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Imioko3o-kaniese BigHoLweHHs (TKB) Ta BMICT cpoBaTKOBOrO HaTpito € BIpOriAHAMM iHAMKaTopaMn MeTaboniyHoro
i eneKTPONiTHOro AnchanaHcy H1POK. Ix MOXHa BWKOPUCTOBYBATY Nif} YaC OLiHIOBAHHS TSXKKOCTI CTaHy NavjieHTiB
i3 CepLIeBO-CYAMHHIMI 3aXBOPHOBAHHAMM Ta NPOrHO3yBaHHS HECTIPUATIIMBUX Hacniakie. TyOyno-iHTepcTuLiio
HWUPOK HaNeXmTb NPOBiAHa porb B peabcopbuii rmiokoaw, kanito, HaTpito. Y XBOpUX Ha XPOHIYHY cepLieBy Heo-
craTHicTb (XCH) BUSBNAIOTL ypaXkeHHs He Tinbku KyboukoBOro anapary HUpOK, ane 1 Tybyno-iHTepcTuLio 3
thopMyBaHHsM KapgiopeHansHoro cuHapomy. OTxe, odikyBaHUMU € 3MiHW KB Ta BMICTY HaTpilo y Lyx NaLieHTiB.
HenocTaTHbO BMBYEHUM 3aMMLIAETLCS BMIMB LIMX MApPKepIiB SIK MPOrHOCTUYHOTO IHCTPYMEHTY HECTIPUSTIIMBIX
CepLEeBO-CYAMHHIX Nopii y navjexTis i3 XCH.

Merta po6otu - JOCRIAUTY 3MiHW TTIOKO30-KasieBOroO BiAHOLIEHHS Ta BMICTY CYPOBATKOBOIO HATPIl0 y XBOPWX
Ha XCH iwemiyHoro reHe3sy 3i 36epexeHoro hpakLieto BUKUAY MIBOTO LUMYHOYKA Ta 3'CyBaTy iXHil BB Ha
HECNPUSATIINBI CEPLIEBO-CYANHHI NOAIT MPOTATOM OJHOMO POKY CMOCTEPEXEHHS.

Martepiaau i meToau. [1o AOCHIMKEHHS 3amyyeHo 57 xBopux (HonosikiB — 43,9 % (n = 25); xiHok — 56,1 % (n = 32))
Ha XCH iwemiynoro rexesy, Il A-b ctagii, [I-IV ®K 3a NYHA; 49,1 % (n = 28) — i3 cuHycoBum putmom, 50,9 %
(n = 29) — i3 ibpunsuieto nepeacepab. MavieHTn 3 cuHycoBuM puTMoM i hibpunsLieto nepeacepab 3iCTaBHi
3a Bikom (p = 0,968), 3poctom (p = 0,167), macoto Tina (p = 0,539), iHaekcom macw Tina (p = 0,774), nnowueto
noBepxHi Tina (p = 0,296). N'KB y cpoBaTtLi KpoBi 0BpaxoByBany LWNSXOM AiNEHHS PIBHS FOKO3M HA NMOKA3HUK
Kkanito. 3aincHunn ROC-aHani3 i NoricTUYHWA perpecintnii aHanis.

Pesyabrati. 3a JaHUMK yHiBapiaHTHOT perpecvBHOi Moaeni, nigsuleHHs KB noHaz 1,1697 30inbLuyBano KinbkicTb
HeCNpUSITIIMBMX CEpLIEBO-CYAMHHMX MO Ha KiHeLb NepLUOoro poky cnoctepexeHHs B 11,15 pasa (95 % [l 1,33
93,50, p = 0,0048), a 3MeHLLEHHS BMICTY HaTpito Hyk4e 3a 142,2 MMOIb/N NiABMLLYBAIO KinbKiCTb HECNPUATIINBIX
CepLieBO-CyaMHHNX Noginn y 5,14 pasa (95 % [ 1,0027-26,3538, p = 0,03). MoegHaHHs B MynbTUBapiaHTHI Mogeni
norictuyHoi perpecii (p = 0,0019) uyx 6iomapkepis NOTEHLLitOE BIBHOCHMIA PU3VK HECMIPUSTIIMBIX CEPLIEBO-CYANHHIX
nogin y xBopux Ha XCH BnpogoBx oaHoro poky crioctepexeHHs yepes MKB B 11,69 pasa (95 % [I 1,3538-100,9866,
p = 0,025) Ta cupoBatkoBoro Harpito B 5,45 pasa (95 % [ 1,0046-29,5986, p = 0,049).

BucHoBkwu. [NoeaHaHHs nigauweHoro KB i 3HMKXeHOro cupoBaTKOBOrO HaTpit0 B MyNbTUBApPiaHTHIN Mogeni noric-
THuHoI perpecii (p = 0,0019) — BiporigH1iA NPOrHOCTUYHMIA IHCTPYMEHT NS OLHIOBAHHS PU3NKY HECTIPUATIIMBIX
cepLeBO-CyanHHIX MoAin y nauieHTis i3 XCH. Lli 6iomapkepu cnig BBaxatyt Baxnvsum hakTopoMm Mif Yac paHHbOi
cTpatudikawii puanky y nauieHTis i3 XCH.

CyuacHi meauuHi TexHonorii. 2025. T. 17, Ne 1(64). C. 5-11

Association of early prognosis in patients with chronic heart failure
with markers of renal tubulointerstitial dysfunction

V. A. Lysenko, V. V. Syvolap

The glucose-potassium ratio (GPR) and serum sodium levels are robust indicators of renal metabolic and elec-
trolyte imbalances. These markers can be used to assess the severity of cardiovascular disease and predict
adverse outcomes. The renal tubulointerstitium plays a leading role in reabsorption of glucose, potassium, and
sodium. In patients with chronic heart failure (CHF), not only the renal glomeruli but also tubulointerstitium is
affected, that results in cardiorenal syndrome development. Consequently, alterations in GPR and serum sodium
levels are expected in these patients. However, the prognostic value of these markers for predicting adverse
cardiovascular events in patients with CHF remains insufficiently studied.

The aim. To investigate changes in the glucose-potassium ratio and serum sodium content in patients with chronic
heart failure of ischemic origin and preserved left ventricular ejection fraction, and to determine their impact on
adverse cardiovascular events during one year of follow-up.
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Materials and methods. This study included 57 patients (43.9 % men, n = 25; 56.1 % women, n = 32) with
ischemic CHF, stage Il A-B, II-IV functional class per NYHA. Among them, 49.1 % (n = 28) had sinus rhythm,
and 50.9 % (n = 29) had atrial fibrillation. Patients with sinus rhythm and atrial fibrillation were comparable in
age (p = 0.968), height (p = 0.167), weight (p = 0.539), BMI (p = 0.774), and body surface area (p = 0.296).
The serum glucose-potassium ratio (GPR) was calculated by dividing the serum glucose level by the serum
potassium level. ROC analysis and logistic regression were performed.

Results. Univariate regression analysis demonstrated that an increase in the GPR above 1.1697 was associated
with an 11.15-fold increase in the risk of adverse cardiovascular events at the end of the first year of follow up
(95 % CI: 1.33-93.50, p = 0.0048). A decrease in serum sodium level below 142.2 mmol/L increased the risk of
adverse events by 5.14 times (95 % Cl: 1.0027-26.3538, p = 0.03). In a multivariate logistic regression model
(p=0.0019), the combination of elevated GPR and reduced serum sodium potentiated the relative risk of adverse
cardiovascular events. GPR increased the risk 11.69-fold (95 % CI: 1.3538-100.9866, p = 0.025), while serum
sodium contributed to a 5.45-fold increase (95 % ClI: 1.0046-29.5986, p = 0.049).

Conclusions. The combination of elevated GPR and decreased serum sodium level in a multivariable logistic
regression model (p = 0.0019) is a powerful prognostic tool for assessing the risk of adverse cardiovascular
events in patients with CHF. These biomarkers provide valuable insights for early risk stratification and should

be considered in the clinical management of CHF.

Modern medical technology. 2025;17(1):5-11

XpOHiYHa cepLeBa HeAOCTATHICTb 3i 30epeXEHO hpaKLieto
BUKMAy niBoro wiyHouka (XCH 36. B J1LU) sanuiwaetses nowum-
PEHOL0 MPUYMHOK CMEPTI B yCbOMY CBITi [1]. XpoHiyHa xBopoba
HWUPOK i XpOHiYHa cepLieBa HepocTaTHICTb (XCH) € rmobanbHoto
MPUYKHOI BUCOKOT 3aXBOPKOBAHOCTI Ta CMEPTHOCTI, HE3BaXatoum
Ha AOCTYMHICTb (hapMaKosoriYHUX MeTOLIB NikyBaHHs [2].

Cepue Ta HMpKM MatoTb JOOpe HanaromKeHy B3aeMOgito,
i rocTpa abo XpoHiYHa AMCYHKLiS OOHOTO OpraHa CrpUYMHSIE
AnceyHKuito iHworo. Lis remogmuHamiyHa Ta HeporymoparbsHa
B3aEMOAjS NPU3BOANTL A0 NiABULLEHOIO PU3NKY 3aXBOPHOBAHOCTI
Ta CMEepTHOCTI cepef NaLieHTiB i3 CynyTHIMU CepLIEBO-CYANHHUMM
3aXBOPHOBaAHHAMM Ta 3aXBOPIOBAHHAMM HUPOK. [ocniTanisadis 3
MPWBOLY CEPLIEBOI HEAOCTATHOCTI TAKOX NOLUMPEHA | MaE CKIaaHi
coLjianbHO-eKOHOMIYHI, NoNyNALiAHI Hacnigku [3].

KoHuenuis kapaiopeHanbHOro CMHAPOMY NOEAHYE B3a-
€MO3B’A30K MiX CEpLEBUM i HUPKOBUM ypaxeHHaM. Kapgio-
peHanbHWA CUHOPOM 2 TUMY XapakTepu3yeTbCs XPOHIYHUMU
naTonoriYHMmM 3MiHamMu cepLieBoi yHKLIi, Lo NpU3BOASATb 0
ypaxeHHs1 abo AMCADYHKLT HAPOK, @ XPOHIYHE 3aXBOPIOBAHHS
HWUpOK AiarHocTyBanu y 45-63 % nauieHTi i3 XCH. MopyLueHHst
YHKLiT HUPOK — He3anexHWit hakTop PU3KKy CepLEBO-CYANH-
HIX 3aXBOPIOBAHb, | BULLIMIA PU3WK CMEPTI Bif iHpapKTy Miokapaa
Ta panToBOI CMepTi BU3HAYalTb Y MOEAHAHHI 3 XPOHIYHO
XBOPOOOK HUPOK. Y MeTaaHanisi, Lo oxonue 1,4 MH nawieH-
TiB, BCTAHOBNEHO Y 2,6 pa3a BULLi MOKA3HWKW CMEePTHOCTI Bif
YCiX MPWUYUH NPU 3HWKEHHI LIBMAKOCTI KNyBo4KoBOi GinsTpaLi
MeHLUe Hix 60 mn/xs/1,73 m2. 3acdhikcOBAHO TiCHMI 3B’A30K MiX
KIHLIEBMMM TOYKaMM CEPLIEBOI HEAOCTATHOCTI (MOBTOPHA roc-
niTanisavisa Yyepes gekomneHcalito XCH, cMepTb) i cTyneHem
HUPKOBOI HegoCTaTHOCTI [4].

OyHKLUIS HedppoHa 3HAYHO CKMaHiLLa i BUXOAUTb 3a pamKu
nuiwe cyHKuii knybouka. Peabcopbuis Boay Ta HaTpito, Lo Xa-
pakTepuaye kaHanbLeBy QYHKLII0 HUPOK, — LU OAWH KOPUCHWIA
MPOrHOCTUYHWIA Noka3HuK npu XCH [5].

Mpy nepeBaxHOMY YLIKODKEHHI MPOKCUMarnbHWX Biaainis
HedbpoHa nopyLuyeTbcst peabcopbuist opraHiuHMx cronyk (rroko-
31, aMiHOKICAOT, Ginka, CEHOBWHW, NAKTaTy), a Takox GikapboHa-
TiB, poccparis, Cl+ , K+; npu NOLLKOmKEHHSAX AnCTanbHWX Biaainis

HWPKOBMX KaHarbLiiB MopyLUytoTbCs Npoueck peabcopbuii Na+,
K+, Mg2+, Ca2+, soau [6].

biomapkepyu gyxe BaxnuBi 4ns paHHbOI ifeHTUdikaLil
YPaXXeHHst HUPOK Ta CepLst, NPOTHOCTUYHOTO OLLIHIOBAHHS Kapgjio-
peHansLHoro cuHapomy [4].

Hatpivt Baxnusuin AN NigTPUMKY rigpo- Ta enexkTporiTHoro
GanaHcy B opraHiami. [loBeAeHo, LLO 3MiHW PiBHIB HATPItO, Karnito
Ta ITI0KO3M MOXYTb NPYU3BOANTY O NOPYLUEHb CEPLIEBO-CYaNH-
HOI CMCTEeMU, SK-OT XUTTEBO 3arpo3NMBMX apuUTMIN, @ TakoX [0
MOPYLLEHHS OYHKLIT HUPOK, A€ HaTpil Bidirpae NpoBigHY ponb Y
peabcopbuii Boam i nigTpumMLi HopMansHOro 06’emy KpoBi, Lo
LIVPKYTIHOE.

3MiHu piBHS HATPIlO B KPOBI YaCTO NOB’A3aHi 3 IHLLMMY 3CyBa-
MK, 30KpeMa rinornikemieto Yu rinepkaniemieto. [Moko3o-kaniese
BigHowweHHst (TKB) i oro cniBBiBHOLLEHHS 3 HATPIEM KPOBI MaloTb
BaXIMBe KIiHIYHE 3HAYEHHs, 0COBNMBO Y MawjieHTiB i3 cepue-
BO-CYZVMHHMMM 3aXBOPtOBaHHsAMM, BKIlouatoun XCH. KB Ta iioro
CMiBBIZHOLLIEHHS A0 HATPIO KPOBI — 3HAYYLLi iHAMKaTopy MeTabo-
NiYHOTO Ta ENEKTPONITHOMO AnchanaHcy, Lo TICHO NOB'A3aHWUI 3
YpaxeHHaM TyByno-iHTepcTuLto. BoHu MoxyTb ByTh BUKOpUCTaHI
151 OLHIOBaHHS! TSHKKOCTI CTaHy NaLlieHTiB i3 CepLeBO-CyaUHHIMM
3aXBOPHOBAHHSMM Ta MPOrHO3YBaHHS HECTPUATIIMBIX HACMIAKIB.
MMigeueHe MKB npn3BoauTh 10 PO3BUTKY 3ananeHHs, iLemii Ta
ibpO3y B HMPKOBIl TKaHWHI, LLO MOXe ByTW KIIOYOBUM MEXaHi3-
MOM MpOrpecyBaHHs HUPKOBOT HeJocTaTHOCTi [7].

[MopyLLeHHs 6anaHcy MiX piBHEM FTIFOKO3M Ta Kasito MOXYTb
MaTW HECMIPUSITIIMBIAN BB Ha HUPKW, 30Kpema Ha TyOyno-iHTep-
CTULianbHUIA NPOCTip, AKWIA Bidirpae Baxnuay porb Yy npolecax
peabcopbLii Ta yTpUMaHHs eneKkTPOniTiB, a TakoX y 3aranbHOMy
meTaboniami. [MiaBULLEHI PiBHI TMOKO3K MOXYTb CMIPUYUHSATY
BTpaTy HaTpil0 Yepe3 OCMOTUYHWIA Aiypes, Lo NpU3BOAUTUME
[0 MOPYLLEHb Y HAPKaX Yepes enekTPONiTHUI ancbanaHc piBHs
HaTpito Ta Kanito. Lle, cBO€to Yeproto, 3yMoBUTb MigBULLEHE Ha-
BaHTaXXEHHS Ha HUPKOBI TyOynu Ta MOXe NOLIKOZKyBaTH Tyby-
No-iHTepCTULianbHNIA MPOCTIP, CAPUYUHSATYA PO3BUTOK XPOHIYHOTO
3aXBOPHOBaHHS HUPOK [7].

[NopyLLeHHs GanaHcy Mix HaTpieM, KanieMm i K030k MOXe
OyTu iHOVMKATOPOM MOPYLUEHHST YHKLi HAPOK. Y nauieHTiB i3
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niabeTom abo MeTaboniYHNM CUHAPOMOM 3MiHM PIBHIB FTHOKO3M
Ta Kanit MOXyTb CUrHani3yBaTh Npo NOpyLUEHHs POBOTW HUPOK,
30kpeMma Lofo peabcopbuii Hatpito. Lie Moxe By Baxknveum
iHOMKaTOPOM PaHHBOMO YPaKEHHs TyByno-iHTepCTULIianbHOro
npoCTOpy, Sike MOXe MPU3BECTW A0 CKMALHILUMX MOPYLUEHb
yHKUIT HUpOK [8].

Y BOCTIMKXEHHSX OCTaHHIX POKIB MOKa3aHo, L0 Y XBOPUX
Ha XCH 3i 30inbLUEHHM PU3NKY HAbIKEHNX i BioAaneHux He-
CNPUSATIIMBIX KapAioBaCKYNAPHUX MOZiN aCOLILOETLCS He TifbKK
MigBULLEHHS MapKEPIB rOCTPOrO ypaxeHHs TyByno-iHTepcTuLito
HWUPOK. 3pOCTaHHs! CMEPTHOCTI TAaKOX MOB'SI3aHO 3 NMOPYLLEHHSIM
(yHKLUiT TyOYyno-iHTepCTULto, 30KkpeMa 3i 3MiHaMW enekTponiT-
Horo 6anaHcy [9]. BTiM, HeQOCTaTHLO BUBYEHWUM 3aMMULLAETLCS
BB 3MiH KB i piBHS CMpOBATKOBOrO HATpIlO B MaLliEHTIB i3
XCH iwemivHoro reHesy 3i 3bepexeHot0 dpakLieto Bukuay ni-
BOIO LLSTYHOYKA Ha HABnVKeHUI NPOrHO3, 3Baxatoun Ha haktop
YPaXeHHs TyOyNOIHTEPCTULIK0 HUPOK.

Merta poboTtu

[ocnignTtu 3MiHW rK030-KanieBoro BigHOLLEHHS Ta BMICTY
CMPOBATKOBOrO HaTpito y xBopux Ha XCH ieMiyHoro reHesy 3i
30epexeHot hpakwieto BUKMAY MIBOTO LMYHOYKa Ta 3'icyBaTty
iXHiil BNWB Ha HECNPUATIINBI CEpLIEBO-CYAWHHI NOAIT NPOTATOM
OfHOTO POKY CMOCTEPEXEHHS.

Marepiaaun i meToAU AOCAIAKEHHSA

[ocnimxeHHs 3aiicHUNM Ha KNiHiYHiN 6a3i kadbeapu npone-
[EBTUKN BHYTPILLHBOT MEAWLMHI, NPOMEHEBOI AiarHOCTUKK Ta
MPOMEHEBOI Teparii 3anopi3bkoro AepXxaBHOMO Meamko-gap-
MaLEBTUYHOTO YHIBEPCUTETY — B KapaiornoriyHoMy BifZineHHi
KHIMT «Micbka nikapHs Ne 6» 3MP (m. 3anopixoka). Mig vac
LOCTiKEHHS JOTPUMYBANUCS CTAHAAPTIB HAMEXHOT KNiHIYHOT
npaktukn (Good Clinical Practice) i npuHumnis enbCiHCbKOT
Aeknapadii. lMpoTtokon JOCMiMKEHHS CXBaneHo ETUYHUM Komi-
TeTOM 3anopisbKoro AepXaBHOMO Meauko-hapMaLeBTUYHOIO
YHIBEPCUTETY.

Micns nignucaHHs iHHOPMOBAHOI 3roay [0 AOCTIMKEHHS!
3anyJeHo 57 xopux (25 yonosikis (43,9 %) i 32 xiHku (56,1 %))
Ha XCH iwemivHoro reHesy, Il A-b cragii, II-IV ®K 3a NYHA;
49,1 % (n = 28) — i3 cuHycoBum putMom, 50,9 % (n = 29) — i3
ibpunsuieto nepeacepap. MauieHT 3 CUHYCOBUM PUTMOM i
ibpunsuieto nepeacepapb 3ictasHi 3a Bikom (69,32 + 10,31
poky Ta 69,59 + 8,45 poky BignosigHo, p = 0,968), 3pocTom
(166,57 £ 10,86 cm Ta 170,24 £ 8,68 cm BignosigHo, p = 0,167),
macoto Tina (83,64 + 17,73 kr Ta 86,93 = 19,92 kr Bignosia-
Ho, p = 0,539), inaekcom macw Tina (24,99 + 4,39 kr/m? Ta
25,40 £ 5,08 kr/m? BignosigHo, p = 0,774), nnoLieto NoBepxHi
Tina (1,92 £ 0,23 m? Ta 1,98 £ 0,24 M2 BignosigHo, p = 0,296).

[HiarHo3 XCH iwemiyHoro reHesy BCTaHOBWIIM 3riQHO 3
PekomeHpaaLisiMn 3 AiarHOCTUKW Ta NikyBaHHS! XPOHIYHOI cep-
LeBoi HepocTaTHocTi (2021) Acouiauii kapaionoris Ykpaitu Ta
YkpaiHcbkoi acouiauii daxisLis 3i cepueBoi HegoctatHocTi [10].
[onnep-exokapgiorpadivHe oCMiMKEHHs BUKOHAHO Ha anapari
Esaote MyLab Eight (ITaniq) 3a ctaHmapTHOK METOAMKOK 3
BU3HAYeHHsM Ba30ByX NokasHukis [11].

ImoBipHicTb XCH 3i 36epexeHoto ®B 1L po3paxoBaHa
3a pgonomoroto wkany HFPEF [12]. Yci naujeHtn (n = 57) i3
XCH 36. ®B J1LLl manu apTepiantHy rinepTeHsito Ta 0TpUMyBanu
BinbLUe Hix ABa aHTUrinepTeH3uBHNX npenapaty; 84 % (n = 48)
obcTexenunx craplui 3a 60 pokis; y 14 % (n = 8) miarHocToBaHo
OXMPpiHHS (iHoekc mack Tina ctaHoBmB noHag 30 kr/im2); y 75 %
(n = 43) xBOPUX CUCTOMIYHMI TUCK Y NEreHeBil apTepii nepeBu-
wysaB 35 MM pT. cT., ¥ 100 % (n = 57) BU3HAYEHO NiABULLEHWI
TUCK HaMOBHEHHS NiBOTO LNyHouka (E/e’ >9 ym. oa.). Pibpunsuito
nepencepab BusBneHo y 51 % (n = 29) nauiexta. Bepudikalito
piarHody XCH 36. ®B J1LL 3giiicHmnm 3a KpuTepisMn aiarHocTud-
Horo anroputmy HFA-PEFF [13].

KB y cupoBarL kpoBi 06paxoByBany LUMSXOM AiNEHHS PiBHS!
FMtoKO3u (B MMOITB/TT) HA PiBEHb Kanito (B MMOIb/N); BU3HAYEHO
piBEHb HaTpIto B CMpOBATLii KPOBI (B MMOIL/N).

CratucTnyHo matepian onpautoBanu 3a SOMNOMOTOH
naketa nporpam Statistica 13.0 (StatSoft, CLUA, niueHsisa
Ne JPZ8041382130ARCN10-J)i MedCalc.10.2.0.0. BignosigHictb
KiNnbKICHIX O3HaK 3aKOHY HOPMarbHOrO PO3Mozify aHani3yBanu 3a
ponomoroto Tecty Wanipo-Binka. MapameTtpu, Wwo Bignosigany
3aKOHY HOpPMAaITbHOTO PO3MOAiNY, HaBEAEH Sk cepeaHe apudme-
TUYHe Ta CTaHaapTHe BiaxuneHHs (M £ SD). [ins nokasHukiB, ski
Marv po3nogin, Lo BigpisHSBCS Bif HOPMarbHOrO, AaHi ONUCOBOT
CTaTUCTWKW HaBeAEHO Sk MefiaHa, HYDKHIA | BepXHin kBapTuni
(Me (Q25; Q75)). KinbkicHi nOKa3HWKM y rpynax nopiHAMM, 3a-
cTocyBaBLUM kpuTepii CTblogeHTa (4ns HopMarbHOro po3noginy
03Hak), ManHa-BiTHi (ans posnoginy 03Hak, Lo Biapi3HABCA Bif
HOpMarbHOro).

[ns BU3HaYeHHs ONTUMAnbHOT TOYKM PO3MOAINY KiNbKICHNX
03HaK (OMTUMAanbHOrO CMiBBIAHOLIEHHS YYTIMBOCTI Ta crneum-
iuHocri) Bukopuctanm ROC-aHania i3 nobyaoBoto xapaktepuc-
TWYHOI KpUBOi. [Ins nobyaoBK yHiBapiaHTHOT MOZENi BUKOHamNM
NOriCTUYHUIA perpeciiinin aHania. ObpaxyBanu BigHOLWEHHS
LIAHCIB HECTIPUSATIIMBUX CEPLIEBO-CYANHHWX MO BMPOLOBX
OfHOrO POKY CMOCTEPEXEHHS. FK HeCnpUATAUBI NOAji BU3Ha-
YeHO iHhapKT Miokapzaa, iHCYIbT, CTEHOKapAto, L0 NPorpecye,
NpOrpedieHTHy CcepueBy HeJoCTaTHICTb, WO noTpebysana
rocnitanisawii.

[laHi HaBe#eHO sk BigHowWeHHs waHcie (BL) i gosipui
iHTepsanu (95 % [I). BigMiHHOCTI BBaXanu BiporigHUMM Npu
3HayeHHsx p < 0,05.

Pe3yabTatu

Y pesynbrati 0bpaxyHKy KinbkocTi 6anis BEMMKUX i Manmx
KpuTepiiB 3a giarHoctuyHum anroputmom HFA-PEFF [13] y
KOXHOTO 3asTy4eHOro 0 JOCIMKEHHS MavjeHTa OTPUMaHO Cymy
5 6anis, o nigTBepauno giarHod XCH 36. ®B JILL.

[na Bu3HayeHHs mMexoBuX 3HaveHb KB y Lmx xBopux
3airichmnun ROC-aHanis. Y pesynbsrati BCTaHOBMEHO, LU0 TOUKOH
O30y NOKa3HKKa rIHKO30-KarieBoro BiAHOLIEHHS! HAaNPUKIHLL
nepLLoro poKy CNocTePeXeHHs cTana nosHadka 21,1697. Mno-
wa nig kpueoto — 0,758, ctaHgapTHa noxubka — 0,0966, 95 %
01 0,655-0,843, z statistic — 2,671, p = 0,0076 (puc. 1).

3a gaH1mK yHiBapiaHTHOI perpecBHOi Mogeni, NiaBULLEHHS!
rTIHOKO30-KanieBoro BigHOLWeHHs noHan 1,1697 36inblwysano
KinbKiCTb HECTPUSITIIMBUX CEepLIEBO-CYAMHHNX MOAIN Ha KiHeLb

ISSN 2072-9367

CyyacHi MeanyuHi TexHoaorii. T. 17, Ne 1(64), ciueHb - 6epeseHb 2025 p. 7



OpwuriHanbHi pochipkeHHs / Original research

1 GPR

—
o
o

Sensitivity: 88.9

80 Specificity: 60.8
Criterion : >1.1697
2 60
=
.‘%
S 40
20
0
0 20 40 60 80 100
100-Specificity

2 Sodium
100
80
Sensitivity: 77.8
- Specificity: 58.1
£ 60 Criterion : <=142.4109
S 40
20
0
0 20 40 60 80 100
100-Specificity

Puc. 1. Touka posnoainy KB 21,1697; uytamsicTb - 88,9 %, cneumdivHicts - 60,8 %, p = 0,0076.

Puc. 2. Touka po3noAiAy BMICTy CUPOBATKOBOTO HaTpito <142,4 MMOAb/A; YyTAMBICTb - 77,8 %, cneundivHictb - 58,1 %, p = 0,0794.
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Puc. 3. MopiBHAHHA nAoLL Nia KpuBUMK AAst TKB i cupoBaTtkoBoro Hatpito (p = 0,417).

MepLUOro PoKy crocTepexenHs B 11,15 pasa (95 % A1 1,33-93,50,
p = 0,0048).

[ns BU3HAYEHHS MEXOBMX 3HAYEHb MIa3MOBOI KOHLIEH-
Tpauii HaTpito B LUMX NaLieHTiB Takox BukoHanum ROC-aHania.
BcTtaHoBneHo, WO TOYKOK po3nodiny nokasHWka nnas3moBoi
KOHLIEHTpaLii HaTpilo Ha NepLLIOMY POLLi CMIOCTEPEXEHHs cTana
nosHayka <142,4 mmone/n. Mnowa nig kpusoto — 0,654, cran-
JapTHa noxubka — 0,0878, 95 % [l 0,545-0,752, z statistic —
1,754, p = 0,0794 (puc. 2).

3rigHo 3 yHIBapiaHTHOK MOAENITHO, 3MEHLLEHHS BMICTY HATpit0
HIKYe 3a 142,4 MMOnb/N NiABULLYBAIO KiNbKICTb HECMPUATAMBIX
CepLeBO-CYANHHMX NOLN Ha KiHELIb NEPLLIOrO POKY CNOCTEPEXEH-
Ha B 5,14 pasa (95 % [ 1,0027-26,3538, p = 0,03).

MopiBHAHHS nnowy, nig kpueumm ans KB i cupoBaTkoBOrO
HaTpito MoKasano, Lo Li napameTpy ictasHi (p = 0,417). Pishuus
nnow nig kpusoto — 0,104, ctaHgapTHa noxubka — 0,128, 95 %
01 0,147-0,356, z statistic — 0,811, p = 0,417 (puc. 3).

[NoeaHaHHs B MynbTUBapiaHTHI MOAENi NOMCTUYHOI perpecii
(p=0,0019) unx Giomapkepis B3aEMHO MOCUTTHOE BiJHOCHWI PU3NK
HECNPUATIINBUX CePLIEBO-CYAMHHUX NOAiN y XBopux Ha XCH Ha-

MPYKIHLI nepLuoro poky crnoctepexeHHs Yepes KB B 11,69 pasa
(95 % A1 1,3538-100,9866, p = 0,025) Ta c1poBaTKOBUIA HATPIN
B 5,45 pasa (95 % [l 1,0046-29,5986, p = 0,049) (ma6n. 1).

OTtxe, 3miHn KB i piBHS| CMPOBATKOBOIO HATPIt0 — HE3aNEXHI
NPEAVKTOPY BU3HAYEHHS PU3VKIB CEPLIEBO-CYONHHIX NOAIA Y na-
uieHTiB i3 XCH. MNMoeaHaHHS LmxX MapKepiB € KOPUCHAM He NuLle
ANS OLiHIOBaHHS KapAioBaCKYMSAPHUX PU3KKIB, ane N Ans BusiB-
NeHHs! NOpYLLEHb, L0 MOXYTb MPU3BOAUTU A0 NPOrpecyBaHHs
ypaeHHs TyByro-iHTEPCTULII HUPOK.

06roBopeHHsA

He3sBaxxatoum Ha NOLMPEHICTb HUPKOBOT ANCAYHKLTY naLjieH-
TiB i3 rOCTPOK Ta XPOHIYHOK CEPLIEBOIO HEAOCTATHICTIO, CKIaHNN
3B'5130K MiX TTIOMEPYISPHOI, KaHaNbLEBOK Ta METabomMiyHO0
(PYHKL|EI0 HUPOK 3anMLLAETLCS HEBUBYEHNM.

Y pocnimxenHi W. Huang et al. goBeaeHo, Lo nopyLUeHHs
(PYHKLi HUPOK NoLIMpPeHe cepen, NaLieHTiB, rocnitanizoBaHunx 3
MpWBOAY rOCTPOI CEpLEBOi HEAOCTATHOCTI. Tak, NokasaHo: mig
yac rocnitanizawii NopyLLEeHHs PYHKLT HUPOK 3adhikcoBaHO Y
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Tabauus 1. YHiBapiaHTHi Ta MyAbTUBapiaHTHi MOAEAI NPOrHO3Y HECTIPUSATAUBIX CEPLIEBO-CYAUHHMX MOAIA BNPOAOBX NEPLLOTO POKY CMOCTEPEXEHHS

AN MOKa3HKKIB CMPOBATKOBOI MIOKO3H, KaAito, HATPIKO Ta FKOKO30-KaAiEBOTO BiAHOLLEHHS

Mopenb YHiBapiaHTHa MynbTuBapiaHTHa

lMokasHuk BipHoweHHs 95 % Al p BipHoweHHs 95% [l p
LIaHCiB LIaHCiB

Kanii 0,5561 0,0655-4,7221 0,5908 - - -

[ntoko3a kposi 1,5809 0,9852-2,5370 0,05769 - - -

KB 11,1515 1,3299-93,5046 | 0,02623 11,6925 1,3538-100,9866 |0,02539

Harpiit 5,1406 1,0027-26,3538 | 0,04961 5,4530 1,0046-29,5986 | 0,04937

>60 % XBOpUX Ta € HE3aNeXHUM NPOrHOCTUYHUM (haKTOPOM
CMEPTHOCTI Bif YCiX NPWUYMH, MOB’A3aHNX i3 CepLEBO-CYANHHUMM
3axBOPIOBaHHSMU, Ta HACTYMHWX rocniTanisaLin Yepes cepLeBy
HeJocTaTHICTb Ans Beix doeHoTunie XCH [14].

[Mioko3a Ta kanin y cupoBaTLi KpoBi — iBa BaXIUBI A5
MPOrHo3y LMpKymiotodi Biomapkepu. 3a pesynsratamMu Metar
aHanisy nokasaHo: piBeHb THOKO3M B KPOBI HATLLLE MOB’'A3aHUI
3i 36iMbLUEHHAM PU3NKY IHCYMBTY B 3aranbHii nonynsuii [15].
BusHauenHs TKB nig yac rocnitanisauii Mmoxe 6yTv npeguk-
TOPOM KOPOTKOCTPOKOBOIO HACMiAKy B MaLEHTIB 3 iLUeMiYHUM
iHcynsToM [16].

Y fecatupiyHoMy MPOCNEKTUBHOMY JOCIIMKEHHI 3a y4acTio
nawieHTiB 3 |paHy BCTaHOBEHO [aHi LLOJO 3B'A3KY CNOXWBaAH-
HS HaTpito, Kanito Ta 3MiH IXHbOrO CiBBIAHOLLIEHHS 3 PU3MKOM
BWHUKHEHHSI CEpLIEBO-CyMHHMX 3aXBOPOBaHb. lMokasaHo, Lo
CriBBIAHOLLEHHS HATPItO Ta Kanito BNAMBAE Ha NPOrHO3 PO3BUTKY
CepLeBO-CyaANHHIX 3aXBOPHOBaHb, apTepianbHOI rinepTeH3il, ie-
Mi4HUX iHCYNbTIB | XpOHIYHOI XBOPOOM HMPOK. 3rigHO 3 BUCHOBKa-
mu Z. Mosallanezhad et al., meTaboniti HaTpito Ta kanito MOoXyTb
He3asnexHOo MPOrHo3yBaTU MarbyTHI PU3NK CEepLIEBO-CYaNHHIX
3aXBOPOBaHb Y AOPOCHOro HaceneHHs [17].

Pesyneratn gocnimpkenHs F. R. Khan et al. nigtBepmxytotb
BaXIIMBICTb MOHITOPUHTY IMHOKO30-KasieBoro BiAHOLLEHHS Y na-
uieHTiB i3 XCH 36. ®B JILL, ockinbku Leit nokasHuk Moxe ByTu
BAXIMBMM MapKEPOM HECMPUSTIIMBOrO MPOrHo3y, 0CobnmMBO Y
nauieHTiB 6e3 LykpoBoro giabeTy. i yac cnoctepexeHHs 514
(29,4 %) navieHTiB [OCATM NEPBUHHOI KIHLEBOI TOYKW. 3a pesyrb-
TaTamMmu 0gHOAKTOPHOMO PErPECIHONO aHarnidy nponopLinHUX
puankis Kokca, y nauieHTis i3 Buwmm piHem KB 3adpikcoBaHo
3HayHe NiABULLEHHS PU3NKY NEPBUHHOI KyMYNSTUBHOI KiHLEBOI
Toukm (BP 1,35, 95 % [l 1,07-1,70, p = 0,012) Ta rocnitanisauii
3 npuogy nporpecysanHs XCH (BP 1,57, 95 % [l 1,20-2,05,
p = 0,001) [18].

3a pesynbratamut HaLIOrO AOCMILKEHHS BCTAHOBMEHO MO-
poroBe 3Ha4eHHs aAns KB noHag 1,1697 (vyTnusicts — 88,9 %,
cneumdgivHicts — 60,8 %), 3 akuMm acoujtoBanocs 3BinbLUEHHS
KinbKOCTi HECIPUATAMBUX CEPLIEBO-CYAMHHWX MOAIN Ha KiHeLb
nepLLIoro poky cnoctepekeHHs (p = 0,0048).

Moka3aHo HasBHiCTb J-nogibHOI acouiauii mix cnis-
BiJHOLIEHHAM [roKko3a/kani i nporHo3om y nauieHTiB i3
XCH 36. ®B JILlU [18]. BctaHoBneHO, L0 MPOrHO3 y XBOPUX
HaWripLLnii | B pasi HU3bKOTO, i B pasi BUCOKOro nokasHuka MKB.
OTxe, BaXIMBMMM € MOHITOPUHT Ta ONTUMI3aLLisi ENEKTPONITHOrO
BanaHcy. 3ayBaxumo, LLO 3B'S30K MiX PIBHAMM MHOKO3W, Karnito

Ta NPOrHO30M CepLEBOI HELOCTATHOCTI 3HAYHO CUTBHILLUIA Y
navieHTiB 6e3 3aJ0KyMEHTOBAHOTO LIyKPOBOIO AiabeTy.

3rigHo 3 BucHoBkamu F. A. Demir et al., KB 3HauyLL0 noB’si3a-
He 3 CEepLIEBO-CYAMHHOK CMEPTHICTIO NaLIIEHTIB BiAAiNeHHs! iHTeH-
cvBHoi Tepanii. Lli gaHi ceigyats, Wwo KB mMage kniHivHe 3Ha4eHHS
nig Yac NPOrHOCTUYHOIO OLiHKOBaHHS! MaLieHTIB, rocniTaniaoBaHmx
y peaHimaliiiHe BigdiNeHHs 3 TakMMW diarHo3amu, sk rocTpum
KOPOHAPHWI CUHAPOM, TOCTpa AEKOMMEHCOBaHa cepLieBa Hego-
CTaTHICTb | CepLieBi apuTMii, LLIO CTAHOBNATL 3arpo3y AMns XUTTS
1 aKTUBYIOTb CTPECOBY peakLito opraHiamy. [Mioko3o-kaniese
BiAHOLLEHHS Mae MoTeHLian ByTu MPOCTUM i LUBWAKUM NPOTHOC-
TUYHUM MOKA3HUKOM rocriTarnbHOI NeTanbHOCTI Y BigAineHHSX
IHTEHCMBHOI Tepanii cepLeBo-CyAUHHIX 3axBoptoBaHb [19].

HupkoBa AMChYHKUiS — 6araTOKOMMOHEHTHE MOLUMPEHE
ycknagHeHHs nepebiry XCH. MMmomepynsipHa, TybynspHa Ta
MeTaboniyHa AMCAhYHKLIS He3anexHo NoB’s3aHa 3 ripLLMMmM Npo-
rHO3aMK, BKITKOYaKM CMepTb | NOBTOPHY rocniTasnisadito, y naui-
€HTIB i3 FOCTPOIO CEPLIEBOI0 HEQOCTATHICTHO. [POCTUI IHCTPYMEHT
OLIiHIOBaHHS! HMPKOBOT ANCAYHKLi MOXe ByTI BUKOPUCTaHWIA Ans
KpaLLloi cTpaTudikalii mavieHTiB, rocnitanisoBaHnx 3 npueogy i
FOCTPOI, | XPOHIYHOI CepLIeBOi HEAOCTATHOCTI, Ta MOKPALLEHHS!
nporxHoay [7].

[oBeneHo, Wwo Tybyno-iHTepcTuLianbHa ANCHYHKLIS HUPOK
BNMMBAE Ha paHHiii i BinaaneHuin nporHo3 y navujenHTiB i3 XCH
3i 3bepexeHOI0 pakLield BUKMZY MBOTO LWAYHOYKa. 3rigHo 3
pesynbratamu JOCTigXeHb, MOPYLLEHHs (yHKLii TyOyno-iHTep-
cTuito y xBopux Ha XCH BrsiBiunocs GinbLu 3HauyLLMM hakTopom
PU3NKY HECMPUATIMBIX KapAiOBaCKyNAPHUX MOAIN i Yepes pik, i
yepes 5 pokiB cnocTepekeHHs. BCTaHOBMEHO, LU0 BMICT TaKoro
€NneKTPONITY, SK HaTPii (MapKep ypaxeHHs TyByno-iHTepcTuLio
HWPOK) € (haKTOPOM NpOrHo3y y xBopux Ha XCH [9].

Y [OCHiMXEeHH, WO 3AINCHUAN, 3riLHO 3 YHIBapiaHTHO
MOZENITI0, 3MEHLLEHHS BMICTY HaTpito Huxye 3a 142,4 mmonb/n
NiaBULLYBano KinbKiCTb HECNPUATIUBKX CEPLIEBO-CYOAUHHUX
MOAIN Ha KiHelb NepLIoro poky crnocTepexeHHs B 5,14 pasa
(95 % [l 1,0027-26,3538, p = 0,03). 3ictaBHi AaHi HaBeaEeHo y
pocnimkenHi Y. Su et al. [20]. MokasaHo, LU0 B KOTOPTi XBOPWX Ha
XCH 36. ®B JL (Kutait) rinoHatpiemis nig Yac HaaXomKeHHs 4o
cTauioHapa 3HauyLLo NOB’s3aHa 3i CMEPTHICTIO Bif YCIX MPUYKH,
MOBTOPHOO rocniTaniaaLlieto, iHCYNsTOM BNPOAOBX 24 MicsLB.

Y baratoueHTpoBomy pocnimkeHHi DAPA-HF Takox oui-
HIOBarIM IMOBIPHICTb HECMIPUSTIIMBIX MOAiN 3aneXHO Bif PiBHS!
CMPOBATKOBOrO HaTpito. AHani3 i3 BUKOpUCTaHHSIM 6a30Boro
piBHs1 HaTpito ik 6e3nepepBHOI 3MIHHOT 4aB NiacTaBn 3pobuTK
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BVCHOBOK, LLIO MPU 3HWXXEHHI PIBHS CUPOBATKOBOrO HATPito MEHLLE
3a 142 mmonb/n BigOyBaeTbCA NiHilHE 30iNbLUEHHS YaCTOTH He-
CNpUATAMBIX NOAiN Ha S % Ans NePBUHHOT KIHLLEBOI TOYKM, Ha 6 %
— NS CMEePTHOCTI Bif CepLEeBO-CYANHHYX i Bif YCiX NpuynH [21].

3rigHo 3 pesynsTaTamu iHLLIOM JOCTIKEHHS, FMOMepynspHa
AnceyHKUis nig yac rocnitaniauii (3a OLiHKOK NigBMLLEHOMO
PiBHSI KpEATMHIHY B CUPOBATL KPOBI / LUBWMAKOCTI KIy6O04KOBOI
(inbTpaLii) nos'a3aHa 3 riplMMM KyMynsTUBHUMU KiHLEBUMM
TOYKaMu, pU3MKOM NOBTOPHOI rocniTanisadlii 3 npusoay cepLieBol
HEeO0CTaTHOCTI Ta pU3nKamm 3ararnbHoi CMEPTHOCTI, HECTIPUSTIN-
BWX CEPLIEBO-CYANHHIX MOAIN Y NaLlieHTiB, ski rocnitanisoBaHi 3
MPVBOY FOCTPOI CEPLIEBOI HEAOCTATHOCTI. HipkoBa ANCHYHKLSA
nig Yac rocnitaniaawii NOCTINHO KOPENntoe 3 MATUPIYHOK CMepT-
HICTIO HE3aneXHO Bif Biky, CTaTi, rinepTen3ii, AiabeTy, iLuemMiyHoi
xBopobu cepus, dibpunsuii nepencepab, iHCYNbTY, cMpoBart-
KOBOrO HaTpito Ta AEKOMMNEHCOBAHOI CEPLEBOI HEAOCTATHOCTI,
[aTh 3anyyeHHsl Ta CUCTOMIYHOO apTepianbHOro TUCKY MEHLLE
Hik 90 MM pT. cT. abo B nauieHTis i3 XCH 36. OB 1L (BP 1,493,
95 % 01 1,237-1,801, p = 0,018) [14].

Y npaui G. Iwanek et al. 3anponoHoBaHO TPUKOMMOHEHTHMI
Migxiz £O OLiHIOBAHHS HUPKOBOI (hyHKLT (rmoMepynsipHui, Ty6y-
NAPHUIA | METABbONIYHNIA AaCMEKTK) i NALlIEHTIB i3 rOCTPOO cepLie-
BOKO HEZIOCTATHICTO, LLIO TAKOX BKITO4ae TyOyno-iHTepcTuLiansHi
3MiHW. 3HWKEHA 3AaTHICTb TyOYNAPHWX KMITUH 40 peabcopbuii Ta
cekpeLil B yMoBax rocTpoi cepLeBoi HeloCTaTHOCTi NPU3BOAUTb
[0 HaKOMWYEHHsT MeTabomITIB i TOKCUYHUX PEYOBUH Y KaHarb-
LIeBiN CUCTEMI, CIPUYMHSIKOUM MOLLKOKEHHS! KIITUH, SIKe, CBOEKD
Yeproto, NopyLye yHKL0 iOHHUX HACOCIB, L0 NPU3BOANUTL A0
AncbanaHcy HaTpito, kanito Ta BOAMW, NOCUIIOYM KITITUHHIA
CTPec Ta iHTepcTULianbHe 3ananeHHs. Li mexaHiamm hopmytoTb
narodpisionoriyHe nigrpyHTs TyOyno-iHTepcTULianbHUX ypaxeHb
MNPV FOCTPIN CepLEBiit HEAOCTATHOCTI Ta BI3HAYaOTb POb TPU-
KOMMOHEHTHOTO NiAX0ay A0 OLHIOBAHHS! HUPKOBOI QOYHKLIT. Takuii
nigxig 3abeanedye GinbLL IHTErPOBaHMI MiAXia 4O PO3YMiHHS
poni HUPKOBOT ANCEYHKLIT y nepebiry Ta HabnMKXeHOMy MPOrHO3i
naLieHTiB i3 cepLeBo-CyaMHHUMI 3aXBOPIOBAHHAMM [7].

3asHaunmo, wo G. lwanek et al. Bu3HavatoTh TyGynspHy
ANCYHKLI SIK OAHY 3i CKITagoBUX KOMMMEKCHOTO OLHIOBAHHS!
HUPKOBOI (hYHKLi. ABTOpYW NoKa3anu, LU0 Yy NaLlieHTiB i3 rocTporo
CEpLEBOI0 HEJOCTATHICTIO FMoMepynspHa, TybynspHa Ta meTa-
BoniyHa aMCyHKLiT HUPOK HE3aNEKHO NOB’'S3aHi 3 MOTipLUEHHSAM
MPOrHO3y CMEPTI, CYKYMHOMO pU3nKy CMepTi Ta MOBTOPHOI rocni-
Tanisauji 3 npueoay cepLeBoi HegocTaTHocTi. BignosigHo Ao
Mogeni, FmoMepynsapHa AMChYHKLIS nokasana niaBrLLEHNA UMK
cmepri (BP 2,04, 95 % [| 1,24-3,36, p = 0,006), koM6iHOBaHMIA
PU3VK CMepTi Ta MOBTOPHOI rocniTanisavii yepes cepLesy Heno-
cratHictb (BP 2,03, 95 % [l 1,34-3,05, p = 0,005). AHanoriyHo
TyOynspHa AMcYHKLIS KopentoBana 3 BULLMM PU3NKOM CMepTi
(BP 1,72, 95 % [ 1,04-2,82, p = 0,03) i BALLMM KOMGIHOBaHUM
puankom (BP 1,82, 95 % [1 1,21-2,74, p = 0,004). ABTOpM Takox
HarofocunK, WO PisHi TUMKU HUPKOBOI AUCAYHKLLT, SKLLO BOHM
BVHWKII OOHOYACHO, MOXYTb MaTU KyMyNsSTUBHW ehekT i ByTm
MOB'A3aHUMU 3 TipLUMMK pesynbTatamu [7].

3rigHoO 3 pesynbTatamMy HaLWoro JOCTIMKEHHS], OAepXaHo
[aHi L1010 NOEaHaHHS B MynbTUBapiaHTHI Mogeni NoricTUYHOT
perpecii (p = 0,0019) KB i cupoBaTKOBOrO HaTPIto, L0 B3aEMHO
MOCUITIOIOTH BiAHOLIEHHS LLIAHCIB HECMPUSITIIMBUX CEPLIEBO-CY-

OMHHWX nogin y xBopux Ha XCH npoTarom ogHoro poky crnocte-
pexeHHs yepes KB B 11,69 pasa (95 % [l 1,3538-100,9866,
p = 0,025) Ta cuposaTkoBoro Hatpito B 5,45 pasa (95 % [l
1,0046-29,5986, p = 0,049). Lli pesynsrati noBHiCTHO 3biratoTbes
3 JaHUMW, WO HaeefeHi B cTatTi G. lwanek et al. [7]. Kpim Toro,
pesynistati gocnipkeHHs MAGGIC 3a yyacTio naujeHTis i3 pis-
HUMK cheHoTunamm XCH Takok nokasanu MoMipHUIA 3B'930K MiX
HWPKOBOIO AUCHYHKLIIEKD Ta CMEPTHICTIO Y pasi iarHOCTOBaHOI
XCH 36. ®B J1LL nopieHsiHo 3 XCH 3i 3HmkeHoto OB JLL [22].

BignosigHo fo Kopeiicbkoro peecTpy cepLeBoi HegocTar-
HocTi (KorHF), Bu3HaueHo Bucoky nowwmpenicTb (66,7 %) no-
PYLUEHHSI HUPKOBOT (PYHKLT cepen nawieHTis, rocrnitanisoBaHWx
3 npueogy XCH HesanexHo Big peHoTuny. 3a pesynsratamu
GaratochakTopHOro aHaniay, Tskka HUpKoBa AMcAYHKLis Byna
He3anexHUM NpeayrkTopoM 12-MicsiyHOI CMEePTHOCTI XBOPUX Ha
XCH 36. ®B L (BP 2,08, 95 % Al 1,40-3,11) [22].

Y pesynbrarti gocnigxeHHss MIMIC 3 otpumaHo fai, 3icTasHi
3 HaLLMMK: PiBHi CUPOBATKOBOTO HaTpito <137,5 MMonb/n nos's-
3aHi 3 aCOLLiOBaHNM MHOXUHHUM puankom 30-, 90-aeHHoi, 1- i
4-piyHOi CMepTHOCTI Bif YCiX NpUYMH y nauieHTis i3 XCH [23].

[igTBEPIKEHO, LLIO CHPOBATKOBMWI HATPIN 3aMNMLLAETLCS HE3a-
NEXHUM NPEUKTOPOM CEPLIEBOT HELOCTATHOCTI, L0 NPOrpecye,
i cepen ambynaTopHYX NaLiEHTIB i3 XPOHIYHOK CEPLIEBOK HEO-
CTaTHICTI0. BCTaHOBNEHO, LLIO XBOPI 3 H13bKUM PIBHEM HATPIlO B
KPOBI Mal0Tb MiABULLEHMI PU3NK CMEPTi Ha 22 Y% 3i 3HKEHHAM
PiBHS HaTpito B CpOBATLi KpoBi Ha 2 Mmons/n (BP 1,22, 95 %
[11,08-1,38) [21].

Y Halwomy nonepeaHLOMY LOCTIDKEHHI 4OBEAEHO POrb Ci-
POBATKOBOIO HaTpil0 ik €(HEKTUBHOTO NapameTpa, BU3HaYEHHS
SIKOTO € AOBOMi ELLIEBMM | fOOPE BiATBOPIOBAHUM, N1 OLliHIOBAH-
HS1 CTYNEHS TSHKKOCTi CepLIEBOI HEAOCTATHOCTI Ta MPOrHO3yBaHHS
KOPOTKOCTPOKOBWX i BiiAANEeHNX PU3NKIB CMEPTHOCTI Y MaLlieHTiB
i3 XCH [9].

Otxe, TKB i piBeHb CHPOBATKOBOrO HATpit0 — HE3aNEXHi
NPEQUKTOPU BU3HAYEHHS BiSHOLIEHHS! LUAHCIB HECMPUATIIMBIX
CepLEeBO-CYAMHHMX Mogin y nauienTis i3 XCH. MoeaHaHHs Luux
MapKepiB € KOPUCHUM He NWLLe AMs OLHIOBAHHS KapaioBacky-
NAPHUX PU3KKIB, ane 1 Ans BUSBMEHHS NOPYLLEHb, LLIO MOXYTb
MpW3BOANTM [0 YpaxeHHs Tybyno-iHTepcTuuito Hupok. Lli Gio-
MapKepu Crif BU3HAUMTK SK KMiHIYHO BaxXINUBi ANS paHHLOI
cTpatudikaLjii puauky cepLeBO-CyauHHIX Nogin y xBopux Ha XCH
3i 30epexeHoto hpakLieto BUKMAY NMIBOTO LUAYHOYKA.

BucHoBkU

1. BusHaueHHst TKB i cMpoBaTkoBOro Hatpito € HagiHuM
MPOTHOCTUYHUM IHCTPYMEHTOM A7151 OLLIHKOBAHHS PU3VKY HECTpU-
ATNMBUX CEPLIEBO-CYOANHHIX NOAIN y navieHTis i3 XCH.

2. MNoenHaHHs B MybTVBapiaHTHIA MOZENi NOTiCTUMHOI perpe-
cii (p = 0,0019) umx Giomapkepis B3AEMHO MOCUIIOE BiHOCHMIA
PU3MK HECTIPUSITIIMBIX CEPLIEBO-CYAVHHIX NOAiN y XBopux Ha XCH
MpOTSAroM OHOrO POKy crocTepexerHs Yepes KB B 11,69 pasa
(95 % A1 1,3538-100,9866, p = 0,025) Ta cMPOBATKOBOrO HATpItO
B 5,45 pasa (95 % [ 1,0046-29,5986, p = 0,049).

MepcneKTMBY NOAAABLLMX AOCAIAKEHD MONATAOTh Y BUBYEHHI
3ameXHOCTI MK Mapkepamu NopyLLeHHs doyHKLi TyByno-iHTep-
CTULLI0 HMPOK (IMIOKO30-KanieBoro BiAHOLLIEHHS Ta 3HUXEHHS
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BMICTY HaTpito B CMPOBATLLi KPOBI) Ta (PYHKLiOHaNbHUMI Napame-
TpPaMn reMoAnHaMIkK, LLO BU3HAYEHi 3@ AOMOMOTOK TKaHUHHOI
ponneporpadii, Ha HabnWXeHi KyMynsTUBHI KiHLEBI TOYKM Y
xBopux Ha XCH 3i 36epexeroto ®B L.
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Binowmo, o YkpaiHa nocigae 4etepTe MicLe y CBiTi 3a CMEPTHICTO Bif iLeMiuHoi xBopobu cepuis (IXC). BHacnigok
HeraTMBHOrO BMNBY COLliarNbHO-eKOHOMIYHUX (haKTOPIB Nif YaC BOEHHOTO CTaHy Ll CUTYyaLlis NOripLUYeTbCs, TOMY
0cobnmBoi yBaru notpedye BUKOPUCTaHHS y hapmakoTepanii opuriHanbHUX | reHepuyHUX Nikapcbkux 3acobiB,
LLIO MOXXe BNAMBATK Ha JOCTYMHICTb NiKapCbKMX 3aCOBiB i NPUXMNBHICTL A0 MiKyBaHHS.

Merta po6oTn — BUBYEHHS BNMBY ynopobaHb nikapis, hapMaLeBTiB, NaLieHTIB LLOAO BUKOPUCTAHHS OpuriHanb-
HWX | reHepUYHMX NikapCbkix 3acobiB nig vac dapmakotepanii IXC i3 komopbigHUMK CTaHamu Ans BU3HAYEHHS
(haKTopiB, LU0 BNANBAIOTL HA AOCTYMHICTL NiKapChkiX 3ac0biB i NPUXWUNBHICTL NALEHTIB [0 NiKyBaHHS.

Martepianv i meToau. Matepian 4ns 4OCHIIKEHHS — Pe3yNbTaTi aHOHIMHOO OHMaNH-aHKETYBaHHS, 34INCHEHOTO 3
BuKopucTaHHaM Google Form Ha kadbeapi kapaionorii HawioHansHoro yHiBepcUTETY 0XOpOHU 300pOB'S YKpaiHu
imeHi M. 1. LLynwmka 3 4epsHs Ao BepecHs 2024 poky. BUKOPUCTaHO CTaTUCTUYHWIA, aHaniTU4YHKIA, GibniorpadivHuiA
METOAM, METOAMN CUHTE3Y W aHaniay, AepyKLUii Ta iHAYKLiT.

Pesynbtati. BusHayeHo JOCTOBIPHICTL BMAMBY KMiHIYHOI ePeKTMBHOCTI Ta Ge3neyvHOCTi nikapcbkux 3acobis
(x2=5,653, p=0,017) Ha ix B1Gip nig Yac dapmakotepanii IXC i3 komopbigHumu cTaHamu: ans nikapis — 87,4 %
[C1 95 % 87,400 £ 0,004, p < 0,0001], papmauestis — 79,1 % [Cl 95 % 79,10 £ 0,02, p < 0,0001], navuiexTis —
91,1 % [Cl 95 % 91,100 + 0,007, p < 0,0001]. BigcyTHiCTb YacTuHM nikapCbkux 3acobis, SKi BUKOPUCTOBYIOTb
nia vac hapmakotepanii IXC 3 komop6igHuMu ctaHamu, B nporpami «JoCTynHi Nikny 3MeHLUYe 3aLlikaBneHicTb
npodbecioHanis MeauyHoI ranyai y Liii nporpami (X%, ckoperoBaHuil Ha npaegonogibHicts, — 4,011, p = 0,050)
Ta BNMMBaE Ha JOCTYMHICTb O KNiHIYHO edekTUBHMX i Be3neyHux nikapcbkux 3acobie Ans nauiexTis 3 IXC i
komopbigHuMK cTaHamu (x* = 3,350, p = 0,067).

BucHoBku. Ha Bubip nikapis, dapmaLeBTiB, NalieHTiB OpUriHaNbHUX YU TEHEPUYHMX NiKapCcbkux 3acobiB
BNNMBAKOTH KMiHiYHA eeKTUBHICTL i Be3neyHicTb LMx npenapatiB. BigcyTHiCTb YyacTuHM nikapcbkux 3acobis,
L0 PEKOMEHA0BAHI KNiHIYHAMM MPOTOKOMAMM Ta HAaCTaHOBaMWM ANs HaJaHHs MEeWNYHOI AOMOMOrM naLieHTam
3 iLeMi4HO XBOPODOIO Cepus Ta KOMOpPOIAHMMM CTaHaMK, y Nporpami peimbypcaLii 3MeHLye 3auikaBneHiCTb
npochecioHanis MeaMyYHOI ranysi y il nporpami, HeraTMBHO BMIMBAE Ha AOCTYMHICTL hapmakoTepanii, npu-
XUMNbBHICTb XBOPWX O MiKYBaHHS.

CyuacHi meauuHi TexHonorii. 2025. T. 17, Ne 1(64). C. 12-21

Preferences of choice between original and generic medicines: pharmaceutical
support for patients with coronary heart disease and comorbid conditions

M. M. Dolzhenko, N. A. Bilousova, V. A. Nesukai, T. V. Simahina, N. A. Kozhukharova

Ukraine ranks fourth globally in mortality from coronary heart disease (CHD). The negative socio-economic impact
of martial law is likely to exacerbate this situation. Therefore, the use of original and generic drugs in pharma-
cotherapy deserves special attention as it may affect the availability of medicines and adherence to treatment.

Aim. To study the influence of preferences of doctors, pharmacists, and patients regarding the use of original and
generic medicines in the pharmacotherapy of CHD with comorbid conditions, to further identify factors affecting
drug availability and patient adherence to treatment.

Materials and methods. We analysed the results of an anonymous online survey conducted with the help of
Google Forms at the Department of Cardiology of the Shupyk National Healthcare University of Ukraine, from
June to September 2024. Statistical, analytical, bibliographic methods, as well as synthesis, analysis, deduction,
and induction techniques were used.

Results. The reliability of the influence of clinical efficacy and safety of drugs (x? =5.653, p = 0.017) on their choice
in the pharmacotherapy of CHD with comorbidities for doctors 87.4 % [Cl 95 % 87.400 + 0.004, p < 0.0001],
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pharmacists 79.1 % [CI 95 % 79.10 £ 0.02, p < 0.0001] and patients 91.1 % [CI 95 % 91.100 £ 0.007, p < 0.0001]
is determined in the study. The absence of certain drugs in the “Affordable Medicines” Reimbursement Program
in Ukraine decreases interest among healthcare professionals in the program (x?, adjusted for plausibility = 4.011,
p = 0.050) and negatively affects access to clinically effective and safe drugs for patients with CHD with comor-

bidities (x2 = 3.350, p = 0.067).

Conclusions. The preferences of choice of doctors, pharmacists, and patients between original and generic
medicines are influenced by the clinical effectiveness and safety of the drugs. The absence of certain medicines
that are recommended by clinical protocols and guidelines for managing CHD with comorbid conditions in the
Reimbursement Program, reduces healthcare professionals’ engagement with the program and negatively affects
the availability of effective pharmacotherapy and treatment adherence.

Modern medical technology. 2025;17(1):12-21

Bigomo, o 3a ocTaHHi M'ATb POKIB BXMBAHHS MiKApCbKUX
3acobis (J13) y Bcbomy caiTi 3pocno Ha 14 % Ta, 3a nporHosa-
mu, 8o 2030 poky 36inbwnTbes We Ha 12 % [1]. Taki TeHaeHUii
MOSICHIOKOTb MOKPALLEHHSAM AOCTYNY HACENeHHs 4O NiKapChKux
3aco0iB i nepepo3nopinom nikapcbkux NpusHaveHb 3 OpuriHanb-
HWX Nikapcbkux 3acobiB Ha reHepuyHi. BignosigHo, BinbysaeTbes
30inbLUeHHs BUTPaT Ha J13, Lo 3anexarth Bif piBHS EKOHOMIYHOIO
PO3BUTKY KpaiH i 4OX0AB HaceneHHs [1].

£1K 0HY 3 OCHOBHWX NPUYUH CMEPTHOCTI Y CBITi BU3HAYat0Thb
CepLLeBO-CYAMHHI 3aXBOPOBaHHS [2], i 3-MOMiX HUX NpOBiAHe
MicLie HanexuTb ilemivHin xsopobi cepus (IXC). YkpaiHa nepe-
ByBa€ Ha 4eTBepTil CxoauHLi y CBITi 3a cmepTHiCTIO Big IXC [3].
Mig yac BiMHKM LA cUTYyaLis MOXe MOripLUyBaTUCh BHACMILOK
HEeraTMBHOTO BMMMBY COLianbHO-EKOHOMIYHOTO Ta MCUXIYHOrO
CTaHy HaceneHHs!. Lie npn3eoanTb 0 3HAYHUX BUTPAT B OXOPOHI
300POB’Sl BHACNIAOK 3pOCTaHHs YacToTW HenepeadadyBaHnX cep-
LIeBO-CyAMHHIX nogin [4,5]. Tomy ocobnusoi ysaru notpebyrotb
MoaudgikaLis hakTopiB pU3nKy Ta HW3Ka Ail, CNPSAMOBaHMX Ha
MOKPALLEHHS NPUXUIBHOCTI A0 NiKyBaHHS | 4OCTYNY NaLieHTiB 3
IXC i komopbigHUMK cTaHamm 10 ecDEKTUBHOI (hapmakoTepani.

[ns oTpUMaHHS KpaLLmx KNiHIYHUX pe3ynbTaTiB y nawieHTiB
31XC i cynyTHIMM apTepianbHO rinepTeHsieto, LiykposuM diabe-
TOM | XPOHIYHOK XBOPOOOK HUPOK BaXKMMBUM € BUKOPUCTAHHS
edpeKTUBHOI thapmakoTepanii nig Yac BTOPUHHOI NPOginaKTuku
HadaHHA Meau4Hoi gonomori [6,7,8] Ta NoKpaLLEHHs NpUXMb-
HOCTI 10 NiKyBaHHs1. Y KNiHIYHUX pexomMeHaaLlisx EBPONENCLKOro
Ta AMepukaHcbKoro ToBapucTs kapgionoris (ESC/AHA) [6,7,8],
a TaKoX MDKHapOOHWX pekomeHngalisx ans dapmavesTis [9]
HaromnoLLEeHo Ha BaXIMBOCTI HaaHHs! eEKTUBHOI NaLieHTOOpI-
€HTOBAHOI MeauKo-hapMaLEeBTUYHOT LONOMOM MyNETUANCLM-
nniHapHAMW KOMaHZaMW, 4O CKNaZy sKUX BXOASATb NiKapi pisHNX
creuianbHOCTEN, MEAUYHI cecTpu, apmaueBTu, gieTonoru,
MCUXOIOrW, coLianbHi npaLiBHUKY TOLLO. EheKTUBHICTb BRnMBY
(hapmaLeBTiB Ha NOMINLWEHHS NPUXUIBHOCTI 40 hapMakoTepanii
Y NaLlieHTIB i3 CepLIEBO-CYANHHUMI 3aXBOPIOBAHHAMM LJOBEEHO
B YMCNEHHUX KNiHIYHUX gocnimkerHax [10,11,12,13].

OTxe, Ha BMOIp reHepUYHIX | OpUriHANBHKX MiKapCbKKX 3a-
cobiB nig yac apmakotepanii xgopux Ha IXC i3 komopbigHUMM
CTaHaMw BNAMBaKTb MPUXMILHICTb 0 NiKyBaHHS Ta JOCTYMHICTb
J13 anst HaceneHHs. Ha B1bip nauigHTamu nikapcbkux 3acobiB, LLIO
MpM3HaYaloTb Nikapi 3a MbXHapOAHO HENaTEHTOBAHOKO Ha3BOK
(MHH) Ta nponoHyoTb hapmaLeBTH, iMOBIPHO, BNIMBAE TaKoX
AyMKa (haxisuis. BigTak BaXKnMBMM € BUBYEHHS AYMKM fikapis,
(hapmaLeBTiB | NALEHTIB LLOAO NPUXMNBHOCTI A0 XapaKTEPUCTUK
i BNAaCTMBOCTEN OpUriHaNbHUX | reHepuaHuX J13.

Bepyuun 0o yBaru HaBedeHi hakTh, BBaXaeMO 3a JoLinbHe
Aatv BusHayeHHs J13, aki knacudikyloTb SK opuriHanbHi Ta
FeHepWYHi, BiAMoBiaHo 4o 3akoHy YkpaiHu «[1po nikapcbki 3aco-
Ouy [14]. Tak, opuriHanbHUMKU BBAXAIOTb Nikapcbki 3acobu, Lo
«3apEECTPOBaHi Ha OCHOBI MOBHOMO JOCHEY BrEpLUe Yy CBiTi Ta
MatoTb JOBEAEHi EPEKTUBHICTb, AKICTb | 6e3NEYHICTb. [eHepnyHi
N3 mMatoTb iAEHTUYHWIA JO OpUriHAMBHOTO Nikapcbkoro 3acoby
«SIKICHWIA, KiNbKICHUI CKNag, Aiko4MX PEYOBUH | hPOpMy», a TaKoX
foBefeHy bioekBiBaneHTHICTb A0 opuriHanbHoro J13, 3rigHo 3
pesynbratamy gocnimxkeHb [14].

Merta pobotu

BviBueHHs BninmBY ynopobaHb Nnikapis, hapMaLeBTiB, naLjieH-
TiB LLLOAO BUKOPUCTAHHS OPUriHamNbHUX | reHEPUYHIX MIKAPCKMX
3acobis nig vyac hapmakotepanii IXC i3 komopbigHUMM cTaHamm
15 BU3HAYeHHs (haKTOopiB, LLO BNAMBAKOTL Ha AOCTYMHICTb nikap-
CbKWX 3ac00iB | NPUXUIBHICTb NALEHTIB 4O NiKyBaHHS.

Marepianu i meToAU AOCAIAKEHHA

[poaHani3oBaHO pe3ynsTaTu aHOHIMHOTO OHMaWH-aHKeTy-
BaHHS 3 BUKOpUcTaHHaM Google Form, Lo 3aiiicHeHe Ha kadbeapi
kapaionorii HauioHanbHOrO yHIBEPCUTETY OXOPOHM 300POB’S
Ykpainu imeni 1. J1. Wynuka 3 yepBHs oo BepecHs 2024 poky.
lMonepenHLO Bif PECNOHAEHTIB OTPUMANK YCHY 3rofly Ha 3ano-
BHEHHSI aHKET.

B onuTtyBaHHi B3gnm yyactb Taki pecrnoHgeHTn (n = 999) 3
26 perioHiB YkpaiHu: nikapi (n = 788) pisHux cnewianbHocTen,
tpapmauest (n = 110) i nauieHt (n = 101). AHkeTn MiCTUNK
TaKi iHchopmaLliHi Broku: YacTota npusHayeHn / Bigmycky / Ky-
nieni nikapcbkux 3acobiB npu IXC i koMopbigHUMKM cTaHamu;
thakTopm, Lo BNNMBaKTL Ha BKBIp J13; 06i3HaHICTb LWOAO oc-
HOBHUX BigMiHHOCTEN BpeHaoBux i reHepuyHux J13. Jogatkoso
[0 aHKET NaLieHTIB BKMIOYEHO 3amWTaHHS LWOAO BU3HAYEHHS
IXHBOrO COLlianbHO-eKOHOMIYHOMO CTaHy Ta MPUXUMBHOCTI 40
thapmakotepanii. MpuxuneHICTb 40 hapmakoTepanii BusHayanm
3a CTaHAapTV30BaHoLo Lukarnolo Mopucki-4 [15].

£K JOCTOBIPHY BM3HAYWSIM PI3HWLIO MOKA3HMKIB NMpW PiBHi
posipyoro intepaany Cl 95 % (p < 0,0001). MnoTean npo 3Hauy-
LLiCTb BiAMIHHOCTEN MiX YaCTOTaMu NepeBipunv 3a 4ONOMOroH
KpuTepito X 3 KopuryBaHHsAM npaBaonogioHocTi. Ans 38’A3kiB
4OTMPUMONKX (2 X 2) Tabnuupb BU3Ha4anm kputepin ¢ (phi), ans
Gararononumx TabnuLb — Mipy BenmunHm eCDeKTy Ans KpUTepito He-
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1

Kapgionoris
7%

IHWi
28 %

3ararnbHa npakTuka —
ciMeiiHa meauLUMHa
65 %

KniHiuyHa chapmauis
12 %

AcuCTeHT hapmaLieBTa
12 %

OpraHizauis
i ynpaBniHHs hapmatii
%

3aranbHa hapmalis
69 %

Puc. 1. Po3noain Aikapis i papMaLeBTiB 38 MEAUYHUMM Ta GapMaLEeBTUYHUMMU CrELIaAbHOCTAMM.

3anexHocTi x? (kpuTepiit Kpamepa V). 3HaueHHs 060x kpuTepiis
3amintoBanmcs Big 0 fo 1. Obugsa kputepii MaroTb 3anNeXHICTb B
KpuTepito He3anexHoCTi X2. Bisyanisavito pesynbsraris BUKOHanM
B enekTpoHHMX Tabnmusax Microsoft Office Excel (HakonuyeHHs,
KOpUryBaHHsI, CMCTEMaTU3aLis BUXIAHOI iHopMaLii Towwo).
CratcTnyHO pesynbTaTy onpaLoBani 3a 4OMOMOrok nporpam
Statistica 13 Ta IBM SPSS Statistics.

JocnimxeHHs 3aicHUNM, OTPUMYIOYMCE BUMOT [€MnbCIHCHKOT
JeknapaLii BcecBiTHb0I MeanYHOI opraHisaLlii « ETUYHI npuHLm-
My MeaMYHUX JOCTIIMKEHb 3a YYACTHO NIOAUHK Y SKOCTi 0B'ekTa
DOCTIIKEHHS».

Pe3yabtatun

Pesynitati aHanisy aHKeTHUX JaHWX, LLIO OflepXaHi Bif Nnikapis
i hapmaLleBTiB, fanu 3Mory BUOKPEMMUTU CrieLianbHOCTI PeCroH-
[EHTIB MeauyYHoI Ta (hapMaLeBTUYHOI rany3i, siki 6epyTb yyacTb
y nikyBanbHOMY NpoLieCi Ta HagaHHi hapMaLeBTUYHOI 4ONOMOTK
naujeHtam 3 IXC i komopbigHMu cTaHamu (puc. 1). 3'acoBaHo, Lo
yyacTb Bpanu 65 % nikapis 3aranbHOi NPaKTUKW — CIMEIHOI Meay-
LIVHM BKITKO4YHO 3 TepanesTamu, 7 % Kapaionoris; iHLLi cneLjianbHoc-
Ti (eHEOKpUHOroris, HedhpOMorisi, FACTPOEHTEPOIIONS, NegjarTpis,
nicuxiaTpisi, Xipyprisi ToLLo) craHoBunmM 28 %. Y rpyni dhapMaLieBTis
yyacTb Bpanu pecroHAeHTM 3 TakMMM CrieLianbHOCTAMM: 3ararb-
Ha thapmauis — 69 %, kniniyHa thapmauis — 12 %, opraHisaLis i
ynpaeniHHs hapmalieto — 7 %, acucteHTn hapmavesTis — 12 %.

Bw3sHaueHo ynogobaHHs pecnoHAEHTIB LA reHepuyHnx J13
npu BigNyCcKy 3 anTeku, nig vac npusHadYeHHs dapmakoTepani
Ta 3actocyBaHHs nauieHtamu 3 IXC i komopBigHnMn cTaHamm
(puc. 2).

Pesynbrat aHanisy nokasanu: capmaleBTW BianyckatTb
(48,2 % [Cl 95 % 48,20 £ 0,05, p < 0,0001]), a nikapi npu3Ha-
yatoTb 30e6inbLuoro reHepnyHi J13 o nonoswHm (Ta 46,0 % [Cl
95 % 46,00 £ 0,02, p < 0,0001]) abo B nepeBaxHii KinbkocTi
(46,4 % [Cl 95 % 46,40 £ 0,05, p < 0,0001] Ta 37,0 % [CI 95 %
37,00 £ 0,02, p < 0,0001]) Big ycix 3anponoHoBaHNX abo npu-
3HaYeHNX nikapcbkux 3acobiB, Lo 3acTocoBytoTb Npu IXC. IHLi
5,5 % [Cl 95 % 5,50 + 0,02, p < 0,0001] chapmauesrTis i 27,0 %
[C195 % 27,00 £ 0,02, p < 0,0001] nikapis He 3BepTatoTh yBaru

Ha opwuriHaneHicTb J13. Mauientn 3 IXC i komopbigHUMK cTa-
HaMW BUKOPUCTOBYIOTb ANS MiKyBaHHS BinbLUe reHepuyHi, Hix
opwriHanbHi nikapcbki 3acobm (24,8 % [Cl 95 % 24,80 + 0,04,
p < 0,0001]). IHWi xBOpi He 3BEPTaKOTb yBaru Ha OpPUriHaNBHICTb
N3 ta potpumyloTbCs Nopaz hapmaLeBTiB i nikapis, a oTxe
MatoTb NPUXMALHICTb A0 KNiHIYHOT edbexTBHOCTI J13. Kpim Toro,
[esiKi naLieHTiB CXWITbHI 1O BUKOPUCTaHHS rEHEPUYHUX Ta Opuri-
HanbHWX Nikapcbkux 3acobiB ofHaKoBO Mipoto —no 37,6 % [Cl
95 % 37,60 £ 0,05, p <0,0001], B iHLUMX BUNagkax reHepuyHi J13
KOMBIHYHOTb y MpW3HaYeHil hapmakoTepanii 3 opuriHanbHmm J13.

BcraHoBWnmM YacToTy hapmaLeBTUYHOT 3aMiHK MPU3HaYEHIX
nikapcbkux 3acobiB (puc. 3) B anTeyHnx 3aknagax. BusHayeHo,
wo 38,2 % [CI 95 % 38,20 £ 0,05, p < 0,0001] hapmaLieBTiB po-
BnaTb hapMaLeBTUYHY 3aMiHy Kinbka pasiB Ha MicsLb, e 20,0 %
[C195 % 20,00 + 0,04, p < 0,0001] - kinbka pasiB Ha TWKAEHD.
[ekinbka pasiB Ha AeHb BinOyBaeTbCS (hapMaLeBTUYHa 3aMiHa
y 27,3 % [CI 95 % 27,30 £ 0,04, p < 0,0001] Bunagkis. Bignyck
TiNbkK 3a NpusHaveHHaMK nikapis 3gincHioTb 10,9 % [Cl 95 %
10,90 + 0,03, p < 0,0001] papmauieBTiB. B iHWwMX BUnagkax
(3,6 % [CI95 % 3,60 £ 0,02, p < 0,0001]) dhapmaveBTH pObNSATH
(hapmaLieBTVBYHY 3aMiHy, SIKLLO MaLeHTW BarakoTbCs 3 BUOGOpPOM
abo nikapcbkoro 3acoby Hemae, 3amiHa BinbyBaeTbes 3a MHH.

Bussunn, Wwo hapmaveBTy, nikapi i naLieHTy nig Yac Bubopy
thapmakoTepanii BigAalTb nepesary Nikapcbkum 3acobam i3
[OBEJEHOK0 KIiHIYHOKW edekTuBHICTIO Ta Besnekoto (puc. 4) —
79,1 % [CI 95 % 79,10 £ 0,02, p < 0,0001], 87,4 % [CI 95 %
87,400 £ 0,004, p < 0,0001], 91,1 % [CI 95 % 91,100 £ 0,007,
p < 0,0001] BignosigHo. OTpuMaHi AaHi NigTBEPAXKEHO CTaThC-
TMYHO: X% = 5,653, p = 0,017. 38’30k HE3HAYHUI — @ Ta Mipa
BENNYMHU eeKTy ANt KpUTEpitD HEe3anexHOCTi X? KpuTepito
Kpamepa V = 0,083 (mabn. 1).

3rigHO 3 BiACOTKOBUMM JaHUMK, HasBHICTb 13 y nporpami
«[ocTynHi nikny» Ginblue uikaBuTb Nikapie — 47,2 % [Cl 95 %
47,20 £ 0,01, p < 0,0001] i cpapmauesTiB — 27,3 % [Cl 95 %
27,3010,04, p <0,0001], Hixx nauiexTiB. MpoTe cTaTUCTUYHO Nid-
TBEPIKEHO, L0 ANs hapMaLeBTiB i NikapiB HAsIBHICTb NikapCbKuX
3acobiB y nporpami peimbypcaLlii He 3aBXaun € apryMeHTOM Ans
Bubopy 13 (mabn. 2): ¥?, ckoperoBaHWin Ha NPaBLoONOZIOHICTb,
-4,011, p=10,050.
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Puc. 2. Ynopob6aHHA PECMIOHAEHTIB LLOAO FeHEPUUHKX AIKapCbKKX 3aco0iB.
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Puc. 3. Yactota apmaueBTMUYHOT 3aMiHW NPU3HAYEHHMX AIKapPCbKUX 3ac006iB B anTeUHUX 3aKAAAAX.

3ayBaxmMO, LLIO YaCTHHa NikapCbkux 3acobiB, SKy NPOMOHYE
YHichikoBaHUI KNiHiYHWI NpoTokon [16] Ta KniHivHi pekomeHpaLii
ESC/AHA[6,7,8], He yBiiLuna go nporpamu «ocTynHi nikuy. [o
Takux J13 Hanexartb ¢pikcoBaHi KoMOiHaLlii 3 foBEOEHO edek-
TUBHICTIO, NpsMi opanbHi aHTukoarynsHT (MOAK), iHriGiTopm
HaTpiN3anexHoro KoTpaHcnopTepa rmtokou 2 Tuny (iH3KTT-2),
Cy4YacHi CTaTWHM Ta iHLUi nikapCbki 3acobtu.

Jnwe 7,9 % nauienTis [Cl 95 % 7,90 + 0,03, p < 0,0001] uika-
BWTb HasiBHICTb J13 y nporpami peimbypcallii, Lo nigTBepmKeHo
BV COKOIO MPUXMIBHICTHO 0 KIiHIYHOT €XDEKTUBHOCTI NMiKAapChKMX

3aco0iB i CXMMBHICTHO NNaTUTK 3a AieBi Nikn (puc. 4). ObpaxyHku
3B'A3KY MPUXWUITBHOCTI A0 JiKyBAHHS MaLieHTiB, ki BUKOPUCTO-
BYIOTb NTikapCbki 3acobu 3a mporpamoto «[ocTynHi nikny, He €
CTaTUCTUYHO 3Hauywmmu: ¥? = 3,350, p = 0,067. 383Ky HemMae
-p=0,069.

Okpemy yBary cnig 3BepHYTU Ha MOKA3HUKM BMMBY LiHW
Ha Bubip J13. 3a pesynsratamu aHanisy Bu3HadeHo, o 44 %
[CI 95 % 44,00 £ 0,01, p < 0,0001] nikapig, 36,4 % [Cl 95 %
36,40 + 0,01, p < 0,0001] dapmauesris i 25,7 % [Cl 95 %
25,70 = 0,04, p < 0,0001] nauieHTiB 3B€pPTaOTL YBaAry Ha Bap-
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Tabauus 1. BnauB KaiHIYHOT edeKTUBHOCTI Ta 6e3nekmn AikapCbkix 3acobiB Ha ix BUOIp dapmaLleBTamMi Ta AikapsmMu

KombiHauinHa Tabauua xTo / epekr

®dakTop edekTUBHOCTI Pasom
€ Hemae
XT10 Jlikap KinbkicTb 673 129 802
OuikyBaHa kinbkicts | 663,8 138,2 802,0
dapmauesTt KinbkicTb 81 28 109
OuikyBaHa KinbKicTb 90,2 18,8 109,0
Kpurtepiii xi-kaapar
3HaueHHs df ACUMMNTOTUYHA 3Ha- TouHa 3HavyLWicTb TouHa 3HavyLWicTb
uyLicTb (aBobiyHa), (oBobiyHa), p-value (opHOBGiuHa), p-value
p-value
¥ MipcoHa 6,204 1 0,013 - -
X2, CKOperoBaHuiA Ha NpaBaonoaiGHICTL 5,653 1 0,017 - -
TouHun kpuTepin diwepa - - - 0,021 0,012
CumMeTpuuHi mipu
3HaueHHs p-value
Hominan 0] 0,083 0,013
V Kpamepa 0,083 0,013
Tabauusa 2. Bnave HasiBHOCTI Aikapcbkix 3acobiB y nporpami «AoCTynHi Aiku» Ha ix BMOIp dapmalieBTamm Ta Aikapsimu
KombiHauinHa Tabauusa xto / peimbypcauis
Peimbypcais Pasom
Hi Tak
XT0 Jlikap Kinbkictb 404 398 802
OuikyBaHa kinbkicte | 413,8 388,2 802,0
®dapwmavest Kinbkictb 66 43 109
OuikyBaHa KinbKicTb 56,2 52,8 109,0
Kpurepiit xi-kBappar
3HayeHHs df ACVMMMNTOTUYHA 3Ha- TouHa 3HavyLWicTb TouHa 3HavyLWicTb
uyLicTb (aBobiyHa), (oBobiyHa), p-value (opHOGiuHa), p-value
p-value
%2 MipcoHa 3,979 1 0,051 - -
BigHoLueHHs npaBaonogibHOCTI 4,011 1 0,05 - -
TouHun kpuTepin diwepa - - - 0,052 0,029

TiCTb NpU3HaveHoi hapmakoTepanii (puc. 4). MpoTe pesynsraTn
CTaTUCTMYHOTO aHanisy He NMiATBEPMKYIOTb Lii 38°A3KM BrAMBY
BapToCTi chapmakoTepanii Ha BuGip nikapcbkux 3acobis: X2,
CcKoperoBaHuit Ha npaegonopibHicTs, — 0,270, p = 0,603. Lli aai
MOSICHIOEMO LOTPUMAHHAM PeKOMEHAALi Nif Yac HagaHHs Me-
ANKo-(hapMaLeBTUYHOI JONOMOTU BiMOBIAHO A0 MKHAPOAHMX
KniHiyHMx pekomeHgauin ESC / AHA i yHicikoBaHOro KniHiy-
Horo npotokony «CTabinbHa iwemiyHa xBopoba cepus» [16].
B Ykpaini acoptumeHT gesikux J13 moxe CTaHoBWTW [0 MATU
MHH 3apybixxHoro BUpoBHWLTBA, ski BUKOPUCTOBYHOTL Ny IXC |

koMopOiaHux cTaHax. Lisi ocobnmBicTb aCOPTUMEHTHOT MOMITUKM
3HaYHO 36inbLuye BapTicTb hapmakoTepanii (iH3KIT-2, yacTnHa
MOAK, dhiHepeHOH ToLL0). Po3yMmitoum Lie, peCrioHOEHTU He 3aBX-
I BepyTb [0 yBaru BapTiCTb Nikapcbkux 3acobiB. Y kareropii
«IHWwe» hapmaLieBTW BU3HaYanu, LLO 3BEPTaIOTb yBary Ha JyMKy
nauieHTie wopo nepesar J13, a nikapi — Ha hapmaLeBTUYHY
KOMMaHito, sika BUrOTOBNSIE NikapChki 3acobm.

CraTuctuyHo npoaHaniaoBaHo BMAMB hakTopa KpaiHu
noxomxeHHs J13 Ha noro Bubip nig vac apmakotepanii. Beta-
HOBMEHO, LU0 hapMaLieBTH i Nikapi MatoTb pisHi NOrNsAM LWodo
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Baprictb HassHicTb 13 KniHiyHa KpaiHa noxomxeHHst IHwWe
thapmakoTepanii B nporpami eeKTMBHICTb N3
«[ocTynHi nikuy» Ta 6eaneka J13
m Qapmauestn, % mMauieHTn, % Jikapi, %
Puc. 4. BnanB xapaKTepuCTUK AikapcbKux 3acobiB Ha BMOip dapMakotepanii.
Tabaunuga 3. Bubip aikapamu i papmaLieBTamMu AiKapcbkux 3acobiB 3a KPaiHOH iX MOXOAKEHHS
KombiHauiiHa Tabauus XT0 / KpaiHa NOXOAKEHHS
KpaiHa Pasom
Tak Hi
XT0 Jlikap Kinbkictb 100 702 802
OuikyBaHa kinbkicts | 150,5 651,5 802,0
dapmavest KinbkicTb 71 38 109
OuikyBaHa KinbKicTb 20,5 88,5 109,0

Kpwurepiii xi-kBappar

3HaveHHs df

ACMMNTOTNYHA 3HaYY-
LwicTb (gBobiyHa), p-value

TouHa 3HavyLWicTb
(oBobiuHa), p-value

TouHa 3HauyLicTb
(opHobiuHa), p-value

¥ MipcoHa 174,581 1 0,0001 - -
BigHoLueHHs npaBaonogibHOCTi 135,484 1 0,0001 - -
TouHun kpuTepin diwepa - - 0,0001 0,0001
CvmMeTpUuHi Mipu
3HayeHHs MpnbruaHa sHavyLLicTb
Hominan [0) 0,438 0,0001
V Kpamepa 0,438 0,0001

KpaiHu-BMpOOHWMKa nikapcbkoro 3acoby sk akTopa BMOGOpY
tbapmakotepanii (mabn. 3). ®apmauesTu, obupatoun J13, 3sep-
TaloTb yBary Ha kpaiHy-BUpobHWKa, a nikapi — Hi: X? 3 NoNpaBKoto
Ha npaegonopibHicte — 135,484, p = 0,0001, 38’330k Nomip-
Hn = 0,438 (@ i kpuTepin V Kpamepa). OTpuMaHi gaHi MoxHa
MOSICHUTY PO3YMiHHAM (hapMaLieBTaM1 MiXkHapPOLHWX BUMOT 10
KniHiYHOT ecpeKkTMBHOCTI i1 Be3neyHoCTi nikapcbkux 3acobis.
BusHayeHo o6i3HaHiCTb mnikapiB i hapmaueBTiB LOA0
OCHOBHWX XapaKTEPUCTUK reHepPUYHIX i OpuriHanbHUX nikap-

CbKMX 3acobiB. 3'ICOBAHO, O AYMKM NikapiB i hapmaLesTiB
[eLlo BiApI3HAOTLCS, MPOTe BCTAHOBMEHO CMiflbHY TEHAEHLL0
[0 TaKMX XapaKTepUCTUK: BUKOPUCTAHHS reHepuUKIB 3MEHLLYE
BapTiCTb (hapmakoTepanii nikapcbkux 3acobis — 62,7 % [Cl
95 % 62,70 £ 0,03, p < 0,0001] hapmaviesTiB i 34,9 % [CI 95 %
34,90 + 0,01, p < 0,0001] nikapis; reHepuK 3aBXay AELUEBLLNNA
3a opuriHansHui J13 — 65,4 % [Cl 95 % 36,40 + 0,03, p < 0,0001]
thapmavestiB i 24,5 % [C1 95 % 24,50 £ 0,01, p < 0,0001] nikapis;
reHepuK MICTUTb TaKy CcaMmy KinbKiCTb Ait04Oi PeYOBMHU, LU0 1
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IHWwe n 1’3’7
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Terepukn GioekaisanenTri TN 7,7
6peHgosum 13

Texepuk 3askav aeweswyii I 24,5

3a opuriHanbHui 13
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Puc. 5. 06i3HaHicTb AikapiB i bapMaLIEBTIB LLOAO OCHOBHUX XapaKTEPUCTUK FrEHEPUYHUX Ta OPUTIHAABHIX AiKapCbK1X 3ac00iB.

Bpenp—41,8 % [Cl1 95 % 41,80 £ 0,04, p < 0,0001] dhapmaLieBTiB
i 32,5 % [Cl 95 % 32,50 £ 0,01, p < 0,0001] nikapis; reHepuK
MICTUTb Taky camy [itody pedoBuHy, Lo i 6peHg — 72,7 % [CI
95 % 72,70 £ 0,02, p < 0,0001] chapmavieBTiB i 56,5 % [CI 95 %
56,50 + 0,01, p < 0,0001] nikapis (puc. 5).

HaykoBui iHTepec BUKNvkana gymka hapMaLeBTiB i nikapis
LLIOJ0 OfHAKOBOI 6E3MeKn BUKOPUCTAHHS reHepuKiB | GpeHis —
8,2 % [Cl 95 % 8,20 £ 0,03, p < 0,0001] dhapmavesTi i 4,1 %
[CI195 % 4,10 £ 0,01, p < 0,0001] nikapis; i3 BYMKOLO PO Te, L0
SKICTb BUPOBHULITBA Y reHepuKiB | GpeHmiB € OOHaKOBOH, MOro-
annues 7,3 % [C1 95 % 7,30 £ 0,02, p < 0,0001] dhapmavesTis
13,2 %[C195 % 3,20+ 0,01, p < 0,0001] nikapis. BigpiaHsnucs
[DYMKU nikapis i (hapMaLieBTiB 00 TepaneBTUMHOI EGOEKTUBHOCTI
reHepukis i BpeHgis: 5,5 % [Cl 95 % 5,50 + 0,01, p < 0,0001]
nikapis i 25,4 % [Cl 95 % 25,40 £ 0,04, p < 0,0001] dhapmaLie-
BTIB BBaXamW, L0 FeHEPUYHI 1 opuriHanbHi 13 MatoTb oaHaKoBy
TepaneBTU4HY eEKTUBHICTb.

OTxe, nornsau nikapis i hapmMaLeBTiB OO LHOBOI noni-
TUKK, CKNagy, KiNbKOCTI Ailo40i PEYOBUHU B FeHEPUYHIX | Opuri-
HanbHWX Nikapcbkux 3acobax 36iratoTbest. [JyMKU PECrOHAEHTIB
3 060X rpyn LOAO SKOCTi BUpOOHULITBA, 6E3neKu BUKOPUCTaHHS
1 TepaneBTUYHOI epeKTUBHOCTI CBiYaTb NPO HEoOXiaHICTb
iHhopMaLiiiHoro NigKpinmeHHs 3 GoKy BUPOOHMKIB reHEPNYHIX
nikapcbkux 3acobiB Ans noninweHHst obisHaHocTi Npo Gioeksi-
BaMNEHTHICTb, SIKICTb BUPOBHMLTBA, Be3neky 1 KriHiuHy echexTye-
HICTb NikapCbKix 3acobiB, LU0 3apeecTpoBaHi B YkpaiHi.

06roBopeHHA

KniHiuHy edekTuBHICTb nikapcbkoro 3acoby (efficacy)
BM3HaYatoTb SIK «pesynbraT NikyBaHHs, 3@ SIKOro TEXHOMOris €
€(hEKTVBHOI Y KOHTPOIbOBAHWX YMOBaX JOCIMKEHHS (KNiHIYHE
JoCnimkeHHs TpeTboi asn)» [17]. MpakTuyHy edeKTUBHICTb,
abo pesynbTaTuBHICTb, Nikapcbkoro 3acoby (effectiveness) Bu-
3HaYaloTb SK pesynbrat nikyBaHHs, konu J13 fae MakcmanbHy
KOPMCTb [11151 300POB’S, 3BaXat0u Ha KOPUCHICT Bif NikyBaHHS Ta
noGiuHi peakuii [17]. Y eBponencekux kpaitax i CLUA kepytoTbes
pesynbratamu KniHIYHUX JOCTIKEHb, WO 3BEAEHI B AOBIOHWKY
«3aTBepaxeHi Nikapcbki 3acobu 3 ouUiHKamMn TepaneBTUYHOI
eksiBaneHTHocTi» (Orange Book) [18] ans BukopuCTaHHS Ha-
fani B KniHiYHii npaktuui. B YkpaiHi 0o3Bin Ha BUKOPUCTaHHS!
N3 y kniHiYHin NpakTUUi gatoTb nicna peectpadii [14]. Mpote
TepaneBTUyYHy (KniHiYHY) eheKTUBHICTb, ab0 pesynbTaTuBHICTb
[ii, nikapcbknx 3aco0iB BBaXaKOTb HAMNEXHO, KON 3MiACHEHO
MopiBHSANBHI JocnigkeHHs 3 GioeksiBaneHTHoCTi [19].

Y npoekTi MNnaHy BigHoBneHHs Ykpainm [20] oo 2032 poky
K MEpLIOYEProBi 3aBAaHHs 3 BigHOBMNEHHS hapMaLeBTUYHO-
ro CeKTopa Ta HanexHOro BUKOPUCTaHHS nikapCbkux 3acobiB
BM3HAYEHO OL|iHIOBaHHSI HAsIBHOTO CTaHy AOBELEHHs Teparne-
BTMYHOI eCDEKTUBHOCTI reHepuyHmX J13 i 3giicHeHHS 0OaTKOBUX
[OCTifXeHb BigMnoBIAHO A0 Cy4aCHWUX MKHAPOAHWUX CTaHAapTiB
(HasiBHICTb AOKa3iB i3 peanbHOI CBITOBOI KMHIYHOI MPaKTUKM
(RWE), a Takox gaHux pearnbHoi kniHiyHoi npaktukm (RWD) [19])
3 BU3HAYEHHSM Ha NigcTaBi LUX JaHWX peecTpaLliiHoro crarycy
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reHepuyHUX nikapcbkux 3acobiB, L0 He NiATBEPAATL PiBeHb
KniHiYHOI (TepaneBTnYHOI) edpekTmBHoCTiI [20].

OTxe, OTpUMaHi NpaKTUYHi AaHi EMNIPUYHOTO JOCMIIKEHHS
LU0 TepaneBTUYHOI ePeKTUBHOCTI Ta Be3neKkn BUKOPUCTaHHS
opuriHanbHuX i reHepuyHux J13 akTyanisyloTb HEODXigHICTb
nepernsay nigxoais 40 BUKOPUCTAHHS B KITiHIYHIN NpaKTUL reHe-
PUYHIX NiKapCbKMx 3ac0BiB Ta OTPUMAHHS AOLATKOBNX KMiHIYHMX
[0Ka3iB iXHbOI TepaneBTUYHOI (KMiHIYHOI) EPEKTMBHOCTI.

[NOpIBHSHHS KMIHIYHOT €PEKTUBHOCTI OpUriHANBHX | reHepuy-
HYIX NTiKapCbKyX 3aco6iB Nif Yac iX BUKOPUCTaHHS MM CEPLIEBO-CY-
OMHHMX 3aXBOPIOBAHHSIX 30iACHIOBANM B Pi3HUX CUCTEMATUYHMX
ornsgax i MetaaHanisax [21,22]. [loBedeHo, L0 BUKOPUCTaHHS
reHepuyHuX J13 ans aHTUrinepTeH3UBHOI, NiNiZO3HKYBaNbHOI,
rinornikeMi4YHOi Teparnii NoB'3aHe 3 aHanoriYHMMM abo MEHLLMMM
MnoKasHVKaM1 CMepPTHOCTi abo HedhaTanbHIX CepLEBO-CYANHHIX
nogin [23]. Pesynbrath KniHiYHUX CrOCTEPEXEHb CBiAYaTb Npo
Malbke OHAKOBY 3AaTHICTb FEeHEPUYHUX Ta OpUriHAMNBHIX Nikap-
CbKIX 3aCOBIB BNNMBATY Ha Taki XPOHiYHi 3aXBOPHOBaHHS, sk IXC
i LykpoBuiA fjiabeT 2 Tuny [24].

3rigHo 3 pesynsTatamu aHanisy po3apibHMX anTeYHMX Npo-
JaxiB nikapcbkux 3acobiB, 3a MigcyMKkamu NEPLIOrO MiBpivYs
2024 poky 3achikcoBaHO MPUPICT NPOAAXIB Y rPOLLOBOMY EKBiBa-
neHTi Ha 19 % 3acobiB, L0 BNMMBAOTL HA PEHIH-AHTOTEH3MHOBY
cnctemy (rpyna C09 3a aHaTOMO-TepaneBTUYHO-XiMiYHOH (ATX)
knacudikallieto), Ta Ha 10,9 % kapgionoriyHux npenaparis (rpyna
C01 3a ATX-knacudikauieto) [25]. 3ayBaxmnMo, LLIO pUBapOKCa-
6aH (MOAK), BancapTaH (iHribiTop peLenTopiB aHrioTEH3MHY 2),
hikcoBaHi kombiHaLii nepuHaonpuny / amnoguniny / iHganamigy,
nepuHgonpuny / iHganamiay, kantonpuny / rigpoxnoptiasuay
yBiWnmM go ton-20 y rpoLwoBOMY BUPaXeHHI NiKapCbKUX 3aco-
0iB, 3a pesynsratamu npogaxis. MoSICHIOEMO Lie BUKOPUCTaH-
HSIM NiKapCbk1X 3acobiB, L0 MPOMOHYIOTb MIKHAPOAHI KITiHiYHi
pekomeHzauii ESC / AHA [26,27,28], yHichikoBaHUIA KIiHIYHMIA
npotokon «CTabinbHa iwemiyHa xsopoba cepus» [16], Ta siki He
BKITtOYEHI 40 nporpamu «[octynHi nikuy [29,30].

OTxe, nikapcbki 3acobu, sKi He BKITIOYEHO A0 Nporpamu
«[ocTynHi Nikny», BAKOPUCTOBYE [OCTATHS KiflbKICTb HACENEHHS,
TOMY HEODXIOHMM € NEPerns Lboro MTaHHs 3 60Ky AepaBHNX
OpraHiB i BKMto4eHHst Lmx J13 go nporpamu peimbypcadii [29]. L
il Hagani nokpalyatb goctyn naujeHTiB 3 IXC i komopbigHumu
CTaHamu [0 KniHIYHO edhekTUBHMX Nikapcbkux 3acobiB, a oTxe
CMPUSATUMYTb 3MEHLLEHHIO KifIbKOCTI CepLieBO-CyAMHHUX MOAiN,
nepefyacHUX rocnitanisayii i3 HaCTYMHOK iHBanigu3adieto Ta
CMEPTHICTIO HaCeneHHs, CyTTEBOMY 3a0LUaKEHHIO KOLWTIB Y
ranysi OXOpOHU 300poB’'s. BrnesHeHiCTb nikapis, hapmMaLeBTiB i
MawieHTiB Y KniHiYHiA edoeKTBHOCTI Ta Geanevi nikapcbknx 3a-
cobiB MOXe CrpUsT NePepO3noginy npuaHayeHs abo npopais
Ha reHepuyHi J13, i Lie CyTTEBO BNINMHE Ha GHOMKETY JOMOrOCMo-
[,apCTB Ta OXOPOHM 30POB’S 3aranoM.

Bucoky 3auikaBneHiCTb NaLieHTiB y po3yMiHHI eDEKTUBHOI
thapmakoTepanii, hapmMakornoriyHMx BNacTMBOCTEMN NMiKapChKUX
3acobiB, Hebe3nekn camornikyBaHHs Npy apTepianbHin rinep-
TEH3ii K (hakTopiB pU3nKy BUHWKHEHHS IXC i komopbigHux
CTaHiB NiZTBEPAXYIOTb PE3ynbTaTh MapKETUHIOBOrO aHanidy
Google Trends [31]. Tomy HeoBXigHUM € BNPOBAMKEHHS KO-
MaHZHOrO Nigxody [0 HagaHHS Meaunko-hapMaLeBTUYHOI Ao-
nomory 3 60Ky nikapis, (hapmaLeBTiB i nauieHTis. PapmaLeBTu

Mormu 6 3MiCHIOBATM CKPUHIHT | MOHITOPUHT (hapMakoTepanii,
i ue cnpusno 6 3anobiraHHo HenepenbavyeHUM NobiYHUM
peakLisiM, MOXNWBIN B3aeMOgii Nnikapcbkux 3acobiB, a Takox
CNpUSATM NIABULLEHHIO NPUXUIBHOCTI A0 NiKyBaHHSA Y TakKuX
nauieHTis [9,32,33], BignNoBigHO 0 CTAHAAPTIB SKOCTI anTeYHMX
nocnyr (GPP) [34].

BucHoBKuU

1. Ha BubGip nikapcbkux 3acobiB y dhapmakoTepanii na-
uieHtiB 3 IXC i komopbigHumu ctaHamm y 87,4 % nikapis [Cl
95 % 87,400 £ 0,004, p < 0,0001], 79,1 % chapmauesris [Cl
95 % 79,10 £ 0,02, p < 0,0001] Ta 91,1 % nauienTis [Cl 95 %
91,100 = 0,007, p < 0,0001] BnnnBae aoBeAeHa KiiHivHa
eekTMBHICTb | BeaneyHicTb nikapcbkux 3acobis (x? = 5,653,
p =0,017).

2. BuaHaueHo hakTop BnMBY HAsiBHOCTI Nikapcbkux 3acobiB
y nporpami «[JocTynHi nikn». YacTuHM nikapcbkux 3acobiB, siki
BMKOPUCTOBYIOTb Nif Yac chapmakotepanii IXC i komop6igHMx
CTaHiB, HeMae y nporpami «JoCTynHi nikuy, i Le 3MeHLUye 3a-
LiKaBrEHICTb NpodhecioHaniB MeanYHoI ranysi y i nporpami
(X2, ckoperoBaHuin Ha npaegonoaibHicTs, — 4,011, p = 0,050) Ta
BMIMBAE Ha JOCTYMHICTb 4O KNiHIYHO ehekTUBHMX | Be3nedHnx
nikapcbkmx 3acobiB Ans navienTis 3 IXC i komopbigHMMm cTaHamm
(x*=3,350, p = 0,067).

3. dakTop BapTocTi dhapmakoTepanii npu IXC i3 komopbia-
HWMM CTaHaMW He BNBaE Ha BUGIp OpuriHamnbHNX i FeHEPUYHNX
N3 (x?, ckoperoBaHwiA Ha NpaeaonogibHicTb, — 0,270, p = 0,603)
BHacnigok oOMexeHb aCOPTUMEHTY OKpPeMUX rpyn NikapCbKux
3acobiB, L0 peKOMeHA0BaHI MiXKHAPOAHUMI KIiHIYHAMN peKo-
meHzauism ESC / AHA Ta BITUM3HSHUM KIiHIYHAM NPOTOKOSIOM
«CtabinbHa iemiyHa xsopoba cepusy.

4, dapmaLeBTV 3BepTatoTh yBary Ha KpaiHy-B1poOHYKa flikap-
Cbkux 3acobiB g Yac BMOOPY opuriHanbHUX | reHepUYHUX nikap-
Cbkux 3acobiB (2 i3 nonpaBKoo Ha NpaBgonomibHicTs — 135,484,
p = 0,0001, 38’30k nomipHuin = 0,438) i 3HAOTb MiXHAPOLH
BUMOIY i CTAHZAPTV LOAO AOBEAEHOI KMiHIYHOI epeKTUBHOCTI,
6e3neyHocTi nikapcbkux 3acobis.

5. PekomeHpoBaHo nepernsg 3 00Ky AepXaBHUX OpraHis
nepeniky nikapcbkux 3acobiB, siki BUKOPUCTOBYHKOTb NP cep-
LIeBO-CYAMHHUX 3aXBOPIOBAHHAX, Hafani — ix fofaBaHHs 4o
nporpamu peimbypcauii Ha 3acagax OLiHIOBaHHS MeLUYHMX
TexHonorin. Taki fii nokpaLarb gocTyn nauieHTi 3 IXC i komop-
BigHAMM CTaHaMK [0 KNHIYHO ePEKTUBHMX NiKapCbkix 3acobiB;
Lie CrpUATME 3MEHLLEHHIO KifbKOCTi CepLieBO-CYAMHHUX NOAiN,
nepegyacHux rocnitanisayii i3 HaCTYMHOK iHBanigu3aLielo Ta
CMEpTHICTI0, 4aCTb 3MOry CYTTEBO 3a0LLAAMTMW KOLTK Y ranysi
OXOPOHW 300POB'S.

MepcnexTUBM NOAAABLLIKMX AOCAIAXKEHB MONISArAOTh B OLHIOBAH-
Hi BNnBY CoLiarnibHO-eKOHOMIYHMX (DAKTOPIB Ha MPUXUMBHICTL [0
nikyaHHs nauieHTis 3 IXC i komop6igHUMM cTaHamu.
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Multifocal atherosclerosis (MAS) remains one of the key problems of modern medicine, despite advances in
primary and secondary prevention of myocardial infarction (MI) and ischemic stroke (IS). MAS worsens the
prognosis and increases the risk of atherosclerotic plaque (AP) destabilization, especially under the influence
of matrix metalloproteinases (MMPs). Activation of the sympatho-adrenal and serotonergic systems with the
release of dopamine and serotonin also plays a significant role in the pathogenesis of this process, influencing
the regulation of vascular tone and blood flow in various organs.

The aim of this study was to study the possibilities of normalizing the balance of serotonin and dopamine in
patients with MAS to stabilize the atherosclerotic process and improve the regional hemodynamics of the heart,
brain, and lower extremities.

Materials and methods. The study involved 54 men aged 60 to 90 years, including the first group (n = 26) patients
with MAS with intermittent claudication, atherosclerotic encephalopathy and post-infarction cardiosclerosis; the
second group (n = 28) patients with MAS who had IS, with concomitant atherosclerosis of the coronary and
femoral arteries, and the control group — 18 people of comparable age. Examination: ankle-brachial index, Holter
ECG monitoring, walking distance, dopplerography with determination of volumetric blood flow indicators. Blood
levels of serotonin, dopamine, MMP-2 and MMP-9 were determined. Cognitive function was assessed using
the Montreal scale. In addition, patients of both groups were prescribed cilostazol (50 mg twice a day), GABA
—aminalon (250 mg twice a day) and atenolol (25 mg once a day).

Results. The results of the study showed significant disorders of hemodynamics and neurotransmitter balance
in patients with MAS. We found a significant (p < 0.001) excess of serotonin in the blood serum, an increase of
dopamine (p < 0.01) by 60-70 % more than in control group persons. The morning peak of a 5-7-fold increase
in plasma serotonin levels is noteworthy. Levels of MMP-2 and MMP-9 were almost twice as high (p < 0.01) in
patients who experienced IS or MI compared with the control group. After the addition of cilostazol, aminalon
and atenolol to the basic therapy, we found a significant decrease in the ultra-high levels of serotonin in blood
plasma (p < 0.001) and serum (p < 0.05). The levels of MMP-2 (p < 0.01) decreased, volumetric blood flow
indicators improved in all three studied arteries (p < 0.05), the painless walking distance and maximum walking
distance increased, and cognitive functions improved significantly (p < 0.05).

Conclusions. The proposed new strategy for secondary prevention of cardiovascular events in patients with
MAS with a history of ischemic stroke or myocardial infarction is based on the correction of the imbalance of
neurotransmitters serotonin and dopamine by adding to the basic therapy, according to the latest guidelines
2024, a complex of drugs - cilostazol, aminalon and atenolol.

Modern medical technology. 2025;17(1):22-32

Peryasuia cniBBipAHOLIEHHA HelpomeAiaTopiB | MaTPUKCHUX MeTaAonpoTeiHa3
- HOBa CcTpaTerif BTOPUHHOI NPOPIAAKTUKN XBOPUX HA MYALTU(OKAABHUM
aTepockAepo3

T. M. Mouak, B. T. Auzory6, O. I. KynumHcbka

MynbTudokansHuin atepocknepo3 (MAC) 3anuwaeTbest OAHIEID 3 KIHYOBMX NpoBnem CyvacHoi MeauumHu,
HEe3BaXatouu Ha OCATHEHHS B NEPBUHHIl | BTOPUHHIN NpoinakTuLi iHhapKTy Miokapaa Ta iLuemi4HOro iHCYILTY.
MAC noripLuye nporHo3 i niaBuLLye puauk aectabinisavii atepocknepoTuyHnx Gnsiok, ocobnmeo nig BNIMBOM
MaTpukcHux metanonpoteilas (MMIT). AkTuBauis cumnaro-agpeHanoBoi Ta CepOTOHIHEPTiYHOI CUCTEM i3 BU-
BiNbHEHHAM AOodaMiHy | CEpPOTOHIHY TakoX Bifirpae BaXNMUBY pofib y NaTOreHesi Liboro NpoLecy, BNIUBakyn Ha
perynsuito CyaMHHOTO TOHYCY Ta KPOBOTOKY B Pi3HWX OpraHax.
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Mera po60TH - BUB4MTY MOXITMBOCTI HOpManiaaLii 0BMiHy cepoToHiHy Ta godbamity y xBopux Ha MAC ans crabi-
ni3avji aTepocKkNepoTNYHOrO NPoLeCy | NOMiMLLEHHs perioHapHOT reMOAMHAMIKKA CepLSst, MO3KY 1 HUXHIX KIHLIBOK.

Martepiaau i meToan. Y JocnimxeHHi B3sanW yyactb 54 yonosiku BikoM Big 60 fo 90 pokis. [Jo nepLuoi rpynu
3anyunnu 26 xsopux Ha MAC i3 nepemixHOI0 KynbraiCTio, aTepOCKNepOTUYHOK eHLedanonarieto Ta nicnsiH-
hapKTHWUM Kapgiocknepo3om; Ao apyroi — 28 nauieHTis i3 MAC, ski nepeHecny iLueMiYHNiA IHCYRBT, i3 CynyTHIM
aTepocKnepo3oM KOpOHapHKX i hemoparnbHux apTepilt. [lo KOHTponbHOI rpynm 3anyyeHi 18 oci6, sictaBHux 3a
Bikom. O6CTexeHHs nepenbavano BU3HAYEHHS KICTKOBO-MEYOBOTO iHAEKCY, XONTEPIBCbKNA MOHITOPUHT EKT,
BM3HAYeHHs AMCTaHLUii xoabbu, gonneporpadito 3 BUSHAYEHHSIM MOKA3HMKIB 06’€EMHOrO KPOBOTOKY. Y KpOBI
BM3HAYanu piBHi CepoToHiHY, AodamiHy, MMIT-2 Ta MMM-9. 3a gonomoroto MoHpeanbChbKoi LKkanu oLiHoBanm
KOrHiTMBHI (pyHKuUii. [lonaTkoBo navjeHTam obox rpyn npuaHadanu uunoctason (50 mr givi Ha goby), FAMK —
amiHanoH (250 mr agivi Ha foby) Ta ateHonon (25 mr 1 pa3 Ha goby).

Pesyabrati. BCTaHOBMIM 3HAYHI NOPYLUEHHS reMOAMHaMIKV Ta HelipomeaiaTopHoro obmiHy y xsopux Ha MAC. Bu-
SBWNM BIPOTiiHe NEPEBULLEHHS CEPOTOHIHY B CMpOBATL|i KpoBi — Maibke BaBidi (p < 0,001), nigBuLLeHHs godamiHy
Ha 60-70 % nopiBHSAHO 3 NOKa3HMKOM KOHTPOMbLHOI rpynu (p < 0,01). 3adikcoBaHo BpaHiLLHi NiKOBI NiABNLLEHHS
PiBHiB CEPOTOHIHY y Nna3mi kposi —y 57 paais. PisHi MMIM-2 i MMIM-9 maiixe Bagidi UL (p < 0,01) y naujexTis,
AKi nepeHecn iLueMiYHWIA iHcynbT abo iHapKT Miokapaa, NOPIBHSHO 3 KOHTPOMBHOO rpymoko. Iicns AogaBaHHs
LunocTasony, amiHanoHy i ateHonony Ao 6asuncHoi Tepanii BUSBUIN LOCTOBIPHE 3HMKEHHS HAAMIPHO BUCOKWX
piBHiB CepoToHiHY B nnasmi (p < 0,001) Ta cuposartui (p < 0,05) kposi. PisHi MMI1-2 3Hu3unucs (p < 0,01), nokas-
HWKI 06’€EMHOTO KPOBOTOKY MOKPALLMINCS B YCIX TPbOX AOCimKeHNX apTepisx (p < 0,05). Kpim Toro, 3adikcoBaHo
36inbLueHHs 6e30onicHOi AncTaHLii xoabby, MakcManbHOI BiACTaHi Xoabou Ta NOKPALLEHHS KOTHITUBHIX (OYHKLLIA.

BucHoBKH. 3anpornoHoBaHa cTpareris BTOPUHHOT NpoginakTuky cepLeBo-CyanHHNX nogin y xsopux Ha MAC i3
nepeHeceHNM iLeMiYHUM iHCynsTOM abo iHdhapkToM Miokapaa I'pyHTYETLCS Ha KopekLii aucbanaHcy Helpome-
[JiaTopiB CepoTOHiHY Ta AothamiHy LNSXOM JoAaBaHHs o 6a3ncHoi Tepanii, 3rigHO 3 0CTaHHIMK KepiBHULTBAMM
(2024 poky), komnnekcy npenapatis — LWUI0CTa301y, aviHanoHy Ta ateHonony.

CyuacHi meanuHi TexHonorii. 2025. T. 17, Ne 1(64). C. 22-32

Despite significant achievements in the field of primary and
secondary prevention of myocardial infarction (MI) and ischemic
stroke (IS), the problem of combined damage by the atheroscle-
rotic process of vascular territories of the brain, heart and peri-
pheral organs — generalized or multifocal atherosclerosis (MAS)
requires further research aimed at development of methods of
MAS secondary prevention [1].

The main reason for the development of acute hemodynamic
disorders is the destabilization of atherosclerotic plaque (AP) [2]
Ignoring the presence of ischemia in vital organs is a big mis-
take [3,4,5]. AP rupture occurs as a result of an increase in the
destructive action of zinc-containing matrix metalloproteinases
(MMPs). This becomes possible with an increase in the content
of MMPs in the blood plasma and an increase in the content of
MMPs activators in the blood [6,7,8,9].

A feature of ischemia of vital organs is the activation of pro-
tective and regulatory mechanisms of the cardiovascular system,
both specific for each organ and characteristic for practically all
organs. The latter include the sympatho-adrenal and serotonergic
systems. The main mediators of these systems, dopamine (D) and
serotonin (S), are involved in the regulation of blood supply, me-
tabolism and functional activity of almost all organs and systems,
both in conditions of pathology and in a healthy person [10,11].

Protecting against ischemia, each of the organs secretes S
and D into the bloodstream. In this regard, plasma concentrations
of S and D increase sharply [10,11]. Numerous studies show that
pathologically high concentrations of S and D in the blood lead
to myocardial ischemia, disturbances in central hemodynamics,
heart rhythm, disorders of the gastrointestinal tract, deterioration
of pulmonary blood circulation [12,13,14,15,16]. In addition,
high concentrations of mediators directly and indirectly due to

ischemia provoke an increase in the concentration of MMPs, as
a result of which there is a real threat of rupture of APs prone to
destabilization [2,8]. Secondary prevention is most challenging
in patients with MAS and IS in anamnesis with accompanying
coronary and femoral atherosclerosis. In such conditions, it is
important to consider that the improvement of blood supply to the
brain and lower extremities should not lead to an exacerbation
of coronary heart disease.

Aim
The aim of this study was to study the possibilities of norma-
lizing the balance of serotonin and dopamine in patients with MAS

to stabilize the atherosclerotic process and improve the regional
hemodynamics of the heart, brain, and lower extremities.

Materials and methods

The study included 54 male patients with MAS aged 60 to 90
years, average age 65.7 + 4.8 years. Patients were divided into
two groups. The MAS-1 group (n = 26) consisted of patients with
multifocal atherosclerosis, which was clinically manifested by the
syndrome of intermittent claudication (ICS) stage |-l according to
the Fontaine—Pokrovsky classification, ischemic atherosclerotic
encephalopathy, and post-infarction cardiosclerosis, patients had
MI more than 1 year before inclusion in our study. The MAS-2
group (n = 28) consisted of patients with MAS who had suffered an
ischemic stroke more than 12 months prior, currently had athero-
sclerotic lesions of the femoral arteries, with clinical manifestations
of ICS, and coronary atherosclerosis, confirmed by coronary
angiography, manifested by angina pectoris of Il functional
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classes. One of the conditions for the inclusion of patients with
MAS in the study was the presence of a left ventricular ejection
fraction (EF) greater than 45 %. The control group (CG) consisted
of 18 practically healthy men, comparable in age to patients of
the MAS group —aged from 40 to 70 years (62.8 + 5.3 years). All
patients were informed about the nature of the study and signed
the informed consent before inclusion in the study.

Exclusion criteria; history of haemorrhagic stroke, less than
12 months before inclusion in the study IS or transient ischemic
attack, life-threatening heart rhythm disorders (in particular, ven-
tricular arrhythmias, prolongation of the Q-T interval), aneurysm
of heart or aorta, heart failure 11A stage or higher (according to the
classification of Strazhesko—-Vasilenko), left ventricular EF less
than 45 %, history of gastrointestinal or other bleeding, impaired
liver and/or kidney function (creatinine clearance <30 ml/min),
uncontrolled hypertension, oncological diseases.

A general clinical examination performed on all patients
included determination of heart rate, systolic and diastolic blood
pressure, general blood and urine analysis, biochemical blood
analysis (creatinine, urea, K, Na, glucose, liver transaminases),
lipid profile, electrocardiography (ECG). According to the stan-
dard method, the ankle-brachial index (ABI) was determined, and
Holter ECG monitoring was performed to determine the frequency
of painful and painless episodes of myocardial ischemia. With the
help of dopplerography (HITACHI, ALOKA, AriettaS70 device),
the speed and volume indicators of blood flow in the arteries of
the vascular territories were determined: cerebral — a. carotis
interna (aCl), femoral — a. femoralis communis (aFC) and a. ti-
bialis posterior (aTP); maximum systolic and volumetric blood
flow velocity (FV) were determined. The state of the coronary
circulation was evaluated according to the coronary angiography.
The levels of neurotransmitters (S and D) in the blood serum,
as well as the levels of MMP-2 and MMP-9 in the blood plasma
were determined by the enzyme immunoassay method (ELISA).
In addition, the levels of serotonin in the blood plasma (Sp) and in
blood serum (Ss) were determined by the method of ion-exchange
chromatography. Cognitive function was determined using the
Montreal scale.

Patients in both groups of MAS received basic therapy, accord-
ing to “2024 ACC / AHA/AACVPR / APMA/ABC / SCAI/ SVM/

SVN / SVS / SIR / VESS Guideline for the Management of
Lower Extremity Peripheral Artery Disease” [1] and “2024 ESC
Guidelines for the management of peripheral arterial and aortic
diseases” [17], which included: statins, acetylsalicylic acid, angi-
otensin-converting enzyme inhibitors or angiotensin-Il receptor
blockers, calcium antagonists, f-adrenoceptor blockers. After
the basic examination, the patients were additionally prescribed
cilostazol (C) (50 mg twice a day), GABA — aminalon (Am)
(250 mg twice a day) and, taking into account excessively high
baseline levels of D in both groups, atenolol (At) was additionally
prescribed (25 mg 1 time per day). Both groups were prescribed a
selective beta1-adrenergic blocker — At, which does not penetrate
the blood-brain barrier (BBB) and has unique structural formula,
the free energy of which is able to block the catalytic centers
of MMP-2 and MMP-9 [18]. CG patients were examined once.

This study complied with the ethical principles of the Helsinki
Declaration of the World Medical Association of Physicians (revi-

sion 2008), ethical and moral requirements according to the Order
of the Ministry of Health of Ukraine No. 281 dated November 1,
2000, including anonymity, confidentiality and charity.

Statistical analysis of the data was performed using the IBM
SPSS program, version 23, R. The normality of the distribution of
the obtained data was performed by the Shapiro-Wilk method.
With a normal data distribution, the mean value (M) and standard
error (+ SD) were determined, when comparing the values, the
Student’s t-test was used. When the data distribution was diffe-
rent from the normal distribution, the Wilcoxon test was used, the
median, first and third quartiles were calculated (Me (Q1; Q3);
when evaluating the dynamics of indicators under the influence
of treatment, the method of paired samples was used. Also, we
used ¥ univariate analysis of variance. The difference between
data samples was considered significant at p < 0.05.

Results

Our studies have shown significant changes in the car-
diovascular system in patients of both groups. The detected
hemodynamically significant APs in the arteries of vascular territo-
ries — coronary, cerebral (aCl), femoral (aFC and aTP) confirmed
the presence of MAS in the examined patients.

The clinical picture of patients of both groups of MAS corre-
sponded to the localization of AP. All patients with MAS had AP
in the coronary arteries, with a degree of stenosis from 30 % to
75 %, which was clinically manifested by the presence of signs
of stable angina pectoris of II-ll functional class; also, patients
had clinical manifestations of atherosclerotic encephalopathy and
intermittent claudication syndrome. The ABl index, as an indicator
of peripheral atherosclerotic process presence, is noteworthy,
which was less than 0.9 in all examined MAS groups and prac-
tically did not differ between the MAS-1 and MAS-2 groups, but
significantly (p < 0.01) differed from the ABI indices of CG patients,
which confirms the presence of atherosclerosis of the arteries of
the lower extremities in patients of both groups of MAS (Table 1).

Table 2 presents indicators of central hemodynamics and
bioelectric activity of the myocardium. In both groups of patients,
blood pressure and heart rate are within the age norm. Attention
is drawn to one of the main indicators of central hemodynamics —
minute volume of blood flow — cardiac output (CO), as an indicator
that combines the components of blood flow regulation, chrono-
tropic and inotropic functions of the myocardium. In the MAS-1
group, CO was lower by 21.9 % compared to CG, and in the
MAS-2 group by 24.4 % (p < 0.01 in both cases). Total peripheral
vascular resistance was significantly (p < 0.01) higher in patients
of both groups compared to CG patients, which indicates the
generalization of the atherosclerotic process. Thus, in patients of
the MAS-1 group, the level of total peripheral vascular resistance
was higher by 21.0 %, compared to CG, and in patients of the
MAS-2 group by 26.2 %, respectively (p < 0.01 in both cases).

The state of peripheral hemodynamics was assessed by FV
in the studied vascular territories (Table 3). As can be seen from
Table 3, the FV indicators in the MAS groups were significantly
lower than in the CG, which indicates the presence of a gene-
ralized atherosclerotic process involving all three investigated
vascular territories. So, FV in aCl in patients of groups MAS-1 and
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Table 1. Clinical characteristics of the examined patients

Indicator, units of measurement CG,n=18 MAS-1, n =26 MAS-2, n =28
Age, years 62853 67.3+34 65.2+6.2
Men, n (%) 18 (100 %) 26 (100 %) 28 (100 %)
ICS 0 26 (100 %) 28 (100 %)
Ischemic stroke in anamnesis 0 0 28 (100 %)
Atherosclerotic encephalopathy 0 26 (100 %) 28 (100 %)
MI in anamnesis 0 26 (100 %) 0

Angina pectoris |-l functional class 0 26 (100 %) 28 (100 %)
AP in coronary arteries 0 26 (100 %) 28 (100 %)
AP in the femoral arteries 0 26 (100 %) 28 (100 %)
AP in the carotid arteries 0 26 (100 %) 28 (100 %)
Arterial hypertension 0 11 (42.3 %) 8(28.6 %)
ABI 1.04 £0.05 0.67 +0.08* 0.65 £ 0.04**

*1p <0.05; **: p <0.01; **: p <0.001 - the difference in the values of the indicator compared to CG.

Table 2. Indicators of central hemodynamics in CG individuals and patients of groups MAS-1 and MAS-2 before and after treatment, M + SD

Indicator, units of measurement CG,n=18 MAS-1, n = 26 MAS-2, n =28

before treatment | after treatment | before treatment | after treatment
Heart rate, rates/min 68.7+7.3 63.4+4.7 65.1+£3.5 64.7+52 66.2+4.1
Systolic blood pressure, mm Hg 119.4+£5.2 1296175 1321156 1354 £6.2* 136.5+4.7
Diastolic blood pressure, mm Hg 80.9+45 81.2+52 84.7+34 825173 82.3+5.1
Ejection fraction of the left ventricle, % 61416 49716 509+1.2 50.7+1.4 526+1.1
Cardiac output, mi/min 41+02 32+02* 35+0.1* 31+01* 34+0.1*
Total perirgheral vascular resistance, 21175+ 128.6 2562.3 + 152.7** | 2432.6 £ 1241 2673.2+ 1286 [2516.3+131.6
dyn.s.cmr

*1p <0.05; *:p <0.01; ***: p < 0.001 - significance of the difference in the values of indicators compared to CG; #: p < 0.05; ##: p < 0.01;
#HH#: p < 0.001 - significance of the dynamics of indicators under the influence of treatment.

MAS-2 was lower than in CG, respectively, by 26.5 and 33.5 %
(p<0.001, in both cases). Such significant differences in patients
of the MAS-2 group may indicate IS in anamnesis. The presence
of ICS in patients of both groups of MAS was confirmed by low FV
values in the arteries of the lower extremities. In particular, FV in
aFC in groups MAS-1 and MAS-2 was, respectively, 54.0 % and
57.9 % less than in CG (p < 0.001 in both cases). Even lower FV
was observed in aTP arteries, in which FV was lower in MAS-1
and MAS-2 groups, compared to CG, by 2.95 and 3.18 times,
respectively (p < 0.001 in both cases).

During the initial examination, a significant increase in the
levels of serotonin in the plasma and blood serum was found in
the patients of the MAS groups (Table 4). In 10 patients (38.4 %)
of the MAS-1 group and 16 patients (57.1 %) of the MAS-2 group,
the content of serotonin in blood plasma exceeded the reference
values by 5-7 times. According to the literature, such an increase
in the plasma serotonin level indicates the risk of development of
the so-called “serotonin syndrome”, which is manifested by severe
arrhythmias and excessive blood pressure fluctuations — from hy-

potension to hypertension [12,15,16]. The average daily level of S
in the blood serum of patients in the MAS groups also significantly
exceeded this CG —1.78 times in the MAS-1 group and 1.82 times
in the MAS-2 group (p < 0.001 in both cases). The content of D in
the blood of patients with MAS was also significantly higher than
that of the control group — by 59.1 % and 77.4 %, respectively,
in the MAS-1 and MAS-2 groups (p < 0.01 in all cases). Peak
increases in D were observed in 11 (42.3 %) patients of the MAS-
1 group and in 18 (64.3 %) patients of MAS-2. The dynamics of
peak fluctuations of S and D are presented in Figs. 1, 2and 3. This
explains the significant fluctuations of blood pressure in patients
of both groups. Strong direct correlations between S and D levels
were observed: in the group of patients with MAS-2, the correlation
coefficient was r = 0.890, and in the group of patients with MAS-1
it was equal to r = 0.690 (p < 0.05 in both cases).

Manifestations of MAS and the occurrence of acute blood flow
disorders are largely related to the stability of AP. The main role
in AP destabilization is played by MMPs, primarily MMP-2 and
MMP-9, a high level of which is a recognized predictor of the risk
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Table 3. Indicators of volumetric blood flow (FV, ml/min) in the studied vascular pools and their dynamics under the influence of treatment in the

examined patients, Me (Q1; Q3)

Investigated vessel CG,n=18 MAS-1, n =26 MAS-2 (in the injury part), n = 28
before treatment | after treatment before treatment | after treatment

aCl 2442 179.5 212.3 162.3 194.6

(184.7; 251.2) (162.9; 219.4)** | (189.4; 234.7)* (145.7; 183.5)** | (183.5; 241.2)
aFC 201.5 92.7 108.7 84.9 99.2

(164.8; 226.3) (74.6; 113.5)*** (89.7; 127 .4y (64.8; 106.9)** (86.5; 125.7)
aTP 12.1 4.1 6.2 3.8 5.6

(8.4;13.3) (3.3; 5.8)* (3.8; 7.2y (3.2; 5.3)** (4.6; 6.8y

*1p <0.05; **: p <0.01; ***: p < 0.001 - significance of the difference in the values of indicators compared to CG; #: p < 0.05; ##: p < 0.01;
#H: p < 0.001 - significance of the dynamics of indicators under the influence of treatment.

Table 4. Levels of neurotransmitters and MMPs in patients of both groups, and their dynamics after treatment, Me (Q1; Q3)

Indicator, units of measurement CG,n=18 MAS-1, n =26 MAS-2, n =28
before treatment | after treatment before treatment | after treatment

Serotonin (plasma), pug/ml 5.20 13.58 6.82 17.13 9.21

(3.82;7.35) (8.15; 20.85)** (5.72; 9.34)# (14.73; 20.85)** | (7.21; 10.54 )
Serotonin (serum), CU 1.14 2.03 1.78 2.06 1.81

(0.52; 1.87) (0.87; 2.21)** (0.68; 2.07)¢ (1.96; 2.21)** (1.75; 2.1y
Dopamine, CU 0.93 1.48 1.39 1.65 1.49

(0.74; 1.45) (1.21;1.77)* (1.08; 2.18) (1.05; 2.43)* (1.07; 2.31)
MMP-2, CU/mg protein 0.111 0.176 0.140 0.177 0.130

(0.107; 0.191) (0.147; 0.182)** (0.131; 0.162)* (0.147; 0.182)* (0.118; 0.157)#
MMP-9, CU/mg protein 0.107 0.176 0.157 0.178 0.159

(0.102; 0.178) (0.170; 0.220)* (0.145; 0.176)* (0.170; 0.188)** (0.149; 0.183)*#

*1p <0.05; **: p <0.01; **: p < 0.001 - significance of the difference in the values of indicators compared to CG; #: p < 0.05; ##: p < 0.01;
#H: p < 0.001 - significance of the dynamics of indicators under the influence of treatment.

of acute coronary and cerebral circulatory disorders development.
The level of MMP-2 and MMP-9 in the blood of patients with MAS
significantly exceeded those of the control group: MMP-2 by
58.6 % and 59.5 %, MMP-9 by 64.5 % and 66.4 %, respectively
in the groups MAS-1 and MAS-2 (p < 0.01in all cases) (Table 4).
According to the literature, high MMPs levels in patients with Ml
and IS worsen the course of the disease and increase the risk
of recurrent vascular accidents [8,19,20].

After the treatment, with C, Am, and At supplementation,
along with the improvement of clinical manifestations, such as
reduction of angina pectoris pain and feeling of heaviness in the
lower extremities, the patients had increased walking distance,
improved hemodynamic parameters and positive changes in
the levels of neurotransmitters and MMPs. As can be seen from
Table 5, according to Holter ECG monitoring data, after the treat-
ment in the MAS-1 group, a decrease in the number of painful
episodes of myocardial ischemia by 17.4 % and painless episodes
of myocardial ischemia by 36.8 % was observed (p <0.05in both
cases), in the MAS-2 group by 9.5 % and 24.6 %, respectively
(p <0.05 in both cases); with regard to the number of extrasys-
toles, the number of ventricular extrasystoles in the MAS-1 group
decreased by 16.1 %, and in the MAS-2 group - by 12.2 %, and

the number of supraventricular extrasystoles: by 15.2 % and
8.7 %, respectively (p < 0.05 in all cases).

Reduced lower limbs pain on exercise, reduced paresthesias
and numbness in the lower extremities, i. e. ICS, was observed
in all patients, which was reflected in the walking distance. After
the treatment, painless walking distance increased by 48.8% in
patients of the MAS-1 group and by 44.9 % in patients of the
MAS-2 group, and maximum walking distance: by 42.7 % and
40.8 %, respectively (p <0.001 in all cases). The data we obtained
are comparable to the data in the references [1,17,21].

Cognitive function, which we assessed using the Montreal
scale, also improved (Table 5): in patients of the MAS-1 group by
11.8 %, in the MAS-2 group — by 9.6 % (p < 0.05 in both cases),
in particular by improving memory and attention.

According to the indicators of central hemodynamics, it is
worth noting the acceleration of heart rate, increase of EF in
patients of both groups of MAS, but these changes were not
significant (Table 2). CO increased by 9.4 % and 9.7 %, in groups
MAS-1 and MAS-2, compared to data before treatment (p < 0.05
in both cases), respectively. ABl indicators did not change signifi-
cant, compared to the data before treatment, which may indicate
insufficiently long-term use of drugs.
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Fig. 1. Dynamics of peak morning changes in blood plasma serotonin levels (ug/ml) before and after treatment.

The horizontal line is the level of reference values of serotonin in blood plasma.
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Fig. 2. Dynamics of average daily levels of serotonin in blood serum (CU) before and after treatment.

The horizontal line is the level of reference values of serotonin in blood serum.

FV indicators improved in all studied vascular territories (Ta-
ble 3). In patients of the MAS-1 group, FV indicators significantly
increased by 18.3 % (p <0.05) inaCl, by 17.3 % (p < 0.05) inaFC
and by 51.2 % (p < 0.01) in aTP, in patients of the MAS-2 group
by 19.9 % (p < 0.05); 16.9 % (p < 0.05); and 47.4 % (p < 0.01),

respectively. Such a significant increase in FV indicators, in par-
ticular, in the arteries of the lower extremities, indicates a positive
effect of C in patients with ICS [1].

The changes of S level in blood plasma under the influence of
treatment were significant (Table 4). Thus, the morning ultrahigh
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Fig. 3. Dynamics of peak morning changes in dopamine levels in blood serum (CU) before and after treatment.

The horizontal line is the level of reference values of dopamine in blood serum.

Table 5. Data of Holter ECG monitoring, walking distance and cognitive disfunction in patients before and after treatment, M + SD

Indicator, units of measurement MAS-1 MAS-2

before treatment | after treatment before treatment | after treatment
Number of painful episodes of myocardial ischemia with 23102 19+0.2* 21101 19+0.1*
ST elevation
Number of painful episodes of myocardial ischemia with 17+0.2 12+0.3" 1.3+0.2 11101
ST depression
Number of painless episodes of myocardial ischemia 6.8+0.3 43+04* 57101 43+0.2*
Number of ventricular extrasystoles 65.4+11.2 54.9 + 8.4 58.8+9.2 516+5.2°
Number of supraventricular extrasystoles 96.8 +14.7 82.1+12.1* 926+7.8 84.5+8.3"
Painless walking distance, m 175.7+ 324 261.5 £ 25.3*** 1742+ 29.4 252.4 +22.1%*
Maximum walking distance, m 372.4+29.1 531.7 + 38.4*** 364.1+31.2 512.8 + 35.7*
Montreal scale of cognitive disfunction, % 20.2+0.7 226+ 1.1% 19.8+0.9 21.70.7*

*1p <0.05; **: p <0.01; ***: p <0.001 - significance of the dynamics of indicators under the influence of treatment.

levels of S, exceeding reference values by 5-7 times, which were
observed in 38.4 % of patients of the MAS-1 group and in 57.1 %
of the MAS-2 group, decreased almost 4.6 times (p < 0.001 in
both groups), compared to the data before treatment. Therefore,
the level of Sp after additional therapy remained within the phy-
siological range of practically healthy individuals, exceeding the
reference levels of CG by only 52.4 %. Mean daily Ss levels also
significantly decreased in both groups: by 12.3 % and 12.1 %
(p < 0.05), respectively.

Regarding D levels, the changes after the treatment were not
reliable, which is also a positive manifestation. Content of D were

determined in blood serum, its levels exceeded the reference
values almost twice. Taking into account the presence of Ml and
IS in the anamnesis, the use of selective beta-adrenoblockers was
absolutely necessary for the purpose of cardioprotection, in this
case we used atenolone (At), which does not penetrate through
the BBB, therefore does not impair neuroplastic function of D in
patients with IS and does not affect MMP-9, which also takes
an active part in restoration of brain structure. At the same time,
in the peripheral blood, the effect of D is extremely positive due
to its properties of selective blockade of beta-adrenoreceptors
and a decrease in the activity of MMP-2 and MMP-9, which is
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Fig. 4. Dynamics of MMP-2 and MMP-9 (CU/mg protein) levels before and after treatment.

*:p < 0.05; **: p < 0.01 - dynamics of the indicator under the influence of treatment.

essential for the stabilization of unstable atheromatous plaques
and cardioprotection [10,22,23].

Levels of MMP-2 and MMP-9 significantly decreased in
both groups after additional therapy (Fig. 4). The level of MMP-2
significantly decreased by 20.5 % in the MAS-1 group and by
26.6 % in the MAS-2 group (p < 0.01 in both cases). It should
be noted that 61.5 % (16/26) of patients in the MAS-1 group and
53.6 % (15/28) in the MAS-2 group, had MMP-2 levels return
to those of healthy people in the control group as a result of the
treatment. In the MAS-1 group, the MMP-9 level decreased by
10.8 % (p < 0.05).

Discussion

We conducted a comprehensive study of patients with MAS
with injury to three vascular territories: cerebral, coronary, and
femoral, allowing us to identify an imbalance in the system of
neurotransmitters and MMPs in patients with preserved EF. In
MAS, the essence of the pathological process is the increasing
ischemia of many organs, including vital ones, which ultimately
leads to cardiovascular diseases, such as IS, Ml and others.

Each of the organs has a complex of neurotransmitters,
among which the main place is occupied by serotonin, dopamine,
histamine, angiotensin, the task of which is to ensure adequate
blood supply and metabolism, but because of ischemia of seve-
ral organs, the level of neurotransmitters increases to critical
values, which can lead to cardiovascular diseases. In this work,
we consider the nature of changes in S and D levels, which when
significantly increased cause pathological syndromes, such as
serotonin syndrome, which can lead to death, and dopamine

syndrome — increased blood pressure, tachycardia, and cardio-
vascular damage.

We observed a significant excess of S in the blood serum, al-
most twice the reference values, and an increase in D by 60-70 %
compared to CG individuals. The morning peak increases of S
levels by 57 times in blood plasma, which were revealed in 10
(38.4 %) patients of the MAS-1 group and 16 (57.1 %) patients
of the MAS-2 group, compared with the reference values, are
noteworthy. Excessive increase of plasma S in the morning may
be one of the causes of frequent cardiovascular events, critical
changes in blood pressure, heart rate, manifestations of cerebral
symptoms, which can lead to repeated IS, Ml or sudden coro-
nary death. Similar increases in D levels were observed in both
groups of patients.

Our studies in patients with MAS who have suffered ischemic
stroke have shown a strong correlation between the concentration
of S and D in peripheral blood (r = 0.89, p < 0.05). An important
feature of brain tissue damage is an increase in MMPs levels
both in brain tissue, cerebrospinal fluid, and peripheral blood,
while an increase in MMP-9, as well as D, in the cerebrospinal
fluid is a factor that contributes to the restoration of brain tissue
structure and function after ischemic stroke, and high level of
MMP-2 is now recognized as a predictor of the myocardial infarc-
tion development [8,19,20]. Our data indicate that the levels of
MMP-2 and MMP-9 were on average 58.7 % and 64.2 % higher
in patients who have suffered ischemic stroke or MI, compared
with the control group.

Based on the data obtained, we formed a preliminary hypo-
thesis about the role of neurotransmitters in the development of
repeated cardiovascular events. In this regard, we have several
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tasks: the firstis to find ways to selectively reduce S levels, first of
all the peak increase in the morning; the second is to maintain a
high level of D in the CNS; the third is to eliminate the pathological
effects of high D level on the cardiovascular system; the fourth
is to reduce the level of MMP-2 as one of the main factors of
destabilization of atherosclerotic plaques in the coronary arteries
and peripheral arteries; the fifth is to improve blood supply to the
brain and lower extremities.

In patients with MAS with damage to three vascular terri-
tories, there is a need to prescribe drugs that would provide
increased blood supply to all three vascular territories, and
ignoring one of them, in particular, the femoral, is dangerous,
especially in patients with MAS. According to the literature, this
can lead to rapid progression of cardiovascular diseases, with
the development of recurrent cardiovascular diseases, such as
MI, IS, pulmonary embolism, thrombosis of the mesenteric and
renal arteries, etc. Basic therapy is based on the guidelines for
the treatment of patients with previous IS, Ml and peripheral
arterial disease [1,17].

After extensive theoretical and clinical studies, the first task
was solved by using C, to reduce the level of S, in doses half as
low as the generally accepted ones: 25-50 mg (the dose was
in accordance with the recommendations of geriatricians). The
therapeutic effect was expressed in the elimination of the morn-
ing peak of 5-7-fold increase in serotonin levels, compared to
reference values [1,24,25,26]. The use of C in patients with MAS
in both groups increased the volumetric blood flow in the carotid
and femoral arteries. Most importantly, C and Am significantly
reduced the level of MMP-2 in patients with MAS in both groups.
After taking C and At, the level of D in the peripheral blood did
not change significantly. The addition of At and the replacement
of previously prescribed beta-blockers with At was associated
with its ability to block the active center of MMP-9. The problem
with the chronotropic effect of C was solved by adding the neu-
rotransmitter Am and At, which led to decrease the number of
extrasystoles and heart rate [27].

The worldwide recognized drug for improving peripheral
circulation, in particular increasing walking distance in patients
with peripheral atherosclerosis, is C (Class 1Arecommendation)
[1], also C in combination with acetylsalicylic acid, improves
secondary prevention of IS and safety outcomes for patients
with lacunar infarction and does not increase the risk of severe
or life-threatening bleeding [17,21]. Our studies have shown an
increase in the effectiveness of C in patients with ICS stage I-II
(according to the Fontaine-Pokrovsky classification) with pre-
served left ventricular systolic function (EF >45 %).

Side effects of C can manifest as increased heart rate,
headache and sometimes arrhythmias, which can be observed
when using inappropriately high doses. In our case, we con-
sidered the age of the patients, comorbidity of pathology with
individual selection of the dose and its titration, this also applied
to At. In our opinion, in heart failure and coronary artery disease
patients require mandatory use of selective beta-blockers such
as propranolone, bisoprolone, atenolol, etc. In our study, both
groups of patients had clinical manifestations of coronary heart
disease and coronary atherosclerosis, confirmed by coronary
angiography, so our choice was At, a selective beta-blocker.

The use of beta-blockers leads to an increase in beta-adrenergic
receptors and this effect was constantly levelled off. In addition,
of the whole group of beta-blockers, At does not penetrate the
BBB and has unique structural formula, the free energy of which
is capable of blocking the catalytic centers of MMP-2 and MMP-9
[18]. According to the results of our study, in 61.5 % (16/26) of
patients in the MAS-1 group and in 53.6 % (15/28) of the MAS-2
group, the level of MMP-2 returned to the level of healthy people
in the control group as a result of the treatment.

The second problem was in necessity to reduce excessively
high levels of D in the peripheral blood, while maintaining its
high concentrations in the brain, which is of key importance for
the favourable course of ischemic stroke and regeneration in
the affected area, as evidenced by numerous clinical studies
[10,22,23]. However, excessively high levels of D may have
negative consequences for the course of coronary heart disease
and hypertension. We solved this problem by using the selective
beta1-adrenoblocker At, which does not penetrate the BBB and
simultaneously shows the ability to block beta1-adrenoreceptors
and D2-dopamine receptors, while exhibiting a cardioprotective
effect [13,18,23,28].

MMP-2 levels were significantly reduced in patients in both
groups, indicating a reduced risk of recurrent cardiovascular
events. The improvement of the clinical picture in patients was
manifested in a decrease of pain in the lower extremities, which
was confirmed by an increase in volumetric blood flow in the
arteries of the lower extremities and an increase in painless
walking distance and maximum walking distance in patients of
both groups. The cardioprotective effect was represented by a
decrease in the frequency of angina pectoris, a decrease in the
number of extrasystoles and episodes of myocardial ischemia
according to Holter monitoring. The improvement of cerebral
blood supply was evidenced by an increase in volumetric blood
flow in aCl and improvement of cognitive functions according to
Montreal scale in patients of both groups, mainly due to memory
and attention.

Conclusions

1. Patients with MAS with an injury of cerebral, coronary and
femoral vascular territories, clinically manifested by ischemic
stroke and myocardial infarction, intermittent claudication, had
pathologically high blood plasma levels of serotonin, dopamine,
MMP-2 and MMP-9, high level of which is associated with the
risk of cardiovascular events development.

2. The use of the presented drug combination (cilostazol,
aminalon, atenolol) allowed to reduce peak morning increases
of serotonin and dopamine due to the effect of cilostazol and
increase of volumetric blood flow in the examined arteries. The
undesirable side effect of cilostazol in the form of increased heart
rate was counteracted by the action of aminalon and atenolol.

3. The suppression of the pathological effect of MMP-2 and
MMP-9 was carried out due to the action of cilostazol, which
significantly reduced their levels, as well as the unique property
of atenolol, which inhibits the active centers of MMPs, reducing
their activity. Thus, the combination of cilostazol and atenolol not
only reduced the level of MMPs but also inhibited their activity.
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4. Our proposed new strategy of secondary prevention of
cardiovascular events in patients with MAS with ischemic stroke
or myocardial infarction is based on the correction of imbalance
of neurotransmitters, such as serotonin and dopamine, by adding
a complex of drugs — cilostazol, aminalon and atenolol — to the
basic therapy, according to the latest guidelines.

Prospects for further research. Disadvantages of the pre-
sented work: the research was conducted on a small cohort of
patients, data were provided on only 2 neurotransmitters (seroto-
nin, dopamine), we are currently continuing studies on serotonin,
dopamine, histamine, angiotensin, which will be presented in
subsequent publications after the end of the research.
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Aim. To find out the clinical, pathogenetic and prognostic significance of vascular endothelial growth factor in
the blood serum of patients with coronavirus disease with pneumonia in relation to the parameters of immune
inflammation and haemostasis in assessing the risk of death.

Material and methods. \We examined 123 patients with coronavirus disease (COVID-19) with pneumonia. Labo-
ratory examination of patients was carried out in accordance with the Order of the Ministry of Health of Ukraine of
28.03.2020 No. 722. The patients were divided into groups depending on the outcome of the disease: 77 patients
who recovered and 46 patients who died. The content of vascular endothelial growth factor (VEGF) (total form)
in the blood serum was determined by enzyme-linked immunosorbent assay (Immuno-Biological Laboratories
Co., Ltd., Japan). Statistical data processing was performed in the program “Statistica for Windows 13".

Results. It was found that in patients with coronavirus disease with pneumonia, the level of increase in serum
VEGF (total form) was associated with the outcome of the disease. When patients were hospitalised on day 9.0
[7.0;12.0] of iliness, a serum VEGF level >32.04 pg/ml (AUC = 0.842, p < 0.001) indicated a high risk of adverse
outcome, and after 7 days of treatment, with a VEGF level >58.79 pg/ml (AUC = 0.899, p < 0.001), there was a
high probability of death. The correlation between the development of thrombotic complications and the level of
VEGF increase in the blood serum both at the time of hospitalisation (gamma +0.32, p < 0.05) and after 7 days
of treatment (gamma +0.37, p < 0.05) was established. The occurrence of thrombotic complications was more
frequent in patients with a fatal outcome than in patients who had recovered (18.4 times, p = 0.000001). The
level of VEGF in the blood serum >51.91 pg/ml (AUC = 0.680, p = 0.019) was prognostic of the risk of deve-
loping thrombotic complications only in the dynamics after 7 days of hospital treatment. The clinicopathogenetic
role of increased serum VEGF in the progression of the disease in patients with COVID-19 pneumonia was
demonstrated by statistically significant correlations.

Conclusions. In patients with COVID-19 pneumonia, VEGF (total form) level elevation in serum is associated with
the risk of death. The threshold levels of VEGF, which are informative for prognosing the risk of unfavourable
disease course at different follow-up periods, have been established.

Modern medical technology. 2025;17(1):33-40

KhiHiko-naToreHeTMYHe Ta NPOrHOCTUUHE 3HaueHHA BmicTy VEGF

Y CMpOBaTLi KPOBi XBOPUX Ha KOpPOHaBipycHy xBopoby (COVID-19)

Ta NHEBMOHit0 y B3a€MO03B’'A3KYy 3 napameTpamy iMyHHOro 3ananeHHsA
Ta remocTasy nip yac OLiHIOBaHHA PU3UKY A€TaAbHOI0 HaCAiAKY

0. B. Pa6oKoHb, |. O. Kyaeww, C. B. MaBroB

Merta poboTu - 3'CyBaTW KNiHIKO-NaTOreHETUYHE Ta NPOrHOCTUYHE 3HayeHHs BMiCcTY VEGF B cupoBartLi KpoBi
XBOPYMX Ha kopoHaBipycHy xBopoby COVID-19 Ta NHEBMOHItO y B3aEMO3B’si3Ky 3 NOKa3HWKaMu iMyHHOro 3ana-
NeHHs! Ta reMocTasy B OLiHIOBaHHI pU3iKy neTanbHOro Hacnigky.

Marepianu i meToau. O6cTexunm 123 xsopux Ha COVID-19 i nHeBMmoHito. JlTaGopaTtopHe 06CTexeHHs Ta nikyBaHHs
XBOPMX 3GiACHUNM 3rigHO 3 Hakasom MO3 Ykpainu Big 28.03.2020 p. Ne 722. 3anexHo Big Hacniakis xsopoou
naLlieHTiB noginunu Ha rpynu: 77 ocib, siki ofyxxanu, Ta 46 XBopux i3 netansH1M Hacnigkom. Bmict VEGF (3aransHa
chopma) B CUpOBATL KPOBI B3Ha4anu MeTofoM iMyHoepmeHTHOro aHanidy (Immuno-Biological Laboratories
Co., Ltd., Japan). CtatuctyHo AaHi onpautoBany 3a gonomoroto nporpamm Statistica for Windows 13.

Pe3yabtatn. BcTaHoBneHo, wo y xsopux Ha COVID-19 i nHeBMoHito piBeHb nigsuwieHHs VEGF B cuposartui
KpOBi MaB 3B’s130K i3 Hacnigkom xBopobu. Ha yac rocnitanisauii xsopux Ha 9,0 [7,0; 12,0] aHs xBopoOu piBeHb
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VEGF (3aranbHa dopma) B cupoBatui kposi 32,04 pg/ml (AUC = 0,842, p < 0,001) cBigu1s npo BUCOKWN
PU3MK HECTIPUSITIIMBOTO HACciAKy XBOpobu; Yepes 7 Aib nikysaHHs, sKwwo piBeHb VEGF ctaHoBwB >58,79 pg/ml
(AUC = 0,899, p < 0,001), 3bepiranacs Bucoka WMOBIPHICTb NeTanbHOrO Hacnigky xsopobu. BcraHoeneHo
B3aEMO3B’S30K PO3BUTKY TPOMBOTUYHIX YCKNaaHeHb i3 piBHeM nigeueHHst VEGF y cupoBaTui kposi i Ha yac
rocnitanisauii (ramma +0,32, p < 0,05), i yepes 7 ai6 nikyBaHHs (ramma +0,37, p < 0,05). Po3BuUTOK TPOMBOTUYHMX
yCknapHeHb YacTille crocTepirany y nauieHTis, Siki Manu neTanbHWiA Hacnigok XBopobu, NOPIBHSHO 3 XBOPUMM,
koTpi ogyxanm (B 18,4 pasa, p = 0,000001). PiseHo VEGF y cuposartui kposi >51,91 pg/ml (AUC = 0,680,
p = 0,019) MaB NpOrHOCTWNYHY 3HAYYLLICTb LUOAO OLHIOBAHHS PU3NKY PO3BUTKY TPOMOOTUYHWX YCKNapHeHb
nuLwe B AuHaMiLi yepes 7 46 nikyaHHs B cTaLioHapi. KniHiko-naToreHeT4Hy ponb nigsuieHHs pisHs VEGF y
CMpOoBaTLi KPOBi B MPOrpecyBaHHi xBopoby y naujiexTis i3 COVID-19 i nHeBMOHiI€t0 NiATBEPAKEHO CTATUCTUYHO
3HaYYLLMMK KopensLisimu.

BucHoBku. Y xBopux Ha COVID-19 i nHeBMoHito piBeHb nigsuwleHHs VEGF y cupoBarui KpoBi MaB 3B'130K
i3 pU3MKOM NeTanbHoro Hacniaky xBopobu. BetaHoBneHo mexoBi piBHi VEGF (3aranbHa dopma), Wwo B pisHi
TEPMIHV CMIOCTEPEXEHHS € iIHOPMaTUBHUMMU LLIOAO NPOrHO3YBaHHS PU3NKY HECTIPUSTIIMBOTO Nepebiry xBopobu.

CyuacHi meanuHi TexHonorii. 2025. T. 17, Ne 1(64). C. 33-40

Today, it is believed that coronavirus disease (COVID-19)
should be considered a systemic disease, since in addition to
the excessive production of proinflammatory cytokines, several
other major pathological phenomena develop due to endothelial
cell dysfunction, namely hypercoagulation, micro- and macro-
thrombosis [1]. One of the explanations for the progression of
COVID-19 and the high incidence of thrombotic complications
in this disease is the understanding of the formation of the so-
called immunothrombosis, the morphological signs of which
were detected in 40.8 % of vessels [2]. SARS-CoV-2-associated
immunothrombosis is formed as a result of hypercoagulation
regulated by inflammatory mediators and accompanied by acti-
vation and interaction of platelets, neutrophils and extracellular
structures released by activated neutrophils [3]. Today, attention
is drawn to the role of activated neutrophils in the formation of
immunothrombosis. On the one hand, the release of extracellu-
lar structures by activated neutrophils plays a role in the body’s
defence, and on the other hand, their release is associated with
tissue damage, hypercoagulation and thrombosis [4]. It has been
proven that extracellular structures released by activated neu-
trophils directly cause endothelial cell death, activate platelets,
recruit procoagulation factors, and stimulate the production of
proinflammatory cytokines by immunocompetent cells [4]. Data
obtained in clinical practice show that coagulopathy in COVID-19
is caused by endothelial damage, contributes to the severity of
the disease and the risk of death [5,6].

In studying the pathogenetic mechanisms of endothelial
damage and progression of COVID-19, a number of studies
[1,7,8,9,10] have focused on the role of vascular endothelial
growth factor (VEGF), which is an important regulator of angio-
genesis. It is believed that VEGF plays a key role in regulating
the physiological vascular permeability during angiogenesis [11].
To date, the VEGF family is known to consist of eight members:
VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, pla-
cental growth factor and endocrine growth factor [1,12]. VEGF
A (VEGF-A or VEGF) is a highly conserved secreted signalling
protein best known for its role in angiogenesis [13]. Despite a
significant number of studies to determine the role of VEGF in
the course of COVID-19, their results have some contradictions.
Thus, it has been proven that there are elevated levels of VEGF-A
and placental growth factor in the blood plasma of patients with

COVID-19, with the level of increase having a direct correlation
with the severity of the disease [7,8,9]. The researchers found
higher levels of VEGF-A in the small intestine tissue of patients
with COVID-19 compared to healthy people. At the same time,
only VEGF-A was significantly elevated, in contrast to VEGF-B
and VEGF-C, whose levels remained unchanged [14].

However, these data also have some contradictions to the re-
sults of other researchers. Thus, according to some authors [7,8],
in patients with COVID-19, the level of VEGF-B remained almost
unchanged, and the level of VEGF-D was even lower compared to
healthy individuals and had an inverse correlation with the assess-
ment of multiorgan damage. However, other researchers, on the
contrary, demonstrated that the level of VEGF-D elevation is the
most important indicator in assessing the severity of the disease,
even more informative than D-dimer, interleukin-6 levels, and the
absolute number of lymphocytes in the peripheral blood [10].

Thus, the above indicates the need for studies to determine
the clinical, pathogenetic and prognostic significance of VEGF in
the serum of patients with coronavirus disease (COVID-19) with
pneumonia in relation to the parameters of immune inflammation
and haemostasis in assessing the probable unfavourable course
of the disease.

Aim

To find out the clinical, pathogenetic and prognostic signifi-
cance of vascular endothelial growth factor in the blood serum
of patients with coronavirus disease with pneumonia in relation
to the parameters of immune inflammation and haemostasis in
assessing the risk of death.

Material and methods

The study included 123 patients with coronavirus disease
(COVID-19) with pneumonia. In all patients, the diagnosis was
etiologically confirmed by the detection of RNA-SARS-CoV-2 by
polymerase chain reaction, and the presence of pneumonia was
confirmed by imaging methods (CT-scan or chest X-ray radiogra-
phy). The patients’ age ranged from 29 years to 88 years. There
were 57 men and 66 women. All patients underwent inpatient
treatment in Municipal Non-Profit Enterprise “Regional Infectious
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Table 1. Dynamics of VEGF (total form) content in the blood serum of patients with coronavirus disease (COVID-19) with pneumonia based on the

consequences of the disease

Parameter, units of
measure

Healthy people,

n=20 subsequently

Patients during hospitalisation who

Patients in the dynamics after 7 days,
who subsequently

recovered, n =77

died, n =46 recovered, n =77 died, n =46

VEGF, Me [Q25; Q75] pg/ml | 13.08 [10.50; 14.96]

32.04[20.07; 51.11]'

62.82[39.99; 93.75]'2 | 50.58 [33.84; 62.50]"* | 72.58 [63.20; 81.19]"2

1: the difference is significant compared to healthy people (p < 0.05); 2: compared to patients who subsequently recovered during the relevant
follow-up period (p < 0.05); 3: compared to hospitalisation of patients in the corresponding group (p < 0.05).

Disease Clinical Hospital” of the Zaporizhzhia Regional Council.
Laboratory examination and treatment of patients was carried out
in accordance with the Order of the Ministry of Health of Ukraine
of 28.03.2020 No. 722 “Organisation of medical care for patients
with coronavirus disease (COVID-19)". Patients were included in
the study on a random basis and with informed consent.

Depending on the outcome of the disease, patients with
coronavirus disease (COVID-19) with pneumonia were divided
into groups: 77 patients who recovered and 46 patients who
died. A special study included the determination of the content
of vascular endothelial growth factor (VEGF) (total form) in the
blood serum by enzyme-linked immunosorbent assay according
to the instructions offered by the manufacturer (Immuno-Biological
Laboratories Co., Ltd., Japan). The immunoassay was conducted
at the Training Medical and Laboratory Center of Zaporizhzhia
State Medical and Pharmaceutical University (Supervisor —
R. O. Shcherbyna, PhD, DSc, Associate Professor). To identify
the diagnostic role of VEGF level in predicting the development of
a lethal outcome of the disease, its level in the serum of patients
at hospitalization and after 7 days of treatment was studied. The
control group consisted of 20 healthy individuals.

Statistical processing of the obtained data was performed
using the software Statistica for Windows 13 (StatSoft Inc.,
No. JPZ8041382130ARCN10-J). The normality of the distribution
was assessed using the Shapiro-Wilk test. The difference in the
distribution of the quantitative traits studied from the normal distri-
bution law led to the use of nonparametric statistical methods. The
results of quantitative data are presented in the form of median
and interquartile ranges Me [Q25; Q75]. To determine the diffe-
rences between quantitative features in the independent groups,
the Mann-Whitney test was used, in the dependent groups — the
Wilcoxon test, and between qualitative features — the x? test. To
establish the diagnostic significance of VEGF in predicting the
probability of death in COVID-19 with pneumonia, a ROC analysis
was performed to determine the threshold level. Spearman’s cor-
relation was used to establish relationships between quantitative
features, and gamma correlation was used between quantitative
and qualitative features, respectively. Differences at p < 0.05 were
considered significant.

Results

According to the results of the studies, it was found that in
patients with COVID-19 pneumonia of both study groups, the
level of VEGF (total form) in the blood serum was statistically
significantly higher (p < 0.05) compared to healthy people during

the entire observation period. At the time of hospitalization on day
9.0[7.0; 12.0] of the disease, in patients who later died, the level
of VEGF in the blood serum was 1.9 times higher (p < 0.05) than
in patients who later recovered. This pattern remained after 7 days
of observation, namely, the level of VEGF in the blood serum
was 1.4 times higher (p < 0.05) in patients with an unfavourable
outcome (Table 1).

Considering the established pattern of changes in the content
of VEGF (total form) in the serum of patients with COVID-19
pneumonia in the dynamics depending on the outcome of the
disease, we performed a ROC analysis at different follow-up
periods to establish the diagnostic significance in assessing the
probability of the risk of death. According to the results of the
ROC analysis, it was found that at the time of hospitalisation, the
threshold level of VEGF in the blood serum was >32.04 pg/ml
(AUC = 0.842, p <0.001). That is, exceeding this level indicated
a high probability of death in the future (sensitivity — 100 %,
specificity — 54.17 %) (Fig. 1A). The analysis of the diagnostic
relevance of this indicator after 7 days of treatment showed that
atits level >58.79 pg/ml (AUC = 0.899, p < 0.001), patients with
COVID-19 pneumonia had a high probability of death (sensitivity
-92.86 %, specificity — 72.00 %) (Fig. 1B).

An analysis of the incidence of thrombotic complications in
patients with coronavirus disease (COVID-19) with pneumonia
showed that one in ten patients (9.8 %) developed thrombotic
complications, namely ischemic stroke, myocardial infarction and
pulmonary embolism. One patient had a combination of ischemic
stroke and myocardial infarction. The incidence of thrombotic
complications was clearly associated with an unfavourable out-
come of COVID-19. Thus, the development of thrombotic com-
plications was statistically significantly more common in patients
with a fatal course of the disease compared to patients who had
recovered (18.4 times, x?= 16.73, p = 0.000001). In addition,
myocardial infarction (x2=8.72, p = 0.003) and pulmonary embo-
lism (x*=6.63, p = 0.01) were more common in the unfavourable
course of COVID-19 than in patients who recovered (Table 2).

The GAMMA correlation analysis allowed us to establish the
relationship between the development of thrombotic complica-
tions and the level of VEGF increase in the blood serum, both at
the time of hospitalisation (gamma +0.32, p < 0.05), and after 7
days of treatment (gamma +0.37, p < 0.05), which confirmed the
clinical and pathogenetic relationship of changes in the level of
VEGEF (total form) in the blood serum of patients with COVID-19
with pneumonia in the formation of thrombotic complications.

We considered the established patterns of changes in VEGF
content in the blood of patients with COVID-19 pneumonia in
the dynamics in relation to the progression of thrombotic com-
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Fig. 1. Diagnostic significance of VEGF (total form) in the serum of patients with COVID-19 pneumonia at hospitalisation (A) and after

7 days of treatment (B) in assessing the probability of death.
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Fig. 2. Diagnostic significance of VEGF (total form) in the serum of patients with COVID-19 pneumonia at hospitalisation (A) and after
7 days of treatment (B) in assessing the risk of developing thrombotic complications.

plications. To establish the diagnostic significance in assessing
the likelihood of their development, we have performed a ROC
analysis at different follow-up periods. It was found that at the
moment of hospitalisation, the level of VEGF (total form) in the
blood serum was not prognostic of the risk of developing throm-
botic complications (AUC = 0.657, p = 0.08) (Fig. 2A). However, in
the dynamics of 7 days of treatment, the information value of this
indicator became statistically significant. With serum VEGF level
>51.91 pg/ml (AUC = 0.680, p = 0.019), patients with COVID-19
pneumonia were at risk of developing thrombotic complications
(sensitivity — 100 %, specificity — 35.39 %) (Fig. 2B).
Comparative analysis of acute inflammatory response and
haemostasis in patients with COVID-19 pneumonia depending
on the course of the disease indicated that at the time of hospita-
lization on 9.0 day [7.0; 12.0] of illness in patients who later died,
acute inflammatory changes and signs of hypercoagulability were
more pronounced than in patients who later recovered, which
was confirmed by a higher (p < 0.05) level of C-reactive protein

(CRP), the ratio of absolute neutrophils to absolute lymphocytes
(N/L) and the content of D-dimer in the blood (Table 3).

In the dynamics of observation after 7 days in patients who
later recovered, there was a decrease in serum CRP levels
(3.6 times, p < 0.05), an increase in lymphocytes (p < 0.05),
a decrease in N/L (p < 0.05) in combination with a decrease
in fibrinogen content (1.4 times, p < 0.05) and an increase in
platelet count (p < 0.05). In contrast to patients who recovered,
in patients with COVID-19 pneumonia who subsequently died, in
the dynamics of observation after 7 days there was an increase
in leukocytosis (2.6 times, p <0.01), an increase in the absolute
number of neutrophils (2.7 times, p < 0.01), a decrease in the
relative (2.5 times, p < 0.01) number of lymphocytes and, ac-
cordingly, an increase in the N/L ratio (2.6 times, p <0.01), which
was combined with a sharp increase in the content of D-dimer
(6.8 times, p < 0.05) (Table 3).

Comparison of acute inflammatory response and haemo-
stasis in patients with COVID-19 pneumonia depending on the
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Table 2. Comparison of the frequency and list of thrombotic complications in patients with coronavirus disease (COVID-19) with pneumonia

depending on the outcome of the disease

Thrombotic complications, abs. (%) COVID-19 patients with | COVID-19 patients with pneumonia

pneumonia, n = 123 .
recovered, n =77 died, n = 46

The presence of thrombotic complications, 12 (9.8) 1(1.3) 11 (23.9)

including:

— ischemic stroke 4(3.3) 1(1.3) 3(6.5)

— myocardial infarction 5(4.1) - 5(10.9)

— pulmonary embolism 4(3.3) - 4(8.7)

— combination of thrombotic complications 1(0.8) - 1(9.1)

*: the difference is significant compared to patients who recovered during the corresponding follow-up period (p < 0.05).

Table 3. Dynamics of the main indicators of acute inflammatory response and haemostasis in patients with COVID-19 pneumonia depending on

the course of the disease, Me [Q25; Q75]

Indicator, units of measure

Patients during hospitalisation

who subsequently

who subsequently

Patients in the dynamics after 7 days,

recovered, n =77

died, n =46

recovered, n =77

died, n =46

Indicators of acute inflammatory reaction

CRP mg/L

53.45 [34.90; 114.10]

131.40 [67.4; 180.0]'

15.0 [5.00; 27.5]2

84.75 [25.95; 161.50]'

Leukocytes, x10°/L 6.5[4.8; 9.0] 6.9[4.6; 9.6] 8.0[6.0;9.2] 18.1[12.1; 28.2]"2
Neutrophils, x10°/L 5.46 [3.67;7.74] 6.25 [3.96; 8.73] 6.01[4.19; 7.56] 16.96 [11.76; 25.73]"2
Lymphocytes, % 12.0[9.0; 22.0] 10.0[7.0; 16.0] 19.0[14.0; 26.07 4.0[3.0;7.0"2
Lymphocytes, x10°/L 0.906;1.2] 0.8[0.5; 1.0] 13[1.1: 1.8p 0.8[0.6; 1.1]

N/L

6.44 [3.30; 10.00]

8.15 [4.98; 12.96]'

4.40 [2.56; 6.40]

21.33[11.83; 32.22]'2

Haemostatic parameters

Prothrombin index, %

110.0 [98.4; 124.0]

107.1[94.8; 123.6]

104.1[92.4; 119.1]

90.0 [69.0; 101.7]'2

International normalized ratio 0.94[0.87; 1.04] 0.9310.83; 1.03] 0.96 [0.89; 1.05] 1.07 [0.99; 1.26]"?
Fibrinogen, g/L 52[3.9;5.9] 5.6[4.3;6.3] 3.8[2.9; 4,5P 5.0[3.8; 6.1]'
D-dimer, pg/ml 0.9[0.5; 1.8] 1.3[0.9; 2.3]' 1.3[0.6; 2.3] 8.8[3.7;21.4]"2

Platelets, x10°/L

220.0[181.0; 287.0]

204.0[158.0; 251.0]

283.0 [224.0; 332.0?

219.5[148.0; 303.0]'

1: the difference is significant compared to patients who subsequently recovered during the relevant follow-up period (p < 0.01); 2: compared to

hospitalisation of patients in the corresponding group (p < 0.05).

course of the disease after 7 days of treatment showed a sta-
tistically significant greater severity of these changes in patients
with an unfavourable outcome. Namely, in patients who later
died, in contrast to patients who later recovered, the CRP con-
tent, leucocytosis, absolute neutrophils count, N/L ratio, D-dimer
level (6.8 times, p < 0.05) were statistically significantly higher
(p<0.05) and the relative and absolute lymphocyte counts were
lower (p < 0.05) (Table 3).

Spearman’s correlation analysis allowed us to establish
the relationship between the level of increase in serum VEGF
(total form) with indicators of acute inflammatory response and
haemostatic parameters both at the time of hospitalisation and
in the dynamics in patients with COVID-19 pneumonia. The
level of increased serum VEGF (total form) was associated
with a decrease in oxygen saturation (r = -0.24, p < 0.05) at the

moment of hospitalization on day 9.0 [7.0; 12.0] of the disease.
This indicated the role of this growth factor in the progression
of lung damage in patients with COVID-19 pneumonia. VEGF
(total form) level in the blood serum had correlations with the
level of CRP (r = +0.31, p < 0.05), relative (r = -0.29, p < 0.05)
and absolute (r =-0.37, p < 0.05) blood lymphocyte count at the
time of hospitalisation. When assessing the correlations in the
dynamics after 7 days of treatment, it was noted that there were
correlations between the level of increase in VEGF in the blood
serum and indicators of acute inflammatory response, namely,
CRP level (r = +0.35, p < 0.05), total leukocyte count (r = +0, 47,
p < 0.05), absolute number of neutrophils (r = +0.50, p < 0.05),
relative (r=-0.53, p <0.05) and absolute (r=-0.29, p <0.05) num-
ber of blood lymphocytes, N/L ratio (r =-0.50, p < 0.05), as well
as with haemostatic parameters, namely fibrinogen (r = +0.24,
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p < 0.05) and D-dimer (r = +0.54, p < 0.05). The established
correlations allowed us to confirm the clinical and pathogenetic
role of increased levels of VEGF (total form) in the blood serum
in the progression of the disease in patients with coronavirus
disease (COVID-19) with pneumonia.

Discussion

According to the results of our study, we found a high level of
VEGEF (total form) in the blood serum of patients with COVID-19
with pneumonia during the entire observation period compared
with healthy people (p < 0.05). At the same time, the level of
increase in VEGF depended on the subsequent outcome of the
disease, namely, during hospitalisation in patients who later died,
the level of VEGF in the blood was 1.9 times higher (p < 0.05)
than in patients who later recovered. This pattern persisted after
7 days of observation.

Our data are consistent with the results of other studies
[15,16], which also found that VEGF can be considered one of
the key factors involved in the progression of COVID-19, and its
sharp increase correlates with the course of the disease. In the
current literature, there is even a certain explanation for the signi-
ficantincrease in the level of VEGF-Ain the blood of patients with
COVID-19. It is assumed that the S-protein of SARS-CoV-2 has
the ability to bind to neuropilin-1, which is usually a co-receptor
for VEGF-A. That is, since S-protein is able to antagonise the
interaction of VEGF-Awith neuropilin-1, this can lead to disruption
of physiological pathways involved in angiogenesis. As a result
of the above mechanism, the content of freely circulating forms
of VEGF-A in the blood may increase, which can then bind to
other receptors, which in turn can cause diffuse microvascular
damage [17,18,19,20]. The authors believe that an excess of
VEGF-A can also lead to remodelling of the interstitial spaces
of the myocardium, which probably explains the development of
cardiac arrhythmias in a number of patients with COVID-19 [21].

In our study, we assessed the diagnostic value of VEGF (total
form) level elevation in predicting the risk of adverse outcome.
Namely, using ROC analysis, we calculated the threshold VEGF
levels in the blood at different periods of observation, the excess
of which indicates a high risk of fatal outcome. We had calculated
threshold VEGF (total form) level in the blood was >32.04 pg/ml
(AUC = 0.842, p < 0.001) at the moment of hospitalisation on
day 9.0 [7.0; 12.0] of the disease. In the literature, we found a
study [9], in which the authors determined the prognostic value
of another member of the VEGF family, namely placental growth
factor in the blood plasma of patients with COVID-19. The re-
searchers proved that the level of placental growth factor increase
had a direct correlation with the severity of the disease and also
calculated the threshold level of placental growth factor, which
was 30 pg/ml, exceeding which was determined to be the best
predictor of in-hospital mortality in patients with COVID-19 [9].

According to the results of our study, we have established a
correlation between the development of thrombotic complications
and the increase in the level of VEGF (total form) in the blood,
both at the moment of hospitalisation (gamma +0.32, p < 0.05),
and after 7 days of our treatment (gamma +0.37, p < 0.05), which
confirmed the clinical and pathogenetic relationship of changes

in the VEGF level in the blood of COVID-19 patients with pneu-
monia in the formation of thrombotic complications. The immune
mechanism of procoagulant changes and, consequently, the
formation of thrombotic complications is supported not only by
their higher frequency of development in the unfavourable course
of the disease (18.4 times, p = 0.000001) compared with patients
who recovered, but also by statistically significantly higher rates
of both acute inflammatory response and haemostatic param-
eters during the specified observation period. The clinical and
pathogenetic role of VEGF in the progression of COVID-19 with
pneumonia is proved by the established statistically significant
correlations with oxygen saturation, acute inflammatory param-
eters and haemostatic parameters.

Currently, coagulation disorders and thrombotic complications
are perceived as the dominant manifestations of endothelial
dysfunction in severe COVID-19 [22]. It is known that one of the
main functions of the endothelium at rest is to prevent unneces-
sary thrombosis, while procoagulant effects can be caused by
activated endothelial cells due to virus infection [23]. Already at
the beginning of the COVID-19 pandemic, there were numerous
reports of coagulation disorders in patients with SARS-CoV-2
infection. At the same time, alveolar capillary microthrombi were
recorded 9 times more often in patients with COVID-19 than in
patients with influenza [24]. According to researchers [2], 57 %
of patients with COVID-19 had pulmonary microthrombi, and in
15 % of autopsies of those who died as a result of COVID-19,
thrombosis of medium and large pulmonary vessels was detected.

Even though activation of the VEGF pathway is not exclusive
to COVID-19, a comparison of VEGF expression in SARS-CoV-2
infection and other respiratory viral infections of other etiologies
has revealed different trends. Thus, in a study [25], when as-
sessing immune changes in patients with moderate and severe
COVID-19 course and pandemic influenza A(H1N1), a higher
expression of VEGF in the serum of patients with COVID-19
was found. Similar results were obtained by other researchers
[26], who demonstrated that children hospitalised for COVID-19,
respiratory syncytial infection, influenza, and adenovirus infection
had elevated levels of various cytokines, but only VEGF was
significantly associated with COVID-19.

One of the latest findings in the progression of COVID-19 is
pathological angiogenesis [1]. In the formation of clinically signi-
ficant forms of coronavirus disease, there is an overexpression
of various proangiogenic factors, such as VEGF, a fibroblast
growth factor, in both plasma and lung biopsy of patients with
COVID-19 [1]. Itis believed that hypoxia and ischemia stimulate
the production of growth factors that promote angiogenesis, with
VEGEF being one of the key angiogenic factors that contributes to
the formation of new blood vessels based on existing ones [27].
It has been proven that age and gender do not have a significant
effect on the level of VEGF, while factors leading to hypoxia or
endothelial damage stimulate an increase in its concentration [28].

Based on an understanding of the role of VEGF in the deve-
lopment of acute respiratory distress syndrome in SARS-CoV-2
infection, a clinical trial of monoclonal recombinant antibodies tar-
geting VEGF (bevacizumab) was even launched during the pan-
demic, targeting VEGF (bevacizumab) in the treatment of severe
lung damage in patients with critical course of COVID-19 [29].
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Conclusions

1. In patients with COVID-19 pneumonia, the level of serum
VEGEF (total form) elevation is associated with the outcome of the
disease. At hospitalisation on day 9.0[7.0; 12.0] of iliness, a serum
VEGF level >32.04 pg/ml (AUC = 0.842, p < 0.001) indicates a
high risk of adverse outcome, and after 7 days of treatment, with
a VEGF level >58.79 pg/ml (AUC = 0.899, p < 0.001), there is a
high probability of death.

2. There is a correlation between the development of throm-
botic complications and the level of increase in VEGF (total form)
in the blood serum both at the time of hospitalisation (gamma
+0.32, p < 0.05) and after 7 days of treatment (gamma +0.37,
p < 0.05). The development of thrombotic complications is more
common in patients with a fatal outcome than in patients who
recovered (18.4 times, p = 0.000001). The level of VEGF in
the blood serum >51.91 pg/ml (AUC = 0.680, p = 0.019) has
prognostic significance for assessing the risk of developing
thrombotic complications only in the dynamics after 7 days of
hospital treatment.

3. The clinicopathogenetic role of increased serum VEGF
(total form) in the progression of the disease in patients with
COVID-19 pneumonia is demonstrated by statistically significant
correlations (p < 0.05) of VEGF with oxygen saturation in the air
at the moment of hospitalisation, as well as with the main acute
inflammatory parameters and haemostasis parameters both
at the time of hospitalisation and in the dynamics of treatment.

Prospects for further research. In our opinion, the prospects
for further research in this area are to develop medical methods of
correction of endothelial dysfunction in patients with coronavirus
disease (COVID-19) with pneumonia.
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Aim. Assessment of the efficacy and safety of apixaban in preventing thromboembolic complications in patients
with nephrotic syndrome caused by primary glomerulonephritis.

Materials and methods. We conducted a prospective longitudinal cohort study involving 125 patients with
glomerulonephritis and nephrotic syndrome. According to the inclusion criteria, patients had to be over 18 years
of age, diagnosed with nephrotic syndrome within the last month, and have an estimated glomerular filtration
rate greater than 60 ml/min/1.73 m2. The study population was divided into two cohorts for comparison: one
group (62 patients) received prophylactic anticoagulation with warfarin, while the other group (63 patients) was
administered apixaban at a dose of 5 mg twice daily. The observation period was 6 months.

Results. During the observation period, no thromboembolic events were reported in either group, indicating the
effectiveness of both treatments. However, minor bleeding events were significantly more frequent in the warfarin
group than in the apixaban group (p = 0.003). These findings suggest that apixaban is associated with a lower
risk of bleeding while maintaining effective thromboembolic prevention.

Conclusions. This study highlights that apixaban is a potentially better alternative to warfarin for thromboprophylaxis
in patients with nephrotic syndrome and glomerulonephritis, particularly in those at high thromboembolic risk.
Further randomized controlled trials are recommended to confirm these findings and optimize anticoagulation
strategies for this population.
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Be3neka W epeKTMBHiCTb anikcabaHy y nauieHTiB
i3 rnomepyroHeppPUTOM | HEPPOTUUHUM CUHAPOMOM:
NPOCNEeKTUBHE NO3AOBXHE KOropTHE AOCAIAKEHHSA

I. C. Muxanowmko, P. . Aumwmn, I. 0. Ayaap, O. . TouaHtok, I. M. Kypuais

Merta po6oTu - oLiHUTK edekTUBHICTL | Beaneky anikcabaHy y npodinakTuui TpomboemboniYHNX yCknagHeHb y
nawjieHTiB i3 He()POTUYHUM CUHAPOMOM, LLIO PO3BUHYBCS BHACNILOK NEPBUHHOIO rOMEPYNOHEdPUTY.

Marepianu i meToau. 34iNCHANM NPOCNEKTUBHE NO3LOBXHE KOrOPTHE AOCHiMKEHHS 3a yyacTio 125 nauieHTis i3
rNOMePYNOHEPUTOM | HEHPOTUYHM CUHAPOMOM. KpuTepii 3amy4yeHHs — Bik noHag 18 pokis; AiarHo3 HedppoTny-
HWIA CUHAPOM, BCTAHOBIMEHUIA NPOTSTOM OCTaHHBOTO MICSILS; PO3paxyHKOBa LUBMAKICTL knybo4koBoi dinsTpauii
- noHap 60 mn/xe/1,73 m2. Monynsuito 4OCMIAKEHHS NOZINMNM Ha B KOTOPTW A1 MOPIBHSIHHSA: OfHa rpyna
(62 nauienTun) oTprMyBana NpodinakTUYHy aHTUKOAryNsHTHY Tepanito BapdapuHoM, iHwwa rpyna (63 nauieHTn)
ofepxyBana anikcabaH y gosi 5 Mr agivi Ha go6y. MNepion cnocTepexeHHs CTaHOBMB 6 MicsILLiB.

PesyabTatu. [poTdrom nepiogy cnoctepexeHHs TpoMboemMboniyHuX ycknagHeHb He 3apeecTpOBaHO B X0A-
Hil i3 rpyn, WO niaTBEPIXKYE edekTUBHICTL 060X METOAiB NiKyBaHHS. [poTe He3HauHi KPOBOTeYi YacTille
BUSIBNSANM B rpyni BapdapuHy, Hix y rpyni anikcabaHy (p = 0,003). Lii peaynbtatu csigyarb, wWwo anikcabaH
acoLitoeTbCA 3 HKYMM PU3MKOM KPOBOTEY Npu 36epexeHHi edpekTnBHOT NpodinakTuki TpoM60embonivHNX
yCKnaaHeHsb.

BucHoeku. AnikcabaH € NOTEHLIAHO KpaLLolo ansTepHaTMBOK BapdapuHy Ans Tpombonpodinaktuku y
nauieHTiB i3 HEPPOTUYHUM CMHAPOMOM i FoMepynoHedPUTOM, 0COONMBO Cepea THX, XTO Ma€e BUCOKMIA
pu3nk Tpom6oembonivHNX ycknagHeHb. JOUiNbHUM € NPOAOBXEHHS PaHAOMI30BaHUX KOHTPONbOBAHMX
JOCNiKeHb ANs MiATBEPAXKEHHA LMX pesynbTaTiB Ta ONTMMI3auii cTpaTerin aHTUKoarynsaHTHoOI Tepanii
[ON8 TakuMxX NaLieHTIB.
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Nephrotic syndrome (NS), often a consequence of glomeru-
lonephritis (GN), is a clinical condition characterized by significant
proteinuria, hypoalbuminemia and edema [1]. One of the most
serious complications of NS is an increased risk of thromboem-
bolism, which is associated with a hypercoagulability. This state
arises from several pathophysiological mechanisms, including
the loss of antithrombotic proteins such as antithrombin Il ele-
vated levels of prothrombotic factors like fibrinogen and factor
VI, enhanced platelet activity, and endothelial dysfunction [2].
The risk of thromboembolism is particularly high in patients with
membranous nephropathy, with up to 36 % of these patients
experiencing venous thromboembolic events [3].

Low serum albumin levels (<20-25 g/L) are a strong pre-
dictor of thromboembolic events, such as deep vein thrombosis
and renal vein thrombosis [4]. Despite this recognized asso-
ciation, evidence is lacking to determine optimal strategies
for prophylactic anticoagulant therapy in this patient group,
including the identification of suitable candidates, timing
of therapy initiation, and duration of treatment [5]. Current
guidelines, such as those from KDIGO, suggest considering
thromboembolic prophylaxis in patients with severe hypoal-
buminemia, but these recommendations are not supported
by reliable high-quality evidence [6].

Traditional anticoagulant therapies, such as warfarin and
low-molecular-weight heparin, are commonly used to mitigate
thromboembolic risk in patients with NS, but they have significant
limitations. These include the need for constant monitoring, dietary
restrictions, and variability in therapeutic effects, especially in
patients with impaired renal function and proteinuria [7]. Warfarin,
in particular, is associated with a narrow therapeutic window and
an increased risk of bleeding, complicating its use in this patient
population [8].

Direct oral anticoagulants (DOACs), including apixaban, have
emerged as a promising alternative due to their convenience,
fixed dosage, and predictable pharmacokinetics [9]. Apixaban, a
factor Xa inhibitor, has minimal renal clearance and has demon-
strated efficacy in reducing thromboembolic risk. However, studies
assessing the efficacy and safety of apixaban in patients with NS,
especially those with severe hypoalbuminemia, remain limited,
highlighting the need for further research to confirm its suitability
in this context [10,11].

Aim
This study aims to evaluate the efficacy and safety of api-

xaban in preventing thromboembolic complications in patients
with nephrotic syndrome caused by primary glomerulonephritis.

Materials and methods

This prospective longitudinal cohort study included 125
patients with glomerulonephritis (GN) and nephrotic syndrome
(NS) treated at the Ivano-Frankivsk Regional Clinical Hospital
(Ukraine) between 2022 and 2024. The study adhered to inter-
national ethical standards, including obtaining informed consent,
ethical considerations, and appropriate handling of biomaterials,
in line with the WMA Declaration of Helsinki (Ethical Principles for

Medical Research Involving Human Subjects) and the UNESCO
Universal Declaration on Bioethics and Human Rights. The
research protocol was approved by the ethics committee of
Ivano-Frankivsk National Medical University, and all participants
provided written informed consent.

The study enrolled 125 patients, including 102 men (81.6 %;
95 % CI: 71.0-89.5) and 23 women (18.4 %; 95 % Cl: 10.5-29.0),
with a median age of 45 years (IQR: 40—49). Inclusion criteria
were: age 218 years, diagnosis of NS within the past month, and
an estimated glomerular filtration rate (€GFR) >60 ml/min/1.73 m?.
Exclusion criteria included: unwillingness to participate, age <18
years, systemic connective tissue diseases, systemic vasculitis,
type 1 or type 2 diabetes mellitus, history of thromboembolic or
cardiovascular events, chronic heart failure (NYHA class llI-IV),
acute infections of any origin, malignancies, acute or chronic liver
failure, and mental health disorders.

The clinical diagnosis of GN and NS was established accord-
ing to standard diagnostic criteria and guidelines for managing
glomerular diseases, including the KDIGO 2021 recommenda-
tions [6]. All patients underwent comprehensive clinical exami-
nations, laboratory tests, and imaging studies.

Morphological confirmation of GN revealed the following
histological subtypes: 34 patients (27.2 %; 95 % CI 18.0-39.1)
with membranous GN, 29 patients (23.2 %; 95 % Cl 20.2-41.9)
with mesangioproliferative GN, 27 patients (21.6 %; 95 % ClI
10.5-29.0) with focal segmental glomerulosclerosis, 21 patients
(16.8 %; 95 % Cl1 7.5-24.4) with minimal change disease, and 14
patients (11.2 %; 95 % CI 3.8-18.1) with membranoproliferative
(mesangiocapillary) GN.

Treatment was selected depending on the histological vari-
ant of GN and included pathogenetic therapy such as glucocor-
ticosteroids and cytostatics. Furthermore, all patients received
either angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers. Additionally, 56 patients (44.8 %; 95 % Cl:
36.1-53.5) were treated with sodium-glucose cotransporter-2
inhibitors.

Prophylactic anticoagulation was guided by KDIGO re-
commendations [6] and the algorithm proposed by Lin et al., con-
sidering the underlying cause of NS, serum albumin levels, and
bleeding risk. Bleeding risk was assessed using the HAS-BLED
scoring system, categorizing patients into low, moderate, or
high-risk groups. Anticoagulation was initiated in patients with
low-to-moderate bleeding risk based on serum albumin thresh-
olds: <30 g/L for membranous nephropathy and <25 g/L for other
GN subtypes [12].

The studied patient population were divided into two groups:

—Group | (n = 62) received warfarin with regular international
normalized ratio monitoring.

— Group Il (n = 63) received apixaban at 5 mg twice daily. A
reduced dose of 2.5 mg twice daily was prescribed for patients
weighing <60 kg.

The duration of anticoagulation ranged from 1 to 6 months,
based on the time required to achieve NS remission. Patients
were followed up for six months, starting from the date of informed
consent. The primary endpoint was mortality regardless of cause,
while secondary endpoints included thromboembolic events,
cardiovascular events, and major bleeding episodes.
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Table 1. The main characteristics of the studied groups

Parameter, units of measurement I group, n = 62 Il group, n =63 p-value
Age, years (Me (Q25; Q75)) 42 (36; 48) 48 (42; 51) 0.369
Sex, male (%; 95 % Cl) 80.6 (70.8-90.4) 82.5(73.1-91.9) 0.821
Sex, female (%; 95 % CI) 19.4 (9.5-29.1) 17.5(8.1-26.8) 0.821
Membranous GN (%; 95 % CI) 27.4 (17.8-39.5) 27.0 (17.5-39.0) 1.000
Mesangioproliferative GN (%; 95 % Cl) 22.5(13.9-34.4) 23.8 (15.0-35.6) 1.000
Focal segmental glomerulosclerosis (%; 95 % CI) 22.5(13.9-34.4) 20.6 (12.5-32.2) 1.000
GN with minimal changes (%; 95 % Cl) 16.1(9.0-27.2) 17.4 (10.0-28.6) 1.000
Mesangiocapillary GN (%; 95 % Cl) 11.2 (5.6-21.5) 11.1(5.5-21.2) 1.000
Creatinine, pmol/L (Me (Q25; Q75)) 98.5 (71.4; 112.3) 95.2 (75.2;110,8) 0.738
Urea, mmol/L (Me (Q25; Q75)) 74(5.8;8.7) 7.8(6.1;8.3) 0.842
Total cholesterol, mmol/L (Me (Q25; Q75)) 7.2 (6.5; 8.8) 6.9 (6.2; 8.4) 0.687
Serum albumin, g/L 23 (18; 26) 22 (16; 25) 0.853
eGFR, mli/min/1.73 m* (Me (Q25; Q75)) 62 (37; 92) 66 (43; 94) 0.761
DPE, g/day (Me (Q25; Q75)) 5.6 (4.8;7.5) 6.2(5.2,7.8) 0.424
D-dimer, mg/L (Me (Q25; Q75)) 1.26 (0.85; 1.85) 1.35(0.87; 2.13) 0.342
Platelet Count, x10°/L (Me (Q25; Q75)) 248 (187; 266) 252 (214; 315) 0.252
INR (Me (Q25; Q75)) 0.9(0.8; 1.0) 1.0(0.9; 1.1) 1.000
APTT, s (Me (Q25; Q75)) 45 (36; 50) 46 (41; 51) 0.843
PT, s (Me (Q25; Q75)) 12 (11;13) 12 (11; 14) 1.000
Fibrinogen, g/L (Me (Q25; Q75)) 45(3.8;5.2) 48(4.1;54) 0.793

Cl: confidence interval; DPE: daily protein excretion; GFR: glomerular filtration rate; INR: international normalized ratio; APTT: activated partial

thromboplastin time; PT: prothrombin time.

Statistical analysis was performed using Statistica 8 software
(StatSoft, Serial No. STA862D175437Q). Qualitative variables
were presented as absolute and relative frequencies with 95 %
confidence intervals (CI). Quantitative variables were analyzed
using the Shapiro-Wilk test to assess distribution. Data with a
normal distribution were expressed as mean + standard deviation
(M £ SD), and non-normally distributed data were reported as
median and interquartile range (Me [Q25-Q75]). Comparisons
between groups were conducted using: Student’s t-test for
normally distributed quantitative data, Mann-Whitney U-test for
non-normally distributed data, Fisher’s exact test for differences
in qualitative variables. A p-value of <0.05 was considered sta-
tistically significant. Odds ratios were calculated with 95 % Cls
to quantify differences between groups.

Results

The main demographic, clinical, and laboratory characteristics
of the patients are presented in Table 1.

As presented in Table 1, the baseline demographic and
clinical characteristics showed no significant differences between
the two study groups.

The duration of prophylactic anticoagulation varied between
1 and 6 months, depending on the time required to achieve

remission of NS, with a mean duration of 126 (95; 167) days in
group | and 112 (84; 148) days in group Il (p = 0.124).

No thromboembolic events were observed in any of the
study groups during the observation period. However, bleeding
episodes were reported in 9 patients (14.5 %; 95 % CI: 5.8-23.3)
in the group | and 2 patients (3.2 %; 95 % CI: 0.0-7.5) in the
group I, with a statistically significant difference between the
groups (p = 0.03).

The incidence of bleeding events was significantly higher in
the warfarin group compared to the apixaban group. Specifically,
the probability of bleeding was 0.170 in the warfarin group and
0.033 in the apixaban group. The resulting odds ratio was 5.18
(95 % CI: 4.92-5.45: p = 0.03), this suggests that patients receiv-
ing warfarin were approximately 5.18 times more likely to expe-
rience a bleeding event compared to those receiving apixaban.

All bleeding events were classified as minor according to the
criteria established by the International Society on Thrombosis
and Haemostasis (ISTH). The reported episodes included cases
of epistaxis, gingival bleeding, menorrhagia, and subcutaneous
hemorrhage. It is important to note that none of these bleeding
events required medical intervention or led to discontinuation of
the study drug. Furthermore, no deaths were registered among
the study participants during the entire observation period.
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Discussion

The management of thromboembolic risk in patients with
NS remains a significant clinical challenge, particularly in the
context of hypoalbuminemia and impaired renal function [8].
Despite established recommendations for thromboprophylaxis
in high-risk patients with NS, robust evidence from large-scale
randomized controlled trials is lacking [13]. Current data on
thromboprophylaxis largely originates from retrospective studies
and case series, often involving traditional anticoagulants such
as heparin and warfarin. For instance, a study by S. Kelddal et al.
reported a complete absence of venous thromboembolic events
in patients receiving anticoagulation compared to a 9 % incidence
in non-anticoagulated patients. However, some patients treated
with anticoagulants have experienced bleeding complications,
although minor, highlighting the need to balance efficacy and
safety [14].

Our findings demonstrate that both apixaban and warfarin
were effective in preventing thromboembolic events during the
6-month observation period. These results align with previous
studies suggesting that prophylactic anticoagulation significant-
ly reduces thrombotic risk in patients with NS. The absence of
thromboembolic events in our cohort underscores the importance
of early and targeted anticoagulation therapy for high-risk patients.

DOACs offer multiple advantages, including fixed dosage,
predictable pharmacokinetics, and a reduced need for routine
monitoring. These characteristics are particularly advantageous in
patients with NS, who often experience renal failure and variable
anticoagulant responses due to hypoalbuminemia [15].

Apixaban stands out among DOACs due to its minimal renal
clearance, making it particularly suitable for patients with impaired
renal function. The ARISTOPHANES study demonstrated its ef-
ficacy and safety in reducing thromboembolic events in patients
with atrial fibrillation and renal dysfunction [16].

Additionally, studies such as that by T. Van Meerhaeghe
et al. emphasized apixaban’s predictable pharmacokinetics,
even in hypoalbuminemic condition, and demonstrated its
ability to provide effective anticoagulation with a reduced risk of
bleeding compared to traditional therapies [17]. Despite these
encouraging findings, significant knowledge gaps persist. The
pharmacodynamics and clinical efficacy of apixaban in extreme
hypoalbuminemia (<20 g/L), a hallmark of severe NS, remain
poorly understood. Furthermore, while observational studies
suggest a favorable safety and efficacy profile, the lack of large-
scale randomized controlled trials limits the generalizability of
existing data [18,19]. Studies like those by M. Wei et al. have
called for further exploration of DOAC pharmacokinetics in the
context of severe proteinuria to better understand their behavior
in this high-risk population [20]. Comparative studies with other
DOACs, such as rivaroxaban, could provide further insights into
the optimal choice of anticoagulant for this population.

Our study supports the use of apixaban as a viable alternative
to warfarin for thromboprophylaxis in patients with NS, particularly
those at high risk of thromboembolism and bleeding complica-
tions. By minimizing bleeding risks and simplifying treatment
regimens, apixaban has the potential to improve adherence and
outcomes in this vulnerable population.

Conclusions

1. This study highlights the favorable safety and efficacy
profile of apixaban as a prophylactic anticoagulant in patients
with GN and NS. During the follow-up period, no thromboembolic
events were reported in either treatment group, emphasizing
the effectiveness of anticoagulation in this high-risk population.

2. Bleeding complications, which were all classified as minor
and did not require medical intervention or therapy discontinua-
tion, were significantly more frequent in the warfarin group com-
pared to the apixaban group (p = 0.003). These results indicate
that apixaban offers a safer bleeding profile while maintaining
effective thromboembolic prevention.

3. Overall, this study supports apixaban as a potentially better
alternative to warfarin for thromboprophylaxis in NS, particularly
in patients at elevated risk of thromboembolic events.

Limitations. This study was conducted at a single center with
a relatively small sample size, which may limit the generalizability
of the findings. Additionally, the follow-up period was limited to
6 months, which may not capture long-term outcomes such as
delayed thromboembolic events or late-onset bleeding compli-
cations. Future multicenter studies with longer follow-up periods
are recommended to address these limitations and provide more
comprehensive data.

Prospects for further research. Future research should aim to
evaluate the long-term effects of apixaban in this population, par-
ticularly regarding delayed thromboembolic events and late-onset
bleeding complications. The study of biomarkers and individual
patient factors influencing thromboembolic and bleeding risks
could support the development of personalized anticoagulation
strategies. Additionally, studies on new anticoagulants with en-
hanced safety and efficacy in hypoalbuminemic conditions could
expand treatment options for high-risk patients.
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The aim of the study — to analyze and summarize information from the scientific literature on modern approach-
es to the management of patients with acute myocardial infarction and atrial fibrillation, as well as to identify
promising directions for research in this category of patients.

Materials and methods. \We searched in the scientometric systems of Google Scholar, PubMed, Cochrane Database,
conducted a synthesis, comparison, generalization and system-structural analysis of modern scientific literary sources.

Results. The analysis of information in the modern scientific literature demonstrates that patients with combined
cardiovascular pathology, in particular acute myocardial infarction with atrial fibrillation (AF), have a higher risk of
mortality, a higher frequency of repeated cardiovascular events and a severe course of the underlying disease,
which complicates the management of this category of patients. Despite all efforts to improve the AF management
system, in the last decade the incidence of AF continues to grow, the age of patients is decreasing, the number of
patients with two or more cardiovascular disease risk factors rises, which increases the frequency of AF-related
complications. The use of mobile applications to solve clinical tasks in patients with AF has proven its effective-
ness and is actively used in practice. Among the components of myocardial infarction and AF management,
revascularization, drug treatment and rehabilitation have the highest level of evidence and significantly reduce
mortality. It should be noted that existing rehabilitation protocols do not include restorative treatment programs
for patients with combined cardiovascular pathology. Different rehabilitation strategies for myocardial infarction
and atrial fibrillation create difficulties in managing these pathologies in combination.

Conclusions. Optimizing the management of patients with myocardial infarction and atrial fibrillation through the
development of rehabilitation programs will help unify the approach to this category of patients. The use of tele-
medicine elements for rehabilitation treatment will expand the limits of patients’ access to cardiac rehabilitation
resources, increase their adherence and improve treatment effectiveness.

Modern medical technology. 2025;17(1):46-50

CyuacHi ctparerii onTumi3sauii BeAeHHA naujieHTiB 3 iHpapkToM Miokapaa
Ta $ibpunnaLicto nepeacepAb

A. B. AeBULbKa, Y. A. AMUTEPKO

Merta pobotn - NpoaHani3ysatv 1 y3aranbHUTK BiGOMOCTI HAYKOBOI NiTepaTypy LIOJO Cy4acHUX Nigxoais Ao
MeHEeKMEHTY NavjieHTiB i3 rocTpM iHbapkToM Miokapaa Ta dibpunsuieto nepeacepab (Pr1), a Takox BU3HaUUTH
NepcneKkTUBHI HaNPAIMK JOCTIKEHb 3a YYaCTHO TaKX XBOPYIX.

Martepianu Ta MeToau. 3iiCHANN MOLLYK Y HaykomeTpuyHux cuctemax Google Scholar, PubMed, Cochrane
Database, a Takox CUHTE3, NOPIBHSAHHS, y3arasribHEHHS N CUCTEMHO-CTPYKTYPHWIA aHani3 BiZOMOCTEN Cy4acHUX
HayKOBMX NNiTepaTypHUX JKEPEN.

Pe3yAbTaTi. AHani3 BifOMOCTe Cy4acHOi HayKOBOI NiTepaTypy Nokasas, LU0 NaLieHTV 3 NOEAHAHOK CepLEBO-CY-
AVHHOI MaTonorieto, 30kpema rocTpum iHdapktom Miokapaa 3 ®f1, MatoTb BinbLUMIA PU3NK CMEPTHOCTI, BULLY
4acToTy MOBTOPHUX CEPLEBO-CYANHHUX MO i TSHKYMIA Nepebir OCHOBHOMO 3aXBOPHOBAHHS, LU0 YCKMAZHKE iX
MeHeDKMeHT. [onpm yci HamaraHHs NoKpaLLMTi cuctemy MeHemkMeHTy O, BIpogoBX 0CTaHHBOO AECATHPIYYS
30epiraeTbCst TEHAEHUS A0 36iMbLUEHHS KinbKOCTi BUNaZKiB 3aXBOPtOBaHHSA Ha @I, 3HKEHHS BiKy NaLieHTiB,
3BinbLUeHHs KiNbKOCTi XBOPYWX i3 KinbkomMa thakTopamu puanky cepLieBo-CyAMHHUX 3axBOptoBaHb. Lie nigsuiye
4acToTy ycKrnaaHeHb, Lo noB’s3aHi 3 Or1. 3actocyBaHHs MOBINbHUX 0AATKIB ANS BUPILLEHHS KNIHIYHUX 3aady y
navjeHTis i3 I 40BeN0 CBOK eHEKTUBHICTB 11 aKTUBHO 3aCTOCOBYETLCA Ha NpakTULi. Cepen CKNaoBuX MEHeMX-
MeHTY iHapkTy mMiokapaa Ta @I — peBackynsapuaauis Ta MeakaMeHTO3He NikyBaHHS, a Takox peabinitauis,
LLIO MaKTb HaWBULLMIA PIBEHb [JOKA30BOCTI Ta CYTTEBO 3MEHLLYIOTb CMEPTHICTb. YuHHI NpoTokonu peabinitaii
He BKMOYatoTb Mporpam BigHOBHOTO NiKyBaHHs ANs NaLieHTIB i3 NOEAHAHOK CepLeBO-CYANHHOK NaTOmMOTiE.
PisHa cTparerist peabinitaviitHnx 3axogis okpemo Ans iHapkTy miokapaa Ta dibpunsuii nepegcepab CTBOPOE
TPYAHOLL MEHEMKMEHTY Y NALIEHTIB i3 NOEAHAHHAM VX NaTomnorii.
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BucHoBku. ONTVMi3aLlist MEHEKMEHTY NaLieHTiB 3 iHhapkTom Miokapaa Ta dibpunsuieto nepeacepap LUNSXoM
po3pobreHHs nporpam peabinitaLii sonomoxe yHichikysaTy nigxig A0 NikyBaHHS Takux XBOPUX. 3aCTOCYBaHHS
€NEMEHTIB TeNeMeanLMHM Nig Yac 3axogiB 3 BiZHOBHOTO MikyBaHHS PO3LLMPUTL MeXi AOCTYMHOCTI NaLieHTIB 40
pecypcis kapgiopeabinitayii, NigBULLUTL IXHKO NPUXUIBHICTD Ta eheKTUBHICTL NiKyBaHHS.

CyuacHi mepuuHi TexHonorii. 2025. T. 17, Ne 1(64). C. 46-50

Cardiovascular diseases (CVD) in Ukraine have long
maintained a leading role among all causes of death (63.6 %),
while coronary heart disease (CHD) occupies the largest share
(70 %) in the structure of CVD mortality and is the main cause
of disability among people of working age [1,2]. According to the
statistical data of the European Society of Cardiology (ESC), the
contribution of CVD to the indicator of potential years of life with
disability caused by all non-communicable diseases is higher in
Ukraine than in European countries. Countries with a high level
of income are characterized by a decrease in the prevalence of
CVD, in contrast to Ukraine, where these indicators are constantly
increasing [3].

The introduction of modern technologies of medical and sur-
gical treatment of CHD allowed to achieve a reduction in mortality,
frequency and duration of hospitalization, and occurrence of re-
peated cardiovascular events. In recent decades, protocols for the
treatment of CHD, including acute coronary syndrome (ACS), have
been constantly updated. They provide a standard scheme of ACS
treatment and an individual approach to patients with comorbid
pathology. In this regard, recommendations for the management
of patients with arterial hypertension, diabetes mellitus, chronic
kidney disease, atrial fibrillation (AF), oncological diseases, anemia
or thrombocytopenia are included in a separate section [4].

Among all comorbid conditions, AF is important, because its
presence in patients with acute myocardial infarction (AMI) in-
creases mortality, prolongs hospitalization and worsens the quality
of life compared to patients without it [3,5], and the treatment
process of combined cardiovascular pathology, in particular, AMI
with AF, always has a worse course and prognosis and requires
greater resource and economic costs.

Aim

The aim of the study is to analyze and summarize information
from the scientific literature on modern approaches to the ma-
nagement of patients with acute myocardial infarction and atrial

fibrillation, as well as to identify promising directions for research
in this category of patients.

Materials and methods

We searched the scientometric systems of Google Scholar,
PubMed, Cochrane Database, conducted a synthesis, compa-
rison, generalization and system-structural analysis of modern
scientific literary sources.

Results

The combination of AMI and AF is often found in medical
practice and causes difficulties in the management of this category

of patients. The interaction of these pathological conditions results
in a mutual aggravation and is associated with an increased risk
of mortality [5]. According to observational studies, the frequen-
cy of AMI within a year in patients with AF ranges from 0.4 %
to 2.5 %, and this rate increases in the presence of additional
comorbidities: stable CHD — 11.5 % per year, vascular diseases
—4.47 % per year, heart failure — 2.9 % per year, surgical inter-
ventions on coronary arteries 6.3 % per year [6]. According to the
study by E. Z. Soliman et al. (2020) the presence of AF doubles
the risk of ST-segment elevation (STEMI) or non-ST elevation
myocardial infarction (NSTEMI), especially in women and black
people, although the prevalence of AF is higher among patients
with NSTEMI [7]. Along with this, AF is one of the most frequent
rhythm disorders complicating the course of ACS, its prevalence
ranges from 2 % to 23 %.

Today, the prevalence of AF in the world increases in direct
proportion to age. If only 1 % of people aged 50-60 years are
diagnosed with AF, then in 70-80 years it is found in every tenth
[8]. The population of AF patients is gender dependent and is
more common in men [7]. More than 1.5 million people with AF
are registered in Ukraine. According to data from cohort study, AF
increases the risk of mortality by 1.5-1.9 times after adjustment
for existing CVD, and also increases the risk of stroke, heart
attack, and the incidence of heart failure [9].

The triggering mechanism of AF paroxysms is the pathological
automatism of the trigger foci of the atria, which are most often
localized in the mouths of the pulmonary veins. According to the
mechanism of re-entry, multiple circles of myocardial excitation
are formed in the atria, which leads to remodeling of the atria,
enlargement of the heart chambers, hemodynamic disturbances
with the formation of wall blood clots in the auricle of the left
atrium. Numerous mechanisms of myocardial remodeling asso-
ciated with AF lead to left ventricular dysfunction and heart failure
(HF) development, consequently increasing the prevalence and
incidence of HF. AF and HF often coexist or can worsen each
other’s course, resulting in a significantly higher mortality than
either disease alone [10].

The occurrence of AF can be the result of many patholog-
ical processes — hemodynamic disorders, ischemia, metabolic
syndrome, exogenous or endogenous intoxication of the body
[11]. Despite the fact that the risk of AF development increases
with age and is more common in men, there are a number
of comorbidities that, according to research, also affect the
pathogenesis of AF initiation, including hypertension, diabe-
tes, HF, CHD, chronic kidney disease, obesity and obstructive
sleep apnea [11,12]. Along with this, a registry of patients with
AF was analyzed and found to be at risk of HF, cardiogenic
shock, stroke, acute kidney injury, vascular complications, need
for blood transfusion, and gastrointestinal or retroperitoneal
bleeding [12]. According to the ORBIT-AF study, non-cardiac
causes (43 %) and bleeding (8 %) were the common reasons
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for hospitalization of patients with AF, although cardiac causes
retained their leadership (49 %) [13].

In an analysis of the Fushimi Atrial Fibrillation Registry, the
most common causes of death among patients with AF were HF
(14.5 %), malignancy (23.1 %), and infection / sepsis (17.3 %),
while mortality related to stroke, was only 6.5 % [14]. The ob-
tained research data demonstrate the fact that despite standard
management of patients with AF, it is necessary to actively treat
comorbidities, which will affect AF-related mortality [15].

To solve the complex problem of effective management of
AF with various comorbidities, in particular the combination of
AF with AMI, the European Society of Cardiology constantly
updates protocols for patients with AF. The 2020 ESC Guidelines
for the diagnosis and management of atrial fibrillation provide
for individual tactics according to the presence of different forms
of AF, namely paroxysmal, persistent, long-standing persistent,
permanent, and newly detected [16].

Many studies are conducted to study the relationship between
various forms of AF and AMI. In most of them, AF often occurs on
the background of AMI and is associated with a higher combined
cardiovascular risk, higher all-cause mortality, and the frequency
of recurrent heart attack or stroke. At the same time, there was no
significant difference in the results between the forms of AF and in
the NSTEMI and STEMI cohorts [17,18]. It has been repeatedly
proven that patients with ACS and diagnosed AF of any duration
have worse short- and long-term prognoses compared to patients
with sinus rhythm [19]. There is evidence that AF first identified
during a myocardial infarction can be a predictor of stroke during
long-term follow-up [20]. In another study, first-onset AF (diag-
nosed during hospital stay during/after percutaneous coronary
intervention (PCI) occurring within the first 4 days after AMI) was
associated with a worse prognosis and a two-fold increased risk
of death, congestive HF and stroke development [21].

A number of different studies have led to large prospective
studies, such as OACIS, APEX-AMI, RISK-PCI, and HORI-
ZONS-AMI, according to which the prevalence of newly detected
AF in AMI ranges from 4.0 % to 7.7 % [22]. It should be noted
that, according to the results of studies, first-onset AF always
predicted a worse prognosis at short and long-term follow-up,
namely, increased mortality from cardiac and non-cardiac caus-
es, repeated heart attacks and strokes, longer hospital stays,
and repeated hospitalizations. Frequent predictors of mortality
in these studies were older age, hypertension, tachycardia, di-
abetes, post-infarction cardiosclerosis, elevated blood pressure
at hospitalization, left ventricular dysfunction and Killip class Il or
more, thrombolysis in myocardial infarction (TIMI) blood flow after
PCl less than [ll, and infarct-related left descending artery [23].

In 2021 population-based CREDO-Kyoto AMI Wave-2 study,
6,228 patients with myocardial infarction who underwent PCI par-
ticipated. According to its results, it was reliably proven that newly
detected AF increases overall mortality, the frequency of hospi-
talization for HF, and the incidence of major bleeding compared
to patients without AF and patients already diagnosed with AF.
However, there are controversial views, according to the EPICOR
Registry, newly detected AF was associated with lower mortality
compared to previously diagnosed AF. At the same time, all studies
agreed that AF was an independent predictor of mortality [24].

In the AF management protocol, the standard diagnostic
methods are electrocardiogram, Holter monitor, echocardio-
graphy, general blood count, study of renal function and thyroid
hormones [25]. Today, there are various modern options for
monitoring heart rhythm disorders: mobile applications, smart
watches, ECG patches and implanted ECG monitors. However,
their use in practice is controversial, as many of them are not
clinically proven. Thanks to the Apple Heart study and the Huawei
Heart study, in which more than a million people participated,
the use of mobile applications has become available to confirm
AF with a sensitivity and specificity of more than 90 %. Along
with the indisputable benefit of these methods, there are usually
risks, consisting in a high probability of overdiagnosis, leading to
excessive treatment [26]. There are also additional technical tools
for optimizing the management of AF, based on clinical decision
support systems. It is a type of artificial intelligence system that
digitizes data from a patient and provides personalized, timely
recommendations according to protocols and guidelines. The
MobiGuide project and several integrated applications have been
used to improve patient education and communication between
patients and cardiologists. Currently, the study of these techno-
logies continues, one of them is CATCH-ME, during which tablets
and smartphones were used. According to a Cochrane review,
these mobile applications help patients to make decisions, but
there are conflicting results, which demonstrate the need for more
carefully designed studies, including the evaluation of the impact
of the intervention on clinical events.

Among the various approaches to the treatment of AF with
the highest level of recommendations is the ABC algorithm,
which provides for “A” — Avoiding stroke with anticoagulants, “B”
— Better symptom management, “C” — Cardiovascular risk factor
and other comorbidities management. This algorithm facilitates
the integration of care for AF patients at all levels of health care
and between different specialists. In the mAFA-II randomized
trial, it was reliably confirmed that, compared to conventional
management, the ABC algorithm was significantly associated with
a lower risk of all-cause mortality, a reduction in the incidence of
stroke, major bleeding, and other cardiovascular events [27,28].

Because AF increases the risk of stroke by five times, the
CHA,DS,-VASc risk scale was developed for the prevention
of this event and the use of anticoagulant therapy. The use of
anticoagulants depends on the presence of specific stroke risk
factors according to the CHA,DS,-VASc scale. The effectiveness
of this technique was reliably confirmed in a systematic review by
PCORI and included in the protocol with a high level of recom-
mendation. In this systematic review, 61 studies were analyzed
to determine the diagnostic accuracy and clinical relevance of
different methods for predicting embolic stroke and bleeding
risk. According to the conclusions, the CHA,DS -VASc and ABC
scales are the best options for evaluating both conditions. Despite
all efforts to improve the management system of AF, in the last
decade, the trend of increasing incidence of AF has persisted —
decreasing the age of patients, increasing the number of patients
with two or more CVD risk factors, which increases the frequency
of AF-related complications [28].

For more effective treatment of combined cardiovascular
pathology, namely ACS with AF, the 2023 ESC Guidelines for the
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management of acute coronary syndromes was updated, which
includes revascularization, drug treatment and rehabilitation.
Each of these components is interchangeable, but the value of
cardiorehabilitation is the greatest and is that by rehabilitating 37
patients, the lives of 27 people per 1000 people can be saved. The
cardiorehabilitation program includes various methods, including
aerobic exercises, strength training, and exercises for flexibility
and stretching with the appropriate frequency, intensity, and
duration according to the proposed adaptation system FITT (fre-
quency, intensity, time — duration — and type of exercise) [29,30].

The process of selecting a rehabilitation program includes
many factors (patient compliance, cardiovascular risk factors,
prescribed drugs, response to exercise and physical endurance),
therefore, in digitalization, a clinical decision-making system
EXPERT tool was created to simplify and speed up this stage [31].

In the meta-analysis Grace O. Dibben et al. the exer-
cise-based care rehabilitation (EBCR) program reliably confirmed
its effectiveness, reducing cardiovascular mortality, the frequency
of recurrent cardiovascular events and hospitalizations in all
patients with CHD, regardless of the method of cardiorehabil-
itation, the intensity and duration of exercise, and the place of
rehabilitation [32]. This study allows the use of an outpatient
(home) method of cardiorehabilitation using telemedicine, which
is actively implemented in protocols. Recent randomized studies
Fit@Home study and Telerehab IIl confirmed that home rehabili-
tation using telemedicine has the same effectiveness as classical
rehabilitation [33].

Cardiorehabilitation protocol includes a combination of regular
aerobic physical activity and resistance exercises with a certain
regularity and intensity for all patients with myocardial infarction,
but without regard to comorbid conditions. One of these impor-
tant ones is atrial fibrillation, because it contributes significantly
to increased cardiovascular risk and reduced cardiac reserve,
which requires an individual approach [34]. After analyzing the
2023 ESC Guidelines for the management of acute coronary
syndromes, there is no separate rehabilitation program for AF
patients. This prompts a scientific search for a solution to this
problem. In the 2021 ESC Guidelines on cardiovascular disease
prevention in clinical practice, rehabilitation for patients with AF
is singled out, which provides benefits from moderate-intensity
exercise and recommends avoiding exercises with excessive
load and endurance. Importantly, the use of exercise-based
cardiac rehabilitation (EBCR) programs for patients with AF has
not demonstrated benefits, whereas this program is one of the
main ones for patients with myocardial infarction [35]. The last
update 2021 of position paper from the Secondary Prevention and
Rehabilitation Section of the European Association of Preventive
Cardiology includes rehabilitation programs for 7 main nosologies
(acute and chronic coronary syndromes, after coronary artery
bypass graft surgery and valve replacement, after heart transplan-
tation, for patients with heart failure, diabetes and atherosclerosis
of the arteries of the lower extremities). In addition, programs
were further allocated to patients of the older age group, after
the installation of a resynchronization pacemaker or a device for
mechanical support of the heart ventricles, and with oncology.
Existing guidelines offer rehabilitation programs for more than
twelve clinical conditions, while none exist for patients with AF. The

search for optimal rehabilitation programs for comorbid patients
is limited, especially for patients with AF.

Conclusions

1. The combination of myocardial infarction and atrial fibril-
lation is associated with a higher combined cardiovascular risk,
higher mortality from all causes and the frequency of recurrent
infarction or stroke, therefore it requires a special approach in
the management of this category of patients.

2. Optimization of rehabilitation programs for patients with
myocardial infarction and atrial fibrillation is one of the main com-
ponents of improving the management of this category of patients.

3. Implementation of the latest telemedicine technologies
for the rehabilitation of patients with myocardial infarction and
atrial fibrillation will increase compliance and treatment efficiency.

Prospects for further research. Given the dominant im-
pact of cardiac rehabilitation on the reduction of mortality in
patients with myocardial infarction and atrial fibrillation, the
development of rehabilitation programs for this category of
patients is promising.
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Aim. To conduct a modern semantic analysis of the results of our own research and literature data on the
physiological significance of increased lactate level in skeletal muscles during physical activity in martial artists.

Materials and methods. This study used bibliosemantic, analytical, logical, and generalization methods. The bibli-
ographic databases of life sciences and biomedical information MEDLINE, EMBASE, Medline (PubMed), Web of
Science, and Cochrane Central were searched to find publications in English that matched the research keywords.
The authors carried out an independent search and selection of articles, assessment of data quality, compliance of
the presentation and interpretation with the main idea of the study, with the formation of the final list of references.

Results. For many years, the role of lactate in the formation of physical fatigue and delayed muscle soreness in
martial artists and other athletes remained unknown. There has been a lot of speculation and competing concepts.
Over the past 20 years, due to the successes of modern biochemistry, physiology, and molecular pharmacology,
subtle molecular-biochemical mechanisms of delayed muscle soreness formation after muscle loading have been
revealed. However, a holistic attitude to the role of lactate has not been formulated. We analyzed the results of
modern studies, which showed that oxidative stress, inflammation, and a decrease in cytoprotective proteins,
in particular HSP, , but not the accumulation of lactate, are more important in the formation of delayed onset
muscle soreness (DOMS).

Conclusions. Accumulation of lactate in muscle cells with its subsequent release into the bloodstream is consid-
ered to be much more positive than negative factor, and therefore the views on the increase of lactate content
and its assessment as an enemy of athletes, including martial artists, should be reconsidered.

Modern medical technology. 2025;17(1):51-59

PoAb AaKTaTy B opraHiami mancTpiB eAMHO60PCTB Nip Yac ¢pisMUHMX HaBAHTa)XKEHb:
HOBWH NOTAAIA Ha Npobaemy

I. ®. Beneiues, A. M. TyHiHa, O. I. Opnos, |. b. Camypa, E. 0. AopoLieHko, C. |. AaHuabueHko, A. K. CkopuHa

MeTa po60Tn - 3QiICHUTM Cy4YacHUN CEMaHTUYHWIA aHani3 pesynbTaTiB BNacHUX AOCIAXeHb i BiZOMOCTel
thaxoBoi NiTepaTypu LLOAO (i3ionNorivyHOr0 3Ha4eHHs NiABULLEHOTO PIBHA MakTaTy B M'sidax Mif yac gidnyHMx
HaBaHTaXEHb Y €AMHOOOPLIB.

Marepiaav i meTopm. i 4ac poboT BUKOpUCTaHO 6iBNIOCEMaHTUYHIIA, aHANITUYHWIA, NOMYHWIA METOAN, @ TaKoX
y3aranbHeHHs. 3AiicHUM NoLLyK nybrikavii aHrICbKO MOBOHO, LLO BiAMOBIAAI0TL KITKOHOBMM CIIOBaM AOCTIIKEHHS],
y GibniorpacpiuHnx 6azax AaHuX Hayk npo xuTTs Ta biomeauyHoi iHbopmavii MEDLINE, EMBASE, Medline (PubMed),
Web of Science i Cochrane Central. ABTOpy 34iliCHIM CaMOCTIMHMIA MOLLYK i BIRGIP CTaTel, OLiHIOBAHHS SKOCTi AaHNX,
BiANOBIOHOCTI BUKNaAy 1 iHTepnpeTaLii OCHOBHIN ifei AocnimMkeHHs 3 (hopMyBaHHSIM OCTATOYHOIO CTIUCKY MiTepaTypu.

Pesyabratu. barato pokie ponb naktaty y (popmyBaHHi ¢i3nyHOi BTOMM Ta BiACTPOYEHOT M'sI30BOi 6omtodocTi y
€4MHOBPOLB | NPeCTaBHYKIB iHLUMX BUAIB COPTY 3anuLuanacs HeBifioMo. Y HayKoBili nitepatypi Oyno 6arato
CMeKynALiN i KOHLENLiN, Lo KOHKypyBanu. [poTarom ocTaHHix 20 pokiB 3aBASKM HAyKOBUM JOCATHEHHSAM Y ranyasi
Bioximii, disionorii, MonekynspHoi cdapmakonorii aeaani GinbLue po3kpUBaoTb TOHKI MONEKYNSPHO-BiOXiMiYHi
MexaHiamu hopMyBaHHs BiBCTpoYeHoi M'30Boi bontoyocTi (DOMS) nicns M's30BMX HaBaHTaxeHb. BTim winicHoi
OfiHOCTaNHOI KOHLienUii WoAo poni nakTaty [oci He chopMynboBaHo. [poaHanisyBanm pesynstaTit Cy4acHux
LOCTiDKeHb, e NoKasaHo, Lo Y (hopMyBaHHi BinCTPO4EeHOi 60Mi040CTi M'A3iB GiMnbLue 3HAYEHHS MatoTb OKCUAATMB-

HWIA CTPEC, 3ananeHHsl, 3HWKEHHS! PiBHIB LIUTOMPOTEKTUBHUX GinkiB, 3okpema HSP,,, a He HakonMyeHHs nakTary.

BucHoBKM. HakonnueHHs nakTaTy y M'S30BKX KNITMHAX i3 HACTYMHIM BUKMAOM OO B KPOBOOBIr € 3HaUYHO GinbLu
MO3UTUBHUM, HiX HEraTUBHUM YUHHUKOM, | TOMY 3aCTpifi NOTNSAAM Ha 3pOCTaHHS BMICTY NakTaTy Ta BUSHAYeHHs
/oro ik Bopora CropTCMEHiB, 30KpeMa CnopTCMeHiB-€4NHOBOpLIB, AOLINBHO NEPernsHyTH.
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For more than 120 years, the diverse role of lactate in the
formation of physical fatigue and delayed onset muscle soreness
(DOMS) has been mysterious and raises many questions and
speculations among physiologists, pathophysiologists, phar-
macologists and specialists in the field of physical education. It
is axiomatic among the sports and medical community that an
increase in lactate in muscles after training or physical activity
is the main cause of muscle fatigue and soreness. Medical and
non-medical approaches have been developed to utilize lactate
from muscles. Over the past 20 years, scientific works have ap-
peared that reveal the subtle molecular biochemical mechanisms
of DOMS formation after muscle contractions [1].

Data have emerged that “rehabilitate” lactate and shed light
on its role in DOMS. DOMS is defined as a delayed onset of
soreness, muscle stiffness, swelling, loss of ability to generate
force, decreased range of joint movements, and decreased pro-
prioceptive function in martial artists. DOMS pain occurs within
8 hours after unaccustomed or strenuous exercise, peaks after
1 or 2 days, and subsides within a week [2]. Several competing
hypotheses have been proposed about the reasons and mecha-
nisms responsible for DOMS, including the involvement of lactate
in this process. However, a comprehensive understanding of the
role of lactate has not been formulated.

Aim
To conduct a modern semantic analysis of the results of our
own research and literature data on the physiological significance

of increased lactate level in skeletal muscles during physical
activity in martial artists.

Materials and methods

This study used bibliosemantic, logical, analytical, and
generalization methods. The bibliographic databases of life
sciences and biomedical information MEDLINE, EMBASE,
Medline (PubMed), Web of Science, and Cochrane Central were
searched to find publications in English that matched the research
keywords. The authors carried out an independent search and
selection of articles, assessment of data quality, compliance of
the presentation and interpretation with the main idea of the study,
with the formation of the final list of references.

Results

Our body always, and especially during physical loading,
needs energy for the functioning of all organs and the contraction
of skeletal muscles. Carbohydrates, the main energy substrates,
enter the body with food, and are broken down in the intestine
to glucose, which then enters the blood and is transported to all
types of cells in the body, including skeletal muscle cells [3]. In
the cytoplasm of cell, glycolysis occurs — the oxidation of glucose
to pyruvate (pyruvic acid, PA) with the formation of ATP [4]. Then,
due to the lactate dehydrogenase (LDH) enzyme, pyruvate is
reduced to lactic acid, which immediately loses a hydrogen ion
and can add sodium (Na*) or potassium (K*) ions, and turn into
a salt of lactic acid — lactate (Fig. 1).

As can be seen in Fig. 1, lactic acid and lactate are not iden-
tical substances. It is lactate that accumulates in the muscles, is
eliminated from them and transformed, so it is incorrect to talk
about lactic acid in the muscles [5,6]. Until 1970, lactate was con-
sidered a byproduct formed in working muscles due to a lack of
oxygen. However, research over the last decades has disproved
this claim. For example, in 2015, Matthew J. Rogatzky et al.
found that glycolysis always ends with the formation of lactate
[7,8]. Thus, scientists working under his leadership postulate that
“...through much of the history of metabolism, lactate [La(-)] has
been considered merely a dead-end waste product during periods
of dysoxia. Congruently, the end product of glycolysis has been
viewed dichotomously: pyruvate in the presence of adequate
oxygenation, La(-) in the absence of adequate oxygenation. In
contrast, given the near-equilibrium nature of the LDH reaction
and that LDH has a much higher activity than the putative regula-
tory enzymes of the glycolytic and oxidative pathways, we contend
that La(-) is always the end product of glycolysis”. This is also
stated by the outstanding American sports biochemist George A.
Brooks from the University of California, who has been studying
lactate for more than 30 years [9,10,11].

Lactate and glucose can be interconverted in the processes
of glycolysis and gluconeogenesis. One logical way to coordinate
these processes is as follows: most cells extract energy from
carbohydrates by taking up glucose and completely oxidizing it
to carbon dioxide (CO,). Cells facing particularly acute energy
demands take up additional glucose and release some lactate as
awaste product. In addition, as Gertie and Corey showed, hungry
muscles release glycogen stores as lactate; then the liver “cleans”
this lactate, converting it back into glucose. In this scenario, lactate
has value only as a substrate for glucose formation. The above
strategy provides clear expectations for metabolic flow in mam-
mals: tissue glucose uptake should significantly exceed lactate
uptake, and the rate of the whole-body lactate production should
be approximately equal liver and kidney utilization of lactate to
maintain gluconeogenesis [12].

Lactate accumulation in the muscle, then sequentially in
blood, reflects only the balance between its synthesis and ex-
cretion, and is not related to aerobic or anaerobic mechanisms of
energy production. Lactate is always produced during glycolysis
regardless of the presence or absence (deficiency) of oxygen: it
is produced even when the muscle is at rest [13].

Does lactate increase muscle pain? Although from a scien-
tific point of view, this narrative has been denied for a long time,
there are widespread claims at the household level that lactate
is to blame for the onset of muscle pain after exercise or, more
precisely, according to the modern consolidated scientific judg-
ments, syndromes of exercise-induced muscle damage (EIMD)
and DOMS. These are two well-known syndromes in sports
today, capable, regardless of the sports type and individual char-
acteristics of the athlete, to accelerate the onset of fatigue and
the corresponding decrease in physical performance in martial
artists and other athletes [14].

EIMD and DOMS are closely related as cause and effect
[15]. Isometric and concentric exercises contribute to the deve-
lopment of EIMD, but eccentric loads are most important for the
development of muscle damage. There is a point of view that

52 Modern medical technology. Volume 17. No. 1, January - March 2025

ISSN 2072-9367



Ornsp nitepatypu / Reviews of literature

Lactic Acid

Fig. 1. The structure of lactic acid and its salt - lactate.

such violations of myocytes structure and function, associated
with inflammation and increased protein metabolism, are short-
term (a few days), and can contribute to muscle adaptation and
hypertrophy [16].

The first mention of DOMS was made by the American phy-
sician Theodore Hough in 1902. He stated that when “untrained
skeletal muscles are exercised, this often leads to discomfort
that does not become apparent until 8-10 hours after exercise”,
and concluded that this could not be due to fatigue alone. Since
Theodore Hough'’s initial observation, there has been an increase
in research on DOMS, and yet its exact etiology remains unclear.
The first weighted judgments regarding the mechanisms of DOMS
development were proposed in 1984 as follows:

1. intense muscle loads (especially associated with eccentric
exercises) in the contractile / elastic system of muscles lead to
structural damage;

2. damage to the cell membrane of myocytes is accompa-
nied by an imbalance of homeostasis of calcium ions (Ca?) in
damaged muscle fibers, which leads to necrosis, the severity of
which reaches its peak about 2 days after training;

3. products of macrophage activity and intracellular contents
of myocytes accumulate in the interstitium due to increased
permeability of the cell membrane, and this, in turn, stimulates
free nerve endings of group IV sensory neurons in the muscles,
leading to the sensation of pain in DOMS [17], which later turned
out to be not far from the truth.

DOMS has long been considered as not only an adaptive
response to physical loading, especially in the retracting and
retracting-developing mesocycles of the preparatory period, but
also as an inevitable element of intense loads during profes-
sional and amateur training. On the contrary, the appearance
of these syndromes, as evidenced by the data of a systematic
review of the literature, in many situations slows recovery after
training, reduces further growth of physical fitness [14]. These
circumstances are especially important under the set conditions
of training loads intensification, even with their timeliness, in the
dynamics of the annual macrocycle and long-term improvement
of modern sports both in general and in the particular training
process of each individual qualified athlete.

Currently there is no doubt that vigorous or prolonged physical
loading, especially with elements of eccentric movements, with
a mismatch between the level of load and the degree of muscle

Ox O

HO—C—H  4p¢

H—¢—H
H

Lactate

adaptation, is accompanied by varying degree of microdamage
of myofibrils and DOMS. Syndrome of DOMS, also known as
“‘muscle fever”is characterized by soreness in the muscles, espe-
cially after previously non-performed and/or unusual high-intensity
exercises [18]. DOMS syndrome typically develops after the end
of physical activity; and it peaks between 24 and 48 hours after
a training session or competition. Symptoms of DOMS include
decreased muscle strength, pain, muscle weakness, decreased
mobility, and swelling in the painful area, as well as the formation
of a biochemical response in the form of an increased activity of
the specific muscle enzymes creatine kinase and lactate dehydro-
genase, as well as aspartate and alanine aminotransferase [19].

The results of recent studies confirm that in high-level sports,
ultrastructural muscle injuries, including manifestations of the
DOMS syndrome, are the cause of a decrease in the contractile
ability of skeletal muscles, and, therefore, in the performance of
athletes including combat martial artists [20]. Moreover, the role
of DOMS in the occurrence of injuries is also quite significant:
reduced range of motion caused by the presence of pain, cha-
racteristic of DOMS syndrome, can lead to the inability to effec-
tively perceive stimuli that affect the physical activity and injury
of the athlete. Changes in mechanical movement can increase
the load on soft tissue structures, and a decrease in the initial
level of muscle power may signal a compensatory, unregulated
increase in the diameter of muscle fibers beyond the limits of
working muscle hypertrophy, which leads to an unusual load on
the muscle with subsequent injury [21].

The etiology of DOMS has not been fully elucidated, al-
though it is known that the trigger mechanisms of this process
are biochemical intracellular changes and inflammation due to
the formation of EIMD. For many years, DOMS was mistakenly
thought to simply be the result of lactate accumulation in muscle
tissue (what athletes call “krepatura”) during intense exercise.
Acid-sensing ion channels (ASICs) play an important role in the
physiology and biochemistry of muscle fatigue. ASICs in afferent
muscles are activated by H* and other chemicals and play a role
in the development of immediate exercise-induced pain (IEIP) but
not DOMS [22]. ASICs expressed during ischemia or exercise
are formed as homotrimers or heterotrimers and have several
isoforms (ASIC1a, ASIC1b, ASIC2a, ASIC2b, and ASIC3), where
each channel displays different properties. These channels play
a protective role in preventing muscle damage associated with
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intense exercise [23]. ASICs are tuned to sense chemical changes
in skeletal muscle; they are activated in the extracellular pH range
between 7.0 and 6.8, which occurs during muscle ischemia or
exercise, and are enhanced by other chemicals (lactate, ATP,
arachidonic acid, and NO) during muscle ischemia, hypoxia or
exercise [22].

Current ideas about the nature of DOMS differ significantly
from the original. Pain, mobility limitation, difficulty in perform-
ing repeated exercise cycles due to DOMS, on the one hand,
and lactate accumulation, on the other hand, were found to be
completely unrelated [24]. The concentration of lactate in the
blood and muscles after intense concentric anaerobic and, es-
pecially, eccentric loads does increase, but it returns to normal,
i. e. the initial values of a particular athlete, which were before
the load, quite quickly —within 1.0-1.5 hours. At the same time,
the severity of DOMS manifestations increases during the first
24 hours, reaching a peak between 24 and 48 hours, when
blood serum lactate levels are already within the normal range
for athletes [25,26]. In our opinion, it can be assumed that the
accumulation of lactate in blood serum with a decrease in the
pH of the medium, i. e. plasma and interstitial fluid in combat
athletes, only triggers a whole cascade of various biochemical
reactions, which subsequently form the symptom complex char-
acteristic of DOMS. At the same time, we believe that various
trigger mechanisms provoking further inflammation and the
formation of this syndrome may be involved in connection with
a highly individualized training program of adaptation of qualified
martial artists to physical loads. Such a postulate to some extent
can explain why DOMS does not occur in all athletes after the
same direction and intensity of the load.

Oxidative stress plays an important role in the formation of
DOMS. Thus, during intense physical exertion, the formation
of reactive oxygen species (ROS) by mitochondria increases.
Mitochondria, necessary for the production of ATP, become
significant sources of ROS due to the leakage of electrons
from their electron transport chain during increased activity,
which potentially causes oxidative damage to protein mole-
cules of receptors, ion channels, including ASIC. However,
exercise also triggers protective mechanisms such as the
superassembly of mitochondrial complex | in rats, which has
been shown to reduce lipid peroxidation and oxidative damage
to mitochondria, representing potential therapeutic benefits in
metabolic diseases [27].

The role of the nitroxidergic system is also important. Mo-
derate increases in NO synthesis enhance blood flow, oxygen
delivery, and nutrient supply to muscles during exercise, en-
hancing performance and endurance. Regular aerobic exercise
combined with nutritional supplements such as L-arginine
and L-citrulline can counteract DOMS. Exercise-induced NO
release also benefits vascular function and cardiovascular
health, including patients with vascular diseases. Furthermore,
NO promotes mitochondrial biogenesis and efficiency, which is
critical for enhancing endurance and reducing fatigue during
prolonged exercise [28,29,30].

The imbalance of INOS/eNOS in DOMS leads to the formation
of nitrosative stress, disruption of Ca?* homeostasis in skeletal
muscles, and S-nitrosylation of functional muscle proteins [31].

The data on the role of oxidative stress in DOMS settings were
also confirmed by members of the scientific group under the
leadership of Professor R. Deminice at the State University of
Londrina (Brazil), known for his research in the field of free-radical
oxidation during exercise in the study conducted in a randomized,
double-blind, placebo-controlled (RDBPC) design with a high
level of evidence, with course use of natural antioxidants [32].
The authors concluded that in this case antioxidants reduce the
manifestation of oxidative stress and homeostasis disturbances
mediated by it, which then lead to the deterioration of energy
production processes, changes in the permeability of cell mem-
branes, a decrease in the speed of nerve impulse conduction
and, therefore, a slowing down of intermuscular and nerve-muscle
interaction, etc.

It was also found that high-intensity and eccentric exer-
cises significantly reduce the antioxidant protection of skeletal
muscles and cause muscle damage, which leads to DOMS
[33]. In particular, fluctuations in the activity of the antioxidant
system in the enzymatic (glutathione peroxidase, glutathione
reductase, superoxide dismutase) and non-enzymatic (reduced
glutathione, ceruloplasmin) links, as well as excessive (in some
athletes! — author’s note) increase in cortisol content, and even
insufficient intake of proteins, carbohydrates, unsaturated fats,
vitamins, minerals, i.e. the main macro- and micronutrients, which
are generally important for stimulating work capacity, may be of
greaterimportance [34]. However, taking antioxidant supplements
(vitamins E and C) does not reduce muscle soreness on the first
day or one, two, three or four days after training [35].

Another study showed that the use of selenium, zinc, resver-
atrol, glutathione and N-acetylcysteine and their combinations in
long courses of up to 6 weeks improves performance in high-level
sports [33,36,37,38].

The antioxidant thiotriazoline, which reduces the formation of
reactive oxygen species, increases the activity of superoxide dis-
mutase and glutathione peroxidase, and protects muscle proteins
from oxidative modification during working hypoxia, is of interest.
Thiotriazoline activates the conversion of lactate to pyruvate, and
is used before and during physical exercise to accelerate the
removal of lactate from skeletal muscles and blood [39].

One of the common definitions of DOMS, formulated as
“a consequence of mechanical and metabolic stress caused
by physical activity” [40,41], gives practically nothing to under-
stand the essence of this physiological (or pathophysiological?
— author’s note) process. Moreover, there is still no consensus
on the relationship between muscle microdamage and DOMS,
and there are both “pro” and “contra” arguments. The elimina-
tion of these phenomena, depending on the nature, intensity
and duration of the previous load, can last from 3—4 to 7 days.
Nevertheless, studies continue to consider DOMS as a direct
or indirect result of muscle microdamage and EIMD formation.

Currently, one of the most popular schemes of the pathophy-
siological mechanism of DOMS development in eccentric type of
muscle contraction was given in the recent problematic work of the
head of the Department of Physical Culture and Sports Science
atthe University of Mohaghegh Ardebili (Iran), Professor A. Mea-
marbashi [42], which was also confirmed in later studies [43].
Microdamages of skeletal muscles in advanced EIMD syndrome
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Fig. 2. General pathobiochemical and pathophysiological mechanisms of DOMS development (by Meamarbashi, 2017 [42]; modified

by the authors).

trigger a cascade of biochemical reactions in the cells, in which
an important role is played by an increase in the permeability of
blood vessels (induced by release of bradykinin), activation of
cyclooxygenase-2 (COX-2) and lipoxygenase with the formation
of thromboxanes, prostaglandins and leukotrienes, as well as
sensitization of nerve fibers of types Ill and IV with increased
sensitivity to chemical and mechanical stimuli[44]. Edema, which
also contributes to pain, as shown in Fig. 2, develops as a result
of leakage of fluid from the lumen of vessels into tissues and
accumulation of immune cells.

Violations in the structure of intracellular formations (sarco-
plasmic reticulum, sarcomeres, myofibrils, etc.) are noted. Primary
mechanical damage forms a pattern of secondary inflammatory
response, in which bradykinin and nerve growth factors play a
key role. From a clinical point of view, this process is a classic
aseptic inflammation due to the action of physical (primarily,
mechanical) factors.

From a biochemical point of view, the accumulation of
neutrophils and macrophages in places of muscle fibers injury
and their increased activity contributes to the rise of inflam-
matory mediators’ content (bradykinins, prostaglandins, and
leukotrienes). In particular, bradykinin activates phospholipase
A2, and the concentration of Ca? ions in the cell membrane
increases due to the opening of ion channels leading to the
secretion of substance P [45]. In turn, substance P, one of the
most well-known and researched peptides that have a number

of functions, including pain perception, stimulates the production
of arachidonic acid.

The relationship between DOMS, muscle damage, and
inflammatory responses to eccentric exercise has been de-
termined. Positive correlations were found between physical
exercise and an increase in neutrophil migratory activity after
4 hours, and an increase in myoglobin and pro-inflammatory
cytokines levels after 48 hours, which may be associated with
muscle damage and inflammatory processes [40]. Further de-
velopment of DOMS involved evaluation of the bradykinin B2 -
nerve growth factor (NGF), and pathways of the neurotrophic
factor derived from glial cell line-derived neurotrophic factor-2
(GDNF) pathways. Interaction between these routes occurred
ontwo levels. The repeated pain attack effect was observed with
strengthening the muscular mechanical withdrawal threshold
(MMWT) and NGF, and this study suggested that adaptation
might have occurred before the onset of bradykinin B2 receptor
activation.

At the same time, the MMWT in the experiment decreased
1-3 days after lengthening muscle contractions. The results of
changes in speed and range of stretch showed that muscle dam-
age was rare, only under extreme conditions, and pure DOMS
was formed with biochemical markers but without significant
muscle damage when using antioxidants [46].

This leads to increased concentrations of prostaglandins and
leukotrienes (pro-inflammatory effect of arachidonic acid). The
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latter directly increase the sensitivity of afferent nerve fibers type
Il (muscle sensors of deep pressure according to the Lloyd-Hunt
classification) and type IV (thin unmyelinated pain fibers).

In addition, leukotrienes increase the permeability of the vas-
cular wall, which is accompanied by the adhesion of neutrophils
to endothelial cells in the sites of injury. This enhances changes
in cell membranes, increases intra-cellular pressure and causes
the formation of edema with further secondary activation of type
lIl'and IV afferent fibers ultimately increasing the severity of the
pain syndrome [42].

At first glance, it seems logical that some authors assumed
that oxidative stress plays an important role in the pathogenesis
of DOMS, but they were not confirmed by the results of the recent
studies, although many studies indicate the presence of disorders
of prooxidant-antioxidant balance in the syndromes of muscle
microdamage and delayed muscle soreness [47,48]. Therefore,
we believe that, at the moment, such studies are important to
determine the significance of biomarkers in the diagnostic algo-
rithm of DOMS.

To determine the severity of DOMS syndrome, the authors of
the study examined a wide range of biochemical and hormonal
indicators, such as creatine kinase, interleukin IL-6, tumor ne-
crosis factor TNF-a, malondialdehyde (MDA); and serum iron,
cortisol, testosterone, generally traditional for sports laboratory
diagnosis [49,50]. The role of heat shock protein 70 (HSP,) in
the formation of DOMS is being studied. HSP, is involved in the
protection of macromolecules and their “correction” after oxidative
maodification, in the regulation and “prolongation” of compensatory
shunts during working hypoxia [51]. There is also evidence that
HSP,, released during exercise-induced DOMS activates the
microglial TLR4 / IL-6 / TNF-a pathway in the spinal cord. Thus,
blockade of TLR4 activation may be a novel strategy to prevent
the development of DOMS before intense exercise [52]. HSP,|
may serve as a biomarker to determine optimal exercise intensity
inindividuals with obesity or diabetes. HSP, may have both pro-
and anti-inflammatory effects during exercise and may increase
or decrease DOMS [53].

Since modern researchers have been formed a consolidated
point of view regarding the accumulation of lactate as a trigger
mechanism for further successive homeostatic adjustments after
physical load [54,55], in our opinion, it is inappropriate to exclude
this indicator from the EIMD and DOMS diagnostic algorithm.
There are recommendations to include the muscle form of cre-
atine phosphokinase and myoglobin in laboratory monitoring of
DOMS. Acorrelation was found between DOMS 24-96 hours after
exercises for strength, flexion, and extension and myoglobin, and
creatine phosphokinase activity [56]. For laboratory monitoring
of DOMS, correlation analysis confirmed the prospects for deter-
mining markers of oxidative stress including MDA, carbonylated
proteins, and oxidized glutathione [57].

The testing procedure is mandatory, including the determi-
nation of lactate content in the blood serum at rest, the level of
vitamin D3 in the form of 25(OH)D3, and ionized calcium. In-
depth and dynamic laboratory monitoring should play a primary
role in the process of testing the presence and severity of EIMD
and DOMS syndromes, as in this case blood serum indicators,
namely, the content of the stress hormone cortisol, the main an-

abolic hormone testosterone; markers of inflammation, such as
TNF-q, C-reactive protein; activity of enzymatic antioxidants and
endogenous antioxidants; pro-inflammatory interleukins, brady-
kinin and prostaglandin F; activity of marker enzymes aspartate
and alanine aminotransferases, gamma-glutamyl transpeptidase,
lactate dehydrogenase, creatine phosphokinase, etc., significantly
correlate with the severity of clinical manifestations of myofibril
microdamage.

Understanding how a particular athlete responds to certain
types of loads, as well as their volume and intensity, the coach
can consciously manage the training process, and sports doctor
and sports nutritionist can build an individual program of pre-
vention and correction of fatigue, which will be the key to further
growth of general and special performance and, accordingly, the
competitive result of the athlete.

In fact, lactate levels drop significantly within minutes after
the end of an exercise and return to normal completely some
time afterward. Thus, lactate cannot cause muscle pain 24—72
hours after exercise. There is also a myth that lactate “acidifies”
muscles and causes muscle fatigue. It is widely believed that
the level of lactate in the blood affects the muscle performance.
However, this is not actually from lactate, but from hydrogen ions
that increase tissue acidity [58,59,60].

When the normal pH balance shifts to the acidic side, acido-
sis occurs. Many studies prove that acidosis negatively affects
muscle contraction. In the “Biochemistry of exercise-induced
metabolic acidosis”, Robert A. Robergs et al. note that hydrogen
ions are released whenever ATP is broken down to ADP and
inorganic phosphate with the release of energy. When an athlete
works at moderate intensity, hydrogen ions are used by muscle
cell mitochondria for oxidative phosphorylation (reduction of
ATP from ADP). When the intensity of exercises and the body’s
requirement for energy resources increase, ATP recovery occurs
mainly due to the glycolytic and phosphagen systems. This caus-
es an increased release of protons and, as a result, acidosis [61].

That is, the cause of the decrease in pH is not lactate, but a
completely different mechanism. At the same time, researchers
suggested that lactate helps to cope with acidosis because it can
transport hydrogen ions from the cell. Thus, without increased
lactate production, acidosis and muscle fatigue would occur much
faster. Physical loading accompanied by fatigue causes acidosis,
the accumulation of hydrogen ions, and the shift of the body’s
pH to the acidic side. Lactate, on the contrary, according to the
most current views, helps overcome acidosis [62] and delay the
onset of fatigue.

At the same time, lactate, contrary to unfounded fears about
its negative impact on strength and power, creates favorable
conditions for increasing muscle strength. The results of the
study proved that a combined supplement of caffeine and lactate
increases muscle growth even during low-intensity training by ac-
tivating stem cells and anabolic signals: increasing the expression
of myogenin and follistatin.

Conclusions

1. Thus, today the accumulation of lactate in muscle cells with
its subsequent release into the bloodstream is considered to be
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much more positive than negative factor, and therefore the views
on the increase of lactate content and its assessment as an ene-
my of athletes, including martial artists, should be reconsidered.

2. We have also shown some molecular mechanisms of EIMD
and DOMS formation, such as the involvement of heat shock
proteins, reactive oxygen and nitrogen species, and products
of oxidative modification of proteins. We have outlined the most
rational ways of EIMD and DOMS pharmacocorrection.

Prospects for further research. The results obtained indicate
the need for further research to clarify the role of lactate in the
body of martial artists during physical activity that will serve as
a theoretical basis for the development of new ways of pharma-
cocorrection of DOMS.
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Merta po60TH — BU3HAYEHHS pori YNbTPa3ByKOBOrO METOY Bidyaniaallii B noninwueHHi 6e3nekw Ta skocTi 3Hebo-
NOBaHHS, IHTEHCWBHOI Tepanii Ta HeBiAKNaAHOI MeaNYHOI 4ONOMOTK.

Po3rnsiHyTo ponb ynbTpa3BykoBOi Bidyanisauii y NokpaLleHHi SkocTi Ta 6e3nekw giarHoCTuKM, 3HeBOMoBaHHS Ta
iHTEHCWBHOI Tepanii, 30KkpeMa Npu HeBiKNaAHNUX CTaHax. HaronoLweHo Ha BaXIMBOCTi 3aCTOCYBaHHs MOBiNb-
HWX YNbTPa3BYKOBKX anaparTis, Lo 3abe3neyyoTb AOCTATHIO TOYHICTb 0OCTEXeHb i AatoTb 3MOTy BUKOHYBATH
npoueaypw 6e3nocepeaHbo 6ins nixkka nauieHta abo B nozarocnitanbHux ymoBax. BuB4eHo npoTokonu ynb-
Tpa3ByKoBWX JocnigkeHb (Y3[1), Wo cTaHaapTU3yTh AiarHOCTUKY i iHBa3WBHI MaHinynsuii. Tak, npoTokonu
POCUS, FAST, eFAST, LUCI Ta iHwi goBenu cBoto eeKTUBHICTb Nif Yac AiarHOCTMKM LLOKOBUX CTaHIB, MHe-
BMOTOPAKCY, TPaBM BHYTPILLHIX OpraHiB i KpUTUYHUX YCKNaLHEHb. YNBTPa3ByK TakoX LIMPOKO 3aCTOCOBYOTL
ANs nigBuLLeHHs Beaneky iHBa3MBHUX MpoLueayp: kateTepu3aalii LEHTpanbHUX BEH, perioHapHux Gnokan
Ta enigypanbHoi aHectesii. Y giten Y3[] nonomarae 3MEHWWUTY KinNbKiCTb YCKNaaHeHb Nig Yac MaHinynsin
3aBASAKN BUCOKIW TOYHOCTI Bisyanisauii. Y3[] — BaxnuBuUiA iHCTPYMEHT ANt MOHITOPWHIY CTaHy MauieHTiB i3
AMXanbHOK Ta CEPLIEBOI0 HEAOCTATHICTHO, LLO AA€E 3MOTY OMepaTUBHO BUSIBMATY NATONONIYHI 3MiHWU Y NereHsx
i cepui. 3actocyBaHHs Y3[] cyTTEBO 3MeHLUYE pafialliiHe HaBaHTaXeHHs! NOPIBHSHO 3 peHTreHorpadieto Ta
KOMM'KOTEPHO0 TOMOrpadieto.

HeaBaxatoum Ha 3Ha4HWIA NPOrpec, MeToanKa Mae NeBHi 0OMEXeHHS!, NOB’AA3aHi 3 aHaTOMiIYHUMM 0COBNMBOCTSMMU
nawieHTiB, CKNaaHICTHO NOLLYKY akyCTUYHMX BIKOH i HeOBXIAHICTIO cneLianisoBaHoi NiarotoBky Nikapis. Mepcnek-
TWBM PO3BUTKY NONAralTb Y NOAAnNbLUIA CTaHAAPTM3aLiT NPOTOKONIB, YAOCKOHANEHHI TEXHIYHUX MOXITMBOCTEN
anapartiB Y3[] Ta po3pobui MixxHapoaHUX Nporpam HaB4aHHS.

BuCHOBKM. YNbTpa3ByKoBa BidyanisaLjisi MOKpaLLye sKiCTb 4iarHOCTUKM, 3HEDOMOBaHHS! Ta IHTEHCHBHOI Tepanii,
3HaYyHO NiABULLYE TOYHICTL | Besneky iHBa3MBHUX NpoLeayp. BukopuctaHHs ynbTpa3BykoBMX METOAIB Bidyani-
3aLlii MoXe MaTn 0BMEXEHHS y BUMaZKaXx, KoM CKNagHo 3HaNTW akyCTUYHe BikHO. MOLIMPEHHS BUKOPUCTaHHS
koHuenuii POCUS Ta iHTerpauia Y3/l B anropuTMi NATPUMKN XWTTS NOB'A3aHI 3 pPO3POONEHHAM JOCTYMHNX
KOMMaKTHWX, BUCOKOYYTNMBKX anapatis Y3, npuaatHux Ans AorocnitanbHoi AiarHOCTUKM.

CyuacHi meauuHi TexHonorii. 2025. T. 17, Ne 1(64). C. 60-66

The importance of using mobile ultrasound devices in improving the quality
and safety of emergency care, anesthesia and intensive care

A. A. Krishtafor, D. A. Krishtafor, 0. V. Kravets, 0. V. Pylypenko

The aim of this review is to determine the role of ultrasound visualization in improving the safety and quality of
anesthesia, intensive care and emergency medical care.

The article explores the role of ultrasound imaging in improving the quality and safety of diagnostics, analgesia,
and intensive care, particularly in emergency conditions. The authors emphasize the importance of using port-
able ultrasound devices that enhance diagnostic accuracy and enable bedside or prehospital procedures. The
study highlights the significance of ultrasound protocols, such as POCUS, FAST, eFAST, LUCI, and others which
standardize diagnostics and invasive interventions. These protocols have proven to be effective in diagnosing
shock states, pneumothorax, internal organ injuries, and critical complications. Ultrasound is also widely used
to improve the safety of invasive procedures like central venous catheterization, regional nerve blocks, and
epidural anesthesia. In children, ultrasound helps to reduce the number of complications during procedures due
to its high accuracy of visualization. The authors point out that ultrasound is an important tool for monitoring the
condition of patients with respiratory and heart failure, allowing for the prompt detection of pathological changes
in the lungs and heart. In addition, the use of ultrasound examination significantly reduces the radiation exposure
compared to X-rays and computerized tomography scans.
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Despite significant progress, there are limitations related to the anatomical features of patients, the difficulty of
finding acoustic windows, and the need for specialized training of doctors. Future developments include further
standardization of protocols, improvement of ultrasound device capabilities, and the creation of international

training programs.

Conclusions. Ultrasound visualization improves the quality of diagnosis, anesthesia and intensive care, signifi-
cantly increases the accuracy and safety of invasive procedures. Using ultrasonic visualization methods can be
problematic in cases where it is difficult to find an acoustic window. Further expansion of the use of the POCUS
concept and integration of ultrasound into life support algorithms are related to the development of available
compact, highly sensitive ultrasound devices suitable for prehospital diagnostics.

Modern medical technology. 2025;17(1):60-66

Y 1950-60-x pokax 3ailicHeHo nepLui 4ocnian 3 06CTEXEHHS
opraHi3my ftoavHY 33 OMOMOroH yNsTpassyky. Ha noyatky 1970-x
POKIiB B EKCIEPUMEHTI JOBEAEHO MOXIMBICTb BUSIBMEHHS BiMbHOI
PiavHW B YepeBHii NOPOXHWUHI, @ B 1976 poui 3a AONOMOrok
YNbTPa3sByKy OiarHOCTOBAHO BENMKE NOLUKOMKEHHS cenesiHkm [1].

IcTOpist KNiHIYHOTO BUKOPUCTaHHS YNbTPa3ByKOBOrO MeTody
BidyanisaLii B aHeCTesionoril, iHTEHCWBHIN Tepanii Ta MeaULMHI
HeBiaKnagHux cTaHiB 6epe novatok y 1980-x pokax, Konm ynb-
Tpa3ByKOBI anapartyt ctanu Ginbl NOPTaTMBHUMK, Jann 3MOTy
OTPUMYBaTK KapTUHKY B pearnibHOMY 4aci Ta Komu 3'siBUnmucs
©arato4acToTHI AaT4MKM i KONbOpOoBWMIA gonnep. 3 kiHus 1980-x i
Jo cepenunHu 1990-x pokiB 3 BUKOPUCTaHHAM YNbTPa3ByKy 3fii-
CHIOBanM OBCTEXEHHS MaLlieHTIB 3 TpaBMamu [N BUSIBNEHHS
remMonepuUTOHeYMy Ta remonepukapaa.

Pesynsratom LpOro JOCBigy CTano CTBOPEHHS MPOTOKOMY
FAST (Focused Assessment with Sonography for Trauma) — Line-
CrPSIMOBAHOIO AOCTIZKEHHS MaLiEHTIB i3 TPaBMOK 32 AOMOMOTOH0
ynbTpa3ByKy. BnpoBagKeHHs Liboro mpoToKony 06CTEXEHHS Mpu
TpaBMax y 6araTbox LieHTpax HagaHHs gonomoru B CLUA, Esponi
Ta AnoHii Bxe Ha novatky 2000-x pokiB Aano 3mory BigMOBUTUCA
BiJ PYTWHHOI NPaKTWKM AiarHOCTUYHNX NepPUTOHEeanbHUX NaBaxis
i cninux nepukapaiouexTesis [1].

BisyanisaLisi 3a onoMOroto ynsTpassyky OKpeMMX CTPYKTYp:
HepBOBMX CTOBOYPIB, apTepiit i BEH — Aana NoLTOBX A0 BUBYEH-
HS MOXIMBOCTi BUKOPUCTaHHS LIbOr0 METOAY NpW BUKOHAHHI
iHBa3MBHWX MpoLieayp, 30Kpema kateTepuaallii LeHTparbHuX
BeH i Grokagm HepBoBMX CTOBOYPIB Anst 3HEOOMOBAHHA Mg Yac
OnepaTBHUX BTPYyYaHb.

[NpoTsirom HacTynHWX 20 POKIB 3aBASKM MPOrPeCy eNeKTPOHIKN
3'ABUNUCS TEXHIYHI MOXITMBOCTI PO3BUTKY METOZY YNLTPa3BYKOBOI
Bi3yanisaLii npu 3HeOOMtoBaHHI, IHTEHCMBHIN Tepanii Ta nig yac
HaJ)aHHs 10MOMOry NP HeBiAKNaaHWX CTaHax. HuHi ynsTpasByKoBi
pocnimkenHHs (Y3[) MaroTb NeBHWI Habip yMOoB, L0 3abe3nedyioTb
IXHIO KMIHIYHY KOPUCHICTb, NPAKTUYHICTb | NPOAYKTUBHICTb B EKCT-
peHuX Bunagkax. 3okpema, MaeTbes Npo Taki yMOBK:

1) ynTpa3ByKoBY BidyanisaLito Cif BUKOPUCTOBYBATM Tifbki
B pasi Takux HEBIOKNaAHWUX CTaHIB, KON BOHA MOXE MOKPaLLUTK
SKICTb AjarHOCTUKW Ta BUKOHAHHS iHBA3MBHWX MaHIiNynsuin;

2) eKCTPEHe ynbTpa3BykoBe AOCMiMKEHHS 0OMexXeHe B yaci,
TOMY Mage OyTn 30CepemKEHNM Ha KOHKPETHI METI;

3) eKCTpeHa ynbTpa3ByKoBa BidyanisaLlisi Mae OyTu opieHTOBa-
Ha Ha ofHy — ABi CTPYKTYpM B AiNSHUi Tifa, siKi nerko poanisHaty;

4) MeTOaMKa EKCTPEHOI YIbTPa3ByKOBOI BisyaniaaLi Mae byTu
TaKoto, SIKi NEerko HaBYUTUCS;

5) ekcTpeHa ynbTpa3BykoBa Bisyanisais Mae byTu Takoto,
Ky MOXHa LUBWZKO BUKOHATK;

6) pesynbTaTi eKCTPEHOI yNbTPa3ByKoBOI Bidyarnidallii MatoTb
BesnocepeHbO BNAMBATU Ha yXBaneHHs KMiHIYHUX PilleHb i
BUKOHAHHS MaHinynsin;

7) ekcTpeHa ynbTpa3BykoBa Bidyanisauis Mae byTu Takoto,
o6 ii MoxHa Byno BukoHaTK 6e3nocepeaHsO Ging fixka XBOPOro
abo B nosarocnitanbHux ymosax [1].

[ oTpUMaHHS LiMX YMOB XapakTepuaye BCi Cy4acHi METOAWKM
i NPOTOKONMW BUKOHAHHS YNbTPa3ByKOBUX JOCTIMKEHb B aHeCTe-
3ionoril, IHTEHCWBHIN Tepanii Ta MeaULMHI HEBIAKNAAHMX CTaHiB.

Merta pobotu

BusHaueHHs poni ynsTpasBykoBOro MeTody Bisyanisauii B
noninweHHi 6e3neku Ta AKOCTi 3HeGOMNOBAHHS, IHTEHCUMBHOI
Tepanii Ta HeBiAKMagHOI MeaMyHOT LONOMOTY.

Marepianu i MeToAU AOCAIAKEHHA

3pilicHEHO MOLUYK HAYKOBWX CTaTeil B ENEKTPOHHMX 6asax
MeauuHux nybnikaui, a came B PubMed, Elsevier, Scopus,
MedLine, Google Scholar, eLibrary Towo. ins aHanisy obpanm
CTaTTi, Y SKWX HaBedeHO pesynbraT paHLoMI3oBaHWX LOchi-
[XeHb ePeKTUBHOCTI YNbTpa3ByKOBUX METOZIB Bisdyanisauii
MOPIBHSAHO 3 iHLLMMM BapiaHTamu AiarHOCTUYHWX Ta iHBA3WBHNX

npoLeayp.

Pe3yabtatun

Po3pisHstoTb AiarHOCTUYHI i CynpOBiAHI METOAM YNbTPa3By-
KoBOI Bigyanisauii. [JiarHOCTUYHI METOAW BUKOPUCTOBYIOTL ANS
BW3HAYEHHSI NATOMOrMYHUX aHaTOMIYHWX 3MiH, 30Kpema Ans
BUSIBMEHHS NaTOMNOrYHOMO BMICTY B NneBpanbHii i YepeBHil
MOPOXHUHAX, Y MOPOXHUHI NepuKapaa, y Hupkax abo cevoBomy
MIiXypi; OLHIOBaHHS CTaHy BHYTPILLHbOCEPLEBOI Ta CUCTEMHOI
CYAMHHOI reMOAMHaMIKV; ANs OLiHIOBAHHS CTaHy i nepucTanb-
TUKN KULLKIBHUKA; BUHAYEHHS! MPOXIQHOCTi BEH HIDKHIX KIHLIBOK
i HasIBHOCTI TPOMGIB y HMX. CynpoBiaHI METOAM YrbTPa3ByKOBOI
Bi3yani3aLjii 4arTb 3MOry B peasilbHOMY Yaci OTpUMYBaTH YiTke
YSIBMEHHS LLOA0 aHaTOMIYHKX CMiBBIAHOLLEHb MK CTPYKTYpamu
TKaHWH Y 30Hi, 1€ BUKOHYHOTb TY Y iHLLY iHBA3WBHY MaHinynsvito.
Lle moxe ByTu KaTeTepu3aLis LeHTpansHoi abo neprudepuyHoi
BeH / apTepii, bnokaga HepBoBKX CTOBOYPIB i CMETiHb, CrUH-
HOMO3KOBA YU enigyparnbHa aHeCTesis.

lMopiBHsIHO 3 GaraTbma NPUMKKOBUMM iHCTPYMEHTaMM ANt
obcTtexeHHs, Y3[1 mae nepesary, LU0 CTOCYOTLCSA A0Sy 3a
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Tabauus 1. [POTOKOAM YABTPA3BYKOBOrO AOCAIAXEHHS, SIKi BUKOPUCTOBYHOTb B aHECTE3I0AOrT Ta IHTEHCUBHIN Tepanii

MpoTokon HasBa npotokony
FAST Focused Assessment with Sonography for Trauma — npuuinbHe ynbTpasBykoBe AOCHIMKEHHS XBOPUX i3 TPABMOH
eFAST Extended FAST — po3LunpeHnuit npoToKon NPMLINbHOTO yNsTPa3ByKOBOrO AOCHIMKEHHS NOCTpaxaanux i3 TpaBMoio
BLUE Bedside Lung Ultrasound in Emergency — npunixkoBe ynsTpasBykoBe AOCHiMKEHHS NereHb Npy HEBIOKNaAHWX CTaHax
LUCI Lung Ultrasound in the Critically lll - Y3[] nereHb y KpuTu4HO XBOPOro NaLlieHTa
LUCI-FLR LUCI favouring limitation of radiation — Y3[1 nereHb y KpUTU4HO XBOPOTO NaLlieHTa 3 TPABMOIO A5 3MEHLLEHHS pagiaLlifiHoro
HaBaHTaXeHHs
FALLS Fluid Administration Limited by Lung Sonography — ynsTpa3BykoBe JOCTimKeHHS NereHb Ans KOHTPOMHo iHdy3iiHoT Tepanii
FATE Focused Assessed Transthorasic Echocardiography — npuuineHa TpaHcTopakansHa exokapgiorpadis
FoCUS Focused Cardiac UltraSound examination — npuuintHe exokapgiorpadiyHe 06CTEXeHHs
SESAME Sequential Emergency Scanning Assessing MEchanism or origin of shock of indistinct Cause — nocnigoBHe ynsrpasBykose
CKaHyBaHHS NPW HEBIAKMAAHNX CTaHax AN OLHIOBAHHS MexaHiaMy abo eTionorii LWOKy HEeBM3HAYEHOT MPUUMHN
GuCCl Global Ultrasound Check for the Critically Il — nosHe ynsTpasBykoBe AOCRIMKEHHS KPUTUYHO XBOPOTO MALiEHTa, WO NOEAHYE
Kinbka HaBeAEHNX NPOTOKONIB i CIPAMOBAHE Ha BUSIBMIEHHS 03HAK roOCTPOI AyXanbHOi HEAOCTATHOCTI, LLIOKY Ta 3yMUHKM Kpo-
B0OGIry
PAUSE Prehospital Assessment with UltraSound for Emergency — ynktpa3ssykoBe 06CTeXEHHS NPy HEBIAKNALHNX CTaHaX Ha [oroc-
nitanbHoMy eTani
RUSH Rapid Ultrasound in SHock — LwuBmake ynsTpassykoBe 0BCTEXEHHS MY LLOKY
3a paHumu [3,4,5,6,7,8].

TSOKKOXBOPUMM MaLjiEHTaMM Y BifAineHHi iHTEHCMBHOI Tepanii,
0c0o0NMBO B HaWCKNaAHILLMX BUMAOKaX, 3@ BUHATKOBUX 0OCTa-
BUH [2].

3a poku, Lo MUHYMK 3 NoYaTKy BNpoBamkeHHs Y3[] y npak-
TUKY 3HEDOMOBaHHS Ta IHTEHCKBHOI Tepanii, po3pobneHo HU3KY
MPOTOKONIB, LLIO AAK0Tb 3MOTY CTaHAAPTW3YBaTV METOAMKN AOCHI-
[PKEHHS! | 3aCTOCOBYBATU Yy KOXHOMY KOHKDETHOMY BUMAZKY Ty,
LU0 JaCTb HAMLLUBUALINIA | HAUTOYHILLWIA pedynbTat (mabs. 1). L
npoTOKONM 06’eAHYE OfHa ifes, ska peanidye KOHLEnLito BIKO-
puctaHHs Y3[ y MeguLmHi KputuaHux ctanis, — POCUS (Point-
Of-Care UltraSound), T06T0 ynkTpa3BykoBe AOCMIMKEHHS HA
micLi, beanocepenHbOo 6ins nikka XxBoporo abo Ha MICLLi BUKIUKY,
Y pasi 3aCToCyBaHHs NikapeM HeBiAKNaaHOI MeQUYHOI AOMOMOTY.

OcTaHHiM YacoMm 36inbLUYETLCS YacToTa 3aCTOCYBaHHS! KOH-
uenuii POCUS ansa BeaeHHs KPpUTUMYHO XBOPUX MaLlieHTiB, Lo
3AiMCHIO0Tb peariMaTornoru abo nikapi HeBigknaaHo! 4ONoOMOori.
Pesynbrati ouiHioBaHHS noTpeb nikapis MeauLMHN KpUTUY-
HWX CTaHiB Janmu NiacTaBK BUOKPEMUTU 6a30Bi ynbTpasByKoBi
[OCTIIKEHHS CepLs, NereHis i YepeBHOI NOPOXHUHK [9], Wo €
HanoLumpeHiwrmm metogamu POCUS y BingineHHi iHTEHCHMBHOI
Tepanii.

basoBa exokapgiorpacisi y XBOPUX Y KPUTUYHOMY CTaHi
3a3Buyail nepenbavae voTMpK exokapaiorpaddiyHnx NPOEKLii:
napacTepHarbHy no JOBrii OCi, TapacTepHasibHy No KOPOTKil Oci,
anikanbHy YoTMpUKaMEPHY Ta cybkocTanbHy. BoHu fatoTb amory
6inga nixka XBOPOro OLHUTM TEPMIHOBO HeOOXiaHi MOKa3HMKM
CKOpOTNMBOCTI MioKapzaa, HanoBHEHHS! MiBOrO LUMyHOYKa, Avna-
TaLii NpaBoro LUMyHouKa abo BUSHAYMTY iHLLi 04EBMAHI aHOMaii
(Hanpuknag, BENWKMIA NepukapaianbHU BAMIT).

[MNepesaroto Y3[] nereHb NOPIBHSHO 3 peHTreHorpadieto rpya-
HOT KNiTK Ta KOMM'KOTEPHOO TOMOrpadieto € Te, LLO KMiHIYHO CTaH

nauieHTa MOXHa 3py4YHO KOHTPOMIOBATW MPOTArOM TPWBAoro
yacy 6e3 30inbLUeHHs pafiaLiiHoro HaBaHTaxeHHs!. MNokasaHo,
Lo Y3[] nereHb 3MEHLLYE YacTOTy BUKOPUCTAHHS PEHTIEHOrpam
FPYOHOI KIITKW Ta KOMITOTEPHOT TOMorpadhii y KpUTUYHO XBOPUX
navuieHTiB Ha 26 % i 47 % signosigHo [10]. MoeaHaHHs Y3/ ne-
reHb i3 6a30B00 exokapaiorpadieto CyTTeBO MiABULLYE PiBEHb
JjarHocTyHoi TowHocTi Y3 npu kapaioreHHOMY Habpsiky NiereHb
(94 % nopiBHsIHO 3 65 % Yy pas3i BUKOPUCTaHHS Tinbkv Y3[ nereHs,
p=0,03) i nHeBMOHii (83 % nopiBHSHO 366 % Yy pasi 3acToCyBaHHs
Tinbk Y3[ nerenb, p = 0,016) [11].

HewwonasHo koHuenujio POCUS novanu 3actocoysaTty B an-
FOPUTMi PO3LLIMPEHOI NIATPUMKM XMTTS JOPOCTIMX Y pasi 3ynUHKM
kpoBoobiry (Advanced Cardiac Life Support, ACLS). kLo ue He
3aBaae BIKOHaHH0 ocHoBHoro anroputMy ACLS, 1oro gowinsHo
3aCTOCOBYBATM A5 BUSBMNEHHS NOTEHLNHO 0B0POTHUX NPUYKH
3yMnuHKW cepLis abo BiGHOBMEHHS COHTaHHOTO kKpoBoobiry [12].

Y3[1 mae uamano nepesar nig yac Bidyanisavji guxanbHuX
LINSXIiB, OCKINbKW Le OocnimkeHHs Ge3neyHe, LUBWaKE, NOB-
TOpIOBaHe, NMOPTaTMBHE, LUMPOKO AOCTYMHE Ta Aae AMHAMIYHI
300paXeHHsI B peXWMIi peanbHoro yacy. Tak, Hanpuknag, Y31
MOXHa BUKOPVCTOBYBATY 47151 NPSIMOTO BU3HAYEHHS! MONOXEHHS
eHpoTpaxeanbHoi TpyOku — y Tpaxei un cTpaBoxogi [13].

OnaHyBaHHs1 6a30BKX HAaBMYOK BUKOpUCTaHHA Y3[1 He €
3aHafTo cknagHuM. Tak, 3a ganumu E. J. Chin et al., HaBiTb
napamegyky Ha gorocnitanbHOMy eTani 3a A4OMOMOro YyIb-
Tpa3BYKOBOrO LOCHiLKEHHS 3a npoTokoriom PAUSE moxyTb
LWBMAKO AiarHOCTyBaTW y NalieHTa MHEBMOTOPAKC, nepukap-
JianbHuid BUMIT abo 3ynuHKY cepus — cTaHu, Lo noTpebytotb
HeranmHoro BTpyyaHHs [3]. JocnigxeHHs 30incHUNN 3a yyacTio
20 napamegukiB, ski He Manu JOCBigy BuUKopucTaHHs Y3[.
Bxe nicns 4BOroguHHOro Kypcy HaB4aHHs, KW CKnajascs 3
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Tabauus 2. CneupdiuHicTb i uyTauBICTb Y3A Npu Pi3HKX BUAGX LLOKY

Bua woky YyTnusictb

CneumdivHicTb

[inoBonemiyHwmi

0,90 (95 % [11 0,84-0,94

0,92 (95 % [11 0,88-0,95

KapgioreHHuit

0,78 (95 % 11 0,56-0,91

0,96 (95 % 11 0,92-0,98

OBCTpyKTMBHMIA

( ) ( )

( ) ( )

[IMCTpUBY TUBHYIA 0,79 (95 % [l 0,71-0,85) 0,96 (95 % [l 0,91-0,98)
0,82 (95 % [11 0,68-0,91) ( )

0,98 (95 % [11 0,92-0,99

3a pesynsratamu MetaaHanisy T. Yoshida et al. [15].

NeKuii i NPaKTUYHOTO OMaHyBaHHS HaBMYOK, KypcaHTu AaBa-
nn B cepegHbomy 91 % (86-96 %) mpaBunibHMX Bignosigen
MpU po3ni3HaBaHHI TeCTOBUX 300paxeHb. Xaver H. H. et al.
BBaXarTb, WO Y3[] Moxe ByTv KOPUCHWM Mig Yac MEANYHOTO
COPTYBaHHS Y pasi HalaHHA [OMNOMOrY BENWKIN KinbKOCTi no-
cTpaxganux [14].

YnbTpa3ByKoBi METOAM AOCTIMKEHHS JOBEMNM CBOK eheKTHB-
HICTb MiJ Yac AiarHOCTUKM LLIOKOBUX CTaHIB Pi3HOMO MOXOMKEHHS
(mabn. 2).

Y3[I BUSIBUNOCS YYTAMBILLMM OO BUMOTY B NIEBPASbHIN
MOPOXHMHI, HxX kom'toTepHa Tomorpadpist (KT). Tak, 3a gonomo-
FOH0 YNETPA3ByKOBOTO CKaHYBaHHS! MOXKHA BUSIBUTY BUMIT 06'EMOM
Big 5 mn, a 3a gonomoroto KT — Big 150 mn [16,17].

Kpim Toro, Y3[l mae nepeBarut nig 4ac 4iarHOCTUKA BEH-
TUNATOP-acoLinoBaHoi NHeBMOHiIi (BAIT) NopiBHAHO 3 pPeHT-
reHorpadieto rpyaHoi KniTkW, 1 30kpema B acnekTi paHHbOI
JiarHocTuku. Busiunocs, LWo y nauieHTiB, ski nepebyBaiotb Ha
LUTYYHIA BEHTUNSALIT NEreHb 3 MOBHOK BTPATOK MOBITPSHOCTI,
Hacamnepeq Y 3afHix nonsix, HasiBHICTb KOHcomipauii € ayxe
CMeLmMgiYHOK NS BEHTUNATOP-acoLinoBaHO! MHEBMOHIT. Mig-
TBEPIKEHO, L0 AMHAMIYHA MiHiliHa / AepeBOBMAHA NOBITPSIHA
OpoHxorpama BcepeauHi koHconigauii € gyxe cneundivHo
ans BAIM[18,19,20].

Y kniHiyHoMy focnimxeHHi S. Gaber et al. nokasaHo, Lwo
Y3[] nereHb Mae BUCOKY YyTrmBiCTb (91,67 %) i cneumdiyHicTb
(100 %) nig yac giarHocTukn BAT, € JOCTOBIPHO KpaLLum MeTo-
[OM, HiX peHTreHorpadis rpyaHoi knitkm (p < 0,01) [21]. Kpim
paHHbOI iarHocTvku BATT, 3a jonomoroto Y3[1 MoXHa BU3HaUMTK
MPWYKHY riNoKCeMii B NaLjieHTa, Ym € B HbOro notpeda y 3actocy-
BaHHi NPOH-NO3uLii 260 peskyMy 3 NO3UTUBHM TUCKOM HAMPUKIHLL
BUAMXY, YU MOXKIMMBUIA PO3BUTOK AUXanbHOI HEJOCTaTHOCTI Y
XBOpOro nicns ekcTybaLii Tpaxei [22].

Y Hempoxipyprii Ta HenpopeaHimaTonorii we y 1980-x pokax
LUMPOKO BWKOPWCTOBYBAmNW METOZ MiHIMHOMO YrkTpa3ByKOBOrO
CKaHyBaHHS ANsl BU3HAYEHHS 3MILLEHHS CEPEAUHHIX CTPYKTYP
MO3Ky npu 06’eMHUX MpoLecax, 30KpeMa BHYTPILLHbOYEPENHIX
KpOBOBWMMBAX i NyxnHax. [oBoni aBHO ikapi BUKOPUCTOBYHOTb
TpaHcKpaHianbHWA JOMnep ANs OUiHIoBaHHS LiepebpanbHoro
kpoBoToky. OcTaHHiIMK pokamu nokasaHo, Wwo Y3[ ronosHoro
MO3KY € AOLiNbHUM IHCTPYMEHTOM ANS LIBMAKOIO OLHKOBAHHS
LepebpanbHoi remoguHaMmiky Ta CTPYKTYpHOI natonorii 6ins
nixka XBOpOro. TpaHCKpaHianbHWii 4onnep i AynneKkCHUA TpaHe-
KpaHianbH1in Jonnep i3 KonbOpOBUM KOAYBAHHSM SIK €fIEMEHTH
POCUS BMKOPUCTOBYKTb HUHI ANs 0OCTEXEHHSI rOfIOBHOMO
MO3Ky. BoHu AatoTb 3mMory ouiHUTK LiepebparbHy reMoauHamiky
(Hanpuknag, uepebpanbHy ilemito, 30Kpema NOBHY 3yMUHKY
MO3KOBOrO KpOBOOBiry), HEMPSAIMAM METOLOM BW3HA4aTH BHY-

TPILLHBOYEPENHNIA TUCK 3a AiaMETPOM 30POBOTO HEPBA, @ TaKOX
HasIBHICTb BHYTPILUHbOYEPENHNX KPOBOBUMMBIB.

[MpoTe po3pi3HsATL NEBHI OOMEXEHHS LLOAO 3aCTOCYBaH-
HS1 yrbTPa3ByKOBMX METOZIB Nif Yac OOCTEKEHHS rOMoBY, LU0
MOB’SA3aHO 3 TPYAHOLLLAMM MOLLYKY aKyCTUHHOTO BikHa. Tak, Tpeba
nam’siTaTy, Lo BUMIPIOBAHHSA LIBMAKOCTI LiepebpanbHoro Kpo-
BOTOKY € MEBHOK MipOI0 HaAINHUM TirlbKW B CEPEeaHIil MO3KOBIl
aptepii [23]. Came Tomy HannoLumpeHilumm metogom Y3/1-obcTe-
KEHHS1 Ha rOMOBI € BUMIPHOBAHHS! BHYTPILLHBOYEPENHOrO THUCKY 3a
JiaMeTpoM 30pOBOr0 HepBa, OCKiNbkY Ans Lboro He Tpeba cka-
HyBaTV CTPYKTYPU MOPOXHUHW Yepena [24]. Lito MeToauky MoxHa
3aCTOCOBYBATH Mg Yac 06CTEXEHHS 3a LOMOMOTOH MOPTaTUBHUX
anaparis, i MOXHa LIBMAKO OnNaHyBaTu 1 BUKOPUCTOBYBATK 3a
Oyab-skvx YMOB i B nawieHTiB Oyab-akoro Biky [23,24,25,26].

CyyacHa gocTynHicTb npucTpoiB Y3[, ki MOXHa BUKOPUCTOBY-
BaTy Bins nixkka XBOPOro, Aa€ 3MOry AMHaMIYHO CyTTEBO BNNMBATH
Ha AiarHOCTMYHUIA NpoLiec i NikyBaHHS xBopuX [27,28]. Pasom i3
TUM € NeBHi 0BMEXEHHS 3acToCyBaHHS Y3[] B iHTEHCHBHIN Tepanii.
Tak, Hanpyknag, OOCHimMKEHHS Moxe ByTn 0BMexeHe HasiBHICTHO
MOB’A30K, ApeHaxiB abo NiALLKIpPHOI eMiseMm came B TUX TOUKaX,
LLIO BUKOPMCTOBYHOTb M Yac 06CTexeHHs [29], abo TOBCTUM KUpo-
BMM MPOLLAPKOM MpK BUCOKOMY CTYNeHi oxupiHHs [30].

BukopucTaHHs nopTaTUBHKX YNbTPa3ByKOBUX anapatis i
MOBINbHUX MPUCTPOIB KOPUCHE HE TiNbkW B 4iarHOCTUYHOMY
NPOLECi, ane 1 nig Yac BUKOHAHHS Pi3HMX iHBA3VBHUX NPOLEAYp,
Hanpuknag, perioHapHux brokag. MMig yac Takux MaHinynsui
Y3[1 MOXyTb BUKOHYBATI NMPOTArOM MpOLeaypy, Nepeq, i nicns
Hel. Tak, 3rigHO 3 pesynbTatamu CUCTEMATUYHOrO Ornsay M
MeTaaHani3y paHaoMi30BaHWX KOHTPOMNbOBaHUX AOCTILKEHD,
Lo 3pgiicHeHi L. Jiang et al., Y3[1 micusa nyHKUii enigypansHoro
npocTopy 30iNbLUYye YacTOTy YCMILUHOTO BUKOHaHHSI NpoLeaypH
3 NepLUOro pa3y B NALEHTOK i3 NPOrHO30BaHUMK TPyaHOLLAMM
NYHKLiT, HaNpUKnag, CKNagHICTIO NanbnaTopHOi iaeHTUdiKkaLii
micus nyHkuii [31]. MepegnpoueaypHe Y31 3MEHLUMNO KinbKiCTb
MYHKLIA, @ TAKOX 3MEHLLIMIO YaCTOTY CyAMHHWX NPOKONiB i 6ot B
cnuHi. 3gicHo, Y3[] nogoBxuno yac igeHTudikauii enigypansHoro
NPOCTOPY, ane He Yac BUKOHAHHS NpoLeaypy.

Yu D. et al. gocnignnu Bnnue nigo6onoHKoBoi Grnokaam
CiOHWMYHOrO HepBa Mif YNETPa3ByKOBUM KOHTPOMEM MNOPIBHAHO
3 11032060M0HKOBO BnoKadoK CigHUYHOMO HepBa Ha 6inb nic-
nsionepaLiiHoi paHu Nicns BTPyYaHb Ha rominui Ta ctoni [32]. Y
pesynbTati MeTaaHanidy 6 crarei, Bigibpanunx i3 1213 ny6bnika-
Lii/t BiANOBIAHO 4O BM3HAYEHMX METOK JOCHIMKEHHS KpUTepiiB,
aBTOPYM 3p0BMIM BUCHOBOK, LLO MPY BUKOHAHHI MigoBonoHKoBOI
Briokagy CigHWYHOTO HepBa 3 YrbTPa3ByKOBOIO BidyarnisaLlieto
yacToTa po3BMTKY NMOBHOI CEHCOPHOI Brokaam npotarom 30 xB8
Oyna 3Ha4yHO GiNbLUO, HiX Y pasi BUKOHAHHS TpaguLiHOi no-
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3aobonoHkoBoi briokagm (OR = 5,39, Al: 2,82-10,28, p = 0,01).
Brim, DocnigHykv He BUSIBANK CTATUCTUYHO JOCTOBIPHOI Pi3HULL
3a TPMBAnICTIO NPOLEAYpU Ta YaCTOTOK YCKNaAHEHb, LU0 NOB's-
3aHi 3 Griokaaoto.

EchekTBHUM BUSIBUNOCA BUKOHAHHS Griokagm nnevoBoro
CNMETIHHA 3 YNbTPa3BYKOBUM KOHTPOMEM. Tak, y AOCHimKeEHHI
M. Zhu i W. Sun foBefieHo, L0 METOAMKA BUKOHAHHS Griokaau
MIZKITIOYNYHUM JOCTYNOM 3 YNbTPa3ByKOBKMM KOHTPONEM Mae
BWCOKMI BILICOTOK YCMiXY, BUKMWKAE LUBWAKUIA NOYATOK aHECTESil
i € 6e3neyHiLLOoLD, HixX TpaauuinHi meToguk [33]. Attia J. Z. et al.,
MOPIBHSBLUM HAAKMIOYMYHUIA | NIOKMOYMYHUIA JOCTYNU Nif Yac
BWKOHaHHS Brokagu nieyoBoro CrneTiHHA 3 Y3-KoHTponem,
BU3HAYUMNN: NPU HAZKIHOUMYHOMY [OCTYNi rofka Kpalle Bisy-
anisyeTbCs, TOMy TpWBaniCTb BUKOHAHHS MPOLEAYpN 3HAYHO
CKOPOUYETLCS MOPIBHAHO 3 TPUBAMICTIO MPU NiAKIHOYNYHOMY
JOCTYMi i MPy BUKOHAHHI Briokaam 3a KacuM4HOK METOAMUKO
6e3 Y3-koHTponto [34].

BvikopurcTaHHs ynbTpasByKoBMX METO/IB BidyanisaLlii BUsiBi-
nocs KOPUCHUM i Nif, Yac BUKOHAHHS MaHinynauin y giten. Tak,
D. Jain et al. nopiBHAMM BUKOHAHHSA KayAanbHOI enigypansHoi
aHecTesii B JjiTel i3 BAKOPUCTaHHSIM aHaTOMIYHUX OpIEHTUPIB Ta
Y3/ [35]. BcTaHOBNEHO, L0 YCRILLHICTb NepLUOi NYHKLi BULL
npy ynsTPa3BykoBOMY KOHTpONi (koedilieHT puauky = 1,31,
95 % A1 [1,15-1,49], p = 0,0001). YcknagHeHHs, SIK-OT MyHKList
CY[UH | HenpaBUribHEe PO3TaLlyBaHHS ronku, piawi B rpyni Y3[.

MetaaHanis, wo 3aiicHenuit J. Chen et al., gaB nigcrasu
3poOUTN BUCHOBOK, LLO MPY BUKOHAHHI y AiTel 6riokagm kiy-
©0BO-MaxoBoro i kryboBo-NiAYEPEBHOTO HEPBIB 3 YNbTPa3By-
KOBWM CYNpOBOZOM BMPaXEHICTb BOMLOBOTO CUHAPOMY Michst
OMepaTMBHOTO BTPyYaHHs Oyna MeHLUOK, BiAHOCHUA PU3MK
(OR) ycknapHeHb ctaHoBwB 0,49, a YacToTa ycknagHeHs Oyna
HUKYoH0 [36].

YnbTpa3sByKkoBi METOAM BidyanisaLii JonoMaratoTb NoKpaLLm-
TV pe3ynbTaTi 3aCTOCYBaHHS He TiflbkW perioHapHUX MEeTOiB
3HeDOOMIOBAHHS, ane 1 iHWWX IHBA3WMBHUX MaHinynsuii, sk-oT
KareTepu3adii NigKMoUMYHOI BeHM abo NyHKLji NaxBOBOi BEHM
Ans iMnnaHTauii kapgiocTumynsatopa. Y pesynerati MeTaaHanisy
e(eKTMBHOCTI Ta 6e3neYHOCTi kaTeTepu3aLi NiAKMHYNYHOT BEHM
3 yNbTpa3sBykoBoto Bisyanisauieto M. Zawadka et al. Bu3Hauunu,
LLIO MOCTIi HUI YNbTPa3ByKOBUI KOHTPOMb NiABMLLYBaB 3arasbHy
4acToTy ycnixy karetepusadii NigkmtoYnYHOI BEHW MOPIBHSHO 3
TPaAMLIHOK TEXHIKOK BUKOPUCTAHHS aHAaTOMIYHIX OPIEHTUPIB
i 3HWXyBaB YacToTy yckrnaaHeHb [37]. Kpim Toro, ynsTpa3ssykose
CMOCTEPEXKEHHS NIABULLMNO PiBEHb YCILLHOCTI BUKOHAHHS KaTe-
Tepu3aulii 3 nepLuoi cnpobu (BigHoweHHs puaukie (RR) = 1,32,
[95 % [ 1,14-1,54], p = 0,0003), 3MeHLLINMO 3aranbHy KibKiCTb
cnpob i TpuBanicTb BUKOHaHHS NpoLeaypu. i vac nyHKLUii nax-
BOBOI BEHW ANS iMNNaHTaLlii KapaioCTMynATopa BUKOPUCTaHHS
YNbTPa3ByKoOBOI BidyanisaLli, 3a faHuMu MeTaaHaniay S. D’Arrigo
et al., gano 3mory 36iNbLUMTM YacTOTY YCMILUHOTO BUKOHAHHS
npouenypu 80 96,8 % [38]. MNpu LboMy YacToTa Takux ycknag-
HEHb, SIK THEBMOTOPAKC, remaTtoma abo iH(iKyBaHHs NOPIBHAHO
3 rpynoto, Ae NpoLeaypy BukoHamu 6e3 Y3-KOHTpOrio, Hikya:
nHeBmotopakc — 0,19 % nopisHsHo 3 0,75 %, rematoma — 0,8 %
nopiBHsHO 3 1,7 %, iHdekuisa B ainaHui nyHkuii — 0,28 % nopis-
HsHO 3 1,05 %. 3ayBaxumMo, L0 aBTOPY 3afeKnapyBasit HU3bKY
[OCTOBIPHICTb Pi3HML.

YnbTpa3sBykoBa BidyanisaLis npu katetepuaawlii nigkmoymny-
HOI BEHW Y AiTel fjae 3MOry BUKOPUCTOBYBATU i HAZKITIOUUYHNNA,
i NIOKNOYUYHUIA JOCTYNK. Y paHAOMi30BaHOMY AOCHImXKEHHI
H.-J. Byon et al. nokasanu, Wwo TpuBanicTs npoueaypv GinbLua B
pa3i BUKOHaHHS HaAKMIOYMYHOTO AOCTYMY, @ YacToTa yCnilHOCTI
npoueaypu 3 nepLuoi cnpobu BinbLua Npu MigkMoYMYHOMY A0-
ctyni [39]. Brim, aBTOpU 3a3Haumnnu, Lo obnasi TEXHIKM MakoTb
BMCOKY €(PEKTVBHICTb | 6E3NEYHICTb.

Katetepusalliss npoMeHeBOi apTepii € OAHUM i3 NOLLIMPEHUX
METOAIB iHBA3WUBHOTO MOHITOPUHIY apTepianbHOro TUCKY i rasis
apTepianbHOi KPOBi NPy KPUTUYHKUX CTaHax. BukopucTaHHs
YNbTPa3BYKOBOI Bidyanisauji mig vac uiei npoueaypy nigeuLlye
4acToTy YCMILWHOCTI kaTeTepu3alii 3 nepLloi cnpobu y aiten,
NaLieHTIB 3 OXWPIHHAM Ta y XBOPUX i3 HECTabINbHOIO reMoaMHa-
Mikoto. Kpim Toro, aHaToMiyHi BapiaLyii npoMeHeBoi apTepii He €
pigKicTio, | KaTeTepm3aLlis nig KOHTPONEM YNbTPa3ByKy 3MEHLLYE
4acToTy yCKIaHeHb, MOB'Si3aHMX i3 BBEAEHHSIM KaTeTepa: rema-
TOM, MPOKOAIB 3a4HbOI CTIHKM, PO3CIYEHb iHTUMM Ta NOLIKOMKEHD
npomeHeBoro Hepaa [40].

LLle ogHMM 3py4HWUM BUKOPUCTAHHSAM YNbTPa3ByKOBOI Bidya-
ni3auii B aHecTesionorii Ta iHTEHCMBHIN Tepanii € NPOrHO3yBaHHS
CcKnagHoCTi iHTy6aLii Tpaxel (Tak 3BaHi «cknaaHi AuxarbHi Wwns-
xn»). TpaguuinHo hivkanbHe 0OCTEXEHHS AnXanbHUX LNSXIB
nepenbdavae ouiHIBaHHs 3a MogudikoBaHOH Lwkanoto Mannam-
nari Ta TeCT Ha NpUKYC BepxHbOi ryou. Y3 anxanbHux LWnsxis
MOXHa BUKOPUCTOBYBATY SK LOAATKOBUM iHCTPYMEHT A0 KIiHIYHO-
O OL{IHIOBaHHS! 17151 TPOTrHO3yBaHHS CKNagHUX AUXanbHVX LWSXIB
[41,42). Tak, ouiHmBLUM 3a onomoroto Y3[] poamip Tpaxei, MoxHa
BM3HAYMUTUCA 3 PO3MIPOM ABONPOCBITHOI eHAOTPaxearnsHoI Tpyb-
Ku, SIKy BUKOPUCTOBYIOTb ANS PO3AiNbHOI iHTYOaLii nerexb [43].
[ig yac YepesLUKipHOi TpaxeocToMil yNbTpa3ByKoBa Bidyanisallist
[onomarae BU3HaYUTUCS 3 MiCLieM, e BUKOHAHHS MaHinynsuii
Oyne 6e3neyHilLmMm B acnekTi TpaBMyBaHHS CyauH [44].

BucHoBKU

1. YneTpa3sykoBa BisyarnisaLlis NOKpaLLye SKiCTb JiarHOCTUKK,
3HebOMoBaHHS! Ta iIHTEHCUBHOI Tepanii 3aBaski MOOINBHOCTI, 10-
CTYMHOCTI Ta MOXIMBOCTi BIKOHaHHs1 Be3nocepeaHbo 6ing nixka
navieHTa. BoHa Tako 3HaYHO MiABMLLYE TOYHICTb | Besneky iHBa-
3VBHWX MPOLIEAYP, SIK-0T perioHapHux briokag, i katetepuaallii CyauH.

2. BrkopucTaHHs ynTpassykoBMX METOLIB BidyarnisaLii Moxe
OyT 0OMeXeHUM y BUNaaKax, KOMW CKagHO 3HalTV akyCTUYHE
BiKHO (Hanpwknag, y pasi OXWpiHHS, NigLLIKipHOT eMdbizemm abo
HasIBHOCTI IpeHaxiB).

3. PosLumpeHHst BukopucTaHHst koHuenuii POCUS ans Begen-
HS KPUTUYHO XBOPMX MaLieHTiB Ta iHTerpavis Y3[ B anroputmu
NATPUMKM KUTTS MOB’A3aHi 3 pO3pOBNEHHSIM JOCTYMHNX HaBiTb
AN KpaiH 3i criabkoto eKOHOMIKOK) KOMMAKTHUX, BUCOKOHYTIMBMX
anapartis Y3[l, npugatHux ans gorocnitanbHoi 4iarHOCTUKM.
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PiaKicHa 3HaxiaAka Ha OUHOMY AHi - «TaHeLb» CITKIBKH
(KAIHIYHMW BUNAAOK)

H. C. AyueHko©*ABDF QA IcakoBa®BCPE O, A, PyanueBa®B<P T, C. KupunosaBcP

3anopisbkuii AepXaBHWUI MeAUKO-GapMaLeBTUUHUI yHIBepcHTET, YKpaiHa

A - KOHUENLiA Ta AU3arH AOCAIAXEHHS; B - 36ip aaHux; C - aHani3 Ta iHTepnpeTauin AaHux; D - HanucaHHs cTatTi; E - peparyBaHHa cTaTTi;
F - ocTatouHe 3aTBEPAXEHHS CTaTTi
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MerTa po60Tu - NPUBEPHYTM yBary nikapiB-0pTanbMororiB 40 3aCTOCYBaHHs! ONTUYHOI KOrepeHTHOT ToMorpadii
(OKT) B AndepeHLiiHin giarHOCTUL yTBOPEHHS Ha nepudepii CITKIBKM LLNSAXOM BUSBREHHS Ti MynbcaLyii.

Marepiaau i meToau. MauieHTka Bikom 47 pokie nepedysae nig Harnsgom 3 2021 poky 3 MPUBOAY NEPBUHHOT
BiAKPUTOKYTOBOI rnaykomu (1a ctagis, nise oko) Ta NOMIPHOT KOPOTKO30POCTi 060X O4el. BoHa KopucTyeThbCs
oKynsipamn 3 AUTUHCTBA 11 OTPUMYE NaTaHonpocT 6e3 KOHCEPBaHTIB AN KOHTPOIIO BHYTPILUIHLOOYHOMO TUCKY.
PerynsipHi ornaan koxHi 6 MicauiB BkMOYaloTb TOHOMETPItO, odTanbmockonito, nepumetpito Ta OKT / OKT aH-
riorpacpiuHy (OKTA) BisyanisaLito Ans MOHITOPWHIY NPOrpecyBaHHs rmaykoMu Ta cTaHy CiTkiBku. Pexum Cross
Line BukopucTaHo fnsi B-ckaHyBaHHS!, 30CEpe;KEHOr0 Ha aMmnynax BOPTUKO3HUX BEH, i3 Bieosanucamu, Lo
bikcyBanu AnHaMiyHi 3MiHW CiTKiBKM Ta xopioigei.

Pesynbratu. [aLieHTka 3BepHynacs 3i ckapramu Ha «bnckaskmy» Ta nnsmy, LWo nnasae nepes niBuM 0KoM, TOMY
i 3niicHMnM peTenbHe 06CTEXEHHS LIeHTpanbHOI Ta nepudepnyHoi ciTkiBku. Y pesynsrati gocnigpkeHs OKT Ta
OKTA ueHTpanbHoi AinsHKN CITKIBKW BUSIBUMW 3MEHLLEHHS TOBLUVHW LAPY FaHIMIO3HWX KITiTUH i NepUnaninspHMx
HEepBOBMX BOMOKOH Y BEPXHLOCKPOHEBOMY CEKTOPI, 3MEHLUEHHS LLINbHOCTI CyAUH, WO BiANOBIAaE no4aTko-
BUM 03Hakam rnaykomu. Ha OKT-B-ckaHi nepucbepnyHoi AinsiHkM Ha piBHi 0pTanbMOCKONIYHOTO CipyBaToro
MPOMiHYI4Or0 0CepeaKy BUSIBMEHO OnyKny 3MiHY Npodinto CITKIBKW, OQHOPIAHY rinopediekTUBHY NOPOXHUHY
3 YiTKMMK kpasmu y xopioigei, 6e3 amiH y wapax CiTkiBku Ta 6e3 cybpeTnHanbHoi piguHu. Cnoctepirany put-
MiuHi nyrnbcauii CiTKiBKM, CUHXPOHHI 3 cepLeBum putMoM. [udbepeHuiiiHa aiarHocTuka BknoYana xopioigarsHi
MeTacTasu, MenaHomy, niMgomy, reMaHriomy, HeByC i BapKO3HE PO3LUMPEHHS aMMymnu BOPTUKO3HOI BEHM, LLO
BpeLUTi NiATBEpIKEHE.

BucHoBKHU. BapukoaHe po3LumpeHHs amnynm BOPTUKO3HOI BEHW — PiAKICHWIA CTaH, Lo iMiTye obposikicHi Ta 3no-
AKICHi 3aXBOPIOBaHHS CiTKiBKW Ta noTpedye AndepeHLinHoi giarHoCThKK. i Yac 0BCTEXEHHS Takux NaLjieHTiB
OKT € KopuCHUM L1151 BU3HAYEHHS MOPONOTiYHUX | ANHAMIYHUX 3MiH, @ po3nisHaBaHHs NyKTyaLii CiTKiBKM €
OCTaTO4YHUM AiarHOCTUYHUM KpUTEpPIEM.

CyuacHi meanuHi TexHonorii. 2025. T. 17, Ne 1(64). C. 67-72

A rare finding on the fundus or “dancing” retina:
a clinical case

N. S. Lutsenko, O. A. Isakova, O. A. Rudycheva, T. S. Kyrylova

Aim. To attract the attention of ophthalmologists to the possibilities of optic coherence tomography (OCT) in the
differential diagnosis of the retinal peripheral mass by detecting its pulsation.

Materials and methods. A 47-year-old female patient has been under observation since 2021 for primary
open-angle glaucoma (stage 1a, left eye) and moderate myopia in both eyes. She has been wearing glasses
since childhood and receives preservative-free latanoprost for intraocular pressure control. Regular examinations
every six months include tonometry, ophthalmoscopy, perimetry, and OCT / OCT angiography (OCTA) imaging
for monitoring glaucoma progression and retinal health. The Cross Line mode was used for B-scans focused on
vortex vein ampullae, with video recordings capturing dynamic retinal and choroidal changes.

Results. The patient complained of “lightning” and a floating spot in front of the left eye, and a thorough exami-
nation of the central and peripheral retina was performed. The OCT and OCTA examinations of the central retina
revealed thinning of the ganglion cell layer and peripapillary nerve fiber layer in the upper-temporal sector, a
decrease in the density of blood vessels, which corresponds to the initial signs of glaucoma. The OCT-B scan
of the peripheral area at the level of the ophthalmoscopic grayish radiating focus revealed a convex change in
the retinal profile, a homogeneous hyporeflective cavity with clear borders in the choroid, without changes in the
retinal layers and subretinal fluid. Rhythmic retinal pulsations synchronized with the heart rate were observed.
The differential diagnosis included choroidal metastases, melanoma, lymphoma, hemangioma, nevus, and
varicose dilation of the vortex vein ampulla, the latter diagnosis being confirmed.
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Conclusions. Varicose dilation of the vortex vein ampulla is a rare condition that mimics benign and malignant
retinal diseases, requiring differential diagnosis, where OCT is useful for identifying morphological and dynamic
changes, with recognition of retinal fluctuation as the final diagnostic criterion.

Modern medical technology. 2025;17(1):67-72

BopTuko3Ha BeHa (vortex vein) — 0anH 3 OCHOBHUX BEHO3HMX
KOMeKTOpIB ApeHaxy O4HOro sbnyka. BoHu 36upatoTb KpoB i3
CYAMHHOI 0BOMOHKM (xopioiaei), BIMKOBOrO Tina Ta pangyxku i
BWBOASATb ii 10 BEPXHBOI Ta HWXHBLOT O4HOI BeHw [1]. 3anexHo
Bif, MiCLISt BUXOZLY 3 OKa PO3PI3HSIOTb TPY TUMM LIUX BEH: HABKOIIO
Awncka 30poBoro Hepea ([3H), y AinsHLi Makynu, B HLLMX AinsH-
Kax 3agHboro nosnoca [2].

Habinblue gocnimkeHo CTaH BEHO3HOMO NepeBaHTaXEHHS!
XopioiganbHUX CYAMH, WO NPU3BOAUTL 4O PEMOAESHOBAHHS
MiKBMXPOBMX BEHO3HWX aHACTOMO3iB, @ B pasi BEHO3HOI Je-
KoMneHcalii CyanHHOT 060MOHKM — 4O MOPYLLEHHS TOCTPOTM
3opy [3]. BeHo3Ha gexkomneHcalist cyauH xopioigei Moxe 6yTu
03HAKOK MOPYLLEHb BEHO3HOTO BIiATOKY abo TSHXKUX CUCTEM-
HUX NaTOMOril: CepLeBoi HEQOCTATHOCTI, CUHAPOMY BEPXHbOI
MOPOXHUCTOI BEHW abo BHYTPILLHLOYEPENHOI rinepTeHsii [3].
Lle cTocyeTbes, 30kpema, NopyLleHb BEHO3HOIO BIATOKY, LIO
3aKOHOMIPHO CynpOBOIKYKOTb apTepianbHi AMCHYHKLIT Yepes
aHaTOMO-(hYHKLiOHaNbHY EQHICTb apTepianbHOro Ta BEHO3HOM
CErMeHTIB CyAMHHOrO pycna [4].

BTiM, CnOHTaHHY nynbcawito BOPTUKO3HUX BEH MOXHA CMo-
cTepiratn N y BiJHOCHO 300POBUX NHOAE BHACNIAOK CTUCHEHHS
EKCTPaOKYNAPHUX M’5I3iB, LLIO CIPUYMHSIE BEHO3HY 0BCTPYKLtO [5].
BapwkosHe po3LLMpeHHs ammyrnu BOPTUKO3HOI BEHM Mig Yac
ochTanbMOCKONii Mag BUIsSiA PIBHOMIPHOMO TEMHO-4epPBOHOO a60
CipyBaToro rmaaKoro KynornonogdiGHOro ypaxeHHs 3 epeBaxHUM
pO3TaLLyBaHHSM B eKBaTopianbHii AinsHUi o4Horo AHa. Ll xapak-
TEpHi 00’EKTVBHI 03HaKM [y)e CXOXi Ha XOpioiganbHi MyXMHW
(xopioigansHi MeTacTasu, NirMEHTHUIA HEBYC, MeMaHoMa TOLLO), a
OT)Xe JOLINbHO € peTenbHa AndepeHLiiHa giarHoCTIKa, OCKiNb-
Ki1 B OKpEMWX BUMaZKaXx L CTaH1 MatoTb neTanbHi Hacnigku [6,7].

3ayBaxmmMo, L0 PO3LUMPEHHS Ta NynbcaLis BOPTUKO3HMX
BEH YaCTO 3anunLLIalTLCA N03a yBarok nikapis Yepes TPYAHOLL
BUSIBINIEHHS N Yac CTaHAAPTHOrO 0hTaribMOCKOMIYHOIO OrNsiay.
CyuvacHi MeToau AiarHOCTUKM, SK-0T ONTUYHA KOrepeHTHa TOMO-
rpacpis (OKT) ta OKT-aHriorpacpiss (OKTA), BigkpuBaioTb HOBI
MOXIMBOCTI ANS AeTanbHOro AOCMIMKEHHS CYAUHHOI cUCTEMU
oka [8,9].

BuviB4eHHs nynbcaLyii posLwMpeHnx BOPTUKO3HUX BEH BaXKNNBE
HEe NuLle AnS PO3YMiHHS NMOKanbHUX 3MiH Y BEHO3HIN CUCTEMI
oKa, ane N Ans BUKIOYEHHS HOBOYTBOPEHD, L0 PO3TALIOBAHI
Ha nepudbepii ciTkiBku. Lie nigkpecntoe HeobXigHICTb HAaCcTyMHMX
[OCTiMKeHb AN PO3POBNEHHs 4iarHOCTUYHKX i MiKyBanbHUX
nigxoaiB, CNPSIMOBAHMX Ha MOKPALLUEHHS MPOrHO3y MaLlieHTiB i3
TaKUMK NaTonorismu.

Merta poboTtu

MMpvBepHYTM yBary nikapis-oghTansMonoris 40 3aCTOCYBaHHS
ONTWUYHOI KOrepeHTHOI Tomorpadii B AMdpepeHLiiHin aiarHoc-
TULi YTBOPEHHS Ha nepudepii CITKIBKA LINSXOM BUSBMEHHS i
nynbcadii.

Marepianu i MeToAU AOCAIAKEHHA

MauieHTka H. Bikom 47 pokiB nepebyBae nig Harnsgom 3
2021 poky 3 giarHO30M NepBuHHa BigkpuTOKyTOBa 1a rmaykoma
NiBOro OKa, Mionist cCEpeAHbOro CTyneHs 060X o4Yelt. [Ans 3HKeH-
HS1 BHYTPILLIHBO004HOIO TUCKY 3aCTOCOBYE FMOTEH3UBHY Teparito,
a came nataHonpocT 6e3 koHcepsaHTiB (50 mkr Ha 1 mn). Pery-
NAPHO ABivi Ha piK BiaBiaye ohTanbmornora 4f1s KOHTPOSO CTaHy
OYHOTO AiHA, BHYTPILUHBOOYHOTO TUCKY Ta MOHITOPUHTY nepediry
rnayKOMHOrO NpoLecy.

[NavjieHTLi 3giicHUNKM 3aranbHOOMTaNbMOMOMYHI JOCTIDKEH-
HS: BI3OMETpito, NepUMETPIto, TOHOMETPItO, ocpTanbMOocKonito, io-
Mikpockonito. MopdonoriuHui CTaH MakynspHOi AiNsHKK, Aucka
30POBOr0 HepBa Ta NepugepUYHUX BiAAiNIB CITKIBKM OLiHIOBaNM
3a gonomoroto OKT Ta OKTA B ymoBax MeQMKaMEHTO3HOTO Mif-
piasy Ha npunaai Optovue RTVue 100 XR Avanti (Optovuelnc,
CLUA) y pexumi cxpelennx niHin (CrossLine) Ta 3D-pexumax:
peTuHarbHa kapTa, kapTa raHriosHoro komnnekcy (Ganglion cell
complex), kapta [I3H (Optic Nervus Head). [ins oujHioBaHHs cTa-
Hy nepudepii CiTkiBkM BUKOpucTOBYBanm pexum Cross Line, sikuii
[a€e 3Mory oTpumarTy B-CkaHu 3 BUCOKOO PO3LiNnbHO 3AaTHICTHO.
CkaHyBaHHs! BUKOHAHO 3 hOKYCOM Ha amnyri BOPTUKO3HUX BEH
3 OIHOYACHOI BiEOPEECTPALIEND AMHAMIYHWX 3MiH CITKIBKW Ta
xopioigei.

Pe3yabtatu

Ha yac 3BepHeHHs y NaLieHTKW 3'SBUIICL HOBI CKaprit Ha
«BbnuckaBkuy Ta NnsMy, WO nnasae nepeg nisuM okom. lo-
CTpOTa 30pYy Ha Yac 3BEPHEHHSI CTAHOBWIIA: HA NPaBOMY OLi
- 0,1, sph -5,5 D cyl -0,54 ax 100 = 0,9, Ha nisomy ouji — 0,1,
sph -3,0 D = 0,6; BHyTpiLLHLOOYHUIA TUCK 060X OYEN CTaHOBMB
19 MM pT. CT.

Mig yac Giomikpockonii Ha 060X oYax AiarHOCTOBaHO He-
3HaYHi MOMYTHIHHS B S4PI Ta KOPTUKANbHMX Luapax KpuwiTa-
nnKa, AECTPYKLito CKMUCTOrO Tifna, NOMYTHiHHS, L0 NNaBakoThb.
Y cknucToMy Tifi NiBOro oka BidyaniaoBaHo kinbue Belica. Mig
yac ogranbmockonii 060x oveit: [13H 6nigo-poxesuit, Mexi
yiTki, ekckasauis 0,4 O/, MioniyHWiA KOHYC, TUNOBE MioniyHe
OYHE AHO, 3rnamKeHwi pednekc y Makyni, nepeposnogin
nirMeHTy Ha nepudepii ciTkiBku. [Mig Yac ornsagy O4HOro gHa
3 (pyHAYC-NiH30t0 HA MaKCUManbHOMY Mifpiasi Ha niBoMy oL
Ha cepepHin nepudepii B MepuaiaHi 2 roanH y BepXHbOTEM-
nopanbHOMY CEKTOpi BUSIBMIEHO TEMHY, 3Merka npoMiHy4y
LinsHKy CiTKiBKM po3mipom maixe 2 . Hapg Heto Bisyaniso-
BAHO HE3HaYHi NiIrMEHTHi 3MiHu.

[NosiBa TEMHOI OMyKMOi AiNSHKW CITKIBKM 3i 3MIHEHOHO MirMeH-
Taujieto 3yMOBIOE JOUINbHICTL AUepeHLINHOT AiarHOCTUKM
3 xopioiganbHUMU MeTacTasamu, MenaHoMor, NiM¢oMoio,
reMaHriomoto xopioifei, XopioiganbHUM HEBYCOM, BaPUKO3HIM
PO3LUMPEHHAM amnyny BOPTUKO3HOI BEHM Ta iHLLIMMU NirMEHT-
HAMWU YP@XEHHSMU CITKIBKM.
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Puc. 2. Mpotokon OKTA-A0CAIAXEHHA MaKYAIPHOI AIAIHKW AIBOTO OKa.

MMNauieHTka HanpaBneHa Ha JOAATKOBE AiarHOCTUYHE 4OCHi-
IxeHHst OKT ta OKTA, pesynbraTit Skoro HaBefieHo Ha puc. 11a 2.

i Yac obeTexeHHst MakynapHoi ainsHky i [3H nisoro oka Ha
OKT B1sIBNEHO TUNOBI 03HaKM, LLIO XapaKTepHi 4Ns N04aTkoBOro
MPOLECY MMayKOMM: 3MEHLLEHHS! TOBLUMHW TaHTTIO3HWX KMITUH
Ta Wapy nepunaninspHUX HEPBOBUX BOMOKOH Y BEPXHbO-TEM-
nopansHOMY CeKTOpi, BiOXWUMEHHs iHgekcy pokanbHuX BTpaT
TaHIMIO3HWX KINITUH.
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Ha OKTA niBoro oka y BepxHbOTEMNOPanbHOMY CEKTOpI
3ahikCOBaHO 3MEHLLEHHS LLINBHOCTI CyAuH, Lo 3biraeTbest 3i
3MiHaMu KOMMNIEKCY raHrniosHMX KNiTWH, a TakoX TiHb Bif KinbLs
Bevica.

Ha puc. 3 HaBepeHo OKT B-ckaH, sikuid 3pobreHnii Ha piBHi
BMNYKNOro 0Cepeaky, Lo BUSBMEHWIA Nig Yac odpTanbMocKoniy-
HOro JocnimkeHHs. BisyanisoBaHo nokarnsHO onyknuin npodinb
CITKIBKM BHACNIZOK NPOMiHEHLT AinsiHKK xopioigei. He BusiBneHo
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Puc. 3. OKT nepudepryHoi AiASHKKM CITKIBKM AIBOTO OKa Y BEPXHBO-TEMMOPAAbLHOMY CEKTOPI. *: po3LUMpEHa aMmyAa BOPTUKO3HOI BEHM,

|t nepudepuyni Apysu.

3MiH apXITEKTYPM CITKIBKI Ta 30epEXeHi Liapy 30BHILLHBOI CITKIB-
kut. MirmeHTHWiA eniTenin ciTkiBkv — 6e3 aedexTis, 3 NOOAUHOKMMM
enesauigmMn Yepes apyaun, cybpeTuHanbHoi pianHn Hemae. Y
Xopioigei BM3Ha4YeHO OAHOPIAHY riNopednekTMBHY MOPOXHUHY
3 YiTKUMW piBHUMK Kpasmu. Y Ui AiNSHU He BiyanizoBaHo
xopiokaninspu i cepeaHi CyauHu, BU3HAYEHO enpecito CKrepwm.

Mg yac ornsay BUSIBNIEHO PUTMIYHE KOMNMBAHHS CITKIBKM, LLIO
3biranocs 3 cepLeBy M pUTMOM, 3yMOBIIEHE NepiognyHUM 3Birb-
LUEHHAM i 3MEHLUEHHSIM PO3MipY FiNOpPedreKTUBHOI MOPOXXHUHM
xopioigei. Bineo ouMHamiyHMX KOMMBaHb CiTKIBKWM HaBe4eHO 3a
MoCUNaHHAM.

BpaxoBytouu pesyniratyt 06CTEXEHHS Ta BUSIBIIEHHS Nyrbca-
LLiT CITKIBKM («TaHeLb» CITKIBKM), NaLiEHTL BCTAHOBMNEHO AiarHo3
BAPWKO3HOTO PO3LLMPEHHS aMmyni BOPTUKO3HOT BEHU CITKIBKM.

06roBopeHHA

Bapuko3He po3LumpeHHs amnynu BOPTUKO3HOT BEHW Haltvac-
Tilue BUSIBMAKOTL Y NALIEHTIB CEPEHBLOIO BiKy sk GE3CHMMTOMHY
03Haky. Lle ypaxeHHs moxe ByTu ogHo- Ta ABOGIYHMM, AOro
BI3HA4atoTb sk JOBPOsiKiCHe Ta Take, Lo He noTpebye nikyBaH-
Ha [10].

Y KniHiYHOMY BMNaaKy, WO HaBeAeHo, nauieHTka mana
ckapri1 Ha ¢hoToncii, BifOMi SIKk CUMNTOMM 3a4HLOTO BiALLapy-
BaHHS CKIMCTOTO Tina, sKi, Ha HaLLy AYMKY, HE MaKTb XXOAHOI0

3B'A3KY 3 MOPYLUEHHSIM BEHO3HOTO BiaTOKY. OfHaK BUSIBEHNN
nig Yac ornsay OMHOro AHa 0Cepenok 3 OnyKMicTIo Ta 3MIHO
NirMEeHTY 3yMOBWB NPUMYLLEHHS NPO PO3BUTOK MeMaHOMM abo
nirMEeHTHOro HeBYCy Ta NoTpebyBaB 34iNCHEHHS ANdepeHLinHOI
JliarHOCTUKM.

MenaHoma xopioifei — BUCOKO3MOsIKICHa MyX1Ha, SIKy Ayxe
4acTo [iarHOCTY0Tb Y JOPOCIIOr0 HaceneHHs cBity, i 98 % Bu-
nagkiB npunagatoTb Ha NPeACTaBHKKIB €BPONEOiaHoI pacy [6].
Tomy HeobxigHo € AndepeHLiiHa giarHoCTVKa Bif iHLUMX BHY-
TPILLHBOOYHIX HOBOYTBOPEHB. PriyopecLieHTHa aHriorpadist abo
iHOOLiaHiH-3emeHa aHriorpadist — iHBa3WBHI METOAMN AOCHIMKEHHS,
o noTpebytoTb BHYTPILLUHBOBEHHOTO KOHTPACTYBaHHS, MatoTb
ynCreHHi Heponikv. BnpoBamKeHHs B MPaKTUYHY AiSNbHICTb
OKT pano 3mory BigpisHATY XopioiganbHy MenaHoMy Bif iHLLKX
peTuHanbHUX abo xopioifanbHUX YyTBOPEHb, METACTaTUYHUX
NYXI1H | XopioiaanbHNX HEBYCIB.

B HaBeieHOMY KriHIMHOMY BUMaKy Takox 3actocoaHo OKT
K JOLINbHMIA KPOK Mif Yac AndepeHLHOT AiarHOCTVKM, OCKISbKM
Lien HeiHBa3VBHWIA METOZ A€ 3MOry 3po0UTY NEBHI BUCHOBKY NPO
MOPEOMOriYHi 3MiHY, L0 BUHWKN Y NaLjieHTa.

Ha OKT-300paxeHHsX xopioiganbHi MenaHoMu MakoTb
O[HOPIZHY ONMTWUYHY BiaOMBHY 30aTHICTb B3OOBX NEPEAHbOI No-
BEPXHI 3 3aTIHEHHAM Y rMBLLIMX Wwapax nyxnuHu [11]. TlirmeHTHUi
eniTenii, WO NOKpPUBAE MyxuHy, — atpoddiyHuii, abo Noro He
BMSIBNAIOTb. XapaKTEpHOK O3HAKOKW € BTpaTa abo AecTpyKLis
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tboTopeLienTopis, BTpaTa 30BHILIHLOI MEXOBOI MeEMOpaHH,
€enincoigHoi 30HM, aHomanii BHYTPILLHBOMO NMeKCMOPMHOro
LIapy Ta HePIBHOMIPHICTb LUAPY raHrMio3HWX KMiTUH. B okpemux
BUNagKax MOXHa BUSIBUTU po3puB MembpaHu bpyxa, 3okpema y
pasi BENnuK1X MenaHoM, i BATOHYeHHs Luapy xopiokaninspis [11].
Y pesynbrati JOCTiIKeHb NoKasaHo, LU0 XapaKTepHOK 03HaKO
MenaHoM € HakonuyeHHst cybpeTuHaneHoi (76-91 % Bunaakis)
Ta iHTpapeTuHancHoi (48,3 %) pignHn [12,13]. Y kniHiyHOMY
BUNAZKY, SIKUA OMMUCanu, He3Baxakoumn Ha BidyanbHy CXOXICTb
MaTonoriyHol AiNsHKM 3 MPOsSiBaMM MenaHoMM xopioigei, Ui xa-
pakTepHi OKT-03Haku He BUSIBMEHI.

XopioiganbHuii HEBYC — HalnowmMpeHiwe AobposikicHe
BHYTPILLHBOOYHE YTBOPEHHS, LLO TaKOX BUSBNSOTH NepeBax-
HO y eBponeoigi. MokasaHo, WO 3 YacoM BiH MOXe 3a3HaTu
TpaHcdopmaLli B MenaHoMmy. HeByc 3a3Buyali BU3HaYalOThb K
4iTKO 0BMEKEHY nnacky Kpyry abo BUOOBXKEHY TEMHy AinsH-
Ky nocuneHoi xopioigansHoi nirmeHTadii. Lie kniHiYyHO cxoxe
Ha YTBOPEHHS, BUSIBIIEHE Ha CITKIBLi HALLOi NaLieHTKu, i came
TOMY noTpebyBano AMMepeHLitHOi AiarHOCTUKU. XapaKTepHi
OKT-03Hakn HeBYCIB BKMKOYaOTb BUTOHUYEHHS XOpiokaninspis
(94 %), BTpaty nirmeHTHOroO enitenito (43 %), BTpaty dotope-
uenTopiB (43 %), xopioigansHi TiHi (35-59 %) Ta HeperynsapHicTb
enincoigHoi 301K (37 %) [14]. LopaTkoBa 03Haka B pasi HEBYCIB
xopioigei — HasBHICTb NePUEPUYHIX APY3.

[letanbHuin aHani3 B-ckaHiB maLieHTKW Takox nokalaB He-
3HayHy eneBaLjto NiIrMEHTHOro eniTenito BHACNIZOK HAsBHOCTI
ChOpMOBaHMX [py3, ane He BUSIBEHO 3MiH 30BHILLHIX LapiB
CITKIBKM B 30Hi NaToOMNoriyHoro ocepenky. Tomy B mauieHTKK,
KNiHIYHWI BUNAJOK SIKOi HaBeLEeHO, BUKMIOYEHO HasBHICTb
MIrMEHTHOTO HEBYCY.

Kpim onucaHux HOBOYTBOPEHb CiTKiBKM, LLO NOTPebyoTb Au-
(hepeHLiHOT AiarHOCTUKY, € LLie OfIHE 3MOSIKICHE HOBOYTBOPEHHS
—MeTacTas y CyayHHy 060MoHKY. 3rigHo 3 AaHMI HayKOBOI NiTe-
patypu, MeETactasv MatoTb HEBENWKWIA PO3MIP, PO3TALLOBYOTHCS
HaBkono exBatopa. Lli 03Haku 36iratoTbest 3 KNiHIYHUMKU AaHUMK
Hawoi nauieHTku. [diarHocTuyHi xapaktepHi OKT-o3Haku me-
TacTasiB y CyauHHY 0B0MOHKY BKMOYatoTb «OYrpucTy» nepeaHto
noBepXHI0 (64 %), komnpecito xopiokaninspis nig Hum (93 %) i
3aTiHeHHS (86 %), @ TakoX 3MiHM 30BHILLUHIX LapiB ciTkiBku [15].
Lli o3Hakm Takox He BusiBneHo y pesynbtati OKT nauieHTku.

Bigomo, wWwo fogatkoBi MOXIMBOCTI AUdEpeHLinHOi aia-
THOCTUKWN HaBEAEHUX MaTonoriyHux ctaHiB gae Takox OKTA.
[MokasaHo, L0 MenaHOLMTapHi YpaxeHHs € reTeporeHHUMU
(61,4 %), rineppedcpnexktnBHumm (81,8 %) y pasi xopioigansHux
HeBYCIB Ta i3opedonekTnBHUMY, rinopednekTusHuMm (62,5 %)
3 rineppednekTUBHUM KifbLEEM Y XOpioKaninsapHOMY Lwapi, Lo
oTouye NyxruHy (62,5 %), y pasi xopioigansHux Menaqom [16,17].
O6oB’13k0BO NOTPIOHO 3BEPTATM YBAry Ha YiTKICTb 30BpaXeHHs
Mexi HOBOYTBOPEeHHS. YiTky AemapkaLiiiHy Mexy BUSIBMEHO B
78 % poBpOsiKiCHUX YyTBOPEHb, PO3MUTY — Y 72 % 3MOSKICHNX
HOBOYTBOPEHS. [HLLi BiMIHHI prcK BKITOYaIOT rineppednekTus-
Hy KaninspHy cyauHHy mepexy (85 %) Ta pigkicHi aBackynsipHi
[insHky (17 %) y pasi HeBYCIB; MHOXWHHI aBacKynapHi AinsHKn
(78 %), rinopedbnekTMBHY KaninsipHy CyauHHY 060MoHKy (72 %)
Ta CyauHHI Mepexi, netni (45 %) — npu menaHomax [16].

Y KniHiYHOMY BUMagKy, Lo HaBeaeHui, gogatkoso OKTA He
3acTocoByBanu, ockinbku nig yac OKT B NpoeKLLii naTonoriyHoro

ocepeqKy YiTko hikcyBanu nynbcaLito, po3mip KonmeaHb 36iraBcs
i3 cepLebuTTaM i Bignosigas dhasi HaNOBHEHHS Ta BiATOKY KPOBI
B cyauHi. Came po3nisHaBaHHs Takoi (hyKTyaLlii € 0CTaTo4HNM,
BIPOriAHUM NiATBEPMKEHHAM BAaPUKO3HOIO PO3LLMPEHHS aMmynn
BOPTWKO3HOI BEHW.

[NopiBHAHHS MynbcaLii BEHU 3 «TaHLEeM CITKiBKU» — TBOpYa
meTachopa aBTopiIB, LLO MiAKPECTIOE ANHAMIYHICTb | PUTMIYHICTb
LbOro npouecy, abu JONOMOrTM NPaKTUYHUM fikapsM YSIBUTK
Lev peHomeH. OKT pgana amory 3pobuti guHamiyHe Bigeo, Wwo
Mae My3W4HiA CynpoBif | Moxe ByTu HEOAHOPA30BO BIATBOPEHE.

BucHoBKH

1. BapuKo3He po3LMpeHHs amnyni BOPTUKO3HOI BEHU —
pigKicHe siBMLLE, L0 MOXe CTBOPUTK ANS KMiHiLMCTa cknagHy
JiarHocTuyHy npobnemy. KniHiuHi nposiBu BapuKO3HOTO PO3LLUK-
PEHHSI BOPTUKO3HOI BEHW 3iCTaBHI 3 03HaKaMu AOOPOSIKICHUX i
3M0SIKICHUX 3aXBOPOBaHb CiTKiBKY. LM 3yMOBneHa AOLNbHICTb
AnchepeHLifHOT AiarHOCTHKN.

2. OKT — KopuCHWA METOR ANS BU3HAYEHHS! | XapaKTepHUX
MOPMONOriYHKX, | AMHAMIYHUX 3MiH NpY BapWKO3i ammynu BOp-
TWKO3HOI BEHM.

3. Po3nisHaBaHHsa rykTyaLii BapyKO3HOro pPO3LLIMPEHHS!
amnynu BOPTUKO3HOT BEHW — OCTaTOMHUIA KPUTEPI ANns BCTa-
HOBMEHHS! TOYHOTO [iarHo3y («TaHelb CITKIBKU» — «KIOY AN
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First experience of laparoscopic colon resection
with primary anastomosis for combat-related thoracoabdominal trauma
with through-and-through colon injury
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Aim: to demonstrate the possibilities and advantages of laparoscopic surgery in combat-related abdominal
penetrating trauma with colon injury.

Materials and methods. This case report presents the first experience of laparoscopic colon resection with primary
anastomosis for combat-related thoracoabdominal trauma with through-and-through colon injury. A 47-year-old
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serviceman sustained an explosive penetrating thoracoabdominal injury (dropping explosives from a drone)
operated 10 hours after. Initial management at Role 2 included chest tube drainage, surgical debridement, and
wound sealing of the chest. CT: penetrating gunshot wound with internal and external damage to the lower lobe
of the left lung, perforation of the diaphragm on the left, and transverse colon perforation with a retained metal
fragment, pneumoperitoneum, drained hemopneumothorax, and a gunshot fracture of the posterior third of the
5% left rib. Exploratory laparoscopy revealed no free fluid in the abdominal cavity. Surgery: the diaphragmatic
perforation was sutured with a 3-0 V-loc barbed suture, the segment of the transverse colon was resected using
two Endo-GIA 60 linear staplers according to the severity of injury (AAST Grade 3) and non-viable edges of
colon wound. To ensure mobility, a side-to-side antiperistaltic anastomosis was performed using an Endo-GIA 60
stapler (blue cartridge). The anastomosis site was reinforced with a single-layer 3-0 V-loc suture. The procedure
was completed with abdominal drainage and port site closure.

Results. Postoperative recovery was without complications. The abdominal drain was removed on the 2™ day,
and the pleural drain on the 5" day after the control CT scan. Follow-up after 1.5 month — returned to military
service. Our case demonstrates that laparoscopic surgery can be a useful option for combat-related colon injuries
when tissue damage is minimal and the patient’s condition is stable. The absence of massive hemoperitoneum
and contamination confirms the feasibility of primary repair or anastomosis.

Conclusions. Laparoscopic surgery for combat-related penetrating abdominal trauma with colon injuries is feasible
and safe in stable patients. If there are no multiple colon injuries or significant contamination, primary repair or
stapled anastomosis is a suitable option.

Modern medical technology. 2025;17(1):73-78

Mepwun A0CBiA AanapockoniuHoi pe3eKuii 060A0B0I KULLKK
3 NepBMHHUM aHacToMo30M npu 601oBii TopakoabAOMiHAAbHIW TpaBMi
3 HAaCKpPi3HMM NOLUKOAXKEHHAM 060A0B0i KULLKH

10. 0. Mixees, K. B. lymeHtok, fl. B. Teaywko, A. C. MsaakoBcbkui, C. |. CaBueHKo

Merta po60oTH - NPOAEMOHCTPYBATI MOXIMBOCTI Ta NepeBary nanapockoniyHoi Xipyprii npy GOWMOBI NPOHWKHIN
TPaBMi XMBOTa 3 MOLLIKOZXKEHHSIM TOBCTOI KMLLIKN.

Marepianu i metoau. Lleit KniHiYHWA BMNAZOK € NEPLUMM SOCBIAOM NanapocKonivHOi pesekLii TOBCTOI KULLKN
3 NEPBMHHUM aHACTOMO30M Mpu 6OIOBIN TopakoabAoOMiHaNbHI TPaBMi 3 HACKPI3HUM YLLIKOMKEHHSIM TOBCTOI
Kuwkm. BilicbkoBocnyx60BeLb Bikom 47 pokiB 0TpumaB BUOYX0BE NPOHWKHE TopakoabLoMiHamnbHe nopaHeHHs!
(ckng 3 ppoHy) Ta npoonepoBaHuit Yepes 10 roguH. MepBuHHa fonoMora Ha Apyromy piBHI BKIo4ana apeHy-
BaHHS NNeBpanbHOi NOPOXHUHN, XipypriyHy 06pobKy Ta repMeTu3alito paHu rpyaHoi knitku. Pesynstatu KT:
HacKpi3He BOrHenanbHe NopaHeHHs 3 HACKPi3HUM MOLLKOMKEHHSAM HUXHBOT YaCTK MiBOI NereHi, NOLLKOIKEHHAM
niBoro Kynony fiadparmu, Hackpi3H1M NOpPaHEHHSM nonepe4Hoi 0600BOI KULLKK 3 HASIBHICTIO METaNEBOro
0CKOIKa, MHEBMOMEPUTOHEYM, APEHOBAHWIA TEMOMHEBMOTOPAKC, BOTHeNamnbHWA Nepenom 3aaHsoi TpeTuHn V
pebpa 3niga. Mg Yac ornsgoBoi nanapockonii BiNbHOI PiAWHM B YepeBHill NOPOXHUHI He BusiBNeHo. Onepalis:
nopaHeHHs AiadparmMu 3alumTe LWoBHUM MaTtepianom 3-0 V-loc; BpaxoBytoun TSXKICTb TpaBMu (3 CTYMiHb 3a
AAST) i HEXMTTE3AATHICTb KpaiB, 3OiACHANM PE3eKLilo CerMeHTa nonepe4Ho-0600B0T KULLKM 3a JOMOMOTOH
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ABOX NiHiNHWX eHgockoniuHux cTennepis Endo-GIA 60; 6epyun [o yBarv focTaTHIO MOBINBHICTb, BUKOHAHO
aHTUNepucTansTUYHKMA aHacTomo3 Bik-y-6ik 3a gonomoroto nitiliHoro ctennepa Endo-GIA 60 (6nakutHuii
kapTpumK). TeXHIYHMI OTBIp 3awnTo oaHowwaposum weom 3-0 V-loc. Hapani 3aiicHunu ApeHyBaHHs YepeBHoi
MOPOXHWHM Ta YLUMBAHHS MOPTIB.

Pesyabtatu. [licnsonepadiiiiuin nepiog MuHyB 6€3 ycknagHeHb. [JpeHax i3 YepeBHOI MOPOXHWHM BULANEHO
Ha 2 [oOy, nneBpanbHuin ApeHax — Ha 5 foby nicns koHTponbHoro KT-o6cTexeHHs. CnocTepexeHHs Yepes
1,5 micsus nokasano, Lo nauieHT NOBepHYBCS Ha BilicbkoBy cnyx0y. HaBeaeHuit KniHiYHNA BUNagoK 4eMOH-
CTpYye, LIO NanapocKoniyHy Xipyprilo 3 NepBUMHHIM aHAaCTOMO30M MOXHa 3aCTOCOBYBATW NMpY BOrHenamnbHuX
NopaHeHHsX TOBCTOI KWLLKMW, KOnu navieHT nepebysace y cTabinbHOMY CTaHi Ta HeMae MacuBHOTO remonepu-
TOHeyMy, KOHTaMiHaLji.

BucHoBku. JlanapockoniyHa onepaLiisi npy 60110Bi NPOHWKHIN TPABMI XMBOTa 3 NOLIKOAKEHHSAM TOBCTOI KULLIKM
€ JOUiNbHOW | 6e3neYHOI0 y CTabiNbHMX MaLieHTiB. AKLO HEMAE MHOXMHHUX YLIKOMKEHb TOBCTOI KMLWKK abo
KanoBoi KOHTamiHaLji, TO NepBUHHMI aHACTOMO3 € MOXNNBUM | Be3neyHnm.

CyuacHi meauuHi TexHonorii. 2025. T. 17, Ne 1(64). C. 73-78

Since the first publications on colon trauma in combat,
mortality rates have decreased from 90 % to 3 %. However, the
abdominal sepsis rate remains higher than 20 %, underscoring
the importance of improving the management of colon injuries
in trauma medicine [1,2]. While treatment approaches for colon
injuries have evolved significantly, many controversial aspects
still require further attention. For instance, the choice between
traditional proximal diversion and primary repair in military surgery
remains debatable [3,4].

In cases of colonic injuries during colonoscopy, studies
have demonstrated the successful use of passing sutures and
endoscopic linear staplers to close colonic perforations [5,6].
These studies suggest that laparoscopic primary repair is safe
and effective for colonic perforations and may have advantages
over the open approach.

Moreover, the role and feasibility of laparoscopic surgery in
combat penetrating abdominal trauma are not clearly defined.
The number of publications on the use of laparoscopy in combat
penetrating abdominal trauma is small [7,8]. Unfortunately, some
of these publications are related to the war in Ukraine [9,10,11].

Laparoscopic surgery for penetrating abdominal gunshot
wounds was initially used for hepatic hemostasis [12,13]. A
conventional laparoscopic approach is recommended for hemo-
dynamically stable patients with abdominal trauma [14]. Common
laparoscopic interventions include operations on the small bowel,
mesentery, and colon. Small bowel perforations can be repaired
with double-layer suturing, while larger defects may require re-
section and intracorporeal or extracorporeal anastomosis. New
hemostatic agents may help in mesenteric vascular injury repair
during laparoscopy [15]. Other researchers describe laparoscopic
Hartmann’s resections, which may be applicable for traumatic
colon injuries [15,16].

The absence of data in literature on laparoscopic colon re-
section with primary anastomosis for combat-related penetrating
abdominal trauma was the reason to share our clinical case.

Aim
To demonstrate the possibilities and advantages of laparo-

scopic surgery in combat-related abdominal penetrating trauma
with colon injury.

Materials and methods

This case report presents the first experience of laparoscopic
colon resection with primary anastomosis for combat-related
thoracoabdominal trauma with through-and-through colon injury.

Case description

A47-year-old serviceman sustained an explosive penetrating
thoracoabdominal injury (dropping explosives from a drone) in
November 2024. Initial management at Role 2 included chest
tube drainage, surgical debridement, and wound sealing of the
chest. The patient was evacuated to the Zaporizhzhia Military
Hospital (Role 3).

On arrival, the patient’s condition was moderate to severe.

Glasgow Coma Scale: 15/15. BMI: 22.1 kg/m?. Blood pres-
sure: 130/80 mmHg. Heart rate: 88 bpm. SpO,: 94 %. Hb: 111 g/L.
RBC: 3.2 x 10%uL. WBC: 23.6 x 10%uL. Hematocrit: 27 %.

Focused assessment with sonography for trauma: nega-
tive. CT: penetrating gunshot wound with internal and external
damage to the lower lobe of the left lung, perforation of the
diaphragm on the left, and transverse colon perforation with a
retained metal fragment; pneumoperitoneum, drained hemo-
pneumothorax, and gunshot fracture of the posterior third of
the 5™ left rib (Fig. 1).

Laparoscopic surgery was planned because the patient was
hemodynamically stable and there were no signs of systemic
inflammatory response.

Surgical technique. The patient was positioned on the ope-
rating table in a semi-Fowler’s position. The operating surgeon
and camera assistant were positioned on the patient’s right side.
The first trocar was placed above the umbilicus, achieving an
abdominal pressure of 12—-14 mmHg. Two additional trocars were
placed to the right and left of the umbilicus.

Exploratory laparoscopy revealed no free fluid in the ab-
dominal cavity. The greater omentum was adjacent to the left
diaphragm perforation (approximately 2.0 x 1.5 cm) (Fig. 2).

Using atraumatic forceps, the omentum was removed.
The laparoscope was inserted into the left pleural cavity,
revealing 200 mL of clotted blood, which was aspirated. The
diaphragm perforation was sutured with a 3-0 V-loc barbed
suture (Fig. 3).
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Fig. 1. CT-scans. Penetrating gunshot wound with internal and external damage to the lower lobe of the left lung, perforation of the
diaphragm on the left, and transverse colon perforation with a retained metal fragment.
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Fig. 2. Laparoscopy: greater omentum adhered to the left diaphragm perforation.
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Fig. 3. The diaphragm perforation was sutured with a 3-0 V-loc barbed suture.

Fig. 5. Laparoscopy: a through-and-through colonic colon injury.
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Fig. 6. Laparoscopy: resected segment of transverse colon.

Fig. 7. Linear stapler anastomosis.

Further examination revealed an inflammatory mass in the
transverse colon near the splenic flexure. A through-and-through
colonic injury of colon was identified: the entry wound (4-5 mm)
was sealed with fibrin, while the exit wound contained a metal
fragment (17 mm) (Fig. 4, 5).

The metal fragment was removed using a magnetic device.

Given the injury’s severity (AAST Grade 3) and the non-viable
edges, a segment of the transverse colon was resected using two
Endo-GIA 60 linear staplers (gold cartridge) (Fig. 6).

The specimen was placed in a polyethylene bag and re-
moved. To ensure mobility, a side-to-side antiperistaltic anas-
tomosis was performed using an Endo-GIA 60 stapler (blue
cartridge) (Fig. 7).

The anastomosis site was reinforced with a single-layer 3-0
V-loc suture. The procedure was completed with abdominal
drainage and port site closure.

YouTube link.

Postoperative recovery was without complications. The
abdominal drain was removed on the 2™ day, and the pleural
drain on the 5™ day after the control CT scan. Follow-up after 1.5
month — returned to military service.

Discussion

Colorectal injuries are classified as penetrating, blunt, or iatro-
genic, and treatment strategies depend on the mechanism. Pene-
trating trauma, responsible for majority of colorectal injuries, often
results from gunshots or stabbing. High-velocity projectiles cause
more extensive tissue damage than low-velocity injuries, which
are more commonly seen in survivors of penetrating abdominal
injuries in the ongoing war in Ukraine. In non-destructive colon
injuries, primary repair is the standard treatment, regardless of
risk factors [17]. However, guidelines for destructive colon injuries
remain controversial due to their lower incidence and limited data.
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Our case demonstrates that laparoscopic surgery may be a
viable treatment option for combat-related colon injuries when
tissue damage is minimal and the patient’s condition is stable.
The absence of massive hemoperitoneum and contamination
confirms the feasibility of primary repair or anastomosis.

Conclusions

1. Laparoscopic surgery for combat-related penetrating ab-
dominal trauma with colon injuries is feasible and safe in stable
patients.

2. If there are no multiple colon injuries or significant contami-
nation, primary repair or stapled anastomosis is a suitable option.
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