM MbKHAPOOHUMM 1 YKPaiHCEKMM HacTaHoBaMu
YKMaAeHo NopiBHSNbHY TabnuLo KpuTepiis (mabri. 2).

KarouoBi napameTpu remocta3y npu npeeknamncii:
cy4acHi norAfaM Ha AudepeHuiauito disionoriunmx i na-
TonoriyHMX 3miH. Cuctema remocTasy nig Yac BariTHOCTi
3a3Hae 3HayHUX (Di3ioNoriYHNX 3MiH, WO CPSMOBaHi Ha
3anobiraHHs HaAMIpHI KpOBOBTPATI Mig Yac nonoris. Li
afanTauiiHi 3MiHM BKITHOYaOTb MiABULLEHHS PiBHS Ginb-
LIOCTi NPOKOArynsiHTHUX hakTopiB, 3HWKEHHS aKTUBHOCTI
OKPEMUX MPUPOLAHUX aHTWUKOArynsHTIB Ta NPUrHIYEHHS
hibpmHOni3y, WO CTBOPIKOE Tak 3BaHWiA i3ionoriyHumn
rinepkoarynsuinHni ctaH. Y pasi possutky [E Ui npo-
Llecy CTaloTb NaTonoriyHo BUPaXKEHUMU, NPU3BOASYN OO
[EKOMMNEHCOBAaHOI rinepkoarynaLii Ta niaBULLEHOTO PU3NKY
TPOMOOTUYHMX YCKNaaHeHb. Po3ymiHHsa audepeHuiauii
MiX ¢pi3ionoriYH1MMM Ta NaTONOrYHUMK 3MiIHAMK KNKOYOBUX
napamMeTpiB reMocTasy € KpUTUHHO BaXIUBIM ANS paHHBOT
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Ornsaam

[iarHOCTUKIN, MOHITOPUHTY Ta edPeKTUBHOTO NikyBaHHs MNE
[25,26,27].

Moka3sHuku TpombouuTapHOro remocrasy. TpomboumTyn
(PLT) € kmto4oBUMM KMITUHHUMK €nemMeHTaMn KpoBi, LU
BigirpatoTh LIEHTparbHY porb Y NePBUHHOMY remMocTasi (3y-
MWHLLi KPOBOTEMI) Ta NiATPUMAHHI LiMICHOCTi CYAUHHOI CTIHKA.
IxHs1 pyHKLS nonArae B YTBOPEHHi TPOMEOLIMTAPHOT POBKN
B MiCLli NOLUKOMKEHHS CYAMHU, @ Takox Yy 3abe3neyeHHi
MOBEPXHi ANS aKTUBALji NNasMoBUX (HaKTOPIB 3ropTaHHs.

3HMKeHHs KinbkocTi TpombouwTiB (TpombouuTone-
HiS)) — ofHa 3 HaxapakTepHilumx osHak ME, ocobnmBo ii
TshKKMX chopm. TpombBounToneHis (<150 x 10°/n) BUHMKaE
BHACTIZOK NiABULLEHOTO CNOXWBAHHS TPOMOOLMTIB Y Npo-
Lieci MiKpOTPOMOOYTBOPEHHS B YLUKOMKEHWX CyauHax Ta
iX NpUCKOPEHOTo pyliHyBaHHs. CTyniHb TpoMGOLMTONEHii
kopentoe 3 TshkkicTio MNE. TpomGoumToneHis, LWo nporpecye,
— NPOrHOCTMYHA 03HaKa, LU0 BKA3YE Ha NOTiPLUEHHS CTaHy
navieHTKM Ta MigBULLEHWIA PU3NK reMOpariyH1X yCKNagHeHb
(kpoBoTeui) [26,28,29].

CepenHiin 06’'em TpombouuTtie (MPV) xapaktepusye
po3mip TpomboumTiB: Yum BuLmin MPV, Tum GinbLui Tpom-
6ounTn. Binblwi TpOMOGOLMTY 3a3BMYal € MOMNOALLMMI Ta
6inbLL pyHKUiOHaNBLHO akTBHUMK. Mpu MNE vacTo Bu3Hava-
t0Tb 36inbLeHHs MPV, Lo € BignoBiaato KICTKOBOTO MO3Ky
Ha NocureHe CnoX1BaHHs Ta PyHYBaHHS TpOMBOLMTIB y
nepudepuyHin kposi. OpraHiam TakymM YUHOM HamMaraeTbes
KOMMeHCyBaTU BTpaTW, NPOLYKYKUM Ta BUBIMbHSAKYM MO-
nogi, 6inbLwi TpomboumTy [30].

Mopi6Ho fo MPV, 36inblueHHs WWpUHU po3noginy
TpombouuTtis (PDW) npu ME Takox € nowmpeHnm sBu-
wem. PDW xapakTepusye reteporeHHicTb nonynsuii
TpombouuTie 3a poamipom. 36inbLueHHs PDW cBigunTb npo
HasiBHICTb Y KPOBOTOLLi i APIOHKX, | BENUKNX TPOMOOLMTIB,
LLO CBIgYMTb NPO MOCUMEHMIA TPOMBOLMTONOES (YTBOPEH-
Hst TpOMOOLMTIB) Y KICTKOBOMY MO3KY Y BiZinOBiAb Ha ixHe
CnoXviBaHHs Ta akTveauiio [30,31,32].

Anania kinbkocTi TpombouwTie, MPV i PDW y navieHTok
3 [E pgae 3Mory YiTko BU3HAYMTMW BiMIHHOCTI TpOMGOLM-
TapHOI NaHKu reMoCTasy, OLLIHUTK, HACKINbKM Lii MOKa3HUKK
KOpentoTh i3 KNiHiYHMMK nposiBamu Ta TspkkicTio TE,
BCTAHOBWTYM iXHKO AiarHOCTUYHY LiHHICTb AN paHHbOro
BUSIBMEHHS Ta BU3Ha4YeHHs TshxkocTi ME, ouiHUTK iXHI0
MPOrHOCTWYHY POMb Y LLOAO PO3BUTKY TaKMX YCKMaAHEHD,
Ak HELLP-cuHopom a6o kpooTedi. OTxe, TpomboLuTy Ta
iXHi iHOEKCY € HaZ3BNYaNHO BaXNMBUMI Mapkepamu Ans
PO3yMiHHs narodisionorii, AlarHOCTVKK Ta NPOrHO3yBaHHA
nepebiry ME [33,34,35].

Moka3HUKM NAA3MOBOro remocTasy (KoaryaauiiHui
Kackap). ®isionoriyHa BariTHICTb CynpoBOAXKYETLCA NiA-
BULLEHHSAM PIiBHIB BinbLIOCTI NPOKOarynsHTHUX (hakTopis,
Lo 3abeaneyye rinepkoarynsuiiHuii ctan. Mpw ME i 3MiHn
nocunioTbes, a 6anaHc amilyeTtbes y 6ik HagMipHOT
koarynsuii [3].

®ibprHoreH (cpakTop 1) — Lie po3umHHUIA Binok nnasmm
KpOBI, LLO BiAirpac LieHTpanbHy porb Y KiHLeBoMy eTani
KoarynsinHoro kackagy. Mig gieto TpomGiHy BiH NepETBO-
PIOETLCS HA HEPO34MHHUIA (hIBPWH, LLIO NoNiMepu3yeThes,
YTBOPHOKOUM OCHOBY KPOB'SIHOTO 3rycTky (Tpom6y). OTxe,
(hibpuHOreH € KI4YOBUM KOMMOHEHTOM, IO 3abe3nevye
MiLHicTb i cTabinbHicTb Tpomby. MMig Yac HopmanbHOi
BariTHOCTi piBeHb (hiBPUHOrEHY B KPOBI 3KiHKW MOCTYNOBO
3pOCTae, NOYMHAIOYM 3 MepLLIOro TPUMECTPY i Jocsrato-
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YK MakcuManbHUX 3Ha4eHb y TPeTboMy TpumecTpi. Lie
afanTauiiHWiA MexaHiaM, CpsiMOBaHUA Ha 3MEHLLEHHS
KpOBOBTpATY Mif Yac NOIOriB i B NCASNONOroBOMY Nepiogi.
Ha nouartkoBwx ctapisx MNE, a Takox npw nerkumx i popmax,
piBeHb hibpuHoreHy moxe GyTu CyTTEBO NiABMLLEHUM
MOPIBHAHO 3 (Di3IONONYHNMU 3HAYEHHAMU [N NEBHOTO
TepMiHy BariTHOCTI. Y pasi nporpecyBaHHs [E [0 TSXKUX
¢opm, ocobnueo npu possutky HELLP-cuhgpomy abo
[B3-cuHapomy, moxe BinbyBaTUCS pi3ke SHKEHHS PIBHS
hibpuHoreny [36,37,38].

MatonoriyHo BMCOKi PiBHI PiBpUHOreHy Ha paHHix
etanax ME MOXyTb NPOTHOCTMYHO BKa3yBaTW Ha migsu-
LLEHNA pU3VK TPOMOOTNYHMX ycknaaHeHb. MporpecuBHe
3HWKEHHS iBPUHOrEHY € Haa3BWYaAHO HECTIPUSTIIBUM
MPOrHOCTUYHUM MapKEPOM, LLIO BKA3YE Ha BUCOKUI PU3NK
MaCWBHUX aKyLLepcbkux kpoBoTed [39,40].

MpoTpomGiHoBwiA Yac (PT) BU3HaYaE, CKinbku CekyHz
noTpiGHO NS YyTBOPEHHS 3ryCTKY B 3pasky kposi. Ockinbku
pesynbTaTyi LbOoro TECTY MOXYTb BiAPI3HATUCS 3aMeXHO Bif
nabopartopii Ta MeTofiB TECTYBaHHS, ANs CTaHAapTu3aLii
BUKOPWCTOBYIOTb MiXHAapOAHE HOpManizoBaHe BigHO-
weHHs (MHB), sike moneriuye NOPIBHSHHS Ta PO3YMiHHS
pesynbTarTiB i3 pisHux naboparopii. MpoTpombiH — 6inok,
LLO NPOAYKYETLCS NEYIHKOK | € OOHUM i3 dhakTopiB 3rop-
TaHH$ KPOBI. 3a MMM NOKa3HWKaMU OL|iHIOTb 30BHILLHI
LUNSX 3ropTaHHs KpoBi. [Mpu dpisionorivHin saritHocTi PT i
MHB MoxyTb He3Ha4YHO ckopouyBaTucst abo 3anuwartucs
B Mexax Hopmu. OpgHak y pasi Tspkkoi ME, HELLP- a6o
[OB3-cuHgpomy MoxyTb 6yTU 3adpikcoBaHi NaTonorivHi
3miHn [36,39,41,42].

AKTMBOBaHMI YacTKOBWIA TPOMBONNACTUHOBKIA Yac
(AYTY) xapakTepusye BHYTPILLHIA Wwnsx koarynsuii. Lie
nabopaTopHWA TECT, AKUIA BUMIPIOE Yac, HeobXigHUIA ans
YTBOPEHHS KPOB'HOrO 3rycTky. LLinsixom BusHadeHHs AYTY
OL{iHOIOTb EHEKTVBHICTb BHYTPILLUHBOTO Ta 3arasibHOrO LUNSXIB
koarynsii. HopmarneHui gianason A4TY 3a3Bryai cTaHOBUTb
Bin 25 0o 35 cekyHa. MMig vac dpisionoriyHoi BaritHocTi AYTH
MOXe 3anuiaTucs B Mexax Hopmm abo HaBiTb HE3HaqHO
CKOpOMYBaTUCS Yepes isionorivHy rinepkoarynsujio.

Mpw nerkin chopmi ME mMoxnmMBe NOMipHe CKOPOYEHHS
AYTY sk HacnigoK rinepkoarynsLiiHOro CTaHy, Lo Xapak-
TepHuit ana MNE. Y pasi tsxkoi NE, eknamncii abo po3snTky
[B3-cuHppomy A4TY moxe 3Ha4HO nofoBxXyBaTucs. 3rigHo
3 pesynsratamv AOCHIMKEHb, BUSBIIEHO 3HAYHY KOPEnsLiito
Mi nogosxeHHsM A4TY i ctyneHem TpomBouuToneHii npu
TsKKIM npeeknamncii. Came Tomy BuMiptoBaHHa AYTY €
B2XXIMBWM ANS PaHHBOTO BUSIBMEHHS NOPYLUEHb 3ropTaHHs
KpoBi Y NauieHToK i3 TsxKoto TE, HaBiTb SKLLIO KiMbKICTb
TpoMBoLWTIB BiAMOBIAAE Mexam Hopmu [42,43,44,45].

Mapkepu dibp1HOAi3y Ta akTHBaLi KoaryAswji. MoHiTo-
PVIHT NPOAYKTIB aKTMBaLlii Ta Aerpapauii ibpuHy € GinbLu
YyTNMBUM ONS BUSIBNEHHS NaTonoriyHux 3miH npu MNE
MOPIBHAHO 3 B6a30BMMY KoarynALiHAMMU TeCTaMK.

D-pumep — HeBenwkuii GinkoBwiA hparMeHT, Lo YTBO-
proETbCA Ny posnagi ibpuHy nig Aieto nnasmidy, konu
BinbyBa€eTbCs Ni3nC (PO3UMHEHHS) PIGPMHOBOIO 3rycTKy.
BiH € Mapkepom akTuBaLii i koarynsuii (yTBopeHHs qibpu-
Hy), i BTOPUHHOTO (hibpuHONI3y (PO34YMHEHHS IBPUHY).
BusiBneHHs D-gumepy B KpoBi CBIAUMTb, LU0 B OpraHiami
0[HOYacHO BinbyBaKOTLCA NMPOLIECH YTBOPEHHS Ta PyMHY-
BaHH$ (pibpMHOBUX 3ryCTKiB. BaXnMBo po3ymiTh, LLO piBEHD
D-pnmepy ¢hisionoriyHo 3pocTae MpoTAroM HopMarbHOI
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Tabauusa 3. Knouosi nokasHuky koarynsiLlii n[py HopMarnbHiid BariTHOCTI Ta npeeknamncii

Mapametp HopmanbHa BariTHiCTb (¢hisionoriuHi 3miHu) | Mpeeknamncia (natonoriyxi 3mMiHm) KniHiuHe 3HaueHHs / iHTepnpeTauis

Kinbkictb TpomGoumTie (PLT)

CepepHili 06'eM TpoMGOLMTIB

(MPV)

LLinpuHa posnoginy
TpomGoumTis (PDW)
®dibprHoreH

MpoTpombiHoBuit yac (PT)

AKTUBOBaHWIA YaCTKOBUI
TpomBonnacTMHOBUIA Yac
(AYTY)

D-aumep
AHTUTPOMGIH |11 (AT IIT)
MpoteiH C

[MpoteiH S (BinbHWI)

dakTop hoH Binnebparaa
(VWF)

3a3Buyail y HopMi abo He3HauHe aurnioLiiHe
3HKeHHs y Il TpumecTpi

Be3 3HayH1X 3MiH abo He3HauHe MigBuLieHHa  [iaBuLLEHWit

Be3 3HayHMx 3MiH MigBuweHa
lMoctynoBe niaBuLLEHHS (8o 4—7 1/n)
HopmarnbHuii a6o He3HauHO CKOpOYeHHi
ME / AB3-cuHapomi)
HopmarnbHuit abo HesHaYHO CKopoUEHUA

®isionorivHo NiABMLLYETLCS NPOTAIOM
BariTHOCTi

Moxe He3HauHO 3HIKyBaTICS

3anuwaeTbes BigHOCHO cTabinbHUM Moxe 3HWxKyBaTUCS

3HKeHHs (TpomMBoLuTONeHis), 0cobnneo
npw Tsokkux popmax i HELLP-cuHapomi

Ha noyatkoBux cTagisix niaBULLEHWIA; Npn
Txkii ME / IB3-cHapomi — piske 3HIKEHHS
HopmanbHuii a6o NoAoBKeHNI (Mpu TSHKKIN

TMoMipHO CkopoYeHmiA (paHHi cTagii); 3Ha4HO
nopoBxeHu (Tsbkka ME / [B3-cuHopom)

3HauHo nepeBwLLYe hi3ionorivHi HopMu

3HauHe 3HKeHHs (1o 60-70 % Big Hopmu)

MigBuLLEHe CNOXMBaHHS TPOMBOLMTIB,
MIKPOTPOMBOYTBOPEHHS!, PU3NK KPOBOTEY

PaHHiit Mapkep akTuBaLji TpoMGoLuTIB,
€eHAoTenianbHOro YLLKOIKEHHS, KOMNEHCATOPHUIA
TpomGoumTonoe3

leTeporeHHicTb nonynswii TpoMGoLuTIB,
nocunexuit TpomMGoLmMTONoe3

3ananbHa BiAnoBiAb, KOMNEHcaLis; BUCHAXEHHS
KoarynsuiiiHoro noTeHLjarny, pUavk KpOBOTEY

OUiHI0BaHHS 30BHILLHBOTO LUMSXY 3rOpTaHHs,
CMOXMBaHHS (haKTopiB

OuiHIoBaHHS BHYTPILLHBOIO LLMSXY Koarynsii,
CMOXVBaHHS (haKTOPIB, KOPENALis 3 TSXKKICTIO

Mapkep akTvBaLii koarynsuii Ta pibpuHoniay,
MIKPOTPOMBOYTBOPEHHS!, KopensiList 3 TsxkkicTto TE,
giarHocTuka HELLP

SHWKEHHS aHTUKOArynaHTHOI aKTUBHOCTI,
MiZBULLEHMI pU3NK TPOMBO3iB

IHOvKkaTop koarynonarii, puauk TPOMBOTUYHUX

ycKnagHeHb
Di3ionorivHo 3HIKYETLCS BupakeHe natonoriyHe 3HMKEHHs! [NocuneHHs NpoTPOMBOTUYHOTO CTaHy, pUanK
MikpoTpoMBo3iB
disionoriyHo 3pocTae 3HayHo nigBuLLEHMIA YyTnueui Mapkep eHgotenianbHoi AncdyHKuii

Ta MOLKOKEHHS, Kopensuis 3 TsxkicTio ME Ta
HELLP
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BariTHOCTI. HopmaTyBHi 3HauyeHHs D-aumepy npu BariTHOCTI
OPIEHTOBHI Ta MOXYTb BiAPI3HATUCS 3anexHo Big nabo-
patopii Ta MeToay Bu3Ha4eHHs [39,46]: | TpumecTp — go
0,55 mkr/mn (a6o 750 wr/mn); Il Tpumectp — go 1,4-2,2
mkr/mn (@6o 1000 wr/mn); 1l pumectp — 8o 3,0-3,1 mkr/mn
(abo 1500-2256 Hr/mn).

Mpu MNE piBeHb D-gumMepy iCTOTHO nepesuLlye
igionoriyHi HopMu Ana KOXHOro TepMiHy rectauii. Lie
€ CBiAYEeHHSIM NOoCUneHoi akTuBaLii koarynauii Ta mi-
KpPOTPOMOOYTBOPEHHS, L0 XapaKTepHi Ans natoreHesy
ME. D-aMmMep € 0AHUM i3 HaWbINbLL Yy TAMBIX NOKA3HWKIB
CUCTEMHOI akTuBauii Koarynauii Ta ibpuHonisy, Lwo
nexatb B OCHOBI eHfoTenianbHoi AucdyHKuii npu TME.
3HauHe nigeuLeHHs D-gumepy (Hanpwknag, >1500 Hr/mn
y lll TpumecTpi) NOPIBHSAHO 3 pehepPEHTHUMI 3HAYEHHAMY
[NS HOpMarnbHOI BariTHOCTI MOXe 6yTu AiarHoCTUYHNM
kputepiem ME, 0cobnnBo npu noegHaHHi 3 KRiHiYHUMK
nposisamu. PiBeHb D-gumepy Kopentoe 3i CTyneHem
TSXKKOCTi Npeeknamncii: Ynum BuLmin piseHb D-gumepy,
TUM BiNbLLl BUPaXEHOK € aKkTuBaLia koarynsuii, wo
4acTo CBIAYNTL NPO TAXKYY OPMY 3axBOPLOBaHHS. [pw
po3suTky HELLP-cuHgpomy (ocobnmeo Tskkoi dhopmu
ME) piBeHb D-gumepy moxe ByTn Haa3BM4aNHO BUCOKUM,
i TOMY BiH € BaXXNMBUM AiarHOCTUYHUM iIHCTPYMEHTOM
AN PaHHbOrO BUSIBMEHHS LIbOTO 3arpo3fMBOro CTaHy
[47,48,49,50].

MpupoaHi aHTMkoaryaaHTu. AHTuTpomOiH Il (AT HIl) —
OCHOBHWIA NpupoAHWiA iHribiTop TpomGiHy. Mpu ME ioro
aKTUBHICTb MOXe 3HkyBaTucs fo 60-70 % Big Hopmu
(Hopma —80-120 %). Mig Yac HopManbLHOi BariTHOCTi aKTUB-
HicTb AT Il MOXe HE3HAYHO 3HMKYBATUCS, LLO € YaCTVUHOK
hiionoriyHoro rinepkoarynawuiHoro CTaHy, CpsiMOBaHOro
Ha 3anobiraHHs HaaMipHi KPOBOBTpATI Mg Yac Nosoris.
Mpu ME BinbyBaeTbest Ginbll BupaxeHe Ta naTonoriyHe
3HMKkeHHs akTmBHocTi AT [lI. Yum Hukda aktushicTb AT I,
TUM GinbLU BUPaXXEHUM € AnchanaHc y cucteMi remoctasy

https://zmj.zsmu.edu.ua

Ta TshkunM € nepebir MNE. 3HauHe 3HmkeHHs AT Il yacTo ko-
pentoe 3 Tshxkumm dhopmamu MNE Ta po3BUTKOM yCKnaaHeHs.
Husbkuit piBeHb AT Il € NPOrHOCTUYHO HECNPUATIMBUM
(hakTopoM, LLO NiABMLLYE PUMK PO3BUTKY TPOMOOTUYHUX
yCKnagHeHb y Matepi (Hanpuknag, Tpomboemborii nere-
HEeBOI apTepii, BEHO3HMX TpomboasiB) [39,41].

Mpoteinn C i S € Knto4YoBUMI KOMNOHEHTaMW NMPUPOA-
HOT @aHTUKOArynsHTHOI cuCTeMu opraHiamy. BoHu sigirpatoTb
KPUTWYHY porb Y perynsLii aroptaHHs Kposi, 3anobiraryu
HagMipHOMY TpoM60oyTBOpeHHI. Obuaga Ginku € 3anex-
HUMK Bif BiTaMiHy K, CUHTE3YI0TbCA B NMeviHLI Ta ¢hyHKLjo-
HYI0Tb Y TiCHIN B3aemogii. PiBHi npoTeiny S (i 3aranbHoro,
i BINbHOTO) 3HWXYKOTLCA NpU (i3IONOriYHIN BariTHOCTI, a
piBHi npoTeiHy C 3anuwatoTbCs BiGHOCHO CTabinbHAMK.
MMig Yac HopmarnbHOI BariTHOCTI PiBHI Ta aKTUBHICTb Mpo-
TeiHy C, siKk npaBuno, 3anuwarTbes cTabinbHumm abo
MOXYTb HE3Ha4YHO 3pOCTaTh, @ PiBeHb BINlbHOTO MPOTEiHy
S disionorivyHo 3HWKyeTbes [37,41). Mpu MNE nopyLueHHs
B cuctemi npoteiiB C i S cTatoTb GinbLL BUPaXEHUMM
Ta HabyBaloTb MaTONOrMYHOrO XapakTepy, CPUYUHSIOYM
rinepkoarynsuilo Ta NigBULLEHHS PU3NKY TPOMOOTUYHIX
ycKnagHeHb [51,52,53].

®aktop oH Binnebpaxaa (VWF) — Benukuii Myrnb-
TUMEPHUI TMIKOMPOTETH, WO BiAirpae NoaginHy, KNYoBy
porb y cucTemi remoctaay. g 4ac HopManbHoi BariTHOCTI
piseHb VWF y nnaami kposi ¢isiofnoriyHo 3pocTae, oco-
6nu1Bo y Apyromy Ta TPETbOMY TPUMECTpaX, 4OCSrakym
MaKCMMarnbHUX 3Ha4eHb [0 monoris. Lle nigBuLeHHs €
4aCTUHOIO 3aranbHoro rinepkoarynsauiiHoro cTaHy Barit-
Hocri. Migeuwwenns vVWF nig yac BaritHocTi BiabyBaeTbes
BHACIiAOK NOCMNEHOr0 CUHTE3y B eHaoTenii cyaunH. Mpu
ME piBeHb haktopa choH BinnebpaHaa 3HayHO miaBu-
LLYETLCS MOPIBHAHO 3 DI3IONOTNYHUMM 3HAYEHHAMM ANs
MeBHOro TepMiHy BariTHoCTi. BiH € ogHUM i3 HabinbL
YyTNMBKMX MapkepiB eHgoTenianbHoi AMCHYHKLUIT Ta no-
LUKOZKEHHS, KntoyoBux y natoreHesi MNE. PiBenb VWF
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KOPEntoe 3i CTyNeHeM TSXKKOCTi Npeeknamncii: Yum Tsxya
dopma, Trm BULLWIA piBeHb VWF y nna3mi; Le € CBiAYeHHAM
BULLIOrO CTYMeHs eHOO0TeNianbHOro YpaxeHHs Ta akTueaLii
cuctemu remoctasy [54,55,56).

KntouoBi mokasHuku koarynsauii npu HopmanbHin
BariTHOCTI Ta iXHi 3MiHM y pasi po3suTky ME HaBegeHo y
mabnuui 3.

AHaniaytoun HaykoBi ny6nikauii, 3BepHynu yBary Ha
HU3KY NPOBMNEMHMX NUTaHb Mig Yac AOCMIMKEHHS Mapke-
piB cibpuHoniy 1 akTuBaLji koarynsuii, ski notpebytotb
JeTanbHilWoro Ta rnubworo BMBYEHHS. 3okpema, He
BU3HAYEHO OCTATO4HO, SIKi came Mapkepw Koarynsuii Ta
hibpuHonisy € HanbinbLL iHpOpMaTUBHUMK AN paHHBOT
piarHocTuku ME, Hemae YiTkux HOpMaTUBHUX pedpepeHT-
HUX 3HaYeHb MapkepiB GibpuHonidy Ta koarynsuii ans
KOXXHOTO TPUMECTPY BariTHOCTi, HEAOCTaTHbO BUBYEHO
BMMKB BiKY, ETHIYHUX OCOBNMBOCTEA, CYNyTHIX 3aXBOPIOBaHb
(XpoHiyHa rinepTeHsis, TPOMBOINis, OXUPIHHA) Ha piBHI
LMX MapKepiB, L0 YCKMaAHIOE IHTEpNpeTaLito pesynsraTis
focnimkeHns [57,58,59,60].

BucHoBKH

1. 3a unHHumm HactaHoBamu (ACOG, 2020; NICE,
2021) Ta Ha OCHOBI MpoaHanisoBaHux Mybnikavii i gocni-
[DKEHb, BCTAHOBIMEHO, LLIO MOHITOPUHI reMOCTa3ioNorivHMX
MapkepiB nepegbadyeHuint pekoMeHAoBaHUMI Nigxodamm
[0 CNOCTEPEXEHHS 3@ BariTHAMM 3 Tpynu pU3KKy, Crpusie
paHHBLOMY BTPYYaHHIO Ta NOKPALLYE MaTepUHChKi 1 nepu-
HaTanbHi pesynesrary.

2. BMBYEHHS KMIOYOBMX NapameTpiB reMocTasy npw
npeeknamncii ae 3Mory BU3Hau1T MexaHismu ii natoreHe-
3y, OLiHUTL PU3NK MaTEPUHCBKWX | NepuHaTanbHUX ycknag-
HeHb, CPUSiE PaHHIN diarHoCTUL Ta cTpaTudikawi pusmky.

3. KomnnekcHe JOCTIMKEHHS CUCTEMM reMOCTa3y, Lo
BKITIOYAE CTaHAAPTHI Ta HOBITHI nabopaTopHi Mapkepu, €
KIMKOYOBUM NSt €PEKTUBHOTO BEAEHHS BariTHUX i3 npe-
eknamncieto. Takuii nigxin 3abe3neyye CBoeYacHe BUSIBNEH-
Hs1, MOHITOPWHT i NepcoHaniaoBaHy KOPeKLito KoarynawinHux
MOpyLUEHb, Lo 6e3nocepeaHbOo BNMBAE Ha NOKPALLEHHS
MaTEPUHCLKIX Ta NepUHaTanbHUX HaCTiaKiB.

MepcneKTMBU NOAAAbLIMX HAYKOBUX AOCAIAKEHbD.
lNpeeknamncis 3an1LIAETbCS OAHIEN 3 HAMBAXIMBILLNX
npobrnem OXOpOHM 3[0POB’sl, TOMY BKpai BaxnuBUAM €
MPOLOBXEHHS! BUBYEHHS! Pi3HWX aCrekTiB AiarHOCTVKW L€l
natonorii A5 NiaBULLEHHS €PEKTUBHOCTI KNIHIYHOT MpaKTh-
k1. B ocTaHHiX LOCHimKEHHSX OCArHYTO 3HA4YHOrO Mporpe-
Cy, ane JOoUiNbHUM BBaXaeMO po3pobneHHs eheKTUBHUX
nigxoais 4o Banigavii naHenen biomapkepis rinepkoarynsii
ANS PaHHBOT [iarHOCTUKY i cTpaTudikaLlii puanky BariTHUX
i3 NPEeEeKNamnCieto, BUBYEHHS POJTi MIKPOYACTUHOK / eK30-
COM NnaLeHTH Sk OiarHoCTUYHOrO Mapkepa Ta mxepena
naTonoriyHnX akTopis, cTaHgapTU3aLito MeTogonorii
BUMIPIOBaHb (MapKyBaHHSI, [Keperno KniTuH). Baxnvneum
€ TaKoX MpOJOBXYBaTW PaHLOMi30BaHi [OCNIIKEHHS
AHTUKOAryNSHTHOI / aHTUTPOMOOLMTapHOI Tepanii y TO4HO
BW3HaYEHUX rpyn BariTHUX i3 BUCOKMM PU3VKOM.

diHaHCcyBaHHA
DOCNIAKEHHS! 3AiCHEHO 6e3 GiHaHCOBOT MIATPUMKM.
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OcobauBocTi nepebiry nocTKoBiAHOro CUHAPOMY
Yy NaLi€HTIB AUTAYOrO BiKY: OFAfIA AiTepaTypu

0. B. AamueBa®*BCP C. M. Hepenbcbka®AEF

3anopisbkuit AepXXaBHUN MEAMKO-GapMaLEBTUUYHKI YHIBEPCHTET, YKpaiHa

A - KOHLIEMLLS Ta AU3ANH AOCAIAXEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnipeTaLis AaHux; D - HanucaHHs cTaTTi; E - peparyBaHHs cTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi

KatouoBi cnoBa:
BipycHa iHdekuia,
NOCTKOBIAHMI
CHUHAPOM,
NT-proBNP, D-aumep,
eHAoTeNianbHa
AVCOYHKLISA,
LIMTOKIHOBMI LLITOPM,
MYABTUCUCTEMHUI
3ananbHW CUHAPOM,
BiPYCHUI KapAWT.

3anopisbkuit
MeAWYHUI XXypHaA.
2026. T. 28, Ne 3(156).
C. 282-288

YNpogoBX OCTaHHiX POKiB CBiTOBa CrifbHOTa Nikapis i HaykoBLiB npogosxye BopoTbby 3 COVID-19. BogHovac ysary gocnia-
HWKIB NPVUBEPTaE He NLLE MOsiBa HOBWX LUTAMIB BipyCy, ane i hopMyBaHHS NOCTKOBIAHOMO CUHAPOMY, SIKUA MOXeE BUHWKATH | B
[I0pOCIuX, i B AiTeN.

Merta po6otu - Ha nigcTaei aHanisy BigomocTeil haxoBoi nitepaTypy cxapakTepuayBaTit 0cOBNMBOCTI PO3BUTKY Ta MPOSIBIB NOCT-
KOBIQHOIO CUHAPOMY B AITEN.

Marepianu i meToau. 3aificHUNM HapaTUBHUMIA ornsg nyonikaLin 3a 2020-2025 poku, Lo IHAEKCYTLCS Y HAayKOMETpUYHIX 6asax
PubMed, Scopus, Web of Science, Google Scholar, ScienceDirect, UpToDate, a Takox Tux, Lo ony6nikoaHi y BiTYN3HSHWX
BuAaHHsX. [Jo aHanisy BKNKOYEHO HayKOBi NpaLli LWoao KniHikv, nabopaTopHWx Mapkepis, exokapgiorpadii, MPT cepus, a Takox
LOCNIMKEHHs MyTNBTUCUCTEMHOTO 3anarnbHoro cuHapomy (Multisystem Inflammatory Syndrome in Children, MIS-C) ta koaryno-
narii B AiTen.

PesyAbTaty. MoLLMpeHicTb NOCTKOBIAHOIO CUHAPOMY B negiatpii Bapitoe Bia 4 % 40 66 %; y NPOCNEKTUBHUX CNOCTEPEXEHHSX BCTa-
HOBMEHO, Wo y 10-27 % fiTer cumnTomm 36epiraloTbes Yepes 2—5 MicsLiB. Sk HaNYacTiLLi NPOsBY BUSHAYEHO aCTEHito, 3aAMLLKY,
rONoBHWIA Ginb, KOTHITUBHI MOPYLLEHHS!, TPUBOXHICTb, Taxikapzito, NOpyLUEHHs cHY. KapaianbHi amiHn (25-75 %) BkntouatoTb TpaH-
3UTOPHY AMCAYHKLIK MioKapaa, 3HWKEHHS pakLii BUKAY, Aunarawlito niBoro LwnyHouka, aputmii; npu MIS-C yacrile nigeuLleHi
NT-proBNP i TponoHiH |, GinbLu BupaxeHa cucToniyHa ancdyHkuis. Koarynonartis xapaktepusyeTbest nigeuLleHHsm D-gumepy
Ta ibpUHOreHy Npu HW3bKINA YacToTi KMNiHiYHUX TPOMOO3iB. BusisneHo kopensuii Mixk D-gumepom, NT-proBNP i eputiHom, Lo
CBiAYMTb NPO NPOBIAHY POrb eHAOTENiaNbHOT ANCYHKL.

BucHoBKu. [10CTKOBIAHUI CUHAPOM Y [iiTelt Mae MyNLTUCUCTEMHUIA XapaKTep i3 JOMiHYBaHHAM eHoTeNianbHO-3ananbH1x Mexa-
HiamiB. NT-proBNP, D-gumep i TponoHiH | y noeaHaHHi 3 exokapaiorpadieto Ta MPT € knto4oBrMI Mapkepamu Ans ctpatudikavii
PU3VIKy Ta MOHITOPUHTY Nepebiry 3axBoptoBaHHs. [oLinbHO po3pobuTi cTaHaapTU30BaHi MPOTOKOMM CIOCTEPEXEHHS Ta 3LINCHUTH
[OCTIZKEHHS LLOAO BiAAANeHNX Hacniakis KOpoOHaBipyCHOT XBopoby y AiTeil.

Keywords:

viral infection,
post-COVID-19
syndrome,
NT-proBNP,

D-dimer, endothelial
dysfunction, cytokine
storm, multisystem
inflammatory
syndrome, viral
carditis.
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Clinical features of post-COVID syndrome in pediatric patients:
a literature review

0. V.Liamtseva, S. M. Nedelska

In recent years, the global medical and scientific community has continued to investigate COVID-19. Scientific attention, however,
has shifted beyond the emergence of novel variants to include the development of postCOVID syndrome, which may occur in
both adults and children.

Aim. To characterize the features of development and clinical manifestations of post-COVID-19 syndrome in children based on
an analysis of the scientific literature.

Materials and methods. A narrative review of studies published between 2020 and 2025 retrieved from PubMed, Scopus, Web
of Science, Google Scholar, ScienceDirect, UpToDate, and selected Ukrainian peer-reviewed journals was conducted. Eligible
studies addressed clinical features, laboratory biomarkers, echocardiography and cardiac MRI findings, multisystem inflammatory
syndrome in children (MIS-C), and coagulopathy in pediatric patients.

Results. The reported prevalence of pediatric post-COVID-19 syndrome ranges from 4 % to 66 %. Among affected children, 10-27 %
exhibit persistent symptoms 2-5 months after acute recovery. Common manifestations include fatigue, dyspnea, headache,
cognitive complaints, anxiety, tachycardia, and sleep disturbance. Cardiac alterations were reported in 25-75 % of cases across
included studies; findings encompass transient myocardial dysfunction, reduced left-ventricular ejection fraction, left ventricular
dilatation, and arrhythmias. In MIS-C patients, NT-proBNP and troponin | elevations and systolic impairment are more pronounced
compared to non-MIS-C post-COVID-19 cases. Coagulopathy is characterized by increased D-dimer and fibrinogen levels with a
relatively low rate of overt thrombosis. Correlations among D-dimer, NT-proBNP, and ferritin levels highlight endothelial dysfunction
as a central pathophysiologic driver.

Conclusions. Pediatric post-COVID-19 syndrome is a multisystem entity dominated by endothelial-inflammatory mechanisms.
NT-proBNP, D-dimer, and troponin |, together with echocardiography and cardiac MRI, are essential for risk stratification and
long-term follow-up. Standardized monitoring protocols and long-term outcome studies are urgently needed.
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Ornsaam

YnpogoBx 0CTaHHiX POKiB CBITOBA CMiflbHOTA MikapiB i Hay-
koBLjiB npogoBxye 6opoTbby 3 COVID-19. BogHouac ysary
JOCNiQHWKIB NPUBEPTAE He NULLEe MOosiBa HOBWX LUTaMIB
BipycCy, ane 1 hopMyBaHHS! NOCTKOBIAHOIO CUHAPOMY, KW
MOXe BUHWKATW | B LOPOCIUX, | B AiTeN. MNoWwmnpeHHs kopo-
HaBipycy SARS-CoV-2, sakuii CNpUynHSIE TSHXKKWIA FOCTPUIA
pecnipaTopHWiA CUHAPOM, CTano MPUYMHOIO OrOMOLLIEHHS
eKkcnepTamu BcecBiTHLOI opraHisaLii OXopoHW 300poB’s
naHgemii kopoHasipycHoi xsopotu (COVID-19).

MowwuperHs COVID-19 posnovanocs y rpyaxi 2019
POKY ¥ y>ke 3a Kinbka MicauiB Habyno rnobanbHOro Maciu-
Taby. 3a ogiLlinHNMM CTATUCTUYHUMK JaHUMK BcecBiTHBOT
OpraHisauii OXOpOoHW 300pOB’'A, CTaHOM Ha 1 CiuHsa 2022
poky 3adpikcoBaHo noHag 300 MITH BUNaKiB 3aXBOPIOBaHHS
B yCbOMY CBITi. B YkpaiHi 3a Becb Yac naHgemii 3aranbHa
Kinbkictb Bunagkis COVID-19 ctaHoBUTL NoHaA 5,5 MiH. Y
cepenHbOMY BiACOTOK AiTen, siki xsopinu Ha COVID-19, cTa-
HoBWTb 1-5 % BUNaaKiB BiA 3aranbHoi KinbkocTi xsopux [1].

[MoWMpeHICTb NOCTKOBIAHOMO CUHAPOMY AOCH YiTKO He
BW3HAY€eHO, OCKirNbKW pe3ynbTaTi JOCHimKeHb 0OMeXeHi, a
aBTopy HaBoaaTb AaHi Big 0,4 % o 100,0 % [2,3]. Tak, 3a
pesynsTaTamu MeTaaHaniay 17 JocnimkeHb, OnMcaHo no-
LUMPEHICTb MOCTKOBIZHOO CUHAPOMY B Mexax 1547 % [4].
MoLwwmpeHicTb Ha piBHi 25,2 % BW3HaYEHO B CUCTEMATUYHO-
My ornsgi 21 JOCigKeHHS, 3aranbHa KinbKiCTb YYaCHMKIB
—80 071 gutnhm [5].

Y npocnekTuBHUX o6cepBaLinHUX AOCMIAXEHHSX
3a y4yacTio nauieHTiB AMTAYOro BiKy, rocriTanisoBaHmx
i3 roctpoto cpopmoto COVID-19, y 10-27 % Bunagkis
3adikcoBaHO CTilKi cuMnToMM abo MOPYLLEHHS aKTWB-
HOCTI Yepes 2-5 micsuiB nicns Bunucku. MpoaHanizoBaHo
faHi 372 pite, ski rocnitanisoBaHi 3 rocTpor opmoto
COVID-19, BctaHoBneHo, Wwo 20 % i3 H1X Manu npuHanMHi
OfHy MOBTOPHY rocniTaniaawito, NoB'sA3aHy 3 Hacrigkamm
SARS-CoV-2, a 91 % manu npuHaiMHi 0auH BisUT Ao
nikaps 3 NpMBOAY HACTIAKIB 3a OCTaHHI M'ATb MiCALIB micns
Bunmcku. LLloHaimeHLLe 25 % piTel Many BiawT, NOB’S3aHWi
3 YCKINagHEHHAMU, Ha M'ATOMY MicALi NiCns rocTporo eTany
3axBOproBaHHsA [6,7,8,9]. B iHWwomMy meTaaHanisi 14 gocni-
[PKeHb HaBEeIEHO iaHi NPO NOLLMPEHICTb BigAaneHux cumn-
TomiB COVID-19 Ha pisHi Big 4 % £o 66 % sunapkis [10].

OTe, BUCOKA MOLLMPEHICTb MOCTKOBIAHOTO CUHAPOMY
cepeq Aiteit, pisHOMaHITHICTb Oro KIiHIYHKMX NPOsIBIB i
MOTEHLiIMHWIA BNIMB Ha (PYHKLIOHANbHWIA CTaH OpraHiamy
3YMOB/IOKTb HEODXIAHICTb Yy3aranbHEHHST Cy4YacHUX Hay-
KOBMX AaHuX Lopo ocobnusocten nepebiry COVID-19 i
long-COVID y negiaTpuyHin npakTuLyi.

MeTta po6otu

Ha nigcTasi aHanisy BigomocTel ¢haxoBoi nitepatypu
CXapakTepu3yBaTu 0cobnMBOCTI PO3BUTKY Ta NposBiB
NOCTKOBIAHOrO CUHAPOMY B JiTel.

Martepianu i meToAM AOCAIAKEHHA

[ocnimKkeHHs BUKOHaHO y hopmaTi CMCTEMHO-aHaNTUYHOTO
ornagy nitepatypu. Mowwyk HayKoBUX mxepen 34iINCHUIN
Yy MiXKHapOAHUX HaykoMeTpuuHux 6asax faHux PubMed,
Scopus, Web of Science, Google Scholar, ScienceDirect
Ta UpToDate, a Takox y BITYU3HAHIUX HAYKOBWX XypHanax
3a nepiog 3 2020 go 2025 poky.

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

[o ananisy Bkro4YeHo 45 peneBaHTHIUX fxepern, Bifi-
OpaHux 3a KpuUTepisMK BiANOBIAHOCTI TEMaTL, HAYKOBOI
[OCTOBIPHOCTi N aKTyanbHOCTI. Y3aranbHEHHS JaHuX
3AINCHUNN, BPAXOBYHKOYM CyYacHi Miagxoau A0 OLHIOBaHHS
KniHiyHnx nposieis COVID-19y gitei, ocobnueocTel nepe-
6iry NoCTKOBIAHOMO CUHAPOMY, NATOrEHETUYHIX MEXaHi3MiB
PO3BUTKY MYSIbTUCUCTEMHOTO 3anasnbHOro0 CUHAPOMY Y
piten (MIS-C), koarynsiiiiHux nopyLueHb i 3MiH MapkepiB
3ananbHoi BianoBiai.

Pe3yabTati

Binomo, wo SARS-CoV-2 — PHK-BmicHui Bipyc. Y mato-
reHesi COVID-19 po3pi3HatoTb TpK NPOBIAHI NaHKK: Nisnc
SARS-CoV-2 ypaxeHux KniTWH, LIMTOKIHOBWIA LITOPM i
TpomboBackynit [1,2]. SARS-CoV-2 notpannsie fo KniTuH
3a [10NOMOrol0 NMOBEPXHEBOrO Ginka S, LUNSAXOM HerTpa-
nisauii peuentopa [0 aHrioTeH3MHNEPETBOPKOBANBHOMO
thepmeHTy-2 (AMN®-2), 3MeHLLYouM 10ro MeMOpaHHy eKkc-
npecito. Ockinbki AN®-2 € perynsitopom piBHs OpagukiHiHy,
3HWKEHHS! 110r0 NMereHeBoi eKCrpecii Npu3BoanTb 40 PO3-
BUTKY OCepeaKoBOI TpaHCyAaLll, LLO € NPUYMHOK PO3BUTKY
aHriOHEBPOTNYHOTO HAbPsKy B MOLUKOMKEHIN MereHesin
TkaHuHi [11]. MNepexig nnas3mu KpoBi 3 Kaninapis CpU4nHSe
BUNagiHHA OinkiB nnasmm y dopmi rianiHoBux mMemobpaH.
Habpsik Ta yTBOpEHi rianiHoBi MmembpaHn Npu3BOaATL A0
MOLLIKOPKEHHS arnbBEOISIPHOTO EMiTENito, NOPYLUIEHHS CUH-
Te3y CypaKTaHTy, 3HKEHHS arnbBeNspHOi PO3TSHKHOCTI. Y
pesynbTari BiaOyBaeTbCS NOPYLUEHHS MPOLIECY ra3000MiHy.
Bechb el npouec npu3soaunTb 40 AecKBamaLlii anbBeonsp-
HOTO eniTenito LLSXOM NOLUKOMKEHHS anbeeonouunTis 1i2
TVNIB BHACNAOK LiMTONATUYHOI Ta LTonponichepatvaHoI 4ji
Bipycy [12,13]. BHacnigok niaBuLLEHHS piBHS npo3anansHnX
LMTOKIHIB (iHTepdepoHH, iHTEpPREiKiHK, (DaKTOp HEKPO3Y
MyXMWHU, XEMOKIHW Ta iHLUi BinkoBi MeaiaTopy 3ananexHst)
BWHWKAE TaK 3BaHWN LIMTOKIHOBMI LUTOPM 3 YPaXeHHSM
Hafani BnacHuX KIiT1H opraxisMy Ta iHinsTpayieo opraHis
CD8+-nimcpoutamu i Makpodparamu. Taki 3MiHK, AIMOBIPHO,
€ pe3ynsTaTom ayToiMyHHOrO KOMNOHEHTa naToreHesy [14].
[aHux wopo ocobnmsocTet nepebiry NOCTKOBIAHOMO
CUHAPOMY Y AiTeln 3Ha4HO MeHLLe. [TpoTe BigoMo, Lo nicns
rocTpoi iHgekuii SARS-CoV-2 y 2,3 % nauieHTiB BUHWKae
MIS-C, B 1,6 % BunagkiB po3BMBaETLCS MiokapauT. 3a
pesynstatamu gocnimkeHb, 35,7 % Aiten Manu 4o ABOX
cUMNTOMIB, 22,5 % — Tpu i GinbLUe; NOBHICTIO BiGHOBUNMCS
41,8 % xBopwx [15]. 3a pesynsratamu iHLLOMO JOCTIKEH-
Hs, nicns 6escumnTomHoro nepebiry y AiTel Bu3Hayanu
33/1LLIKY, BTOMY, Mianrito, KOrHITUBHI MOPYLLIEHHS!, FONOBHI
6inb, Npuckopere cepueduTTs Ta Binb y rpyasx, ski Tpueanm
He MeHLLe Hix 6 micauis (puc. 1) [16]. Y GinbLuocTi giten
xBopoba Mae 6e3cumnToMHuin nepebir abo nerky dopmy,
OfHaK Yy YacTKM AiTen AiarHoCTYOTb TSHKKWIA nepebir i NeBHi
0COBMMBOCTI KNiHIYHMX NPOSIBIB NOPIBHAHO 3 AOPOCITUMM.
HuHi COVID-19 knacudikytoTb He nuLle 3a CTyneHeM
TSXKKOCTI, ane 1 3a TpueanicTio nepebiry. 3rigHo 3 Ha-
cTaHoBo «JlikyBaHHs BigaaneHux Hacnigkis COVID-19
(NG188)» HauioHanbHOro iHCTUTYTy OXOPOHW 3[0POB’SA
Ta BOCKOHAmNeHHs MeauyHoi gonomory Benukoi Bputa-
Hii (NICE), pospisHstotb roctpuin COVID-19, Tpusanun
COVID-19inoct-COVID-cuHgpom [17]. Toctpuin COVID-19
xapakTepumayeTbcs HasiBHicTio cumntomie COVID-19 go
4 TnxHiB BKNoyHo. [ina Tpusanoro COVID-19 Tunosa
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daKTopu pUsuKy

NikyBaHHA

Marodisionoris

CumnTomu

BinbLue Hix 5 noyaTkoBux cMMNTOMIB
TSKKICTb NEPBUHHOTO 3aXBOPIOBAHHS
XiHoya cTatb
1 piBHiB D-gumepy abo C-peakTusHoro binka
| KinbkocTi nimcouuTie

.
|
|
|
|
|
|
|
|

MepcoHanizoBaHa peabinitaulis: |

nerki aepobHi Ta auxanbHi BNpasy, !

arne MoXyTb 6yTi JOPEYHUMI :
He B KOXHOMY BUNaZKy |

|

|

|

|

Long-COVID
abo

—

TpuBane NopyLIeHHs TKaHUH

/I\

CUHApom

CynyTHs natororis
[MonepepHii ncuxiatpuyHuin posnag
CrapLuuit Bik

1 PIBHIB iHTEPNEKIHY-6, NPOKANbLMTOHiHY, TPOMOHIHY-1,

CEYOBMHY KpoBi abo KinbKoCTi HeNTpodhinia

®apmakonoriyHi:
Hanpuknag, iMyHo- Ta MiToXoHapiarnbHi MogynsTopu,
aHanbreTki, aHTUenpecaHTy, iBabpaaut
Ta aHTUricTamiHHi npenapatu

He dapmakonoriyi:
Hanpuknag, KOMNPECiAHWA oasr, isnyHi Bipasu
Ta KOrHITMBHO-MOBEAIHKOBA Tepanis

noct-COVID-19

ﬂepcuc‘reu‘me 3ananeHHs

BTOMa

Kapaionoris TMynbmoHonoris Hesponoris Mepcuctenuia  =— . 3 [vcGios ) |
\ \ Bipycy TNimdponeris B e AyTOiMyHHi
Binb y rpyasx, 3aauiwka, KorHiTuBHi 1 \ \
cepuebnTTs, Kaernb MOPYLUEHHS, XpOHiuHi
i - o 3ananeHHs Tactpo- Browma,
Taxikapgisi, TONOBHMIA 6inb, ) | !
) ) iHTECTUHANbHI 6inb y cyrnobax,
opToCTaTUYH aenpecis, L S
Ta HeBPOMOriYHi TornoBHwiA binb,
MOPYLUEHHS TpuBora, .
- CHMMTOMM KOTHITUBHI
6e3CoHHS, Mianris,
NOPYLUEHHS!,
NOpYLUEHHS BTOMA, d
. opToCTaTAYHi
HIOXY Ta CMaKy, 6inb y cyrnobax
MOPYLUEHHS

Puc. 1. Ornsig cumnToMiB, iMOBIpHOT natodisionorii, cynyTHix (akTopiB puaiky, MOXNMBUX METOAIB NiKyBaHHS!, siki BUKOPUCTOBYIOTb BNPOAOBXK TPUBAIIONO Yacy.
TyHKTWpHI RiHil no3HavaloTb 06nacTi, B KOTPUX AOKa3iB BIGHOCHO HEAOCTATHLO NOPIBHSHO 3 NPAIMUMM MiHisMM (NepekrnageHo 1 aganTosaHo 3 [16]).
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HasiBHicTb cumnTomiB COVID-19 3 4 no 12 TuxaeHsb.
MocT-COVID-19 cuHapom Mae KniHiuHi MposiBu, Lo 3's1B-
NAKTLCA Nif Yac abo nicnst NepeHeceHoro 3axBopioBaHHS,
TpUBalOTb NMOHaA 12 TWXHIB Ta Siki HEe MOXHA MOSICHATU
iHLIMMW ansTepHaTUBHUMK AiarHo3amu [18].

B aHrnomoBHiit haxosiii nitepatypi nauieHTis i3 no-
CTKOBIZZHUM CMHPOMOM Ha3WBatoThb AanekobiiH1kamu
(post-COVID long-hauler) [19]. 3rigHo 3 BU3Ha4eHHSAM,
Lie nauieHTu, y kotpux byno piarHoctosaHo COVID-19 i
ki MaKTb MOPYLLEHHS 3aranbHOro CTaHy Ta sIKOCTi KUTTS
HaBIiTb Yepes 6 MicALiB NiCns NepeHeCeHoro 3axXBOPHOBaHHSI.

MoctkosigHWi cuHapom (post-COVID-19 syndrome,
abo long-COVID) BusHayatoTb gk nosBy abo 3bepexeH-
HS KMiHIYHUX CUMNTOMIB NOHaA 12 TWXHIB Nicns rocTpoi
iHbekLii, 6e3 ansTepHaTUBHOMO NATOdi3ioNOoriYHOro Nosic-
HeHHs1 [20,21]. 3rigHo 3 gaHnmmn MeTaaHaniay S. A. Behnood
et al. [4], nowupeHicTb NOCTKOBIOHOMO CUMHAPOMY Ccepeq
Aiten ctaHoBuTb 15-47 %; y cuctematnyHoMy ornagi
S. Lopez-Leon et al. [5] HaBeneHo yacToTy 25,2 %, obCcTe-
xeHo 80 071 gnTuHy. 3a pesynbratamy NPOCMEKTUBHNX
nocnimxenb, 10-27 % aite manwu cTinki cumnTomm abo
3HWKEHHS! Pi3NYHOI aKTMBHOCTI Yepe3 2-5 micauiB nicns
ofyxaHHs [6,7,8].

CnekTp KniHiYHWX NpOSIBIB MOCTKOBIAHOTO CUHAPOMY
y AiTei € HaA3BUYaNHO LUMPOKUM | OXOMITIOE acTeHito, 3a-
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OVLLKY, TOMOBHUIA Girnb, KOTHITUBHI MOPYLUEHHS!, EMOLNHY
nabinbHicTb, TpuBOry, Mianrii, Binb y rpyasx, Taxikapgito,
apuTMii Ta nopyweHHs cHy [10,22,23,24]. Y yacTuHn
nawieHTiB Li CUMNTOMW NOEAHYOTLCS 3 nabopaTtopHUMM
03HaKaMM CUCTEMHOTO 3anasieHHsl, 30KpeMa MigBuLLEHHSM
C-peakTusHoro Ginka, deputuHy Ta D-gumepy, a Takox
i3 (OYHKLOHANbHAMW NOPYLIEHHSMW CEPLEBO-CYANHHOI
CUCTEMM, LLO MOB'A3YOTb 3 aKTUBALiE eHZOoTeNito Ta
LIMTOKIHOBOIO BiZNoBiaato [25,26,27].

OpHieto 3 HanbinbL CTanMx 3aKOHOMIPHOCTEN, BU-
aBneHux npu COVID-19 i nocTkoBigHOMY CUHAPOMI, €
thopMyBaHHS CUCTEMHOTO 3ananbHOro CTaHy, KU Cynpo-
BOKYETLCA 3MiHAMMW remocTaay, rinepkoarynsLieto Ta anc-
(yHKUieo eHaoTenito. [ns anTavoi nonynsauii xapaktepHa
BiMIHHICTb MiX BUpaxeHuMM nabopaTtopHUMK 3MiHamu
Ta BiAHOCHO MOMIPHOHO KMiHIYHO CUMMTOMATUKOK): HaBiTb
Mpwv 3HAYHOMY NiABULLIEHHI NOKA3HWKIB 3anarneHHs YacTota
TSOKKUX TPOMO03iB ab0 [EeCTPYKTUBHUX YpaKeHb OpraHiB
iCTOTHO HWXKYa, HIX y Aopocnux [24,28].

[NopieHsHO 3 natoreHe3om po3euTKy COVID-19, TouHmi
naToreHes nMoCTKOBIAHOMO CUHAPOMY OCTAaTO4YHO HE BCTAHOB-
NEHO, XO4a HUHI BXXe BU3HAYEHO Taki MOXIMBI MEXaHI3MU
naToqisioNoriYHMX NPOLECiB, SIK TPaBMyBaHHSA Ta iLLeMis
CYZVH pi3HOro kanibpy BHacnigok TPoM603iB i NiABULLEHHS
koarynsuii, 3ananbHi 3MiHu nicns NopyLLeHHs perynavii po-
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60TV iMyHHOT cMCTEMU, NPSIMUIA TOKCUYHMIA BNIUB BipyCy Ha
TKaHUHW, 3MiHa perynauii peHiH-aHrioTeH3WHOBOI CUCTEMM
AK HaCMiZOK NOLKOMKeHHs pevenTopis AMNd-2 [26].

CucTeMHi 3MiHM remocTady Ta LMTOKIHOBOI perynsuji
CTaHOBNSATbL OCHOBY Tak 3BaHOI eHAoTeniansHoI Tpiaan
NOCTKOBIZHOTO CUHAPOMY, LU0 BKMIOYAE 3anasnbHy aKTu-
BaLlilo eHgoTenito, AncbanaHc Ba30aKTUBHMX (haKToOpiB,
NOpyLUEeHHs MiKpoumpkynsauii. Taki 3MiHU 3yMOBRIOOTH
MiABULLEHHS CYANHHOTO OMopy, (POPMYBaHHS iLLEMi TKAHWH
i MOTEHLHO — KOTHITMBHMX po3nagiB. Lli 3akoHOMIpHOCTI
[atoTb NiACTaBW BU3HAYaTH NOCTKOBIAHWIA CUHAPOM 5K KO-
aryno-3anasnbHuid (eHOTHN i3 LOMiHYBaHHSAM iIMYHHOI Auc-
yHKuii, LWo noTpebye MynsTMAMCLMNAIHAPHOTO Nigxopy, a
came KapAiornoriyHoro, remaTonoriyHoro Ta iMyHornori4Horo
KOHTpONto nicnst nepeHeceHoro COVID-19.

B ornspi HauioHanbHOro iHCTUTYTY AOCRIgXeHb
3nopoB’s CrnonyyeHoro KoponiBcTea onucaHo, Lo CTiliKi
CYMMTOMM NOCTKOBIQHOTO CMHAPOMY MOXYTb BUHMKATW B
pesynbTaTi NosiBW YOTUPLOX cuHApoMmiB [29,30]: cuHapom
CTIMKOTO YpaXeHHs nereHb i cepLisi; CUHAPOM XPOHIYHOI BTO-
MK abo MianriyHuii eHLedanit; CUHAPOM icns iIHTEHCUBHOT
Tepanii; cMHgpoM npogosxeHHs cumntomie COVID-19.
3MiHV MOXYTb BUHUKATV | BHACTIAOK TPMBAIOi NepeucTeHLi
BipyCy Yepes HeOCTaTHIO BiAMOBIAb IMYHHOI cUCTEMM,
peiHdeKUii iHWMMW LWTamMamy, YLIKOMKEHHS TKaHWH LnTo-
KiHamK, rineppeakT1BHOCTI iIMyHHOI cMCTEMU Ha 30yaHWKa,
MOCTTPaBMaTUYHOTO CTPECY, 3MiH NCUXOEMOLLNHOT cchepy,
TpuBoOrM Ta aenpecii [29].

Y 6inbLWocTi JOCHiMpKEHb OMCAHO CUMMTOMMU MOCT-
KOBIZIHOTO CMHAPOMY Y [OPOCMAMX, @ AaHUX LIOA0 OCco-
6rmBocTen 1oro po3BuUTKy Yy Aiteit Gpakye. Bpaxoyroun
PI3HOMAHITHICTb KMiHIYHUX MPOSIBIB, CUHAPOM MOXeE MaTu
LUMPOKWIA CNEKTP KMiHIYHMX O3Hak. 3a pesynsratamu ba-
raTbOX OOCRiMKeHb, HUHI BU3Ha4eHo noHag 200 pisHux
CYMMTOMIB MOCTKOBIAHOTO CUHAPOMY [29].

Cepen YMCNEHHUX KIiHIYHUX MPOSIBIB NMOCTKOBIAHOIO
CUHAPOMY Y AiTeln BaXnuBe MiCLie NOCiAae ypaxeHHs cep-
LIeBO-CYAMHHOI cucTemMu. 3a JaHnMn dhaxoBoi nitepatypu,
yacToTa KapgianbHux 3miH y gitei nicng COVID-19 1a npw
MYNBTUCUCTEMHOMY 3anarnibHOMy CMHAPOMI KOMNMBAETLCA
B LUMPOKVX MeXax i BKIOYae TPAH3UTOPHY AMCHYHKLO
Miokapaa, NOPYLUEHHS! PUTMY Ta NPOBIAHOCTI, 3HKEHHS
(hpaxuii Brkmay MiBOro LWTyHOYKa, AMnaTaLito 10ro MopoX-
HWH, NigBMLLIEHHS piBHIB TpomnoHiHy | Ta N-terminal pro-brain
natriuretic peptide (NT-proBNP) [31,32,33,34]. Kpim roctpoi
(hasu, BaXnMBOI € AMHAMIKa BiHOBMEHHS CKOPOTMBOI
yHkuUii. 3a paHuMu exokapaiorpadii Ta MPT cepus
D. M. Carretta et al. nokasamu, wo y 72 % giten 3 MIS-C
Ha yac rocnitanisauii 6yno 3adikcoBaHo HabpsKOBI 3MiHM
Miokapaa (nigBuLLeHHs T2-curHany), siki MOBHICTIO perpe-
cyBanu yepes 3 micaui y 80 % aiten, ane y 20 % Bunaakis
30epiranucst MiHiManbHi 3anuwwkoBi 3MiHK T1/T2-meniHry.
Lle cBigunTb npo cyOkniHiYHE XPOHIYHE 3ananeHHs HaBiTb
nicns KNiHIYHOro ofyaHHs [35].

3rigHo 3 BucHoBkamu B. P. Miwyk i cniBagr., siki onmca-
N TPU KIiHIYHI BUNAZKN CEpLEBO-CYAUHHNX YCKNaaHEHb,
acoujnoBaHux i3 noct-COVID-19, y piten Bikom BiCiMm,
[eB’ATb Ta OAVH ik, HaBiTb Y XBOPWX i3 NOMIpPHAM nepe-
6irom COVID-19 moxnuee ¢opMyBaHHs! TPaH3UTOPHOMO
MioKapauTy 3 TaxiapuTMiYHUMV NPOsIBaMM Ta NigBULLEHHAM
TponoHiHy | ao 0,15 Hr/mn i NT-proBNP o 6000 nr/mn. B
yCiX NavjieHTiB OyHKLiS CepLis MOBHICTIO BiQHOBMNACS Npo-

Tabauua 1. IHTerpoBaHwii ornsp piBHst Giomapkepis i (hyHKLiOHaNbHUX NOKa3HMKIB
ypaxeHHs cepus npu COVID-19 / MIS-C y giten (cepeaHi 3Ha4YeHHs Ta yactota
BUSIBNEHHS)

noasne ___________Luacrora ui

NT-proBNP >500 nr/mn 68-75 %
TponoHiH | >0,1 Hr/mn 55-70 %
®pakuis BUkuay niBoro wiyHouka <50 % 40-45%
[lunatauist kopoHapHx apTepin 10-12 %
MopyLueHHs npoLieciB penonsipuaadii Ha EKI 50-60 %
TpvBanicTb 3HKEHHS dpaKLii BUKALY >4 TVKH 25-30 %

Tabauua 2. MNokasHWKW KoarynsuiiHoi Ta 3ananbHoi BiANOBIAi y AiTel i3 NOCTKOBIAHNM
cuuapomom (long COVID) nopiBHSHO 3 HOpPMarnbHUMK 3HaYeHHsMK [28,20,34,35]

m OTpumaHe 3Ha4eHHA HopmanbHuit piBeHb

CPB 25,4+ 8,6 mr/n <5 mr/n
D-nnmep 1180 + 460 Hr/mn <500 Hr/mn
®ibpuHoreH 52+0,9r/n 2-4r1/n
deputuH 520 £ 130 mkr/n <200 mKr/n
IL-6 35+ 12 nr/mn <7 nr/mn

TAroM 6 micauiB, WO NiATBEPIKYE 060POTHICTL BINbLIOCTI
MOKa3HWKIB KapaianbHWX ypaxeHb [36].

HaeepeHi B mabnuui 1 faHi y3aranbHiolTb OCHOBHi
6iomapkepHi Ta pyHKUiOHaNbHI 03HaKV ypaxeHHs cepLs y
gpiten i3 COVID-19 ta MIS-C i nigTBEpmKytoTb [OLNBHICTL
[AVHaMI4YHOrO KapAjornoriYHOro MOHITOPUHIY TakuX NALliEHTIB.

BaxnnBoto NaToreHeTMYHOK 0COBNMBICTIO NOCTKOBIA-
HOrO CMHAPOMY Yy AITEN € aKTMBALliA KoarynsLiiHOI NaHKu
remMocTasy Ha ¢OHi CUCTEMHOTO 3anareHHs Ta eHgoTeni-
anbHoT AMCAYHKLii. 3a pe3ynsratamm MynbTULEHTPOBOMO
KoropTHoro gocnimkeHHs A. Zabeida et al., y aitei i3 nig-
TBepmkeHuM SARS-CoV-2 abo MIS-C nigsuiLeHHs piBHS
D-pumepy peectpysanu y 94,7 % Bunapkis, dibpuHoreHy
-y 60,0 %, nopoBxeHHs npoTpombiHoBoro vacy —y 52,0 %,
aKTMBOBAHOIO 4aCcTKOBOrO TPOMOOMMIACTUHOBOIO Yacy — Yy
19,0 %, ane kniHIYHO 3HavyLli TpomMOO3N 3anuwanucs
nooguHokumu [28). MoaibHi TeHAEHUIT NiATBEPMKEHI TAKOX
3a JaHUMK BITYN3HSHWX JocnigkeHb. Tak, O. Boyarchuk et
al. nokasanu, wo y airen i3 MIS-C nigsuieHHs D-gumepy
noHaa 1000 Hr/mn 3adpikcoBaHo y 67 % Bunagkis, rinep-
hibpuHoreHemis — y 58 %, TpombouwToneHis —y 30 %.
ABTOpPM BCTaHOBUNW NO3UTUBHWIA KOPENALIMHWA 3B’S30K
Mix piBHsmMu D-gumepy Ta NT-proBNP, wwo cBigunts npo
naToreHeTUYHUI 3B’A30K MiX aKTMBaLlielo remocTasy Ta
3anarnbH1M ypaxeHHsaM miokapga [20].

Omxe, 3MiHM cucTemMu koarynsuii npu NOCTKOBIGHOMY
CUHAPOMI B AiTel cnig po3rnsaaT sK CKnagoBy €AVHOMO
iMyHO3ananbHo-eHAO0TENIaNbHOMo Kackady, WO Mae Bax-
NUBE 3HAYEHHS Ans OPMYBaHHA CEpLEBO-CYANHHUX
ycknagHeHs (mabn. 2).

Taki noKa3HWKM NiSTBEPMKYIOTb aKTUBHICTb CUCTEMHOI
3anarnbHOi BiAnoBifi Ta LMTOKIHOBWIA LITOPM, LLO Bigirpae
kmtoyoBy ponb y natoreHesi MIS-C. MigsuwenHs IL-6 Ta
IL-10 y noeaHaHHi 3 akTuBaLieto TPOMOOUMTIB i eHpoTeni-
anbHo0 ANCHYHKLIEIO 3yMOBIIOIOTH PO3BUTOK MIKpOAHTio-
MaTMYHOTO 3anasneHHs! 3 MOLUKOMKEHHAM APiOHNX CyauH
cepust, nereHb, NeviHku Ta Mo3ky. MexaHiam Lisoro npouecy
nonsrae y 3HWKeHHi akTuHocTi AM®D-2, HaANWLLKOBIN akTh-
BaLii aHrioTeH3uHy |l Ta 3MeHLLIeHHi NpoayKLii oKCuay asoTy,
LLIO CMIPUYMHSIE BA3OKOHCTPUKLILO i, SIK HAcMigokK, iLuemito Ta
rinoKcito TkaHWH [25,26].
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Tabauusa 3. IHTErpoBaHuin aHani3 YacToTy HEBPOJIOTYHMX | NCUXOEMOLLIiHUX NPOsiBIB
y piteii nicns COVID-19 [22,23,24,36]

BromnioBaHicTb, acTeHis

IMopyLLeHHs KoHUEeHTpaLii yBaru, «brain fog»

[MopyLLEHHS CHY, IHCOMHis

TpuBOXHICTb, emoLiiiHa NabinbHiCTb
KOrHiTUBHE 3HIKEHHS / nam'sTb

[lenpecvBHi nposiau

45-60 %
25-35%
20-30 %
25-40 %
15-25 %
10-15 %

286  ISSN 2306-4145

Bioximiuxi amiHu npu COVID-19 y piTeit Takox mMatoTb
CUCTEMHWIA XapakTep. HaivacTiwe BUABNATL rinonpo-
TeiHeMito, MOMipHE MiABULLEHHS aKTUBHOCTI anaHiHamiHo-
TpaHctepaay Ta acnapTatamiHoTpaHcdepasu, 30iNbLLEHHS
piBHIB NakTataerigporeHasu i kpeatnHgocgokiHasy, Lo
CBiAYMTbL NPO LMUTOMITUYHWIA CUHAPOM.

Y crartTi JI. B. Munu Ta cniBaBT. HAromnoLeHo Ha fai-
ArHOCTWYHIN 3HAYYLLOCTI OLHKM GiOXiMiYHMX MOKa3HWKIB
KpOBI, 30Kpema epuTuHy, anbbyMiHy, naktataerigporeHasu
Ta D-gnmvepy, Wo xapakTepuaytoTb BUPaXEHICTb rinep-
3anarbHOro NpoLecy Ta noniopraHHoro ypaxexHs [37].
Taki nopyLUeHHs NoB'si3aHi 3 MeTaboniyHuMn edekTamu
TPMBANOro 3ananeHHs, LNTOKIHOBUM HaBaHTAXEHHAM i
ANCYHKLIEK NEYIHKM, LLIO BUKOHYE POMb Aen0 A4S iIMyHHUX
megiaTopis. [MapanensHo y BinbLUOCTi iTel giarHoCTyoTh
nomipHy aHemito (remorno6id — 100-110 r/n), nelikounTos
i3 3cyBom chopmynm (HenTpodinu — 65-70%), a Takox
nimcponeHito (1,1-1,4x10%n). Y noegHaHHi 3 BUCOKUMM
piBHsAMK C-peakTnBHoro 6Ginka, D-gumepy Ta epuThHy L
MOKa3HVKM € TUMOBMMM 4715 Tinep3anarbHOro CTaHy, SKui
B OKpemux Aitei nepexoguntsb y nposisn MIS-C.

[lonatkoBUM MiATBEPAKEHHSAM CUCTEMHOI akTuBaLlii
3ananenHs € nigsuerHs pisHs NT-proBNP — mapkepa, o
CBIiAYNTb MPO HaMPYXEHHS MiokapAa Ta NiABULLEHHS TUCKY
B LLMyHO4Kax cepus. Y gocnimketHi T. Patel et al. nokasaHo:
piBHi NT-proBNP nepesuwysanu 500 nr/mn y 68-75 %
JiTei, a B THKKUX BUnagkax — noHag 5000 nr/mn [31]. Bi-
Tun3HsHi aTopu (O. B. Ycadyosa Ta cniaBr. [34]) oTpumanu
aHanoriyHi pesynsrati: NT-proBNP nonag 4500 nr/mn
3acpikcoBaHo y 62 % piteit i3 MIS-C. KopensuiiHui aHania
nigTBEpAMB TicHWiA 38'330K Mix NT-proBNP, D-gumepom i
eputurom (r = 0,61; p < 0,01). Ha nigcTasi umx gaHux
LALLM BUCHOBKY NPO IHTErPOBAHWIA XapakTep CepLieBo-Ko-
arynsuinHoro 3ananenHs [34,35,38,39].

HaBeneHi B mabnuyi 2 NoKasHUKM XapakTepusyioTb
NOeAHaHHS Tinep3ananbHoi BiANoBiAi, koarynsuiiHoi ak-
TMBALi Ta eHpoTenianbHOI ANCYHKUIT, WO nigTBepaKye
MYNBTUCUCTEMHUI XapakTep MOCTKOBIAHOTO CUMHAPOMY B
JiTen Ta 0brpyHTOBYE HEOOXiAHICTL KoMMnekcHoro nabo-
paTOPHOrO MOHITOPUHTY.

3a pesynbratamu focnimkenHs M. Taquet et al., wo
3icHUNM Ha koropTi 62 354 nauieHTiB, y TOMY Ynchi
niten, ynpogosx 6 micauis nicna COVID-19, y 33 %
XBOPWX BW3HAYEHO TaKi MCUXOHEBPOIOTiYHI CUMMTOMM,
K TPUBOXHICTb, AENPECIS, KOTHITUBHI NOpYyLLUEHHS abo
iHCOMHIA [22]. Y auTaumx nigrpynax nepeeaxanu ckapru
Ha 3HKEHHS KOHLEHTpaLii yBary, 3abyabKyBaTicTb, eMo-
LinHy nabinbHicTb, BTOMMOBAHICTb. MoaibHi pesynbraty
otpumanu M. Nehme et al. [23] i H. Crook et al. [24], s
rnokasanu, Lo deHomeH «brain fog» (KOrHITWBHOMO TymaHy)
3adpikcoBaHuit y 25-30 % aiten, 0cobnmeo TvX, LLIO Manu
rinokcito B rocTpin ¢asi (mabn. 3).
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BiTunaHsaHi cnoctepexeHHs NinTBEPAKYIOTb aHamNoriyHi
3akoHoMipHocTi: H. A. [eTpiua Ta cniBaBT. NOBIJOMUNK,
wo 47 % pitet nicna COVID-19 manu KorHiTWBHI ckapri:
Ha TPYAHOLLi 3 KOHLEHTpaLiet, KOPOTKOYacHy BTpaTy
nam’siTi, ynoBinbHeHHs MoBMneHHS. Y 31 % aitei 3adikco-
BaHO po3nagu CHy, y 24 % — emoLiiiHy HeCTabinbHICTb, y
18 % — enisogm TpuBorK abo aenpecuBHi peakuii. Cepen
CUMNTOMIB y MIANITKIB NepeBaxanyt 03HaKW acTeHIYHOro
CUHAPOMY (3aranbHa cnabkiCTb, LWBKUAKA BTOMITOBAHICTb,
TOMoBHWIA Birlb, KONMBaHHS HACTPOKD), @ TaKOX NOCTTPaB-
MaTW4Hi CTPECOBI peakLii, Lo 3bepiranucs noHag nie poky
nicns KniHivyHoro opyxaHHs [40].

HelponcuxonorivHi cumMnTomMu y AiTelt MatoTb nepe-
Ba)XHO (DYHKLOHAMbHWIA, @ HE MCUXOTEHHWI XapaKTep i €
pesynsTaToM Heiipo3anarnbHOro NpoLecy, NoB’'S3aHoro 3
MOpPYLUEHHAM perynsuii cuctemm «rinotanamyc — rinodia
— HaJHWPKOBI 3an03n». BcTaHoBNEHO, LU0 rinepakTuBaLis
LIMTOKIHIB, 30kpema IL-6, npu3BoanTb A0 MiABULLEHHS PIBHS
KOPTK305Ty | CEPOTOHIHEPTIYHOT ANCDYHKLT, LLIO NEXUTb B
OCHOBI MOCTKOBIAHOT TPMBOXHOCTI Ta acTeHii [22,24,26)].

MPT-gocnimkeHHs y AiTel i3 NOCTKOBIAHUM CUHOPOMOM
NiOTBEPIKYIOTb HASIBHICTb CYOKNIHIYHWX CTPYKTYPHUX 3MiH
MO3KY: NMOMipHe 3HKEHHS 06’eMy CipOi PEYOBWHM Y rino-
Kamni, NepUBEHTPUKYNAPHWX [iNsiHKaX i CKPOHEBUX LOMSX,
a Takox nopyLUeHHs nepdyaii 6inoi peqoBuHW. Taki faHi
HaBedeHo B JocnimkerHi S. J. Yong, sikuin nokasas, Lo Y
aiten i3 MIS-C Ta nocTKOBIgHAM CUMHOPOMOM MOKa3HWKM
nepdysii Mo3ky, 3a faHumun MPT, 3anuLuatoTbCs 3MiHEHUMM
[0 6 MicALiB Nicns KNiHIYHOMO OAYXaHHS; Lie MOXe NOSICHUTM
TpWBani KOrHiTWBHI NMOPYLUEHHS Y NaLieHTIB Nicns rocTpoi
¢hasn COVID-19 [16].

3B'A30K MiX eHpoTenianbHoW AUCHYHKLIED Ta Helt-
POKOTHITUBHUMU PO3nafamii NMoKa3aHo y HU3Li HayKOBUX
npaub. Tak, 3a pesynsratamu gocnimkeHHs Z. Al-Aly et al.,
BUCOKi piBHI D-gumepy, IL-6 i peputuHy € He3anexHUMm
MPEANKTOPaMM KOTHITUBHOTO 3HWKEHHS HaBITb Y fiTen 6e3
Tsbkkoro nepebiry COVID-19 [41]. ABTOpW NOSICHIOWOTH Lie
MIKpOTPOMG030M APIOHWX CyAUH MO3KY, SKWiA 3yMOBITIOE
iLeMito, akT1BaLLiK0 MIKpOTii Ta rinoMieniHi3aLito HEMPOHIB.

BcraHoBneHo, Lo y AiTel i3 NoCTKOBIAHWM CUHAPOMOM
4acTo BMHMKAIOTb BETrETaTMBHI pO3naju, siki BUSIBNSKOTH 32
Taxikapgieto, nabinbHiCTo apTepianbHOro TUCKY, FOMOBHUM
6onem, 3anamopoyeHHaM. Lii cumntomu matoTb dyHKLio-
HanbHWIA XapakTep | MoXyTb 6yTH NOB'A3aHi 3 ArcbanaHcom
CUMMATUYHOI Ta NapacMMnaTU4HOi HEepBOBOI CUCTEMY,
CMPUYMHEHNM XPOHIYHUM 3ananeHHsM i BUCHaXEHHSM
BereTaTuBHoI perynauii [38,41,42,43].

HelpoKorHiTMBHI Ta NCMXOEMOLiiHI MPOSIBY NOCTKOBIA-
HOrO CUHAPOMY Y AiTel € pe3yrnbTaToM NOEAHAHOrO BNMBY
LIMTOKIHOBOTO LUTOPMY, EHAOTeNiansHOi ANCYHKLi, rinokcii
Ta MeTaboniYHMX MOpYLLEHb, SIKi ypaxarTb HEeMpoBacKy-
NAPHI CTPYKTYpK MO3Ky. Li nposisv BpeLUTi Npr3BoasTs [0
PO3BUTKY TPUBOXHOCTI, aCTeHii, KOTHITUBHOI AMCAYHKLT, B
OKpemux BUnagkax — 4o CMHAPOMY NOCTBIPYCHOI XPOHIYHOT
BTOMM ab0 MianriyHoro eHuedanomienity [21].

OTxe, AUTSYMIA NOCTKOBIAHUIA CUHAPOM Mae BUpaXe-
HW HEMPOBACKYNAPHIA KOMIMOHEHT, LLIO BU3HAYAE CTIMKICTb
KOTHITMBHUX i MOBERIHKOBUX po3nagis. 34ebinbworo Ui
nposiBi 0BOPOTHI, ane MoxyTb 36epiraTucst TpUBanuii Yac
i noTpebytoTb MyNETUANCLMNIIHAPHOMO CMOCTEPEXEHHS
i3 3any4eHHsM negjaTpa, HeBporiora, kapaionora Ta ncu-
xonora.
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Ha nigcTasi npoaHani3oBaHWX AaHWX BCTAHOBIIEHO,
L0 MOCTKOBIAHWIA CUHAPOM Y OITEN MAE MyIbTUCUCTEM-
HUW, NONIETIONOTNYHNIA | FETEPOreHHU XapakTep, KW
dopmyeTbCa BHacNiZok kOMBiHaLIT iMyHO3ananbHuX,
CyOMHHO-eHAOTeNIanbHMX, KoarynauiiH1X, MeTaboniyHmx
i HellporymopanbHUX MexaHiamis. Moro kniiuHa kapTuHa
HEe € BUMaaKoBMM HAabOPOM CMMMTOMIB, @ XapakTepuaye
B3aEMHO MOB’3aHi MPOLIECU CUCTEMHOTO 3anarneHHsl, eH-
JoTeniansHoi ANCHYHKUT, MIKPOLMPKYNSTOPHUX po3najis
i amcbanaHcy LMTOKIHOBOI perynsiLii.

KrouoBo naHKol naTtoreHesy € gucperynsuis oci
«iMyHO3ananeHHs — eHaoTenin — MikpoLmpkynauisy. Micns
nepByHHOTO iHgikyBaHHs SARS-CoV-2 BipycHa pennikayjis
aKTMBY€E BPOMKEHWN IMYHITET i CNPUYMHAE HAaMIpHe BU-
BiMbHEHHS MpO3ananbHUX LMTOKIHIB: iHTepnenkiHiB (IL-6,
IL-1B, IL-10), iHTepdepoHy Y, hakTopa HEKpO3y NyXInH-a
(TNF-0). Tak 3BaHUI LMTOKIHOBMI LUTOPM NPU3BOAWTL A0
reHepari3oBaHOro 3ananeHHs, ske y aiter mae cneumdiv-
HUI Npodbinb — BU3HAYaOTb NepeBaxaHHs IHTEPeiKiHiB
6 i 10 Npu BiBHOCHO NOMIPHIN HEATPOQINbLHIV peakLii; Le
00rpyHTOBYE PiAKICHICTb BUNALKIB TSHKKOTO AECTPYKTUBHOMO
ypaxeHHs! opraHis [16,24,26].

B3aemo3B'a30k Mix kapgianbH1My Ta KoarynsauiiHummn
3MiHaM¥ MiATBEPOXKEHO BUCOKUM PIBHEM KOpensauii Mik
D-pumepom, NT-proBNP, dhepuTuHoM i TponoHiHOM |
(r=0,58-0,72; p < 0,05), LLIO BCTAHOBNEHWI Y HM3L|i AOCHI-
[xeHb [20,28,29,31]. OTxe, QiALLIIN BUCHOBKY, LLO 3anarb-
HUI Ta eHpoTenianbHNUA KOMMNOHEHTH AitoTb CUHXPOHHO,
chopmytouM CUHAPOM MYMLTUCUCTEMHOTO 3ananeHHs.
lMapanenbHo 3 LM NpOLEecoM aKTUBYETbCS OKCUAATUB-
HUN CTPEC, SKUN CMPUYMHSAE anonTo3 Kap4ioMiouuTiB Ta
€HIOTENIoLNTIB, NOLLKOIKEHHS MITOXOHAPIV | MeTaboniuHy
ANCAYHKL0. 3MEHLUEHHS aKTUBHOCTI aHTUOKCUAAHTHUX
thepmeHTiB (KaTanasu, cynepokcuagncmyTasmn) 3adik-
COBaHo Yy GinbLUOCTI AiTel i3 NOCTKOBIAHUM CUHAPOMOM
[36,41].

AHani3 KMiHiYHWX cepii 4aB 3MOry BCTAHOBUTU, LIO Y
85-90 % piTen i3 NOCTKOBIAHUM CUHAPOMOM CrioCTepirani
noBHe abo YacTKOBe BigHOBMEHHS NPOTSAroM 6—12 micsuis
3a YMOBW agekBaTHOI iMyHOMOZYnoBanbHOI Ta miaTpu-
MyBanbHOi Tepanii (BHYTPILLHLOBEHHUI iMyHOrNOOYMiH,
TTIIOKOKOPTUKOCTEPOIAM, aHTUKOArynsiHTU, CUMNTOMaTnYHa
kapaio- 1 ncuxokopekwis) [34,36,44,45]. Mpote y 10-15 %
BUNAAKIB BU3HAYEHO MEPCUCTEHTHI CUMNTOMU, SK-OT
30epexxeHHst BTOMIIOBaHOCTI, Taxikapgis, cybdebpuniter,
KOTHITWBHI TpyaHoLwi. Lle ceigumTtb npo TpuBanui nepebir
3anarnbHoro npouecy abo aytosanarnbHe NOLUKOMKEHHS.

OTxe, NOCTKOBIAHWI CUHAPOM Y AiTel cnif BU3Ha4aTH
He K YCKITagHEHHS rocTpOi iHeKLii, a ik HOBY HO30MOTIYHY
OOVHWLIIO MYNBTUCUCTEMHOTO TUMY, LU0 NOEAHYE O3HaKM
KapaioBacKynspHOro, HEBPOMOMYHOTO, iIMYHHOTO Ta NCUXO-
eMOLjiliHoro ypaxeHHsi. Mloro dopMyBaHHs BinByBaeThbes
Ha ¢poHi B3aemogii BipyCHUX, FEHETUYHNX | CepefoBULLHUX
(hakTopiB, a nepebir 3anexuTb Bif THKKOCTI NEPBUHHOI
iHdbekuji, iHavBigyanbHMX ocobnmBocTel iMyHHOI BiANoBiAi
Ta 0CoBNMBOCTEN CYNYTHIX CTaHiB.

BucHoBKH

1. TIoCTKOBIgHWIA CUHAPOM Y AITEN € aKTyanbHO Npo-
6nemoto, SKy JOLNBHO BUBYATM Ha MiKAMCLMMIIHAPHOMY
piBHi, BTiM HasBHi AaHi obMexeHi HeBenukuM o6csirom
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[OCTiDKEHb NeaiaTpryHoT NonynsLii Ta KOPOTKM NepiofoM
CMOCTEPEXKEHHS.

2. bescumnToMHWiA | nerkuii nepebir KopoHaBipyCHOT
XBOPOOW Y [iiTeN He BUKIIOYAE MOXIMBOCTi TSHKKOrO nepe-
6iry nocTkoBiaHOro cuHApoMYy. MNpOAOBKEHHS LOCTIMKEHHS!
KMiHiYHWX BapiaHTIB NOCTKOBIAHOMO CUHAPOMY MagE IpyHTY-
BAaTMCS Ha TOYHWX [JaHKX LUOAO MPUYMH i 0cobnmBocTen
VI0r0 pO3BUTKY.

3. EnpotenianbHa ANCyHKLUIS € LeHTpanbHUM naro-
FEHETUYHUM MEXaHi3MOM MOCTKOBIAHOTO CUHAPOMY, LLO
NOEeAHYE CUCTEMHI 3ananbHi, kapaianbHi, koarynauinHi Ta
HEeBPONOriyHi NposiBu. BipycHa B3aemopis 3 peLenTopom
AlNM®-2 npussoauTb [0 NOPYLLIEHHS Ba3operynavii, niasu-
LLEHHS CYAMHHOI MPOHUKHOCTI, MIKpOTpOMBO3y Ta iLuemii
TkaHuH. Lle nigTBepmxeHo kopensuieto Mk D-gumepom,
eputiHom i NT-proBNP, Lo BcTaHOBNEHa Y pesynbrari i
MDKHaPOLHWX, ¥ YKPATHCBKMX JOCTIMKEHD.

4. CepLieBO-CyA1HHI NPOSIBA MOCTKOBIZHOMO CUHAPOMY
€ OHUMM 3 HarndacTiLLmX, ix BusBnsoTb y 60-75 % piten,
ski nepeHecnn COVID-19 abo MIS-C. HaibinbLu Tvnosumm
€ TPaH3UTOPHA ANUCAYHKLIS MioKapaa, NOpYLUEeHHS peno-
napusauii, gunarawis niBoro LWMyHOUKa, 3HKEHHS dpakLii
BUKUAY Ta apuTMii.

MepcneKTUBK NOAAABLLMX AOCAIAKEHb NependavatoTb
OLjHI0BaHHS 0BOPOTHOCTI Ta TPMBANOCTi NMOCTKOBIAHOMO
CWHAPOMY, @ TaKOX aHania Noro BnmBy Ha 3aranbHuii CTaH
| AKICTb XWTTS OiTen.

®diHaHcyBaHHA
DOCNAKEHHS! 3AIMCHEHO Be3 GiHAHCOBOI NIATPUMKM.
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Post-inflammatory myocardial injury in young, physically active populations like military personnel presents significant diagnostic
and prognostic challenges. Inflammation triggered by infections, systemic stress, or thoracic trauma may escape detection by
standard electrocardiography (ECG) and biomarkers. When localized within the interventricular septum (IVS), it may impair both
conduction and contractility, increasing the risk of adverse cardiac events.

Aim. To demonstrate the clinical heterogeneity of post-inflammatory interventricular septal injury and highlight the role of cardiac
magnetic resonance (CMR) imaging in diagnosis and risk stratification.

Materials and methods. A comparative analysis of myocardial changes was conducted in two young male servicemembers who
developed significant cardiac manifestations following presumed inflammatory triggers (infection and trauma). Clinical evaluation
included ECG, ambulatory rhythm monitoring, serum biomarkers, and CMR.

Results. Both patients demonstrated preserved or only minimally elevated biomarkers, underscoring the limitations of laboratory
screening alone. Case 1: a 40-year-old patient developed presyncope after pneumonia and blast-related trauma. Monitoring
revealed high-grade atrioventricular block (Mobitz Type Il). CMR identified focal intramural late gadolinium enhancement within
the basal IVS, necessitating permanent pacemaker implantation. Case 2: a 39-year-old patient presented with acute dyspnea and
fatigue after a viral infection. Despite a normal ECG, CMR revealed segmental fibrosis of the IVS with a moderately reduced left
ventricular ejection fraction (45 %) without conduction disturbances.

Conclusions. Post-inflammatory septal injury in young military personnel manifests across a broad clinical spectrum, ranging from
malignant conduction failure to early-onset heart failure. These cases underscore the pivotal diagnostic value of CMR in detecting
structural changes that remain occult on echocardiography. Early comprehensive evaluation and risk stratification are essential
to prevent sudden cardiac death and preserve operational readiness.
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Pi3Hi KAiHiuHI peHOTUNK NOCT3anaAbHOr0 NOLKOAKEHHA MDKLUAYHOUKOBOI NePETUHKK
Yy MOAOAMX BiHCbKOBOCAY)K60BLiB

B. A. AuceHko, B. B. CuBonan, |. C. TitoBa

[MocT3ananbHe ypaxeHHs Miokapaa y MOMoaux Nofeid, siki BeoyTb akTUBHMIA Cnocib KWUTTS, 30Kkpema Y BiCbKOBOCNYBOBLB,
4acTo CTaHOBUTL CKMaAHY AiarHOCTUYHY Ta MPOrHOCTMYHY Npobriemy. 3ananbHe ypaxeHHs Miokapaa, CpudMHeHe iHdekuismu,
CUCTEMHUM CTPecoM abo TPaBMOO MpYAHOI KIiTKM, MOXe He OyTv BUSIBNEHe 3a faHUMK CTaHAapTHOI enekTpokapgiorpadii (EKI)
Ta LUMSIXOM BU3HA4YeHHs BioMapkepiB NOLIKOMKEHHS Miokapaa. 3a nokanisawiero y MiXLLTYHOUKOBI NEPETUHLi BOHO MOXeE Nopy-
LUYBAaTH | NPOBIAHICTb, | CKOPOTIMBICT, NIABULLYIOYM PU3NK HECTIPUATIIMBIX KapAianbHUX NOAiN.

Merta po6oTH - nokasaTtu KIiHiYHy reTeporeHHICTb NOCT3ananbHOr0 ypax)eHHs MiKLLITYHOYKOBOT NEPETUHKM Ta BUCBITAMTY POrb
MarHiTHo-pe3oHaHCcHoI Tomorpadii cepus (MPT cepus) y aiarHocTuui Ta cTpatudikaLii puamkis.

Martepianu i meToau. 3AilicHUNM NOPIBHSANBHUIA aHani3 MiokapaianbHUX 3MiH Y ABOX MOMOAMX YOMOBIKiB-BiNCHKOBOCNYBO0BLB,
y SKVX 3achikcoBaHO 3HadyLLi kapaianbHi NposiByM NiCs BNAMBY AMOBIPHUX 3ananbHKX Tpurepis (iHdekuis Ta TpaBma). KniHivHe
obcTexeHHst nepenbavano BukoHaHHs EKI, ambBynaTopHOro MOHITOpYBaHHS! pUTMY, BU3HAYEHHS BioMapKepiB MOLLKOMKEHHS!
miokapga, MPT cepus.

Pesyabtat. B 060X naLjieHTiB BCTAaHOBMNEHO HOpMarbHi ab0 NnLLe He3HaYHO NiABULLEH piBHI BioMapkepiB, L0 NiATBEpMAXYE 0OMe-
XXEHICTb NnLwe nabopaTopHOro CKpuHIHry. Bunazok 1 onucye 40-pivHoro nauieHTa, y Ikoro BUHUKIIO NPECHHKONE Ha OHi CUHYCOBOI
Opaaukapaii nicns NHEBMOHii Ta MiHHO-BUOYX0BOI TpaBMU. 3a AaHMM aMOynaTopHOrO MOHITOPUHIY BU3HAYEHO aTPiOBEHTPUKYMSIPHY
6rokaay Bucokoro ctynens (Mo6itw I1) Ta Tpusani BeHTpuKynspHi naysu (>2200 mc). IMig yac MPT cepus B1siBneHo ocepeakose
iHTPaMyparnbHe Mi3HE HaKOMMYEHHS rafoniHito y 6azanbHOMY BifAini NepETUHKIA; Lie 3yMOBIIO HEODXIAHICTb iMNnaHTaLi oCTiliHOro
kapgioctumynstopa. Bunagok 2 ctocyeTbes 39-piyHoro naLieHTa 3 CMMNTOMamm CepLeBoi HefOCTaTHOCTI, LLO BUHWKMW FOCTPO
(3amuwka Ta BTOMa) HEBAOB3I Nicns BipyCHOI iHdbeKLii. Hespaxatoun Ha Te, Lo 3a aaHumm EKT 3miHM He BusiBneHo, nig yac MPT
cepLs BU3HAYEHO CerMeHTapHui pibpo3 MiKLLMYHOYKOBOI NEPETUHKM Ta MOMIPHO 3HVKEHY (hpaKLito BUKMZY MIBOTO LUMYHOYKA
(45 %) 6e3 nopyLUeHb NPOBIAHOCTI.

BucHoBku. [NocT3anansHe ypaxeHHs NEPETUHKN Mae LWMPOKWIA KMIHIYHUIA CEKTP — Bif 3MOSIKICHUX NOPYLUEHb NPOBIAHOCTI 40
paHHbOI CepLEeBOi HegocTaTHOCTI. OnucaHi BUNaakv NiATBEPMAKYHOTb KPUTUYHY LiHHICTL MPT cepus ANst BUSIBNIEHHS CTPYKTYPHUX
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3MiH, LU0 3aMMLLIAKTLCS HEMOMITHUMM Npy exokapgiorpadii. PaHHe koMMMeKCHe 0BCTeXeHHs Ta cTpaTudikallis pusuky HeobxigHi
[Ans 3anobiraHHs panToBill cepLieBiit cMepTi Ta 3abe3neyeHHs onepaTUBHOI FOTOBHOCTI 0COB0BOrO Cknazy.

Atrioventricular (AV) conduction disturbances in young
and middle-aged adults represent a profound diagnostic
and prognostic challenge, particularly when they occur
in the absence of known structural heart disease. While
atherosclerotic coronary artery disease and age-related
degenerative changes are the primary drivers of conduction
failure in older populations, non-ischemic myocardial injury,
specifically of inflammatory or post-infectious origin, has
emerged as a critical and often underrecognized etiology
in younger, physically active individuals [1,2,3].

Viral infections are well-documented triggers of my-
ocardial inflammation, initiating a spectrum of cardiac
involvement that ranges from transient, asymptomatic
edema to permanent, focal fibrosis [4,5,6]. A critical clinical
caveat is that post-inflammatory myocardial injury may
remain subclinical. Patients often present with unremarka-
ble surface electrocardiography (ECG), preserved or only
marginally reduced systolic function, and negative cardiac
biomarkers, such as Troponin | [1,3,4]. Despite this clini-
cally “silent” profile, the underlying structural substrate can
predispose patients to malignant ventricular arrhythmias,
sudden cardiac death (SCD), or progressive ventricular
dysfunction [7,8,9].

Young, physically active populations, most notably mil-
itary personnel, occupy a unique risk category [1,2,9]. The
requirement to maintain operational duties and high-inten-
sity physical exertion during the acute or subacute phases
of a viral iliness can exacerbate myocardial inflammation
[3,10]. This “double hit” of inflammatory stress and hemo-
dynamic load may convert focal injury into high-risk electrical
instability. When localized to the interventricular septum
(IVS), where the His—Purkinje system resides, even minor
scarring can disrupt infra-Hisian conduction, manifesting as
high-grade AV block (Mobitz Type Il) or intermittent complete
heart block [5,10,11].

Conventional diagnostic tools, including transthoracic
echocardiography and routine laboratory testing, frequently
lack the sensitivity to detect focal, non-ischemic lesions
[12,13,14]. Consequently, cardiac magnetic resonance
(CMR)imaging has emerged as the gold-standard reference
for non-invasive tissue characterization [3,10]. Through
multiparametric techniques, specifically late gadolinium
enhancement (LGE) and T1/T2 mapping, CMR can visu-
alize intramural septal fibrosis that remains occult on other
modalities [15,16,17,18,19,20].

Despite the increasing use of CMR, the clinical spec-
trum of post-inflammatory injury remains remarkably heter-
ogeneous [3,16]. Comparative data regarding how similar
septal injury can produce vastly different clinical phenotypes,
ranging from life-threatening bradyarrhythmias to isolated
heart failure, remain limited [11].

Aim
To demonstrate the clinical heterogeneity of post-inflam-
matory interventricular septal injury and highlight the role

of cardiac magnetic resonance imaging in diagnosis and
risk stratification.

ISSN 2306-4145  https://zmj.zsmu.edu.ua

Materials and methods

The cases were conducted at the Department of Pro-
paedeutics of Internal Medicine, Radiation Diagnostics
and Radiation Therapy, Zaporizhzhia State Medical and
Pharmaceutical University, in the Cardiology Department
of the Municipal Non-Profit Enterprise “City Hospital of
Emergency and First Aid”, Zaporizhzhia, Ukraine, in ac-
cordance with the Declaration of Helsinki and Good Clinical
Practice standards. The study protocol was approved by
the Bioethics Commission of Zaporizhzhia State Medical
and Pharmaceutical University (Protocol No. 6 dated
16.04.2026). All participants provided written informed
consent prior to inclusion.

This report utilizes a comparative clinical case analy-
sis of two active-duty male military personnel presenting
with new-onset cardiovascular symptoms. To ensure a
comprehensive diagnostic profile, both patients underwent
an escalated evaluation protocol consisting of a detailed
retrospective analysis of infectious, inflammatory, and en-
vironmental exposures, with specific focus on the temporal
relationship between viral iliness or trauma and the onset
of cardiac symptoms.

Serial 12-lead ECG and 24-hour ambulatory Holter
monitoring were utilized to quantify arrhythmic burden and
characterize conduction stability. We prioritized the detection
of infra-Hisian markers such as Mobitz Type Il patterns and
prolonged ventricular pauses [7,11].

Serum cardiac Troponin | and inflammatory markers
were assessed at multiple time points to detect acute my-
ocardial necrosis or ongoing systemic inflammation [1,4].

Transthoracic echocardiography was performed us-
ing an Esaote MyLab Eight system (ltaly) with M-mode,
B-mode, Doppler imaging, tissue Doppler imaging in accord-
ance with the current clinical guidelines [12,13,14]. Clinical
reporting was standardized according to the ASE guidelines
to ensure accuracy in describing myocardial echogenicity
and wall motion abnormalities [21,22].

Both patients were scanned using a 1.5-Tesla MRI
system following a standardized multiparametric protocol
designed to detect non-ischemic myocardial injury. The
protocol adhered to the updated Lake Louise Criteria for
myocardial inflammation [1,5,15].

Standard segmented steady-state free precession
cine sequences were acquired in long-axis (2-chamber,
3-chamber, and 4-chamber) and short-axis views [13,15]
to calculate left ventricular end-diastolic and end-systolic
volumes, left ventricular ejection fraction (LVEF), regional
wall motion abnormalities, with specific attention to the IVS.

To enhance the detection of subclinical myocardial
injury, comprehensive tissue characterization was per-
formed using advanced parametric mapping techniques
in conjunction with conventional CMR sequences [17,18].

Myocardial edema was assessed using T2-weighted
imaging and T2 mapping, which are sensitive markers of
acute inflammatory activity [17].

LGE imaging was acquired 10-15 minutes following
intravenous administration of a gadolinium-based contrast
agent (0.1-0.2 mmol/kg) using inversion-recovery sequenc-
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Fig. 1. Episodes of atrioventricular block documented on 24-hour ambulatory Holter monitoring.

es. LGE was used to assess the presence, distribution, and
extent of myocardial replacement fibrosis [23,24].

Anon-ischemic pattern of myocardial injury was defined
by mid-wall or subepicardial LGE distribution with sparing of
the subendocardial layer [19]. Given the clinical relevance
of conduction system involvement, particular attention was
paid to the IVS. Septal LGE, especially when localized to
the basal or mid-septal segments, was interpreted in the
context of the known anatomical course of the His bundle
and proximal bundle branches [5,10,19].

The cases were analyzed side-by-side to contrast the
“arrhythmic phenotype” (Case 1) against the “myopathic
phenotype” (Case 2). Therapeutic decisions ranging from
guideline-directed medical therapy (GDMT) to the surgical
implantation of a permanent pacemaker were based on the
integration of CMR-detected structural substrates and the
clinical risk of SCD [1,2,22].

Results

The series comprise two male active-duty military personnel,
aged 40 and 39 years, with previously unremarkable cardio-
vascular histories. Prior to the index events, both individuals
demonstrated high levels of physical fitness and operational
readiness, with no documented coronary artery disease,
congenital cardiac anomalies, or systemic comorbidities.
In both cases, onset of clinical symptoms was temporally
associated with specific inflammatory triggers encountered
during the performance of military duties.

Case 1: the arrhythmic phenotype. A 40-year-old male
presented for evaluation following a complex clinical course
initiated by blast-related thoracic trauma (July 2025), sub-
sequently complicated by post-traumatic pneumonia. Over
a three-week period, the patient experienced escalating
symptoms, including recurrent presyncope, orthostatic
dizziness, exertional headaches, and a subjective sensation
of “cardiac pauses”. Upon admission, the patient was he-
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modynamically stable but presented with significant resting
bradycardia (heart rate 44—46 bpm).

Initial 12-lead ECG demonstrated sinus bradycardia
and a rightward axis deviation with captured episodes of
intermittent second-degree AV block, specifically Mobitz
Type Il.

To further characterize the arrhythmic burden, 24-
hour ambulatory Holter monitoring was performed, which
confirmed high-risk conduction system instability (Fig. 1).

Holter monitoring revealed a heart rate ranging from
30 bpm to 107 bpm, 36 distinct episodes of ventricular
pauses exceeding 2000 ms (with the longest R-R interval
reaching 2289 ms), and 119 isolated polymorphic premature
ventricular complexes.

Laboratory analysis demonstrated minimal Troponin |
elevation (0.1 ng/mL), suggesting low-grade ongoing myo-
cardial injury.

Transthoracic echocardiography revealed significant
adverse remodeling, characterized by dilation of both the
left atrium (left atrial volume index — 35 mL/m?) and the left
ventricle (LV) (end-diastolic volume index — 93.8 mL/m?).
Valvular assessment identified mild-to-moderate functional
mitral regurgitation and mild tricuspid regurgitation. The
overall LV geometry remained within normal limits (LV
mass index — 113 g/m?, relative wall thickness — 0.29).
The IVS exhibited heterogeneous echogenicity, highly
suggestive of post-fibrotic structural changes. Diastolic
assessment indicated Grade | dysfunction with elevated
filling pressures. Global systolic function was mildly re-
duced (LVEF 50 %), and a small pericardial effusion was
visualized (Fig. 2, 3).

CMR imaging provided the definitive diagnosis,
demonstrating intramural non-ischemic late gadolinium
enhancement within the interventricular septum, consist-
ent with post-inflammatory myocardial injury rather than
subendocardial ischemic damage. T2-weighted imaging
revealed no evidence of active myocardial inflammation,
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Fig. 2. Transthoracic echocardiography: apical four- and two-chamber views. LA: left atrium; LV: left ventricle; RA: right atrium; RV: right ventricle.

Fig. 3. Tissue Doppler imaging of the interventricular septum.

Fig. 4. Cardiac magnetic resonance imaging of the heart. Arrow indicates intramural non-ischemic late gadolinium enhancement.

Fig. 5. Cardiac magnetic resonance of the heart: apical four-chamber view. Arrow demonstrates intramural non-ischemic late gadolinium enhancement.
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edema, or infiltration (T2 ratio <2.0), suggesting a chronic
fibrotic stage rather than acute myocarditis.

Mildly reduced left ventricular systolic function (LVEF
49 %) and trace pericardial effusion were additionally ob-
served (Fig. 4, 5).

eThe patient was stabilized with GDMT for subclinical
heart failure, including ACE inhibitors and spironolactone;
however, beta-blockers were strictly contraindicated due
advanced conduction disease. Given the high risk of pro-
gression to complete heart block, a permanent pacemaker
(Vivatron G70A) was implanted.

The post-procedural course was uncomplicated. Sub-
sequent ECG monitoring demonstrated stable pacing with-
out recurrence of prolonged pauses or high-grade AV block.

Following device implantation and optimization of medical
therapy, the patient reported resolution of neurological symp-
toms and no episodes of dizziness or presyncope and was
advised temporary restriction from intense physical activity, with
planned gradual return to duty under cardiology supervision.

Case 2: the myopathic phenotype. A 39-year-old male
active-duty servicemember was admitted with a 14-day
history of progressively worsening exertional dyspnea and
pronounced generalized weakness, leading to a reduction
in physical performance. The onset of symptoms followed a
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documented mild viral upper respiratory tract infection treat-
ed conservatively while on duty. Unlike Case 1, the patient
denied episodes of syncope, presyncope, palpitations, or
dizziness, suggesting a predominantly mechanical rather
than electrical cardiac manifestation.

Serial 12-lead ECGs consistently demonstrated nor-
mal sinus rhythm at a rate of approximately 90 bpm, with
preserved QRS morphology, normal AV conduction, and
no intraventricular conduction delays. Importantly, repeated
measurements of cardiac Toponin | remained within the nor-
mal reference range throughout hospitalization, supporting a
subacute or clinically silent inflammatory myocardial process
rather than ongoing myocyte necrosis.

Transthoracic echocardiography revealed fibro-sclerotic
thickening of the aortic root and the leaflets of both aortic and
mitral valves without hemodynamically significant valvular
stenosis. Mild (Grade ) mitral and tricuspid regurgitation
were present. LV geometry was preserved (LV mass index
93 g/m?, relative wall thickness 0.33); however, diastolic
function assessment demonstrated Grade Il diastolic
dysfunction with elevated LV filling pressures, indicating
reduced myocardial compliance.

Notably, the IVS exhibited marked echogenicity
heterogeneity, raising suspicion of post-inflammatory
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Fig. 6. Transthoracic echocardiography showing marked echogenicity heterogeneity
within the interventricular septum. LA: left atrium; LV: left ventricle; AO: aorta; IVS:

interventricular septum.

Fig. 7. Cardiac magnetic resonance of the heart. Arrow indicates segmental non-ischemic

late gadolinium enhancement in the mid-wall of the interventricular septum.

Fig. 8. Cardiac magnetic resonance of the heart: apical four-chamber view illustrating

left ventricular size and ejection fraction.

Table 1. Comparison of arrhythmic and myopathic phenotypes of septal non-ischemic myocardial injury

Case 1 hyihmic phenotypo)

Primary trigger Blast trauma / pneumonia
Dominant symptom
Biomarker profile

LV systolic function (EF)
Conduction status

Septal involvement (CMR)
Definitive treatment

49 % (mildly reduced)

Presyncope / ventricular pauses
Minimal Troponin | elevation (0.1 ng/mL)

Mobitz |1 / transient grade |1l block
Intramural fibrosis (diffuse septal)
Permanent Pacemaker + GDMT

Case 2 (myopathic phenotype)
Viral infection

Dyspnea / generalized weakness
Consistently normal Troponin |
45 % (moderately reduced)
Normal sinus rhythm

Focal segmental fibrosis (segments 8, 9)

Conservative GDMT

structural remodeling (Fig. 6). In contrast to Case 1, this
patient demonstrated regional contractile impairment with
septal hypokinesia and moderately reduced global systolic
function, consistent with subcompensated left-sided heart
failure. The probability of pulmonary hypertension was low.

CMR revealed focal, segmental non-ischemic LGE
localized to the mid-wall of the IVS, predominantly involving
segments 8 and 9 (Fig. 7).

These findings were consistent with post-inflammatory
myocardial fibrosis rather than ischemic or infiltrative pathol-
ogy. LVEF was moderately reduced at 45 %, corroborating
echocardiographic evidence of systolic dysfunction (Fig. 8).
No CMR features of infiltrative cardiomyopathy (including sar-
coidosis) or primary dilated cardiomyopathy were identified.

Management focused on optimization of GDMT for
heart failure with mildly reduced ejection fraction. Contin-
uous in-hospital telemetry revealed no episodes of high-
grade AV block, significant bradyarrhythmias, or malignant
ventricular arrhythmias. The patient demonstrated gradual
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clinical improvement with medical therapy alone, including
improved exercise tolerance and reduced dyspnea, obviat-
ing the need for invasive rhythm-management interventions.

To facilitate comparison between the arrhythmic and
myopathic phenotypes, the main clinical and imaging fea-
tures of both cases are summarized in Table 1.

Taken together, these two cases illustrate distinct clini-
cal phenotypes arising from non-ischemic, post-inflamma-
tory myocardial involvement of the IVS in young, physically
active military servicemembers. Despite similar structural
substrates detected by CMR, the clinical expression differed
substantially.

Case 1 was dominated by malignant conduction system
disease, characterized by Mobitz type Il AV block, intermit-
tent progression to complete heart block, and prolonged
ventricular pauses, necessitating permanent pacemaker
implantation.

In contrast, Case 2 exhibited a predominantly myopa-
thic phenotype, with regional septal hypokinesia, diastolic
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dysfunction, and moderately reduced systolic function
leading to symptomatic heart failure, but without clinically
significant conduction disturbances.

These observations underscore the heterogeneous
clinical impact of post-inflammatory septal myocardial injury,
which may selectively impair either the cardiac conduction
system or myocardial contractile function. Advanced imag-
ing with CMR proved essential in both cases for uncovering
the underlying structural substrate, guiding risk stratification,
and informing individualized management strategies.

Discussion

The present case series illustrates the heterogeneous
clinical manifestations of post-inflammatory non-ischemic
myocardial injury in young, physically active servicemem-
bers. Despite a shared inflammatory background and
similar localization of myocardial involvement within the
IVS, the two patients exhibited markedly divergent clinical
phenotypes: intermittent high-grade AV block with prolonged
ventricular pauses in Case 1, and new-onset heart failure
with systolic and diastolic dysfunction in Case 2.

This divergence highlights a fundamental principle of
myocardial pathology: the clinical phenotype is determined
notonly by the etiology of injury, but by its precise anatomical
and cellular distribution. Inflammatory myocardial processes
are inherently heterogeneous, affecting conduction tissue,
contractile myocardium, or both to varying degrees.

In the arrhythmic phenotype (Case 1), inflammation
and subsequent fibrosis were localized predominantly to
the IVS, a region that houses the His bundle and proximal
components of the His-Purkinje system. These structures
represent a narrow and highly specialized electrical path-
way, rendering them exquisitely vulnerable to even small
foci of edema or fibrosis. Consequently, minimal structural
disruption may result in abrupt infra-Hisian conduction
failure, manifesting as Mobitz type Il AV block or transient
complete heart block [5]. Such disturbances are universally
considered organic rather than functional, do not respond to
vagolytic maneuvers, and are associated with a substantial
risk of asystole and SCD due to the absence of reliable
escape rhythms [7,11,25].

By contrast, the myopathic phenotype (Case 2)
demonstrates that septal myocardial injury may preferen-
tially involve the contractile syncytium while sparing the
specialized conduction tissue. In this scenario, inflam-
mation affects cardiomyocytes more diffusely, leading to
impaired relaxation, reduced compliance, and eventually
depressed systolic performance [2,14]. The result is a
clinical picture dominated by exertional dyspnea and heart
failure rather than arrhythmia. This presentation aligns with
the increasingly recognized entity of “silent myocarditis”, in
which significant myocardial dysfunction develops despite
anormal surface ECG, absence of syncope or palpitations,
and negative cardiac biomarkers [3,4].

A unifying factor in both cases is the presence of sus-
tained physical and environmental stress during or shortly
after an inflammatory trigger. Military personnel frequently
operate under conditions of extreme physical exertion, sleep
deprivation, thermal stress, and sustained sympathetic
activation [9]. These factors amplify myocardial oxygen
demand and catecholaminergic stimulation, potentially
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exacerbating inflammatory myocardial injury and electrical
instability [3,8,23].

In Case 1, the pathophysiological cascade was further
compounded by blast-related thoracic trauma. Exposure
to high-pressure shock waves can result in myocardial
contusion, microvascular injury, focal hemorrhage, and
myocardial edema, even without overt chest wall injury.
When such mechanical myocardial injury is followed by
systemic inflammation, as in post-traumatic pneumonia,
the heart is subjected to a “double hit” phenomenon [26].
Circulating pro-inflammatory cytokines, including interleu-
kin-6 and tumor necrosis factor-a, are known to impair ion
channel function, alter gap junction coupling, and depress
conduction velocity within the His—Purkinje system [8,27].
Experimental and clinical data suggest that myocardium
previously primed by focal septal injury is particularly
susceptible to malignant bradyarrhythmias under these
conditions [11].

The diagnostic trajectories of both cases underscore the
limitations of traditional diagnostic modalities. While ECG
remains indispensable for assessing chamber size, valvu-
lar function, and global systolic performance [12,13,21], it
lacks the spatial resolution and tissue specificity required
to distinguish active inflammation from chronic fibrosis.
Similarly, cardiac biomarkers may remain normal in suba-
cute or localized myocardial injury, as observed in Case 2.

In contrast to conventional imaging, CMR provides
unparalleled non-invasive tissue characterization, serving as
an alternative to endomyocardial biopsy in selected clinical
scenarios [15,17,18]. LGE allows precise identification of
intramural or mid-wall scar patterns typical of non-ischemic
injury [23,24].

Importantly, septal LGE has been associated with
a particularly malignant substrate; multiple studies have
demonstrated that patients with septal fibrosis carried a
significantly higher risk of malignant arrhythmias, SCD,
and the need for permanent pacing compared to those with
non-septal involvement [5,8,19,22].

While Case 1 exhibited a borderline LVEF of 49 %,
evidence by Y. Chen et al. (2022) suggests that in patients
with suspected myocarditis and preserved systolic function,
conventional volumetric parameters may fail to capture
subtle myocardial impairment. Their findings underscore
that CMR-derived strain parameters provide superior diag-
nostic and prognostic accuracy compared to LVEF alone,
particularly in identifying subclinical contractile dysfunction
predisposing to electrical instability [16].

Furthermore, the incorporation of parametric mapping
techniques, specifically native T1, T2 mapping, and extra-
cellular volume (ECV) quantification, enables detection of
diffuse or occult myocardial inflammation that can precede
irreversible fibrosis [17,18,20]. This capability is especially
relevant in patients such as Case 2, in whom conventional
testing fails to explain the etiology of new-onset heart failure.
Employing the revised Lake Louise criteria enhances diag-
nostic certainty and facilitates early intervention, potentially
avoiding invasive endomyocardial biopsy, which is inher-
ently limited by sampling error and procedural risks [1,2].

These observations carry direct implications for the
management of high-risk occupational populations. First,
Mobitz Type Il AV block or ventricular pauses exceeding
2000 ms in physically fit individuals must not be attributed
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to high vagal tone without urgent CMR evaluation to exclude
organic septal disease [5,11,25]. Second, normal cardiac
biomarkers do not rule out evolving myocardial injury; as
shown in Case 2, reliance on troponin alone may delay
necessary intervention in myopathic phenotypes [4,6].
Finally, strict activity restriction is mandatory during the
inflammatory phase to prevent edema from transitioning
into permanent fibrotic tissue. Return-to-duty decisions
should be guided by comprehensive reassessment of both
electrical and mechanical stability [1,9,22].

In summary, this case series demonstrates that post-in-
flammatory non-ischemic septal myocardial injury in young
military servicemembers can manifest across a broad clin-
ical spectrum, ranging from malignant conduction system
disease to early-onset heart failure. As illustrated by the two
contrasting phenotypes observed, the decisive determinant
of clinical phenotype is the precise anatomical and cellular
localization of injury within the IVS, whether preferentially
involving the His—Purkinje system or the working myocar-
dium. These mechanistic differences directly translate into
divergent management strategies, from urgent permanent
pacing to conservative guideline-directed heart failure
therapy. Advanced CMR tissue characterization is therefore
indispensable for uncovering the underlying substrate,
enabling accurate risk stratification, and informing timely,
potentially life-saving clinical decisions. Recognizing this
spectrum is essential for clinicians managing physically
active and operationally stressed populations, in whom
delayed or incomplete diagnostic evaluation may result in
catastrophic outcomes.

Conclusions

1. This case series underscores the critical clinical sig-
nificance of non-ischemic interventricular septal involvement
as an important structural substrate for malignant arrhyth-
mias and early heart failure in young, physically active
individuals, particularly in military populations exposed to
inflammation, thoracic trauma, and extreme physical exer-
tion. Persistent physical activity during acute or subacute
inflammatory states may contribute to focal myocardial injury
and septal fibrosis, increasing the risk of life-threatening
arrhythmias and sudden cardiac death.

2. Timely recognition of subclinical myocarditis and
post-inflammatory myocardial injury is essential, as clinically
significant cardiac involvement may occur despite normal
biomarkers and baseline electrocardiography. Symptoms
such as exertional dyspnea, dizziness, fatigue, or presynco-
pe after infection or trauma should prompt comprehensive
cardiovascular assessment.

3. Cardiac magnetic resonance imaging remains the
most sensitive non-invasive modality for detecting focal
septal fibrosis and subtle myocardial injury, often before
abnormalities become apparent on conventional echocar-
diography. Early diagnosis enables timely activity restriction,
monitoring, and targeted interventions, including permanent
pacemaker implantation or medical therapy, thereby reduc-
ing the risk of fatal cardiac events.

4. High-grade atrioventricular block and early systolic
dysfunction in young military personnel should not be
considered benign. An assertive diagnostic approach
incorporating advanced cardiac imaging is crucial for

3anopisbkuit MeAnyHMIA XypHan. Tom 28, Ne 3(156), TpaBeHb - YepBeHb 2026 p.

accurate risk stratification, prevention of sudden cardiac
death, and preservation of operational readiness in this
high-risk population.
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