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OgpHieto 3 ronoBHUX NPoBNeM y peKOHCTPYKTUBHIN Xipyprii € 3aKpuTTS BENMKMX 3a NMOLLEH BOTHENAMNbHIX nopa-
HeHb. AK ONTManbHU MeTO BTPYYaHHS BU3HAYa0Tb ayTOAEPMONnacTuky. BpaxoBytoun MexaHiaM TpaBMyBaHHS,
NiAroToBKa PaHOBOI MOBEPXHI € 4OCUTL TPKBaNo. 3acTocyBanHs PRP-Tepanii Moxe npuwemnawmti hopmMyBaHHs
rPaHyNALIN y paHax i CKOPOTUTY TPMUBASICTb MIArOTOBKM NaLliEHTIB 40O ayTOAEPMONNACTUKM.

Merta po60oTH - B3HauMTK eheKTMBHICTb 3acTocyBaHHs PRP-Tepanii gk eTany nmigrotoBky i30nb0BaHnX BOTHE-
narnbHUX paH M'KNX TKaHWH KiHLBOK 4O ayTOAEMONNacTuky.

Martepiaau i metoau. [1o gocnimkerHs 3anyyero 80 (100,0 %) navieHTiB 3 i301b0BaHMMM BOrHenanbHUMW paHamu
M’SIKUX TKaHUH KiHLIBOK, ki JocTaBneHi Ha R3 etan eBakyaLii. [lopaHeHux noginunu Ha Asi rpynu. [1o 0CHOBHOT
rpynv 3anyyunu 40 (50,0 %) nauieHTiB, skumM y nepegonepadiintHomy nepiogi 3pobneHo iH'ekLii aytonnasmu, 36a-
rayeHoi TpomboLMTamMK, K eTan NAroToBkW A0 aytoaepmonnacTyki. o rpynuv nopisHaHHS 3anyumnmu 40 (50,0 %)
nauieHTiB, SKi OTpUManu nikyBaHHs 3a CTaH4APTHUM NPOTOKOSIOM | KOTPUM BUKOHAHO ayTO4EePMONIacTyKy.

Pesyabtatu. PaHHi rpaHynsuii BusiBneHo B ocHoBHin rpyni Ha 10,4 (9,5; 13,4) fobw, y rpyni NOpiBHAHHSA — Ha
15,0 (12,5; 22,7) pobwn, U = 397,0 p = 0,0012. MNMepeBaxHy nnoLly paHOBOro AeeKTy rpaHynsiLii nokpueanm B
OCHOBHIN rpyni B cepeaHbomy Ha 15,6 (12,9; 17,7) nobu nicns rocnitanisaii, y rpyni nopisHsiHHS — Ha 22,0 (14,0;
27,5) pobu, U = 324,0, p = 0,0011. MicnsionepaLiitHi ycknaaHeHHs BUSIBNEHO B OCHOBHIM rpyniy 3 (7,5 %) naj-
eHTiB, y rpyni nopiBHaHHA — y 10 (25,0 %) nopanenux, U = 660,0, p = 0,0357. MoBTOpHI onepaTtusHi BTpy4YaHHs
BukoHann 1 (2,5 %) nauieHToBi 3 0CHOBHOI rpynu Ta 6 (15,0 %) i3 rpynu NOpPiBHAHHS.

BucHoBku. 3acTocyBaHHsi PRP-Tepanii sik eTany nigrotosky paHoBOro AedekTy 10 ayToAepMONnacTikn CKOpo-
Yye nepeponepaLliiHuii nepiod. B ocHOBHIl rpyni ayToaepMonnacTuky BUkoHaHo Ha 16,7 (13,4; 19,6) pobw, y
rpyni nopiBHsHHS — Ha 25,8 (16,7; 29,6) nobw, U = 374,0, p = 0,0006. Takox ckopoTuecs nepion nepebyBaHHs
navuieHTiB y cTauioHapi. B ocHoBHil rpyni Tpusanicts nepebyBaHHs cTaHoBuna 27,5 (24,5; 29,7) nobw, y rpyni
nopisHsHHS — 35,4 (32,0; 38,2) pobu, U = 356,0, p = 0,0001.

CyuacHi meauuHi TexHonorii. 2026. T. 18, Ne 2(69). C. 85-90

PRP therapy as a stage of preparation of isolated gunshot wounds
of the soft tissues of the limbs for autodermoplasty

S. M. Zavhorodnii, P. 0. Bulba

One of the main problems in reconstructive surgery is the closure of large gunshot wounds. Autodermoplasty is
considered the gold standard. Given the injury mechanism, the duration of wound surface preparation is quite
long. The use of platelet-rich plasma (PRP) therapy can accelerate the growth of granulations in wounds and
shorten the duration of preparing patients for autodermoplasty.

The aim of the work is to determine the effectiveness of PRP therapy as a stage of preparation of isolated gunshot
soft tissues wounds of the limbs for autodermoplasty.

Materials and methods. The study included 80 (100.0 %) patients with isolated soft tissue gunshot wounds of
the limbs who were delivered to the R3 phase of evacuation. All patients were divided into two groups. The main
group included 40 (50.0 %) patients who received platelet-enriched autoplasma injections in the preoperative
period as a stage of preparation for autodermoplasty. The comparison group included 40 (50.0 %) patients who
were treated according to the standard protocol and underwent autodermoplasty.

Results. Early granulations were found in the main group on day 10.4 (9.5; 13.4), in the comparison group on day
15.0 (12.5; 22.7), U = 397.0, p = 0.0012. The predominant area of the wound defect was covered by granulation
in the main group on average on day 15.6 (12.9; 17.7) after hospitalization, in the comparison group on day
22.0 (14.0; 27.5), U = 324.0, p = 0.0011. Postoperative complications were found in the main group in 3 (7.5 %)
patients, in the comparison group in 10 (25.0 %) patients, U =660.0, p = 0.0357. Repeated surgical interventions
were performed in 1 (2.5 %) patient in the main group and in 6 (15.0 %) patients in the control group.
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Conclusions. The use of PRP therapy as a stage of wound preparation for autodermoplasty shortens the preop-
erative period. In the main group, autodermoplasty was performed on day 16.7 (13.4; 19.6), in the comparison
group on day 25.8 (16.7; 29.6), U = 374.0, p = 0.0006. The period of patients’ hospital stay was also reduced. In
the main group, the length of stay was 27.5 (24.5; 29.7) days, in the comparison group it was 35.4 (32.0; 38.2)

days, U = 356.0, p = 0.0001.

Modern medical technology. 2026;18(2):85-90

XipypriuHa TakTuka npy BOrHenanbHUX paHax nepegbayae
MepBUHHY XipypriyHy 0Bpobky Ha JorocniTanbHOMy eTani, BKIH-
Yae PEBI3ito | caHaLlito paHu, BUAANEHHS CTOPOHHIX Tifl i CTINKWIA
remocTas. OgHaK Ha HaCTyNHKX eTanax eBaKyaLllii TakTuKka pis-
HUTBCSI 3aNEXHO Bif Nokaniaallii Ta rnmbuHM nopaHeHHs, cTagii
PaHOBOro NpoLecy, iHdikoBaHocTi paHw. Mg vac poboT 3 i3o-
NbOBAHWMI BOTHENabHUMM paHamy M’ SIKUX TKAHWH HaKInaZakTh
NEPBUHHO BIATEPMIHOBAHI Ta BTOPWHHI LUBK, BUKOPUCTOBYIOTb
METOAM NiKyBaHHS paH HeraTMBHUM TUCKOM, @ TaKOX BUKOHYHOTb
Pi3Hi LLKIPHi NNacTUK.

Benuki 3a nnowyeto BorHenasnbHi paHu notpebytoTb 0co-
6rvBoOro nigxody A0 NiKyBaHHS, i K ONTUMANbHAA METOA HUHI
BMU3HAYeHO ayTOAEepPMONNIacTuky. [ns BMKOHAHHA MnacTuku
BifTbHUM LLKIPHUM KnanTem noTpibHa peTenbHa NiarotoBka paHu
3 (DOPMYBaHHSAM rPAHYMALIMHOT TKAHUHW Ha NEPEBAXHIN MITOLL|
MOBEpXHi paHu. PaHHi rpaHynsiuii 3'senstoTeest Ha 10-15 goby,
ane, 3BaXaw4n Ha KOMOIHOBaHU MEeXaHi3M TpaBMyBaHHS,
MIKPOLIMPKYNSILIS HABKOMO BOTHEMANbHUX paH MOAOBXKYETHCS,
i Lle MpOnoHrye TpUBanicTb NiAroTOBKW NaLlieHTIB Jo ayToaep-
monnacTuku [1,2].

Y cyyacHin KniHiYHin NpakTuui nig vac nikyBaHHS BOrHe-
narnbHUX paH LUIMPOKO 3aCTOCOBYHOTL NnasmoTepanito. Nnasva,
3baraveHa TpomboumTamm (Platelet Rich Plasma, PRP), iHiitoe
BiAHOBMEHHS TKAHWH LUNSIXOM BUBINbHEHHS GiONOrYHO aKTUBHUX
thakTopiB (chakTopiB POCTY, LMTOKIHIB, Nisocom). Kpim Toro, y
pasi 3acTtocyBaHHs PRP-Tepanii BuginstoTecs agresinHi 6inkw,
LLIO aKTUBYIOTb FEMOCTaTUYHUI Kackaz, CUHTE3 HOBOI COMyYHOI
TKaHWHY Ta peBackynsipuaaLiro. 3Baxaro4u Ha BMacTMBOCTi 36ara-
YeHol TpoMboLMTaMW nnasmu, 3actocysanHs PRP-Tepanii moxe
NPULLBAALLIMTIA (DOPMYBAHHS FPaHYNALIA y paHax i ckopoTuTL
TpMBanicTb NArOTOBKM NaLlieHTiB 4O ayToaepMonnacTuky [3,4].

Merta poboTtu

BuaHaunTu edbekTuBHICTb 3acTocyBaHHs PRP-tepanii sk
eTany nigroToBKM i301bOBaHUX BOTHEMANbHVX PaH M’'SKVX TKaHWH
KIHLIBOK O ayTOAEMOMACTUKA.

Marepianu i MeToAU AOCAIAKEHHA

[OocnipxeHHs 3aincHunM Ha 6asi XipypriYHOro BiggineHHs
KomyHanbHoro HekomepLiiHoro nignpuemctea «Micbka nikapHs
Ne 7» 3anopiabKkoi MiCbKOi paay Ta BigdineHHs TEpMiYHOi Tpas-
MY | PEKOHCTPYKTUBHOI Xipyprii KoMyHanbHOro HeKoMepLiHoro
nignpuemctea «Micbka NikapHs EKCTPEHOI Ta WBMAKOI MeaNYHOI
Jornomoru» 3anopiabkoi MiCbKoi paau.

Ho pocnigxenHs 3anyyero 80 (100,0 %) navieHTiB 3 i30Mbo-
BaHVMM BOTHENASbHUMM paHaMM M'SIKUX TKaHUH KIHLIBOK, KOTPi
JocTasneHi Ha R3 etan eBakyallii.

lMopaHeHux noginumu Ha Agi rpynu. [1o OCHOBHOI rpynu
3anyyeHo 40 (50,0 %) nauieHTis, kMM y nepegonepauinHoMy
nepiogi 3pobreHo iH'ekwji aytonnasmu, 3baradeHoi TpomboLK-
Tamu, SIK eTan MigroToBk/ 4O ayToaepmonnacTuku. [o rpynu
nopisHsaHHS 3anyumnu 40 (50,0 %) nadieHTiB, ski oTpuManu
nikyBaHHs 3@ CTaHAAPTHUM MPOTOKOSOM i KOTPUM BMKOHAHO
ayTogepmonnacTuky [5].

B 060x rpynax yci nauientv —vonosikw (100,0 %). CepegHin
Bik B OCHOBHIV rpyni cTaHoBMB 36,2 £ 9,9 poKY, Y KOHTPOMbHIN —
39,7 £12,1 poky, U =715,5, p = 0,575.

KpuTepii 3anyyeHHs [0 AOCTIDKEHHS — Bik navieHTiB Big 18
[0 60 pokiB; i301b0BaHe BOrHenarbHe OCKOMKOBE MOPaHEHHS
BEPXHiX abO HYDKHIX KIHLIBOK; NNOLL@ paHOBOI NOBEPXHI — binbLue
Hix 10 cM?, BiOCYTHICTb ypaXeHHs CYANHHO-HEPBOBMX NYYKiB
BM3HaYEHWX JIoKanisaLii i TpaBM KiCTKOBO-CYrmoboBoi cuctemu;
iHhopmoBaHa 3rofa Ha yJacTb. Kputepii BUKIIOYEHHs 3 Jocni-
[DKEHHS — BiAMOBa NaLlieHTa Bif y4acTi; MHOXWHHI BOrHenarbHi
YNIaMKOBi MOPaHEHHS, HACKpi3Hi BOrHenanbHi NopaHeHHs 3
TpaBMyBaHHSM CyAuH abo HepBiB, MOLLKOKEHHSM Cyrnobis abo
KICTOK; NroLLa paHOBOro AedheKTy MeHLUE Hix 10 cm2,

CrpykTypa 3a nokanisaLlieto: B OCHOBHii rpyriy 17 (42,5 %) nauj-
EHTIB NopaHeHHs Byno Ha nepepHii noBepxHi rominkw, y 10 (25,0 %)
XBOPWX — Ha 3a[Hii NoBEpXHi cTerHa. 1o BHYTPILLHIA NOBEPXHI
nepeannivys paHoBui AedekT BusHayeHo y 7 (17,5 %) nopaHeHwx,
MO 30BHiLLHIM NoBepxHi nneya —y 6 (15,0 %) xsopux (puc. 1).

Y rpyni nopiBHaHHA Y 13 (32,5 %) nauieHTiB nopaHeHHs
noKarni3oBaHo Ha 3agHin moeepxHi cterHa, y 8 (20,0 %) - Ha
nepeaHin nosepxHi rominku, we 8 (20,0 %) nopaHeHux mamm
paHOBWI JedeKT Ha 30BHILLHIN NoBepxHi nneva, a 5 (12,5 %) —
Ha TUNbHIN noBepxHi kucTi, Wwe y 4 (10,0 %) nauiexTis fedext
BWSIBNIEHO Ha BHYTPILLHIA noBepxHi nepeannivys, y 2 (5,0 %) -y
ZiNsHui cighuub (puc. 2).

lNepiog Bif OTPUMAHHS NOPaHeHHs [0 rocnitanisauii Ha R3
eTani eBakyallii B OCHOBHil1 rpyni Tpusas 4,3 £ 1,3 gobwm, y rpyni
nopiBHsiHHA — 4,6 + 1,1 gobu, U = 709.5, p = 0,433.

Y nepenonepaviiiHomMy nepiogi BCiM NaLjieHTam B 060X rpynax
BWUKOHYBanu LLOAEHHI NepeB’si3kn 3 po3yMHaMu aHTUCENTUKIB
(5,0 % posunHom beTagmnHy) Ta NPOMUBAHHS paH BOAHUM PO34M-
HOM xrioprekcuanHy. Kpim Toro, BCi navieHT 0TpUMyBani KOHCep-
BaTMBHY Tepanito, 30KpemMa HeCTepoiaHi NpoTu3ananbHi 3acotu
(nexcketonpodieH 2,0 M BHYTPILUHEOM'SI30BO TPWYi Ha AEHb;
napauetamon 100,0 Mn BHYTPiLLHLOBEHHO KpannnHHO 1 pa3 Ha
[eHb) Ta iHribiTopy NpoToHHoi nomnu (naHTonpason 40,0 mr 1
Tabnetka 1 pa3 Ha AeHb NepoparbHo). AHTUDaKTEpiansHy Tepa-
nito NaLjieHTam He Npu3Havani y 38’a3Ky 3 OTPUMaHHAM Kypcy Ha
rnonepeaHix etanax esakyadi i 3rigHo 3 Hakaszom MO3 Ykpainu
«[Mpo 3atBepmkeHHss CTaHgapTy mMeguyHoi gornomorn “Pauio-
HamnbHe 3aCTOCyBaHHs aHTUBaKTepianbHUX i aHTU(YHraNbHNX
npenapariB 3 nikyBanbHOK Ta NPOINaKkTUYHOK METOK’» Bif
23.08.2023 poky Ne 1513 [6].
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Puc. 1. Po3noain nopaHeHb 3a AOKaAi3aLlieto B OCHOBHIM rpyni, n = 40.
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Puc. 2. Po3nopin nopaHeHb 3a AOKaAi3aLjieto B KOHTPOAbHIN rpyni, n = 40.

Ycim XBOpUM B OCHOBHIN rpyni Ha 6,0 £ 1,2 pobun nicns
rocnitanisaii Ta OYMLLEHHSI paHK BUKOHYBanM iH'eKuii ayTo-
nnasmu, 3barayeHoi TpomboumTamu. Mnasmy ans PRP-Tepanii
OTpUMYBarnu 3 KybiTanbHOi BEHM LLUNSXOM 3a00py BEHO3HOI KPOBI
yepes nepudepinHui kateTep y Npobipku 3 HATpil renapuHOM
y pospaxyHky 15 MO Ha 1 mn kpoBi. O6’em BEHO3HOI KpOBi
cTaHoBuB Big 18 Mn go 36 Mn 3anexHo Big NMOLL paHOBOMO
pedexty. Mpobipki 3 OTPUMaHUM MaTepianioM LeHTpUdyryBani
npotsrom 15 xB 3i wawnakicTio 3200 06./x8. Micns ueHTpudyry-
BaHHS MaTepian po3ginanu Ha 3 Wapw: nig po3ainbHUM refnem
— epUTPOLMTapHa Maca, Haf PO3AiNbHUM renem — ayTonnasma,
3barayeHa TpombouuTamu, Ta BnacHe nnasma. llicns iHgins-
TpauinHoi aHectesii 0,5 % po34nMHOM HOBOKAiHy HagocagHy
4acTuHy oTpuMaHoro mMatepiany ob’emom 12-20 mn BBOAMAM
B IHO paHu B LLIAXOBOMY MOPSAKY 3 PO3paxyHKY 1 Mn Ha KOXHI
10 mm? paHoBoro aedbekTy [7,8]. [lonaTkoBo OTpUMaHWin MaTepi-
an BBOAMNM B Kpai paHu no 1 M yepes koxHi 20 Mm. HacTynHy
nepe.’s3ky BuKoHyBanu yepes 4,0 £1,3 £obu Ans ouiHIOBaHHS!
MOSIBU PaHHIX rpaHynsLin.

Mepen ayToaepmMonnacTukoro oLiHoBanu nepebir rpaHyns-
LLIiHOrO MpoLiecy B paHOBUX AedekTax. paHynsauinHui npouec
OLliHtOBany Bi3yanbHO 3a NosiBoto OyrpucTol, ApibHO3epHUCTOT

TKaHUHU POXEBOTO KOMbOPY, LLIO PSCHO KPOBUTL MPU HATUCKaHHI.
Hapani nigrotoBka paHu 4o aytogepmonnacTuku nepegbayana
LLIOJEHHI NEPEB’sI3KM [0 LOCATHEHHS BUPXEHOrO (hOPMYBaHHS
rpaHynsLiNHOT TKAHUHW Ha BCIl NMOLL paHOBOT NOBEPXHI.

MMicns niaroToBKW paHu [0 ayTOAEpPMONacTy kv NoYMHanu
3abip ayToTpaHcnnaHTaty. ig iHGiNbTpaLiiHOK aHecTesiet
0,5 % po3qmHoM HoBoOKaiHy B 06'eMi 25-30 mn Bpanm LKipHUIA
KrnanoTb Ha NepeHiit MOBEPXHi CTerHa 3 4ONOMOroio epMaToma
NiHIHOTO enekTpuyHoro (gepmarom enektpuyHnin JK-717). Ak
OnTUMasbHY TOBLUWHY LLKIPHOMO KnanTs BuaHadeHo 0,7 M. [Mic-
NSl MPOMMBaHHS LOHOPCbKoro TpaHcnnaHTaty B 0,9 % poaunHi
HaTpito xnopuay 3gincHioBanu nepdopawito WKIPHOrO KnanTs
3a [ONOMOroK ckanbnens. PaHoBy noBepxHio 06pobnsnm
PO34MHaMM aHTWUCEMNTUKIB, NICMIS LbOro Haknaganu ofepxaHui
nepdopoBaHuii ayToTpaHcnnaHTar. LLKipHui knanoTs Hakpusanm
napadhiHOBOIO CiTKO Ta MapneBumu cepeTkamm 3 5,0 % posuu-
HoM BeTtagmHy. HacTynHy nepes’sisky BuKoHyBanm Ha 4,0 + 1,3
[06u nicns onepadii. [JoHopcbke MicLie neper’siyBank LOAEHHO,
BUKOPUCTOBYOUM aHTUCENTUYHI PO3UMHMU.

Y nicnsionepadiHomy nepiofi NavieHTy oTpUMyBanm nuiue
3HebontoBaHHs (pekckeTonpodeH 2,0 Mn BHYTPILIHEOM'SI30BO
[JBivi Ha feHb i naHTonpason 40,0 mr 1 TabneTka 1 pa3 Ha AeHb).
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Puc. 3. CTpykTypa nicasonepauiiHux yCKAaAHEHD.

Ha 4,0 + 1,3 nobw nig yac nepes’asku BisyanbHO BU3HaYanu
KMTTE30ATHICTb LLKIPHOMO KNanTs: 3a iikcaLieto TpaHcnnaHTary
[0 paHOBOI MOBEPXHI, BIACYTHICTIO BUAINEHD i3 paHu Ta piauH-
HWX CKyN4eHb i HAM, KONbOPOM LUKIPHOTO KNanTs, HasiBHICTHO
3anarbHoi peakLii HABKOMMLLHIX TKaHUH (rinepemisi, Habpsik).

CraTnCTMYHO OAepXaHi pesynkTaTi onpaLoBany 3a 4OnoMo-
rot0 MaKeTiB MpUKNagH1X KoM loTepHWX nporpam Statistica 13.0,
TIBCO Software Inc. (niuensia Ne JPZ8041382130ARCN10-J) Ta
Microsoft Excel 2013 (niueHaisa Ne 00331-10000-00001-AA404) 3
BUKOPUCTaHHSAM NapameTpUYHIX | HENapaMeTPUYHUX KPUTEPIIB.
[ns ouiHtoBaHHS [OCTOBIPHOCTI Pi3HULL MOKa3HWKIB y rpynax
BWKOPVCTAHO HEMapaMeTPUYHi METOAM CTAaTUCTNYHOMO aHaniay
— 3acTocoBaHo kpuTepini ManHa-BiTHi (U) ans Henos’szaHux
rpyn. JaHi B TekcTi 1 Tabnnusx HaeegeHo sk M + m (cepenHe
apudMeTUyHe t CTaHAapTHE BiOXWUNEHHS) Y pasi BignoBiaHOCTi
[aHuX 3aKkoHy HopMarnbHoro posnoginy Ta sk Me (Q1; Q3) (me-
AiaHa B1Gipku, BEPXHIN (75 %) i HUKHIN (25 %) kBapTuni) — y paai
HEBIZMNOBIAHOCTI 3aKOHY HOpManbHOro po3noginy. Pesynsratu
BU3HAYaM SIK CTaTUCTUYHO BiporigHi, komm p < 0,05.

Pe3yabtatun

Ycix naujieHTiB 3 06ox rpyn rocnitaniaoBaHo B ypreHTHOMY
nopsigky Ha R3 etan eBakyauii. CepeaHs nnowa paHOBOro
AedekTy B 0CHOBHiIiA rpyni ctaHoBuna 50,7 (24,0; 56,75) cm?, y
rpyni nopieHsiHHS — 57,5 (16,0; 88,0) cm?, U = 774,0, p = 0,279.
PaHHi rpanynsuii BusiBneHo B ocHoBHii rpyni Ha 10,4 (9,5; 13,4)
[o6wm, y rpyni nopiHsHHS — Ha 15,0 (12,5; 22,7) obw, U = 397,0,
p = 0,0012. MepeBaxHy NnoLLy paHOBOro AedheKTy rpaHynsLii
MOKpUBanM B OCHOBHIN rpyni B cepeaHbomy Ha 15,6 (12,9; 17,7)
[obw nicns rocnitanisayii, y rpyni nopiBHsHHS — Ha 22,0 (14,0;
217,5) pobu, U = 324,0, p = 0,0011.

B obox rpynax 3gilicHeHO ayToaepMOnnacTyKy BiflbHAM LUKIp-
HuM knantem. OnepaLlito BUKOHaHO B OCHOBHIN rpyni Ha 16,7 (13,4;
19,6) pobu nicns rocnitaniaavii, y rpyni NOpiBHAHHA — Ha 25,8

KpaitoBuii Hekpo3 knanTs

10,0 %

25% 25%

CyUinbHWiA HEKpO3 knanTs HarHoeHHst paHu

KoHTponbHa rpyna

(16,7; 29,6) pobu, U = 374,0, p = 0,0006. Tpueanictb onepaLii
B OCHOBHiI# rpyni ctaHoBuna 53,9 (45,0; 62,0) xBunnHy, y rpyni
nopisHsiHHS — 55,0 (45,0; 75,0) xBunuHu, U = 875,0, p = 0,468.

HacTynHy nepes’sisky B 060X rpynax 3giiCHeHO Ha
4,0 £ 1,3 gobwn nicna aytogepmonnacTuki Anst OLiHIOBaHHS
XMTTE3AATHOCTI WKipHMX knanTis. Mig Yac neper’si3yBaHHs B
OCHOBHIl rpyni ycknagHeHHs BusiBneHo y 3 (7,5 %) naujexTis, y
rpyni nopiBHsHHA -y 10 (25,0 %), U = 660,0, p = 0,0357. CTpyk-
TYpY ycKknagHeHb B 060X rpynax HaBeAeHo Ha puc. 3.

3rigHo 3 pesynkTatamy aHanidy CTpyKTypu nicrsionepaLiiHnx
yCKnaaHeHb, B OCHOBHIl rpyni cepomy aiarHoctoBaHo B 1 (2,5 %)
navuieHTa, kpanoBui Hekpo3 knants — B 1 (2,5 %) xsoporo. Y
rpyni NOpiBHAHHS NepeBaxae opmysaHHs cepom —y 3 (7,5 %)
navuieHTiB, HarHoeHHs pann —y 4 (10,0 %) xBopwx, LU NOB’A3aHO
3i cnabkoto aaresieto TpaHCnnaHTary.

[NoBTOpPHe onepaTuBHe BTpyYaHHs BukoHanu 1(2,5 %) naui-
€HTOBI 3 0CHOBHOI rpynvt Ta 6 (15,0 %) NopaHeHNM i3 KOHTPOMBHOI
rpynu. CepeaHs TpuBanicTb nepebyBaHHs y CTaLjioHapi B OCHOB-
HiW rpyni cTaHoBuna 27,5 (24,5; 29,7) nobw, y rpyni NOPiBHAHHS
naujieHTn BunucaHi B cepeaHbomy Ha 35,4 (32,0; 38,2) pobw,
U =356,0, p=0,0001.

06roBopeHHsA

B 060x rpynax BinbLLy KinbKiCTb ayToAepMOnIacT1K BUKOHa-
HO navjieHTam i3 paHoBUM AeheKTOM Y AiNsHLi 3aaHB01 TOBEPXH
crerHa (25,0 % B ocHoBHiIi rpyni Ta 32,5 % Yy rpyni NOPiBHAHHSA)
Ta Ha nepeHin NoBepxHi rominku (42,5 % B OCHOBHIN rpyni Ta
20,0 % y rpyni nopiBHSAHHS). 3a4Hs NOBEPXHS CTErHa Mag BUCOKY
(DYHKLOHANbHY aKTUBHICTD, LU0 30iNbLUye PU3MK PO3XOMKEHHS!
LUBIB YepPe3 BUCOKWIA HATA, MPO LLO CBiaYaTb BiZOMOCTi haxoBoi
nitepatypu [9]. lNepeaHs NOBEPXHS FTOMINKM Maixe He Mae M's-
30BOr0 MacuBy Ta MiALLKIPHO-XMPOBOI KMITKOBWHM, L0 3MEHLLYE
PYXNMBICTb KpaiB paHOBOro AeeKTy Ta BU3Ha4ae OLINbHICTb
aytogepmonnactukm [10].
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Puc. 4. OCHOBHI eTanu AikyBaHHS NaLLEHTIB Yy CTaLioHapi.

3aBaskM 3aCTOCYBaHHIO iH'EKLii ayTonnasmu, 3barayeHol
TpomboLMTamMu, B OCHOBHIl rpyni rpaHynslinHMiA Npolec 3a-
MOBHMB NepeBaxHy NnoLly paHoBoro fedekty Ha 15,6 (12,9;
17,7) nobw, Ha BigMiHy Big rpynu NOPIBHSIHHSA, A€ (hOPMYBaHHS
rpaHynsuinHol TKaHUHU cTano nepesaxatn Ha 22,0 (14,0;
27,5) pobw, U = 324,0, p = 0,00113. Lie nos's3aHo 3 MicLleBUM
MOCUINEHHSIM penapaLiiHnx NpoLeciB Yepes BNMB GionoriyHo
aKTUBHUX Pe4OBUX, PAKTOPIB POCTY Ta HEOAHTIOreHe3y B AiNsHKaxX
nopaHeHb. Lli faHi nigTBepmKeHo pesynsTaraMn AOCIMKEHD, O
onucaHi y Haykosii nitepatypi [11].

OcHOBHOH NepeBaroto ayToAepMonnacTiky € Te, WO navjieH-
T He NoTpebyHTb LOAEHHMX NepeB’si3ok. B 060x rpynax nepLuy
nepeB’a3Ky 3aincHeHo Ha 4,0 + 1,3 nobu. [loBeneHo, Lo agresis
TpaHCnnaHTaTy Ao peuunieHTHoI ginsHkv Ha 80 % 3aBepLuyeTbes
Ha 4-5 po6y. Tomy BigTepmiHOBaHa NepLLa NepeB’siska 3MEHLLYe
PU3NK 3MILLEHHS! LLIKIPHOTO KnanTs Ta 1oro Hekpoay [12].

B obox rpynax y cTpykTypi nicnsionepawiiHux ycknagHeHb
BUSIBNIEHO cepomm (2,5 % BuNaakiB B OCHOBHIW rpyni Ta 7,5 %
y rpyni NopiBHsIHHS). MOSICHIOEMO Lie TUM, LLO Ha MOYaTKOBUX
eTanax LUKIpHUI TpaHCMNaHTaT XUBUTLCS 3aBASKM QUYa3ii, Lo
MOXMNWBA TiNbKW NPU BUPaXEHOMY rpaHynsLiiHOMy NpoLeci
Ha BCiil paHOBIn NOBEPXHi. BCTAaHOBNEHO 3HWKEHHS 3aranbHOI
KiflbKOCTI nicnsionepaLiiHnx ycknagHeHb. Tak, B OCHOBHIN rpyni
yCKnagHeHHs BusiBneHo y 3 (7,5 %) navuieHTiB, a y rpyni nopiBHSH-
Ha—y 10 (25,0 %) xBopwx. Lli gani ninTeepmKyoTh eGheKTUBHICTb
BMKOpUCTaHHS PRP-Tepanii sik eTany migrotoBk1 NauieHTiB o
aytogepmonnactuku, U = 660,0, p = 0,0357 [7,13].

Baxnueum € Takox CKOPOYEHHS 3aranbHOi TPUBANoCTi
niKyBaHHS XBOPMX Y CTaLioHapi. B oCHOBHIN rpyni TpuBanicTb
nikyBaHHs y cTauioHapi ctaHosuna 27,5 (24,5; 29,7) pobu, y
rpyni nopisHaHHS — 35,4 (32,0; 38,2) nobu, U = 356,0, p = 0,0001.
OcHoBHi eTanu nikyBaHHSA nauieHTIB HaBeaeHo Ha puc. 4. Ha
nifcTaBi OTPUMAHUX AaHUX AIALLAM BUCHOBKY, Lo PRP-Tepanis
Ccnpusie WBKALLOoMY POpMyBaHHIO PaHHIX rpaHynsLii | 3anoBHe-
HHIO rpaHynALisIMUX BCiel paHOBOI NoBepxHI. Lie aae 3mory paHilue

3anoBHeHHs
rpaHynaLismm
BCi€i paHOBOI NOBEPXHi

354
27,5
25,8
16,7
MpoBeneHHs Tpueanictb
aTof1epMonnacTuk1 nepebyBaHHs
B CTauioHapi

KoHTponbHa rpyna

BMKOHYBaTU ayTOAEPMONNacTuKy Ta BUNWUCYBaTU NaLieHTIB Ha
ambynaTopHe nikyBaHHS.

BucHoBKU

1. 3actocyBaHHs PRP-Tepanii sik eTany nigrotoBki1 paHOBOrO
AedekTy [0 ayTOAepMONacTH kM CKOpoYye nepeaonepaLinHui
nepioa. B OCHOBHI rpyni ayTogepMonnacTuky 3ainCHEHO Ha
16,7 (13,4; 19,6) obw, y rpyni nopiBHsSHHA — Ha 25,8 (16,7; 29,6)
pobm, U =374,0, p = 0,0006.

2. ®opMyBaHHs 3pinoi rpaHynALIMHOT TKAHUHW € Pe3yrnsTaToM
ONTUMI30BaHOI NepeaonepaLinHoi NigroTOBKM paHOBOTO AeeKTY
Ta Aa€ 3MOry MOKPaLLMTL pe3ynsTatv ayToaepMOnIacTykv npm
TSDKKMX NOPAHEHHSIX M'SIKVX TKaHUH, CNIPUSIE 3MEHLLEHHHO KinbKO-
CTi nicnsionepavinHux ycknaaHeHb. B 0CHOBHIN rpyni ycknagHeH-
Hs 3adhikcoBaHo y 3 (7,5 %) nauieHTiB, a y rpyni NOPIBHAHHS — y
10 (25,0 %), U = 660,0, p = 0,0357.

3. IHekuji ayTonnasmu, 36arayeHoi TpomMboLmMTamm, nig vac
NiBroTOBKM paHW 40 ayTOAEPMONACTVKM CMPUSIA CKOPOYEHHIO
3aranbHoi TpuBanocTi nepebyBaHHs y cTauioHapi. B ocHoBHiN
rpyni TpuBanictb nepebyBaHHs cTaHoBuna 27,5 (24,5; 29,7)
[o6w, y rpyni nopisHsHHS — 35,4 (32,0; 38,2) nobwu, U = 356,0,
p =0,0001.
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nopyLUeHb He BusiBneHo (npotokon Bi 23.10.2025 p. Ne 12). Yci nauieHTy
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Bub6ip enacTMuHOro KOMNPECitHOro TPUKOTAXY
NpyU AeKOMNEeHCOoBaHi XpPOHiuHi BeHO3HIW HEAOCTATHOCTI

B. I. PycuH

A ®. M. MaByk©°P, B. B. Pycun @8, C. M. YobenEF

AepXaBHUI BULLMI HaBYAAbHWIM 3aKAAA «YXXTOPOACBKMIA HaLiOHAAbHUI YHiIBEPCUTED, YKpaiHa

A - KOHLIENLLs Ta AU3aMH AOCAIAXEHHS; B - 36ip AaHuX; C - aHani3 Ta iHTepnpeTauis AaHux; D - HanucaHHs ctatTi; E - peparyBaHHs cTatTi;
F - octatouHe 3aTBEPAXEHHS CTaTTI
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Merta poboT1 - 4115 NOKPALLEHHS pe3ynbTaTis NikyBaHHS XBOPUX Ha EKOMMEeHCOBaHi (POPMM XPOHIYHOT BEHO3HOT
He[OCTaTHOCTi BUBYMTY 3MiHM BENUYMHM 06’ EMHOI LIBMAKOCTI B CTETHOBINA apTepii Ta BeHi, a TakoX 3MiHW1 Mikpo-
LMPKYNALIT B HAXHIV TPETWHI FOMINKA 1 BUP@XEHOCTi 60Mb0BOT0 CUHAPOMY 3aMeXHO Bif BENVYMHY 30BHILLHBOI
KOMMpecii.

Martepianu i meToan. Y JOCMIMKEHH B3ANM yyacTb 36 NaLieHTIB i3 AeKOMMNEeHCOBaHNMIN (hOPMaMM XPOHIYHOI
BEHO3HOI HEAOCTaTHOCTI, IKUX NOAINMAK Ha ABi rpynu. [lo nepLuoi rpyniu 3anyunnu 15 nauieHTiB i3 BapUKO3HO
xBopoboto (9 xiHok, 6 YonoBikiB; cepeaHin Bik — 56,0 + 5,7 poky); fo Apyroi — 21 nauieHTa 3 NOCTTPOMBOTUYHNM
cuHapoMoM (12 xiHok, 9 YomnoBikiB; cepenHiit Bik — 58,5 + 6,4 poky). YciM 06CTEXEeHUM BUKOHANM yNETPa3ByKoBe
[OCHiMKEHHS CTETHOBMX CYAMH i3 BU3HAYEHHSM LUBMAKOCTI apTepianbHoro (AFV) a BeHosHoro (VFV) KpoBOTOKY.
CraH MikpoumpKynsLii oLiHIOBaM 3a JOMOMOTOK TPAHCKYTaHHOTO MOHITOPUHIY HanpyXeHHs kucHio (tcpO,) Ta
Byrnekicnoro rasy (tcpCO,) Ha TUNbHIA NOBEPXHi CTOMM 3 0BUMCIIEHHAM iHAEKCY perioHapHoi nepdysii (IPTT)
3rifHO 3 aHrOCOMHO Teopiek). IHTEHCMBHICTL 6oNbOBOTO CHAPOMY Br3Havanm 3a Lwkanoto CIVIQ-20. Jocni-
[DKEHHS 30iMCHUAM NOCMIAOBHO, i3 3aCTOCYBaHHAM KOMMPECIHOrO TpukoTaxy -1V knacis.

Pesyabtatu. Y naulieHTiB 3 060x rpyn 3actocyBaHHs komnpecii lll Ta [V knaci acouiioBaHe 3i CTaTUCTUYHO 3Ha-
4yLLM BHKEHHAM AFV i VFV, KputiniHinm ameHileHHam tepO, (0o 61,2 £ 1,3 MM pT. CT. Npy BapuKo3Hiil xBopobi
Ta 54,4 + 1,2 MM pT. CT. NpY NOCTTPaBMATUYHOMY CUHAPOMI), NigBuLieHHsM tcpCO, (20 56,2 + 0,9 mm pr. cT. Ta
60,2 £ 0,7 MM pT. CT. BiANOBIAHO) Ta HApOCTaHHAM 6onboBOro cuHApomy (8o 4 6anis 3a wkanoto CIVIQ-20). B
00CTEXEHMX i3 MOCTTPaBMATUYHUM CUHOPOMOM Y pasi 3acToCyBaHHs komnpecii -1l knacis B13HayeHo GinbLu
BMpaXeHe NOPIBHSAHO 3 NaLlieHTamu 3 BapUKO3HOK XBOPOOOD 3HWKEHHST MIKPOLIMPKYNSTOPHUX MOKA3HWKIB Ta
iHTEHCMBHILLMI 6onboBMIA cHApOM. IPTTy nauieHTiB i3 nocTTpaBMaTUYHUM CUHAPOMOM 6€3 KOMMPECT HXYMIA
Bifl HOPMU Y NEPeHili BENWUKOTOMINKOBIN aHriocoMi Ha 17,3 %, y 3afHiit BENMKOTOMINKOBIN — Ha 23,2 %.

BucHoBKHM. 3aCTOCYyBaHHS enactuyHoi komnpecii |ll Ta IV knacie y nawieHTiB i3 4eKOMNEHCOBAHOK XPOHIYHOI0
BEHO3HOK HEAOCTATHICTIO acOLiMOBaHE 3i CTAaTUCTUYHO 3HAYYLLMM 3MEHLLUEHHSM apTepianbHOTO KPOBOTOKY,
KPUTUYHUM 3HIKEHHSIM TPAHCKYTaHHOTO Hanpy)XeHHs KUCHIO (tcpO,), NiABMLLEHHSIM HANPYXXEHHS Byrnekucrnoro
rasy (tcpCO,) Ta CNpUUMHAE IHTEHCMBHMIA GOMBLOBIIA CMHAPOM. |i BUKOPUCTAHHA € MOTEHLIHO LKIANMBUM ANA
TKaHWHHOT nepaysii.

CyuacHi mepuuHi TexHonorii. 2026. T. 18, Ne 2(69). C. 91-96

The choice of elastic compression knitwear for decompensated chronic
venous insufficiency

V. L. Rusyn |, F. M. Pavuk, V. V. Rusyn, S. M. Chobei

Aim. To improve the results of treatment of patients with decompensated forms of chronic venous insufficiency, it
is necessary to study changes in the volume velocity in the femoral artery and vein, changes in microcirculation
in the lower third of the leg, and the severity of pain syndrome depending on the degree of external compression.

Materials and methods. The study included 36 patients with decompensated forms of chronic venous insuffi-
ciency, divided into two groups. The first group consisted of 15 patients with varicose disease (VD; 9 women, 6
men; mean age 56.0 £ 5.7 years). The second group included 21 patients with post-thrombotic syndrome (PTS;
12 women, 9 men; mean age 58.5 + 6.4 years). All patients underwent ultrasound examination of the femoral
vessels to determine arterial (AFV) and venous (VFV) blood flow velocity. Microcirculation was assessed by
transcutaneous monitoring of oxygen (tcpO,) and carbon dioxide (tcpCO,) tension on the dorsum of the foot, with
calculation of the regional perfusion index (RPI) according to the angiosome theory. Pain intensity was assessed
using the CIVIQ-20 scale. The study was performed sequentially using compression stockings of classes I-IV.

Results. In patients of both groups, the use of class Ill and IV compression was accompanied by a statistically
significant decrease in AFV and VFV, a critical drop in tcpO, (to 61.2 + 1.3 mmHg in VD and 54.4 + 1.2 mmHg in
PTS), an increase in tcpCO, (to 56.2 + 0.9 mmHg and 60.2 + 0.7 mmHg, respectively), and an increase in pain
syndrome (up to 4 points on the CIVIQ-20 scale). In patients with PTS, even class |-Il compression resulted in
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a more pronounced decrease in microcirculatory parameters and more intense pain compared to the VD group.
The RPIin patients with PTS without compression was below normal: by 17.3 % in the anterior tibial angiosome
and by 23.2 % in the posterior tibial angiosome.

Conclusions. The use of elastic compression classes Il and IV in patients with decompensated chronic venous
insufficiency is accompanied by a statistically significant inhibition of arterial blood flow, a critical decrease in
transcutaneous oxygen tension (tcpQ,), an increase in carbon dioxide tension (tcpCO,), and causes intense
pain, making its use potentially harmful to tissue perfusion.

Modern medical technology. 2026;18(2):91-96

30BHILLHA KOMMPeCis Ha HWKHIX KiHLiBKax 34ebinbLioro
peaniayeTbCs enacTUyHOK0 KOMMPECi€Eto, 3a3Bryali i BUKOpUCTo-
BYOTb A/151 3anobiraHHst abo 0OMEXeHHs! yTBOPEHHS HAabPSKiB.
[pu XPOHIYHiN BEHO3HiI HEQOCTATHOCTI B CTaii AekomneHcaLii
30BHILLHS KOMMPECiS € BanigoBaHUM NikyBanbHUM 3aX0LoM i3
Knacom gokasosocTi B [1,2,3].

YacToTa BUSIBMEHHS XPOHIYHOTO 3aXBOPKOBAHHS BEH i3
KOXHUM POKOM B €KOHOMIYHO PO3BUMHYTUX KpaiHax 3pocTae y
yonogiki Ha 1,9 %, a y xiHOK Ha 2,6 %. Butpatu Ha nikyBaHHs
0[HOTO navjieHTa 3 TpodiuHMMM Brpaskamit (TB) HUXKHIX KiHLiBOK
y ®paHuji ctaHoBNsATH Maike 36 000 eBpo, B ITanii npami 3a-
ranbHi BUTPaTW Ha NikyBaHHS NaLiEHTIB i3 XPOHIYHOK BEHO3HOH
HeocTaTHICTHO (XBH) HIBKHIX KiHUiBOK csratoTb 330 MITH €BpO.
Y HimeuunHi hiHaHCOBI BUTPaTK Ha NikyBaHHs Ta peabiniTayito
MaLyieHTiB i3 LM AiarHo30M, LLO NOB'sI3aHUI i3 BTPATOH Yn 0bme-
XEHHSIM NpaLe3naTHOCTI, CTaHOBNSATbL Maibke 448 MrH €Bpo [4].

OawH i3 MexaHi3MiB, LLO CNPUYMHSE PO3BUTOK TPOIYHMX
BMPA30K NPY XPOHIYHIN BEHO3HI HEQOCTATHOCTI, — iLEMis,
L0 BUMHMKAE Yepe3 MOPYLUEHHS JOCTaBKM KUCHK A0 TKaHWUH
BHaCnigok BrokyBaHHs Mikpoumpkynsuii [5,6]. Mpn nporpecy-
BaHHi [lekoMneHcaLlii BiTOKY B TKAHMHAX BUHWKAE FMOKCis, L0
XapaKTepu3yeTbCs CYTTEBUM 3HWXEHHSM PIBHS KUCHIO. Buko-
PUCTaHHS CyYaCHWUX KOHCEPBATUBHWX METOIB NiKyBaHHA [ae
3mory 3akpusatu 30-35 % noBepxHEBUX BEHO3HUX TPOPIUHUX
BMpa3ok 6e3 xipypriyHoro BTpyyaHHsl. OfHak y pasi posBUTKY
noctTpom6oTnyHoro cuHapomy (MTC) cTaH NauieHTiB TsHKYNA,
a NpU3HAYEHHs KOHCEPBATVBHOI Tepanii Crpusie 3arolBaHHI0
nmwe 7-8 % TB [5].

CraHpgapT nikyBaHHS TPOGiYHMX BUPA30K BApMKO3HOIO Ta
MTC-renesy, 3a gaHumn Oregona (CLLIA), nepenbayae nocTinb-
HWIA PEXMM, CUCTEMHY aHTUBIOTUKOTEpaito, LOAEHHUIA TyaneT
BMPAa3sKM MUMbHOK BOAOH, HAKMaLEHHS Cyxol BaTHO-MapneBol
MOB’A3KY, 3aCTOCYBaHHS MiCLIEBMX KOPTUKOCTEPOILIB NPpY AepMa-
TWTi 1 ek3eMi, HOCIHHS KomnpecinHux ronbgis 30-40 MM pT. CT,,
MOCTiHE HOCIHHS KOMMPECINHUX ronbiB NICMS 3aroeHHS BUPasku
[7,8].

3a gaHumu ¢haxoBoi NiTepaTypu, PEKOMEHA0BAHI MEBHi
knacu enactuuHoi komnpecii RAL GZ387: | - 15-21 mm pT. cT;;
Il - 23-32 mm pr. cT;; Il — 34—46 mm pr. cT; IV — >49 mm pT. CT.
Mpu BapWKO3Hii xBOpPODiI, Konn BUHUKIM TB, pekomeHOoBaHo
18-24 mm pr. ct. (cTyniHb gokasosocTi B), a npu MTC i TB -
25-35 mm pr. cT. (cTyniHb gokasosocTi C) [9].

PeTenbHuin pornsg 3a paHok | BUKOPUCTaHHS KOMMPECIHOT
Tepanii, 3rigHo 3 pesynsTatamu OKpeMUX JOCTIMKEHb, MOXYTh
OyT1 focTaTHiIMM 3axofamu Ans NikyBaHHS HE3HAYHWX | KOPOTKO-
YacHWX BEHO3HWX BUpasok [5,7,10,11]. Brim, onybnikosaHo npalli,
y AKX HABEZ,EHO iHLUI AaHi, a oTxe 6yno oTpUMaHo cynepeynuei

pesynbrati. 3ayBaXMOo, LLIO BaXIWBO OLiHIOBATW 3MiHW B nepdy-
3ii TKaHUH i MIKpOLWPKYNALLT, LLO CYNPOBOIXYHOTHCS TPOIHHUMM
posnagamu i 6onboBuM cuHapomoM. Lli dhaktopu noe’siaHi 3i
CTyneHeM KOMMPECii Ta MOXYTb HEraTMBHO BNIIMBATW Ha SIKICTb
KUTTS NaLieHTIB Yepe3 NiaBULLEHHS piBHS GO0 NPU HOCIHHI
enacTuyHoro TpukoTaxy [6,8,9,12].

Merta pobotu

[ns nokpalLeHHs pesynbTaTia NikyBaHHS XBOPYX Ha AEKOM-
neHcosaHi (popmn XBH BUBYMTY 3MiHW BENNYMHM 06'EMHOT LUBMA-
KOCTi B CTErHOBII apTepil Ta BeHi, a TakoX 3MiHW MIKpOLMPKY ALl
B HVKHIIA TPETVHI FOMINKKM 1 BUP@XKEHOCTi BOMBLOBOrO CUHAPOMY
3aMeXHO Bif BEMNYMHM 30BHILLHLOT KOMMPECIT.

Marepianu i MeToAH AOCAIAKEHHA

Y pocnimkeHHi B3snu y4acTb 36 ocib, skux noginunu Ha A
rpynu. [Jo nepLuoi rpynu 3any4unnm 15 nauieHTiB i3 BapuKO3HOHO
xBopoboto (BX) y cTagii agekomnencaii: 9 (60 %) xiHok i 6 (40 %)
4OnoBikiB, CepeaHit Bik cTaHoBMB 56,0 £ 5,7 poky. o apyroi
rpynu 3anyuunn 21 ocoby 3 AEKOMMNEHCOBAHOK POPMOIO NOCT-
TpombochneboTyHoro cunapomy: 12 (57 %) xiHok i 9 (43 %)
YOnoBiKiB, cepeaHin Bik — 58,5 £ 6,4 poky.

3rigHo 3 BucHoBKoM Kowmicii 3 GioeTukm [IBH3 «Yxropoacbkuii
HawjoHanbHuI yHiBepeuTeT» (npoTokon Big 30.09.2025 p. Ne 8/5),
L0 PO3rnsHyna Matepianu, HaBedeHi y CTaTTi, JOCMIMKEHHS
BiANOBIZAN0 BCIM BUMOram MOPanbHO-ETUYHUX HOPM, 3iICHEHE
BignosigHo Ao npasun ICH/GCP, MenbciHCcbKoi AeknapaLii npas
noguhm (1964 poky 3 nonpaskamu), KonseHuii Pagn €sponn 3
npaB Mgk i iomegnumHm (1997 poky) Ta 4OOATKOBKX MPOTO-
koniB 10 Hei, KOHBEHLIii Mpo 3axMCT NpaB Ta AOCTOIHCTBA JII0ANHM
y 3B'AA3Ky i3 3aCTOCYBaHHAM LOCATHEHb Bionorii Ta MeguumnHm,
iHLLIMX HOPMATWUBHUX AOKYMEHTIB, @ TaKOX YMHHOTO 3aKOHOAAB-
cTBa YkpaiHu. YCi y4acHuKku JOCTIMKEHHS Hadanm nucbMoBy
iHhopMOBaHy 3rofly Ha y4acTb.

KOXHOMY 3 y4aCHWKIB 3AIMCHUMM 3arasibHA Gi3NYHWIA Ornsg,
Y BCiX NALiEHTIB BU3HAYMMM iHLEKC KICTOYKOBO-MSIEYOBOIO TUCKY 5K
CMiBBIOHOLLEHHS apTepianibHOro CUCTOMIYHOTO TUCKY Ha NepeaHil
abo 3a4Hil BENWKOroMInKoBil apTepii [0 BignoBIAHOMO NOKa3HWKa
Ha NneqvoBil apTepii. IHAEKC KICTOYKOBO-NMNEYOBOrO TUCKY MEHLUE
Hix 0,9 CBIAUNTL MPO MOXITMBMIA CTEHO3 B apTEPISIX HUKHIX KIHLIIBOK.

[ns BU3HaYeHHs! PYHKLIOHANBHOT MOXIIMBOCTI rMMOOKOI
CTErHoBOi apTepii BU3HaYanu rnmboKOCTErHOBO-NiAKOMiIHHMIA
ingekc (FCII) 3a chopmynoto: I'CMI = (BK—HK) / BK, oe BK - pe-
riOHapPHWI CUCTONIYHWIA TUCK Y NIAKONIHHINA apTepii BULLE KoMiHa,
HK — Tuck y nigkoniHHiN apTepil Hk4e koniHa.
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YnbTpasBykoBe AOCMIMKEHHS CTErHOBUX CYAWH BUKOHAMM
3a JONOMOrOH MiHIAHOMO Aatyuka 3 Yactototo 7 MI. Bumipsnu
LUBWAKICTb apTepiarnbHOro KpOBOTOKY B CTErHOBI apTepil (AFV) Ta
LUBMKICTb BEHO3HOTO KpoBOTOKY (VFV) Ha AinsiHUi ancTanbHille
Bif, caheHohemMoparbHOro CriBycTs.

[NpoaHaniayBanm MiKpOLMPKYISLI LIKIPY HUXKHIX KIHLBOK,
BPaXOBYIOUM aHrioCOMHWIA nigxig. 3actocyBanu anapat TCM
400 Radiometer ([aHist). ns BU3HaYEHHSI TPaHCAEPMAIIbHOMO
Tucky kucHio (tcpO,) BukopucTaHo enextpog tuny Clark. TpaHc-
AepmarnbHUiA TUCk Byrnekucroro rasy (tcpCO,) Bumipanu 3a
[0MOMOroto enektpopa Tuny Severinhaus. Takox BUKOPUCTaHO
KOMOGIHOBaHWIA TPAHCKYTaHHWIA eNeKTPOZ, ANs BAMIPIOBAHHS TUCKY
KWCHIO Ta BYTTIEKCOrO rasy, IkKMi po3MiLLlyBanu UCTanbHo BiJ
MaHXeTkn. EnexkTpog 3akpinntoBanu Ha LWKipi BEPXHbOI YaCTUHM
CTOMM 3a JOMOMOIOH) KIEWKOT CTPIiYKN. YCi BUMIpIOBAHHS BUKOHA-
N 3@ KIMHATHOI TeMnepaTypy MOBITPS Y NPUMILLEHHI.

[ns oTpumaHHs CTaTUCTUYHO LOCTOBIPHUX AaHWX 3aMiCTb
abConTHNX 3HaYeHb BUKOPUCTAHO BiJHOLLEHHS MOKA3HMKIB,
BCTAQHOBIIEHUX Y MEPLIOMY MiKNanbLEeBOMy MpPOMiXKy AO0CHi-
[PKyBaHOI HVXKHBLOT KiHLIBKM, 4O BiANOBIAHWX 3HAYEHb Y iNSHL;
rPyAHOI KNiTkA. HopManbHi MOKa3HUKY HanpyXXeHHs KUCHIO CTa-
HOBMATb 85 MM PT. CT. 47151 LUKipy rpyAHOI KIiTky Ta 60 MM pT. CT.
LS MKManbLEBOro NpoMiXKy. Lie criBBiaHOLLIEHHS BUSHAYEHO 5K
iHOekc perioHanbHoi nepdyaii (IPM). Hagani IPI obuncntoanm
oo piBHS nepdysii B AOCTILKYBaHIA aHrioCOMi MOPIBHSHO 3
HOpMarnbHAMM JaHUMM KOHKPETHOTO MaujeHTa (MiKTboBa AMKa).

Kpim Toro, B ycix nauieHTiB ouiHtOBanm piseHb 6onto 3a
wkanoto skocTi xutta CIVIQ-20 (Chronic Venous Insufficiency
Questionnaire), Wwo Aae 3Mory BU3HAYNTU Di3UYHUIA CTaH,
HasBHICTb GObOBOTO CUHAPOMY, COLiaNnbHY aKTUBHICTD i
MCUXOMNOriYHMI KOMEOpPT pecrnoHaeHTa. Llein onuTyBanbHuUK
MPOCTWIA Y BUKOPUCTaHHI Ta Mae BUCOKY iH)OPMATUBHICTb, LLO
NigTBEPIKEHO 10T0 LLIMPOKIM BUKOPUCTaHHSIM Y (onebonorivHii
npakTuui. CIVIQ-20 cknapaetbes 3 20 3anuTaHb, ki XapakTepu-
3yK0Tb OCHOBHI MapameTpu SIKOCTi KUTTS: 60Mb0oBUIA, (i3NYHWIA,
MCUXOOMYHMI | CoLianbHUM (hakTopu.

Y pamkax Lboro A0CHimKeHHs OLiHIOBaNM Tirnbky 60Mb0BMI
thakTop. Bignosiai y4acHukiB ouiHoBanM 3a 6anbHO LLKanow
- Bin 1 no 5 6anis 3a koXHe 3anuTaHHs. bonbosi BiguyTTS aHa-
ni3yBanum Ha noYaTKy AOCHIMKEHHS Ta NiCAS 3MiHW KOXKHOrO TUny
€racTU4HoI KOMMPECii 3anexHo Bif i CTyneHs, nopiBHioBanm 3
BVXiQHUMM AAHUMK: HeMae ckapr Ha 6inb — 0 Ganis; nerkui 6inb
— 1 6an; nomipHui Binb — 2 6anu; cunbHUiA 6inb — 3 6anu; gyxe
cvnbHWiA Binb — 4 Gann.

Y rpyni naLieHTiB i3 AekoMneHcoBaHUMM popmamu BX i nocT-
TpomBOTUYHUM cuHapomoM (MTC) nicns 3aranbHUX BUMIPOBaHb
y CTaHOApTHWX YMOBaX YNpOAOBX 3 XBUIUH BUKOPUCTOBYBAMNM
€nacTUYHUIN TPUKOTaX opaHiel Mapku. CoHorpadiyHi nokasHm-
Ki1 BUMIpIOBAnM MPOTArOM OCTaHHIX 2 XBUIMH LbOro nepioay.
3aranbHa TpUBasiCTb KOXHOrO Miaxody CTaHOBUNA 3 XBUIMHM.
[icns 3aBepLLUEHHS! KOXHOTO LMKy y4acHUk Mani 30-XBUIUH-
Hy MepepBy B rOPU30OHTarbHOMY MOMOXKEHHI Nepes HacTyMHUM
Krnacom Komnpecii. ig Yac ekcnepuMeHTy 3acTocoByBasu
MEOVNYHNIA eNacTUYHUI TPUKOTaX. 3aBepLUyBany eKCrnepuMeHT
nicns OTPUMaHHS AaHUX YETBEPTOrO KIacy KOMMpECii.

Pesynbrati, BCTAHOBMEHI Mif Yac JOCHIMKEHHS, HaBedeHO
K CepefHE 3HaYeHHs | cepefHbOKBaApaTNYHE BiAXUMEHHS.

[ns aHanisy pisHULb MiX NapHUMW 3HAYEHHSMU BUKOPUCTAHO
HenapameTpUYHUI TecT BifKOKCOHa Ans mapHWX 03Hak, Lo
[ano 3Mory BUSHa4MTM BiGMIHHOCTI B Mexax cy6 ekTiB. 3Ha4eHHs
p 064nCreHO, BPaxoBYUM KIMbKICTb YHACHUKIB MPU KOXKHOMY
PiBHI TUCKY. K CTATUCTUYHO BIpOTiAHI BU3HAYanM BigMiHHOCT
3 p < 0,05. CratncTyHy 06pobKy 1 aHani3 OTpUMaHNX AaHux
30iNCHWNM 3a JOMOMOrot nporpamun Jamovi 2.3.28 (BigkpuTuii
kog goctyny).

Pe3yabtatu

Ha nigcrasi ynbtpacoHorpadhiyHoro obCcTexeHHs 1 eTiona-
ToreHesy XBH y 6 (40 %) nauienTis i3 BX BusiBNieHo noBepxHeBy
BEHO3HY rinepTeHsito. Y naujieHTiB 3 AeKOMNEHCOoBaHUMM hopma-
Mu IMTC rnnboky BeHO3Hy rinepTeHsito BusBneHo B 11 (52,5 %)
BMNagKkax, 3miiaHy hopMy BEHO3HOI rinepTeHsii —y 3 (14 %).

3a gaHMMK ynbTpa3ByKOBMX AOCHIMKEHb, CEPeaHil aiameTp
BENUKOI NiALLIKIpHOT BeHW y naLlieHTis i3 BX ctaHosuB 9,7 £ 0,1 MM,
Manux nigLkipHux BeH — 5,1 ¢ 0,1 Mm. Bucokuin pedontoke yepes
cadpeHoeMoparbHe cnisrpno adikcosanuit y BCix 15 (100 %)
nauieHTiB, a Yepes cadpeHononniteansHe CiBIYPRO — nnwe y
3 (12 %) obcTexeHux.

BcTaHOBNEHO CTAaTUCTUYHO 3HaYYLLY Pi3HULIO 3a TPUBANICTHO
pechntoKcy KpOoBi MixX naLlieHTamMy NepLUOi Ta ApYrol rpynu B CHcC-
TeMi Benmkoi nigLukipHoi Berm (p = 0,0004, x2 = 15,6). AHanoriuHy
TEHZEHLt0 BCTAHOBMEHO MPU aHani3i TpuBanocTi pedntokcy
KpOBI B cMCTEMi Manoi nigLukipHoi BeHm (p = 0,000017, x2=21,9).

HecnpoMoxHicTb NPOHM3HWX BEH y navjieHTi i3 BX 3adbikco-
BaHO Y 4 (26,6 %) Bunagkax, nuwe 'y 2 (13,7 %) obcTexeHnx Bu-
SIBMEHO NOOAUHOKMUI FOPU3OHTANBHIUIA PECHIOKC. Y BCIX NaLieHTiB
i3 [TC BMSIBNIEHO ropr30HTasbHUIA PeChrTtoKC Y MPOHN3HUX BEHAX,
ny 16 (76,2 %) ocib BiH MaB MHOXIHHWI XapakTep. CepeaHii
JiameTp NPOHW3HKX BeH cTaHoBMB 5,7 + 0,8 Mm.

Mpu MTC i TpodhiyHMX BUpa3kax BU3HAYEHO rnboky dopmy
BEHO3HOI rinepTeHsii 3 BepTUKanbHAM pedrtokCoM Yy FMMBOKil
BEHO3Hill CMCTEMi Ta FOPU3OHTaNbHUM PedhertokCoM No HeCnpo-
MOXHWX MPOHU3HWX BEHAX.

Y nauieHTiB i3 BapUKO3HUMY TPOIYHUMY Bpa3kami 3adik-
COBaHO NepBUHHe 3HaueHHst IPIHa nepeaHii BENMKOrOMINKOBIN
aptepii (NBI'A) Huxye Ha 13,3 % NOpIBHSHO 3i 30OPOBUMM MOFTO-
JVMMU TNI0bMU; Ha 3aHil BenukoroMinkosin apTepii (3BIA) wei
nokasHuK MeHLi Ha 20 %. OuikyBaHe 3HWKeHHs! [Py umx aHri-
ocomax (MBI'A 1a 3BI'A) cranosutume 30 % Ta 50 % BignosigHo
3a YMOB KOMMpecii Ha piBHsx 20 MM pT. CT. Ta 40 MM pT. CT,, a Le
He MOXe MO3WUTUBHO BMIIMHYTW Ha MIKPOLMPKYNALL0 ypaxeHoi
KiHUiBKW (mabr. 1).

Y naujenTiB i3 MTC i TpodhiyHMMK BMpaskamn HagiTb 6e3
Komnpecii 3agpikcoBaHo 3HkeHHs |PI wono Hopmu: y MNBIA —Ha
17,3 %, y 3BI'A — Ha 23,2 %.

3a pesynbratamu aHanisy nokasHuKiB KpOBOTOKY Ta MiKpo-
UMpKynsauii, y nauieHTiB i3 BapukosHumm Ta TC-TpodidHnmu
BMpa3KaMn BU3HAYEHO NEPEXPECHMIN 0OEPHEHO MPOMOPLIAHUIA
acys tcpOQ, i tcpCO, abo IPI Ta crynens komnpecii i npu BX, i
MTC (puc. 1).

BviBUEHHS 3MiH MOKa3HMKIB KPOBOTOKY B CTErHOBWX Cyau-
HaX i MIKPOLMPKYNALii LSXOM BU3HAYEHHSI TPAHCKYTaHHOTO
Hanpy)XeHHS! KNCHIO Ta BYTMEKWCIIONO rady Ha CToni 4ano amory
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Tabauus 1. NokasH1KK MiKpOLMPKyASLLT y xBopwx i3 TB Ha doHi XBH

Anriocoma BX,n=15 NnTC,n=21
IPM tcpCo, IPM tcpCo,

[epeaHs Benukorominkoea apTepist 1,30 £ 0,08 41,10+1,50 1,24 +£0,10 42,40 + 1,207
3apHs BENMKOrominkosa apTepis 1,48+0,12 40,20 £ 1,40 1,42 +0,11 41,80 +1,10%
ManorominkoBa apTepis 1,50 £ 0,11 41,40 £1,40 1,38+ 0,13 43,40 £1,70°
TunbHa NOBEPXHS CTOMM 1,20 £ 0,09 42,80+1,70 1,0 +0,14% 47,40 +1,50%
Minowsa 1,00 £0,10 43,40 1,20 1,00 £0,12 46,30 + 1,204
NateparnbHa kicTouka 1,10+ 0,14 40,70 £1,50 1,00 £ 0,12* 43,40 £ 1,30%
MepijanbHa kicTouka 0,98 + 0,06 42,50 +1,30 0,90 + 0,05% 44 50 + 1,50%

* p<0,05*p<0,01; & p<0,0001.

Tabauusa 2. BnavB enacTMUHOT KOMNPECii Ha LIBMAKICTb CTETHOBOTO KPOBOTOKY Ta MiKPOLIMPKYASILIILO Y MaLieHTiB i3 AEKOMMNEHCOBaHUMKM GopMamu

BXiNTC
Knac Tuck, Mpynu VFV, m/s™! AFV,m/s"! tcpO,, tcpCO,, BonboBuii cMHAPOM,
KoMmnpecii | MM pT. CT. XBOPUX MM pT. CT. MM pT. CT. cepepaHiii 6an
0 0 BX 0,090+0,012 {0,170+£0,070 |750%6,2 428+17 1
nTc 0,089+ 0,011 0,1770+£0,070 |73,3%5,2 47,4 + 1,58 1,68
15-21 BX 0,070+0,009 |0,150 £ 0,021 70,8+ 3,1 469+24 1,6
nTc 0,064 +£0,007* [0,139+£0,011* |68,4+2,2* 512+1,8% 2,0
I 23-32 BX 0,050+0,007 {0,130+0,010 (68314 51,8+19 248
e 0,041+0,005% [0,122+0,009* |62,1+1,1¢ 55,3+ 1,58 2,8¢
Il 34-46 BX 0,030 £ 0,011 0,110+£0,013 |64,7%17 544+13 3,04
nTcC 0,020+ 0,010 |0,060 +0,008* |58,7 + 1,3 58,8 +1,3% 3,8¢
% >46 BX 0,020+ 0,007 {0,090 £ 0,011 61,2+13 56,2+ 0,9 4,04
nTc 0,012+0,006* [0,020 £0,009% |54,4+1,2¢ 60,21 0,75 4,0

* p<0,05*p<0,01; & p<0,0001.

BcTaHoBuTK, WO IIl Ta IV knacu enacTnyHoi kKomnpecii pisko npu-
THIYyBanM MIiKpOLMPKYMALi0 Y NaLieHTIB i 3 4EKOMNEHCOBaHO
BX, i3 MTC (mabn. 2).

06roBopeHHA

PesynbraTi focnigxeHHs cBig4Yatb Npo CYTTEBMIA BMUB
€racTUYHOI KOMMPECii Ha remoguHamiKy Ta MiKpOLMPKYmALto
HWKHIX KIHLIBOK Y NaujieHTiB i3 JeKOMMNeHCoBaHMMM hopmamu
XBH. BcTaHOBMEHO, WO NO3UTUBHUIA CTUCKANBHUIA €PEKT HE €
YHIBEpPCAIbHO KOPUCHUM, @ Or0 PE3yNbTaTh KpUTUYHO 3anexarb
Bif KNacy KOMMpECIT Ta NOXO4XeHHs BEHO3HOI NaTonorii.

HaiBaxnmBiluMM BUCHOBKOM € MiATBEPOKEHHS TOrO, LU0
komnpecis [l Ta IV knacis (34—46 mm pT. CT. i >49 MM pT. CT.
BiMOBIJHO) CNPUYMHAE HAAMIPHE NPUTHIYEHHS i apTepianbHOro,
i BEHO3HOTO KPOBOTOKY B CTErHI, @ TaKOX Pi3KO MOripLLye nokas-
HVKV ZUCTanbHOT MIKPOLMPKYMALi, L0 BUSIBNIEHO 3@ KPUTUYHUM
3HKeHHsAM tcpO, Ta nigsuLleHHaM tcpCO, Ha TUIbHIA NOBEPXHI
cronu. Lli fani y3romxyloTbCsl 3 pesynsratamy CyvacHux focni-

[PKeHb LLOAO0 PU3NKY STPOreHHOI iLIeMIl NPy 3aCTOCYBaHHI BUCO-
KOrO 30BHILLHBOTO TUCKY, 0COOIMBO Y NALIIEHTIB 3 Y)Xe MOPYLLEHO
nepdysieto [11,13,14,15].

3rigHo 3 pesynbraTamu [OCMIGKEHHS, SKe 3L4iINCHUNK
D. Patton et al., HeethekTBHa abo HagMipHa KOMMPECIS MoXe
OyTW OFHI€EH 3 MPUYMH NOPYLLEHHS 3arOEHHS BEHO3HIX BUPA3OK,
OCKirbkv 0BMEXYE [JOCTABKY KICHIO Ta MOXMBHUX PEYOBUH A0
30HU ypaxeHHs [10].

PesynbraTi HaLWoro JocnimKeHHs NiATBEPIKYOTh AaHi, Sk
otpumanu M. Garrigues-Ramon et al. [JocnigHvku BCTaHoBUMNM,
LLIO HM3bKOTMCKOBA KOMMpPeCis (8o 20 MM pT. CT.) MOXe nigBu-
LLlyBaTW BEHO3HMI TOHYC | MOKpaLLyBaTh (yHKLto knanaHiB 6e3
iCTOTHOrO BMIMBY Ha apTepianbHe KPOBOMOCTa4aHHs Y NaLlieHTiB
i3 C2-C3 cragismn XBH [5].

lMopiBHsHHA rpyn nauieHTis i3 BX i MTC gano amory BusiBuTH
(byHOAMeHTanbHI BiIMIHHOCTI IXHBOI peakLii Ha komnpecito. Tak,
y xBopux i3 ITC HagiTb kKomnpecis -1l knacy cynpoBomKyBanach
OinbLL BUPKEHNM 3HVKEHHAM MIKPOLIMPKYTIATOPHWX MOKa3HMKIB
Ta iHTEHCVBHILUMM B0MBOBMM CUHOPOMOM MOPIBHSHO 3 NaLjeHTa-
My 3 BX. T0SICHIOEMO Lig iICTOTHILLMMM Ta NOLMPEHILLIUMU NOPY-
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1A 1,00 100
0,90 90
\
0,80 —— 80
0,70 — 70
0,60 60
0,50 50
0,40 > 40
030 / 30
0,20 // 20
0,10 / 10
0,00 < 0
—1PN —o— Tuck
1b 100 100
90 90
80 80
70 — 70
\
60 — 60
50 “_,/4'// 50
40 40
30 30
20 20
10 10
0 0
tcpO2 —e— tcpCOo2

Puc. 1. MepexpecHuit 06epHEHO NPOMOPLIMHKWIA 3CyB NOKA3HWKIB MikpoLMpkyAsLii, IPTT i ctyneHs komnpecii. A: BX; B: MTC-etionorii.

LUEHHSIMM MIKPOLWPKYNSTOPHOTO pycna, Gibpoay Ta niMgaTniHoi
HegocTaTHocTi, Wwo xapaktepHi ans MTC [6,11,16].

OTxe, nigxig 4o KOMAPECiNHOT Tepanii' y nawieHTiB i3 Lyx rpyn
mae ByTn andepeHuinoBaHnM. Hawa pekomenaauis oomexu-
Tucs komnpecieto |-l knacy ansa MTC NoBHICTHO y3romKyeTbes 3
KniHiYHMMK HacTaHoBamu European Society for Vascular Surgery
(2022), ne HaronoLieHo Ha ob6ayvHoCTi i 0BepeHOCTI Mig Yac
npU3HaYeHHs BUCOKMX TUckiB Npu MTC yepes pusnk noripLUeHHs
nepdyai [6].

Baxnusum acnekTom AocnimkeHHs € 06’ekTuBi3aLlis 60mbo-
BOTO CUHAPOMY. BusiBneHa npsima kopensuis Mix niaBULLEHHSM
Krnacy KOMMpecii Ta 3poCcTaHHsIM iHTEHCMBHOCTI Bomto nigTBep-
KY€, WO Oinb € He nuLe cy6 eKTUBHIM YMHHKOM HenepeHoC-
HOCTI MnikyBaHHsI, ane 1 NOTEHLNHUM MapKepoM HafMipHOro
TUCKY, LLIO NPU3BOANUTL A0 iLuemii TkaHuH. Lli aaHi nigTeepmxeHo y
npayi X. Guo et al., A€ Noka3aHo 3B’A30K Mix AMCKOMOPTOM Bifl
KOMMPECINHOTO TPUKOTAXKY Ta 3HKEHHSAM SKOCTI KUTTS NaLieHTIB,
LLI0 YacTo NpK3BOAWTL A0 BiAMOBM Bif NikyBaHHS [8].

Pesynbratu focnigXeHHs NigTBepaXytTb BaXUBICTb
BumiptoBaHHs tcpCO, ang ouiHioBaHHS MICLEBMX MOPYyLIEHb

MIKpOLMPKyNsLii, OCKINbKX BOHW Cepeq NepLuMx pearyloTb Ha
3MiHU CTaHy XBOPUX.

[MopiBHABLUM MOKa3HUKM GO0 4O Ta NICMS EKCNEPUMEHTY,
BCTaHOBMNK, LU0 BXe Npu |l knaci komnpecii navieHTy i3 TB Bapu-
ko3Horo Ta [TC-reHesy GinbLue Big4yBanu AUCKOMGOpPT — yaBivi
Ta BTpwui BignosigHo (p < 0,0001). 3icTaBuBLUM AaHi, 3adhikcoBaHi
Y Pi3HUX rpynax XBopwX, BCTAHOBUIN CTATUCTUYHO LOCTOBIpHY
pisHNLL0: GONBOBMI CUHAPOM BUPXKEHUI CUMbHILLE B 06CTEXE-
Hux i3 MTC i TB — cepeaHe nepeswLLeHHs ctaHosmno 0,5 6ana.
[Noka3HwKm Ly>ke iHTeHCMBHOTO 601t 3adhikcoBaHO B 060X rpynax
navujeHTiB npu knacax komnpecii |l Ta Buwe (p < 0,0001).

[Jocnigxytoun NosUTUBHWIA BNIUB PO3NOLINEYNX HaBaH-
TaXeHb MO HO3i BCTAHOBMEHO: BiH He 3abe3neyye iCTOTHOro
MOKPALLEHHS! LUBUAKOCTI BEHO3HOMO NOBEPHEHHS MO CTErHOBMX
CyoMHax. Hessaxaroum Ha ue, BUSBUMN iCTOTHI MOPYLUEHHS i
apTepianbHOro KPOBOOBIry HUKHIX KIHLIBOK, i MiKpOKPOBOOGIry
nepeaHboi YacCTVHW CTOMW B MOJIOAMX 340POBUX JOBPOBOMb-
LiiB 32 YMOBW MOCTIMHOI 30BHILLHBOI CUMW CTUCHEHHS. Xoua L
JaHi OTpUMaHO came 3aBASKM CUCTEMATUYHOMY TECTYBAHHIO
300pOBUX 0Ci6, MeTozonoris poboTn Moxe ByT OCHOBOI Anis
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HOBAaTOPCLKOrO MiAXOAY ANs NPOAOBKEHHS aHanisy Hacnigkis
BUKOPUCTaHHS €NacTUYHOI KOMMPECii.

3Baxxatoun Ha pesynbtatn 3actocyBanHs |l i [V knacie ctuc-
KaHHs1, 3ayBaXUMO: pi3ke 3MEHLUEHHS! KMUCHEBOTO HACWUYEHHS
CYMPOBOMKYETLCS 0HOYacH!M 3BinbLueHHamM CO, KOHLEeHTpaLii
TKaHWH. ToMy Taki MaHinynsii KOHTPMPOMYKTVBHI B NALiEHTIB i3 fe-
KomneHcoBaHUMM chopmamu XBH i/abo yTpyaHeHot pereHepaLlieto
LUKIpW, OCKirbKiA MOTEHLIHO MOXYTb NOAOBXMUTY TEPMiH NliKyBaHHS.

OTxe, pesynbraTy JOCTIMKEHHs 06 pyHTOBYHOTb AOLIMNBHICTD
iHOVBIZYani30BaHOrO NiAXoAY A0 NPU3HAYEHHS ENACTUYHOI KOM-
npecii npu gekomneHcoaHin XBH.

BucHoBKH

1. 3actocyBaHHs enactuuHoi komnpecii |l Ta IV knacis
(Tnck 234 MM pT. CT.) y NaLjEHTIB i3 AEKOMMNEHCOBAHOK XPOHIY-
HOK BEHO3HOK HEOCTATHICTIO CyNPOBOMKYETHCA CTATUCTUYHO
3HaYYLLMM NPUTHIYEHHSIM apTepianbHOro KPOBOTOKY, KPUTUYHUM
3HIDKEHHAM TPAHCKYTAHHOO HanpyXeHHs! K1cHo (tcpO,), niasm-
LLIeHHAM HanpyXxeHHs Byrnekucnoro rady (tcpCO,) Ta cripudnHse
iHTEHCVBHWIA BONBOBWIA CUHAPOM, WO POBUTD Ti BUKOPUCTAHHS
MOTEHLINHO LWKIAMBIAM NS TKAHWHHOI Nepdysail.

2. Bubip onTmanbHOro kracy KoMnpecii Mae I'pyHTyBaTucs
Ha eTionorii BEHO3HOI HEOCTATHOCTI: ANs NaLjeHTiB i3 nocT-
TPOMBOTUYHIM CHHAPOMOM Crig, 0OMeXyBaTUCh KoMnpecieto -1
Kracy, a Ans navujeHTiB i3 BapuKO3HOK XBOPOOOK Npu MPOXiAHOCTI
apTepil oMk B OKpeMMX BUNagkax Moxe 6yTn npusHayeHe
TMMYacoBe 3actocyBaHHs komnpecii lll knacy nig koHTponem
MIKPOLIMPKYSITOPHMX MOKA3HMKIB.

3. TpaHckyTaHHe Hanpy)eHHs Byrmekucrioro rasy (tcpCo,)
YyTAMBUM iHOMKATOPOM MOPYLLEHHS MIKPOLWPKYNSALLT, LLIO BUHUKAE
BXe Ha eTani 3acTocyBaHHs KOMMPECii HU3bkWX knacis. Metog Bu-
MmiptoaHHs tcpCO, Moxe ByTv pexoMeHI0BaHuiA 4rsl 06'€KTMBHOMO
MOHITOpUHIY nepdysii npu nigbopi KoMnpeciinHoT Tepani.
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The aim of the study. To assess the dynamics of neurovegetative disorders in patients with coronary artery
disease (CAD) with Long COVID-19 syndrome under the influence of combined treatment with the inclusion of
exogenous L-arginine and phenibut in basic therapy.

Materials and methods. A prospective study with parallel distribution and elements of randomization included
31 patients with CAD: stable angina of exertion of functional class Il-Ill (age 69.0 (64.0; 76.0) years)), who
had suffered from moderate or severe COVID-19 coronavirus disease with manifestations of Long COVID-19
syndrome. Patients were divided into two groups depending on the prescribed treatment: group | (n = 15) —
basic therapy for CAD was used; in group Il (n = 16) a combination of L-arginine and phenibut was additionally
prescribed against the background of basic therapy. Heart rate variability (HRV) parameters were assessed
using 24-hour Holter ECG monitoring, degree of cognitive impairment — MoCa scale, anxiety-depressive — HADS
scale, as well as their dynamics under the influence of the treatment.

Results. The use of combination therapy with the inclusion of exogenous L-arginine and phenibut in patients of
group Il contributed to an increase in the average integral indicator of cognitive status by 9.47 %, as well as a
significant decrease in the level of anxiety-depressive symptoms: in the “Anxiety” subscale by 35.97 %, in the
“Depression” subscale — by 20.81 % (p < 0.05). In the group receiving combination therapy with exogenous
L-arginine and phenibut, a significant positive dynamics of most indicators of total HRV was determined: an
increase in SDNNi by 1.22 times and 1.42 times, rMSSD, % by 1.56 times and 1.66 times, HRVT by 1.46
times and 1.40 in the daytime and nighttime periods, respectively. Analysis of HRV spectral indicators showed
restoration of sympatho-parasympathetic balance and a significant decrease in the stress index by 1.89 and
2.03 times in the active and passive periods.

Conclusions. Adding exogenous L-arginine and phenibut to the basic therapy in patients with CAD who have had
COVID-19 contributes to a significant reduction in anxiety and depressive symptoms, improvement of cognitive
function, and stabilization of autonomic regulation of cardiac activity, which indicates a positive neuromodulatory
effect of the combination therapy.

Modern medical technology. 2026;18(2):97-104

KombiHoBaHe AikyBaHHA HeMpoBereTaTMBHUX NOPYLUEHb Y XBOPUX Ha iluemiuHy
xBopo6y cepua 3 Long COVID-19 cuHapomom

H. C. MuxawinoBcbka, C. M. MaHy#nos, 0. 0. AicoBa, 0. B. LUeplHboBa, I. B. puuai

MerTa poboTH - OLHUTY AMHAMIKY HEAPOBETETATUBHUX NOPYLLEHb Y XBOPKX Ha ilueMiyHy xBopoby cepus (IXC)
i3 Long COVID-19 cuHapomoM nig BNAMBOM KOMBIHOBAHOrO NikyBaHHS i3 BKMOYeHHSM [0 6asncHoi Tepanii
€K30reHHOro L-apriHiHy Ta ceHibyTy.

Marepianu i meToau. [10 NpOCNEKTUBHOIO JOCTIMKEHHS 3 NapanernbHM PO3noAINoM Ta eneMeHTamm paHgomisadii
3anyyeHo 31 nauieHTa 3 IXC: cTabinbHoto cTeHokapgieto HanpyxeHHs |1-11l dyHkuioHansHoro knacy (sik — 69,0
(64,0; 76,0) poky)), siki nepeHecnn kopoHaBipycHy xsopoby COVID-19 cepefHboro abo TSKKOrO CTyneHs i3
nposisamu Long COVID-19 cuHapomy. MNauieHTiB noainunu Ha i rpynu 3anexHo Bif NpU3HaYeHoro NikyBaHHs:
y rpyni | (n = 15) 3acTocoByBanu 6asucHy Tepanito IXC; y rpyni Il (n = 16) Ha dhoHi 6a3ucHoi Tepanii 4ogaTkoBo
npusHayeHo kombiHauito L-apriHiHy Ta ceHibyTy. OuiHioBanu napameTtpu BapiabenbHOCTi CepLeBoro putMy
(BCP) 3a gonomoroto go6oBoro MoHiTopyaHHs EKI™ 3a Xontepom, CTyniHb KOTHITMBHUX NOPYLUEHb — LUKAmM
MoCa, TpuBoxXHO-fenpecuBHNX — Wwkanu HADS, a Takox iXHI0 AuHaMiky nig BANMBOM NPOBEAEHOrO NikyBaHHS.

Pesyabratu. 3acTOCyBaHHs kOMGIHOBaHOI Tepanii 3 JoaaBaHHSIM ek30reHHOro L-apriHiHy Ta cheHibyTy y nauieHTiB
Il rpynu cnpumsno nigBuMLLEHHIO CEPEAHBOTO iIHTErpanbHOro NOKasHWKa KOrHITMBHOTO cTatycy Ha 9,47 %, a Takox
CYTTEBOMY 3HVKEHHIO PIBHS TPUBOXHO-AENPECUBHOI CUMNTOMATVKN: Y nigwkani «Tpuora» — Ha 35,97 %,
y nigwkani «Jenpecis» — Ha 20,81 % (p < 0,05). ¥ rpyni, nauieHTn sikoi oTpumyBanu koM6iHOBaHy Tepanito
ek3oreHHUM L-apriHiHom Ta ¢eHibyTOM, BU3HAYEHO JOCTOBIPHY MO3WTUBHY AWHaMiKy GinblIOCTi MOKa3HWKIB
3aranbHoi BCP: 36inblueHHst SDNNi B 1,22 pasa 1a 1,42 pasa, rMSSD, % -y 1,56 pa3a Ta 1,66 pasa, HRVT
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-8 1,46 Ta 1,40 pasa B feHHWN i HiYHUMIA Nepioam BiAMOBIAHO. AHani3 cnekTpanbHUX nokasHukis BCP nokasas
BiAHOBNEHHS CUMNaTo-NapacuMnaTuyHoro 6anaHcy Ta AOCTOBIPHE 3HIKEHHS cTpec-iHaekcy (SI) B 1,89 1a 2,03
pa3sa B aKTUBHWI1 | NaCYBHWI Nepioaw BiAMoBigHO.

BucHoBku. [lofaBaHHs 1o 6a3uncHoi Tepanii ek3oreHHoro L-apriiHy Ta cheHibyTy y xBopux Ha IXC, siki nepeHecnu
COVID-19, cnpusie 4OCTOBIpHiIiA peayKLii TPUBOXHO-AENPECHBHIX NPOSIBIB, MOKPALLEHHIO KOTHITUBHOI (PYHKLi,
crabinisavii aBTOHOMHOI perynsuii cepLeBoi 4iSnNbHOCTI, Lo CBifYUTbL NPO NO3UTUBHWUIA HEAPOMOLYOBANbHMIA

eekT komBiHOBaHoI Tepanii.

CyuacHi MeanuHi TexHonorii. 2026. T. 18, Ne 2(69). C. 97-104

Coronary artery disease (CAD) remains one of the pre-
dominant causes of disability and mortality in the population.
In Ukraine, cardiovascular diseases remain the main cause of
mortality — according to the Ministry of Health, they account for
about 67 % of all deaths, and a significant share of them is CAD
[1]. The COVID-19 pandemic has also caused a significant shift
in mortality patterns: according to WHO estimates, in two years
(2020-2021), excess mortality associated directly or indirectly
with COVID-19 amounted to about 14.9 million people worldwide
[2]. In 2021, COVID-19 became the third leading cause of death
after cardiovascular disease and cancer [3,4].

In patients with CAD who have had COVID-19, there is often
a deterioration in the course of the main disease and neuro-
cognitive status, which is manifested by a decrease in memory,
concentration, as well as the development of anxiety-depressive
and autonomic disorders [5]. One of the lead mechanisms for
the occurrence of such symptoms is hypoxic-ischemic, when
prolonged systemic hypoxemia caused by lung damage, against
the background of pre-existing coronary disorders, leads to a
decrease in cerebral perfusion and persistent cognitive disorders.
Endothelial dysfunction also plays an important role: SARS-CoV-2
penetration into the endothelium of cerebral vessels contributes to
the formation of microthrombi, impaired microcirculation and the
development of chronic cerebral ischemia. An additional factor is
systemic neuroinflammation, mediated by a cytokine storm with
excessive production of IL-6, TNF-a and other pro-inflammatory
mediators, which trigger neurodegenerative processes and
are associated with encephalopathy and long-term cognitive
impairment. Neurovegetative disorders, which are manifested
by an imbalance between the sympathetic and parasympathetic
divisions of the nervous system, heart rhythm lability, and sleep
regulation disorders, are also of significant importance. These
changes impair the adaptive capabilities of the cardiovascular
system and further reduce the cognitive potential of patients
with CAD [6,7].

An equally important component is psycho-emotional stress
caused by the severity of COVID-19, isolation and fear of com-
plications, which contributes to the development of anxiety and
depressive disorders. These, in turn, are closely related to a
decrease in cognitive functions and a deterioration in the quality
of life of patients [8].

Thus, COVID-19 in patients with CAD forms a complex syn-
drome that combines the worsening of the underlying disease with
neurocognitive and autonomic disorders. This justifies the need
for a multidisciplinary approach to the treatment of such patients,
which includes not only standard cardiological therapy, but also
means for the correction of cognitive and psychoemotional dis-

orders. However, there are currently no unified clinical protocols
or international guidelines that would regulate approaches to
the diagnosis and treatment of CAD in patients during the Long
COVID-19 period. Given the common pathogenetic mechanisms
of CAD and post-COVID syndrome, the possibility of using meta-
bolic and neuromodulatory agents, such as exogenous L-arginine
and phenibut, as part of complex therapy is of particular scientific
and practical interest.

Both drugs demonstrated vasodilating, cardio- and neuropro-
tective properties, contributing to the improvement of microcir-
culation, normalization of cerebral circulation and restoration of
metabolic activity of the myocardium affected by both direct and
indirect effects of SARS-CoV-2. Thus, the study of the effective-
ness of the combined use of L-arginine and phenibut against the
background of basic therapy of CAD in patients with Long-COVID
is a relevant direction in modern cardiology. This paves the way
for optimizing treatment strategies, minimizing complication rates,
and enhancing the quality of life for these patients [9,10].

Aim
To assess the dynamics of neurovegetative disorders in
patients with coronary artery disease with Long-COVID-19

syndrome under the influence of combined treatment with the
inclusion of exogenous L-arginine and phenibut in basic therapy.

Materials and methods

A prospective study with parallel distribution and elements
of randomization included 31 patients with CAD: stable angina
pectoris of functional class Il (age 69.0 (64.0; 76.0) years)
with manifestations of Long COVID-19 syndrome. Patients
were divided into two groups depending on the prescribed
treatment: in group | (n = 15), basic therapy for CHD was used,
which included antiplatelet agents, statins, B-blockers, ACE
inhibitors or sartans, as well as long-acting nitrates according
to indications; in group Il (n = 16), a combination of L-arginine
(1000 mg twice a day) and phenibut (500 mg twice a day) was
additionally prescribed for three months against the background
of basic therapy.

The diagnosis of coronary heart disease was established in
accordance with the current recommendations of ESC (2021)
for the diagnosis and treatment of chronic coronary syndromes,
as well as on the basis of the current unified clinical protocol for
providing medical care for stable CAD (Order of the Ministry of
Health of Ukraine No. 2857, December 23, 2021). The presence
of COVID-19 coronavirus infection was confirmed based on the

98 Modern medical technology. Volume 18. Issue 2, April - June 2026

ISSN 2072-9367



OpwuriHanbHi pochipkeHHs / Original research

"Speech” category

2.66*

160 1.70

Group | Group Il

m Before treatment

"Memory" category

3.53*

0.0

Group | Group Il

After treatment

Fig. 1. Dynamics of cognitive indicators of the “Speech” and “Memory” sections on the MoCa scale in patients with CAD, after COVID-19,

under the influence of treatment.

*: significance of difference in indicators compared to the initial level (p < 0.05).

results of the analysis of medical documentation (case histories,
discharge epicrits), as well as positive testing for SARS-CoV-2
by the polymerase chain reaction method during hospitalization
with subsequent identification of the series and study number.

The inclusion criteria for the study included: confirmed cor-
onary artery disease with a clinical picture of stable exertional
angina of functional class II-Ill, moderate or severe COVID-19
at least 12 weeks after the acute period.

Exclusion criteria were: chronic heart failure stage 11B-lll;
heart defects; previous stroke; bronchial asthma or COPD; onco-
logical, psychiatric, hematological or systemic pathologies; renal
or hepatic failure; alcohol abuse; patient refusal to receive therapy.

The study was conducted in compliance with the principles of
bioethics and moral and ethical norms with the mandatory signing
of informed consent by patients.

Toidentify and assess the severity of anxiety and depressive
disorders, the Hospital Anxiety and Depression Scale (HADS)
was used. Cognitive state was assessed using the MoCA scale.
Heart rate variability (HRV) was recorded using the “Cardiosense
K” 24-hour ECG monitoring system (KHAI MEDIKA, Ukraine).
Recording was performed for 24 hours during the day and night.
The analysis included temporal and spectral parameters recom-
mended by the ESC Working Group on HRV.

The work was carried out in accordance with the principles of
bioethics, regulated by the following documents: the Council of
Europe Convention on Human Rights and Biomedicine (1997),
GCP (1996), the Declaration of Helsinki on the Ethical Principles
of Conducting Scientific Medical Research with Human Participa-
tion (1964-2000), Order of the Ministry of Health of Ukraine dated
01.11.2000 No. 281. The compliance of the conducted research
with the accepted ethical standards was confirmed by the con-
clusion of the Bioethics Commission of the Zaporizhzhia State
Medical and Pharmaceutical University No. 1 dated 13.01.2025.
All patients provided written informed consent to voluntarily par-
ticipate in the study.

Statistical data processing was performed in the software
Statistica 13.0 (license No. JPZ8041382130ARCN10-J) in ac-
cordance with modern requirements. The normal distribution of
quantitative variables was assessed using the Shapiro-Wilk test.
Due to the lack of normal distribution, the data are presented as
median and interquartile range — Me (Q25; Q75). Qualitative varia-
bles are presented as absolute numbers and percentages —n (%).
To assess the reliability of changes in dynamics, the Wilcoxon
test for related samples was used. Comparison of intergroup
differences by qualitative characteristics and analysis of event
frequency were carried out using the X2 test using conjugation
tables. A p-value of less than 0.05 was regarded as indicative of
statistical significance.

Results

In patients with CAD who have had coronavirus infection
(COVID-19), there was an increase in the frequency and intensity
of manifestations of anxiety-depressive and cognitive disorders,
signs of autonomic dysfunction, as well as tension in the func-
tional-adaptive potential of the cardiovascular system with a
predominance of the activity of central regulatory mechanisms
over autonomous ones, which was demonstrated in our previous
works [11,12].

The use of combination therapy with the addition of exoge-
nous L-arginine and phenibut in patients in the group Il contributed
to an increase in the integral indicator of cognitive status by
9.47 % (from 24.09 to 26.61 points). The most pronounced pos-
itive effect was observed in the domains “Speech” and “Memory”
(Fig. 1): the average score in the “Speech” category increased
by 27.44 % (from 1.93 to 2.66; p < 0.05), and in the “Memory”
category — by 32.01 % (from 2.40 to 3.53; p < 0.05).

Three months after combined therapy using exogenous
L-arginine and phenibut, a more pronounced decrease in anxiety
and depressive symptoms was observed compared to the group
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Fig. 2. Dynamics of ADD manifestations according to the HADS scale in patients with CAD after COVID-19, under the influence of treatment.

*: significance of difference in indicators compared to the initial level (p < 0.05).
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Fig 3. Daytime dynamics of temporal parameters of HRV in patients with CAD, after COVID-19, under the influence of treatment.
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Fig 4. Night-time dynamics of temporal parameters of HRV in patients with CAD, after COVID-19, under the influence of treatment.

*: significance of difference in indicators compared to the initial level (p < 0.05).
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Fig. 5. Daytime changes of HRV spectral parameters in patients with CAD, after COVID-19, under the influence of treatment.
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Fig. 6. Night-time changes of HRV spectral parameters in patients with CAD, after COVID-19, under the influence of treatment.

*: significance of difference in indicators compared to the initial level (p < 0.05).

receiving only basic CHD therapy (Fig. 2). Patients in the second
group showed a significant (p < 0.05) decrease in the average
score in the “Anxiety” subscale by 35.97 % (from 15.93 to 10.20)
compared to 2.18 % (from 15.13 to 14.80) in patients in the first
group. Similar dynamics were observed in the “Depression” sub-
scale, where in patients of the second group the average score
decreased by 20.81 % (from 10.86 to 8.60; p < 0.05), while in the
group with standard basic therapy the changes were minimal —
only 1.27 % (from 11.00 to 10.86).

Changes in temporal parameters of HRV in patients with
CAD after COVID-19 under the influence of treatment are shown
in Fig. 3, 4.

In patients with CAD after COVID-19 infection who received
only basic therapy, moderate positive dynamics of individual HRV
indicators were determined. Thus, during the daytime period, an
increase in SDNNi was noted by 1.18 times (p < 0.05), HRVT
by 1.08 times (p < 0.05). During the night, only the changes in
the parameter rMSSD, % by 1.39 times (p < 0.05) were statis-

tically significant. In the group receiving combined therapy with
exogenous L-arginine and phenibut, positive dynamics of most
indicators of total HRV were determined: an increase in SDNNi
by 1.22 times and 1.42 times (p < 0.05), rMSSD, % by 1.56 times
and 1.66 times (p < 0.05), HRVT by 1.46 times and 1.40 (p < 0.05)
in the daytime and night-time periods, respectively.

A positive effect of combined treatment with exogenous
L-arginine and phenibut on spectral analysis parameters was
observed, as shown in Fig. 5, 6.

In patients of group |, who received only basic therapy, a
significant increase in spectral indicators was detected during
the daytime: the LF component by 1.22 times (p < 0.05) and the
LF/HF ratio by 1.23 times (p < 0.05). At the same time, there was
a tendency to decrease in HF indicators (p = 0.08) and stress
index (p=0.06). During the analysis of spectral characteristics in
the passive period, an increase in the activity of the sympathetic
division of the autonomic nervous system was detected: the LF
value increased by 1.05 times (p < 0.05), and the LF/HF ratio
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increased by 1.13 times (p < 0.05). However, even with such
changes, the obtained indicators did not reach the reference
limits inherent in the state of adequate autonomic regulation,
which indicates the preservation of heart rate variability disorders
in patients receiving only basic therapy.

In patients receiving combination therapy, analysis of spectral
indices of heart rate variability showed significant positive dynam-
ics towards restoration of sympatho-parasympathetic balance.
During the active period, there was a significant increase in the
low-frequency component LF by 1.05 times (p < 0.05) against
the background of a significant decrease in the high-frequency
indicator of parasympathetic activity HF — by 1.13 times (p < 0.05).
At the same time, there was an increase in the LF/HF ratio by
1.78 times (p < 0.05) and the very low frequency component VLF
by 1.22 times (p < 0.05), which indicates the activation of central
mechanisms of heart rate regulation. In the passive period, on
the contrary, there was a decrease in sympathetic activity (LF)
by 1.08 times (p < 0.05) with a simultaneous increase in the
parasympathetic component HF by 1.13 times (p < 0.05) and a
significant increase in the LF/HF ratio by 1.97 times (p < 0.05).
Such dynamics indicate a tendency to normalize the regulatory
effects of the autonomic nervous system. In both periods — both
active and passive — a significant decrease in the stress index
(Sl)was observed, respectively, by 1.89 (p < 0.05) and 2.03 times
(p <0.05), while the centralization index (IC) tended to decrease
in both phases of observation (p = 0,07), which further confirms
the stabilization of the autonomic regulation of cardiac activity.

Therefore, in patients with coronary heart disease who had
COVID-19, the use of combination therapy with the inclusion of
exogenous L-arginine and phenibut contributed to a decrease
in anxiety-depressive spectrum indicators, an improvement in
cognitive functions according to the MoCA scale, and an optimi-
zation of the autonomic regulation of the cardiovascular system.

Discussion

We have found that in patients with CAD and Long COVID-19
syndrome, combined treatment with exogenous L-arginine and
phenibut resulted in a reduction in anxiety and depression spec-
trum indicators, as well as an improvement in cognitive status
according to the MoCA scale.

The effect of GABA-agonists on neurohumoral and psycho-
emotional disorders in patients with ischemic heart disease was
also confirmed in a study by Q. Liu et al. According to the results
obtained by the authors, the use of B-phenyl-y-aminobutyric
acid contributed to increasing the body’s adaptive capabilities,
reducing the level of anxiety and depression, and decreasing the
frequency of adverse cardiovascular events [13].

The positive effects of phenibut can be explained by its
ability to modulate GABAergic neurotransmission, reduce
neurovegetative dysfunction, and restore the balance between
excitation and inhibition in the central nervous system. This, in
turn, contributes to the stabilization of the psychoemotional state,
the reduction of stress-induced sympathetic activation, and the
improvement of autonomic control of cardiac activity. An important
pharmacological feature of phenibut is its ability to penetrate the
blood-brain barrier, which ensures high bioavailability of the drug

and determines the effectiveness of its action in lesions of the
central nervous system, in particular those associated with the
direct or indirect neurotropic effect of the SARS-CoV-2 virus [14].

According to a recent study by Thomas Prévot et al., a key
role in the development of cognitive symptoms is played by
changes in the y-aminobutyric acid (GABA) system, in particular,
impaired function of GABA-ergic interneurons that express soma-
tostatin (SST+). Such neurons are involved in the transmission
of excitatory signals to pyramidal cells in cortical brain circuits. It
has been experimentally proven that a decrease in the activity of
SST+ neurons disrupts the signal-to-noise ratio, reduces neuronal
synchronization and coherence, which, in turn, leads to cognitive
disorders and impaired executive functions [15].

Phenibut, as a derivative of y-aminobutyric acid, has a
multifactorial effect on the central nervous system: it normalizes
GABAergic neurotransmission, increases the resistance of
neurons to hypoxia, reduces the level of excessive sympathetic
activation and improves the integrative activity of the brain. In
addition, phenibut promotes the release of dopamine, which
has a positive effect on the motivational sphere, emotional state
and cognitive performance. Due to these properties, phenibut
not only reduces anxiety levels and promotes the restoration of
cognitive functions in patients with post-COVID neuropsychiatric
disorders, but also exhibits a pronounced neuroprotective and
adaptogenic effect, which increases its therapeutic value in the
complex treatment of patients with ischemic heart disease after
COVID-19 infection [16].

The choice of a three-month continuous course of phenibut
was based on available scientific data and the positive tolerability
profile in the included patients. A systematic review of clinical trials
(E. Kupats et al., 2020) demonstrates that the average duration
of therapeutic use of phenibut in clinical practice was up to 12
weeks, which corresponds to the 3-month regimen we chose [17].
Thus, the proposed duration of treatment is scientifically justified
and corresponds to clinical data on the efficacy and tolerability of
the drug with longer-term use under medical supervision.

L-arginine as part of complex therapy also plays an important
role in restoring the cognitive status of patients due to its multifac-
eted pharmacological properties. The drug exhibits antihypoxic,
membrane-stabilizing, cytoprotective and antioxidant effects,
contributes to the normalization of cell energy supply processes
and the maintenance of hormonal homeostasis in the body. In
addition, L-arginine has a pronounced neuroprotective effect,
reduces the manifestations of anxiety-depressive syndrome,
improves the functional state of the limbic system and promotes
increased neuroplasticity of the brain. These properties deter-
mine its potential in preventing and slowing the development of
neurodegenerative diseases, such as Alzheimer’s disease and
Parkinson’s disease [18].

L-arginine is the main substrate for the synthesis of nitric
oxide (NO), which is a key mediator in the regulation of cerebral
blood flow, interneuronal communication and neuronal growth.
Under the influence of NO, the formation of new neuronal
connections is stimulated, which contributes to improving the
brain’s ability to learn, the formation of long-term memory and
adaptation mechanisms. The results of experimental and clini-
cal studies [18,19] indicate that normalization of cerebral blood
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circulation and maintenance of neurotransmitter balance under
the influence of exogenous L-arginine contribute to improving the
emotional state, reducing anxiety levels, and increasing cognitive
performance of patients.

In patients with coronary heart disease and with Long
COVID-19 syndrome, who received combination therapy with the
inclusion of exogenous L-arginine and phenibut, a pronounced
positive dynamics of changes in total HRV, as well as temporal
and spectral parameters, was noted in both the active and pas-
sive observation periods, which indicates a gradual restoration
of sympatho-parasympathetic balance. The obtained results may
be due to the modulatory effect of phenibut on slow GABAergic
receptors of the cerebral cortex, hypothalamus and limbic-reticular
complex. Itis known that activation of these receptors contributes
to the reduction of excessive sympathetic activity, normalization
of inhibition processes in the central nervous system and im-
provement of neurovegetative regulation of cardiac activity [20].

According to the results of research by P. Hepsomali et al., the
use of GABA agonists has a positive effect on autonomic regula-
tion, which is manifested by an improvement in the integral state
of HRV due to an increase in the centralization index, an increase
in RR-interval indicators (rMSSD, pNN50) and total spectrum
power, simultaneously with a decrease in the triangular index
and the restoration of sympatho-parasympathetic balance [21].

The results of the study by O. M. E. Abdel-Salam et al.
confirm the positive antiarrhythmic effect of L-arginine, which is
manifested by stabilization of R-R intervals, normalization of QRS
complex duration and reduction of the frequency of extrasystoles
during the day. These data indicate a pronounced cardioprotective
and vegetotropic effect of L-arginine, which is realized through
improvement of HRV indicators and normalization of the ratio of
sympathetic and parasympathetic influences [22].

Additionally, the effectiveness of exogenous L-arginine in re-
storing heart rate variability, reducing the frequency of arrhythmic
disorders, and normalizing sympatho-parasympathetic balance
has been confirmed by other modern studies [18,23].

Conclusions

1. In patients with CAD and Long COVID-19 syndrome,
under the influence of combination therapy with the adding of
exogenous L-arginine and phenibut, a significant decrease in the
severity of anxiety and depressive disorders was observed, as
well as an improvement in cognitive functions assessed by the
MoCA scale, which indicates a positive neuromodulatory effect
of complex treatment.

2. The combined use of L-arginine and phenibut in patients
with CAD and Long COVID-19 syndrome was associated with
a statistically significant increase in total heart rate variability, a
decrease in autonomic imbalance, and a decrease in the stress
index in both active and passive periods of daily monitoring, in-
dicating normalization of sympatho-parasympathetic regulation
of cardiac activity.

Prospects for further research. Afurther direction is to conduct
long-term observations to assess the impact of combination thera-
py using exogenous L-arginine and phenibut in patients with CAD
and COVID-19 on the risk of recurrent cardiovascular events.
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Aim: to identify differentially expressed microRNAs (miRNAs) in papillary and follicular thyroid cancer (TC) and
to evaluate their potential as diagnostic and prognostic biomarkers.

Materials and methods. Three GEO datasets were analyzed: GSE104006 (20 samples of papillary TC and 6
normal tissues), GSE191117 (50 samples of papillary TC and 50 normal samples), and GSE62054 (17 samples
of follicular carcinoma and 8 benign tumors). Differentially expressed miRNAs were identified with |log2FC| >1
and p < 0.05 with subsequent FDR correction DIANA miRPath v. 3 was used to assess signaling pathways,
miRNet v. 2.0 to identify target genes, and ShinyGO v. 0.82 for functional annotation. Prognostic significance
was evaluated using ENCORI database.

Results. Six miRNAs were selected: hsa-miR-15a-5p, hsa-miR-146b-5p, hsa-miR-199b-5p, hsa-miR-221-5p,
hsa-miR-222-3p, and hsa-miR-484. They potentially regulate over 2,000 target genes, including RET, CCND1,
TP53, HIF1A, IL6, and IL1B, which are associated with the development and progression of malignant tumors.
GEO analysis revealed their involvement in the regulation of metabolism, biosynthesis, protein modification, as
well as in the binding functions of transcription factors, DNA, and RNA. Nineteen KEGG signaling pathways were
identified, 13 of which are closely associated with carcinogenesis. Prognostic analysis indicated that low expres-
sion of hsa-miR-146b-5p and hsa-miR-221-5p correlate with significantly poorer overall survival in TC patients.

Conclusions. The proposed panel of six miRNAs may have significant potential for the differential diagnosis of
papillary and follicular thyroid cancer, risk stratification, and prognosis; hsa-miR-146b-5p and hsa-miR-221-5p
demonstrated the greatest prognostic value. Further experimental studies are needed for the clinical validation
of these biomarkers.

Modern medical technology. 2026;18(2):105-111

laeHTdikauia curhatyp mikpoPHK npu paky wuronopi6Hoi 3anosu
A. fl. Nacbko, B. A. Ckpunko

Merta po6oTH - B13HauMTV AndepeHuinHo ekcnpecosati MikpoPHK (MiPHK) npu naninspHomy Ta chonikynspHomy
paky wuTonogibHoi 3anoan (PLU3) Ta ouiHWTK ix NOTEHLian Sk 4iarHOCTUYHKX | NPOTHOCTUYHUX BioMapKepiB.

Martepianu i metoau. [insa aHanisy BukopuctaHo Tpu 6asu aaHnx GEO: GSE104006 (20 3paskis naninsipHoro
PLU3 i 6 HopmanbHux TkaHuH), GSE191117 (50 3paakis naninsproro PLL3 i 50 HopmanbHux TkaHuH), GSE62054
(17 3paskiB cponikynspHoro paky Ta 8 pobposikicHux HOBOYTBOPeHb). [AudepeHuinHo ekcnpecosaHi MiPHK
BM3Havanu 3a kputepismu |log2FC| >1, p < 0,05, i3 noganbLuoto kopekuieto FDR. [ns ouiHOBaHHS CUrHanNbHUX
wnsxis BukopuctaHo DIANAmiRPath v. 3, ans BusiBnenHs reHis-miueren — miRNet v. 2.0, 415 yHKUiOHanbHOro
aHanisy — ShinyGO v. 0.82. MNMporHocTuyHy 3HavyLicTb nepesipanu 3a gonomoroto 6asm ENCORI.

Pesyastati. BctaHoBneHo naHens i3 wectw kntovosux MiPHK: hsa-miR-15a-5p, hsa-miR-146b-5p, hsa-miR-199b-
5p, hsa-miR-221-5p, hsa-miR-222-3p, hsa-miR-484. BoHu noTeHuiiHO peryntotoTb noHaz 2000 reHis, cepen
HuX — RET, CCND1, TP53, HIF1A, IL6 Ta IL1B, o acouifoBaHi 3 pO3BUTKOM i NPOrpecyBaHHAM 3M0SKICHUX
nyxnuH. AHania GEO paB 3mory BU3HauuTy iXHI0 y4acTb y perynsuii metaboniamy, 6iocuHTesy, MoamdikaLin
6inkis, a TakoX y oyHKLisiX 3B'A3yBaHHs TpaHckpunuinHux daktopis, HK i PHK. lneHTudikoBaHo 19 curHansHux
LNsIXiB, i3 HUX 13 TiCHO NOB’AA3aHi 3 kaHLeporeHe3oM. MPOrHOCTUYHWIA aHani3 MoKasas, LU0 HU3bKi PiBHI ekcrpecii
hsa-miR-146b-5p Ta hsa-miR-221-5p kopentoloTb i3 rpLLOLD 3aranbHOK BUXKMBAHICTO.

BucHoBKHM. 3anponoHoBaHo naHenb i3 wectn MiPHK, Lo moxe MaTti BUCOKUIA NoTeHLian ans audepeHLinHoi
AjarHoCTWKM naninsapHoro i conikynsipHoro PLLU3, cTpatudikavyii pusmky Ta nporHosyBaHHs nepebiry 3axsopto-
BaHHS. HanbinbLue nporHocTuyHe 3HaveHHs manu hsa-miR-146b-5p i hsa-miR-221-5p. JouinbHo nponoBxuTu
eKcnepuMeHTarbHi OCTIMKEHHS ANS KNiHIYHOI Banigauii umx 6iomapkepis.
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Thyroid cancer (TC) is the most common malignant neoplasm
of the endocrine system, accounting for more than 90 % of all
malignancies of this localization [1]. Over the past few decades,
there has been a steady global increase in TC incidence, which
can be attributed to both improvements in diagnostic methods
(particularly ultrasound examination and fine-needle aspiration
biopsy) and a real rise in tumor detection rates associated with
environmental factors and lifestyle changes. Within the overall
structure of cancer morbidity, TC occupies a leading position
among women of young and middle age [2].

Histologically, TC comprises several subtypes that differ in
clinical course, prognosis, and therapeutic responsiveness. The
most frequent form is papillary thyroid carcinoma, representing
75-85 % of all cases, which is characterized by a relatively
favorable prognosis and high sensitivity to radioactive iodine
therapy. Follicular carcinoma accounts for 10-15 % of cases
and is distinguished by a high risk of hematogenous metasta-
sis, contributing to a less favorable disease course. Medullary
carcinoma, arising from parafollicular C-cells, is a less common
condition (approximately 5 % of cases) and is frequently associat-
ed with RET gene mutations, including those found in hereditary
multiple endocrine neoplasia syndromes. The most aggressive
form is anaplastic thyroid carcinoma, diagnosed in less than
2 % of cases, which is marked by rapid invasive growth and an
extremely poor prognosis [3].

Clinically, early-stage TC is often asymptomatic and typically
detected only through ultrasound screening [4]. Diagnostic workup
includes a comprehensive approach, including ultrasound with
elastography, scintigraphy, and cytological examination of mate-
rial obtained via fine-needle aspiration biopsy.

In recent years, increasing attention has been focused on
molecular markers that may improve the accuracy of diagnosis,
prognosis, and therapy personalization in TC. One of the most
promising research areas is the study of microRNAs (miRNAs)
- small non-coding RNAs that regulate gene expression at the
post-transcriptional level [5]. Dysregulation of miRNAs in tumor
cells and at the systemic level has been linked to the activation of
oncogenic pathways, inhibition of tumor suppressor genes, and
remodeling of the tumor microenvironment. Expression profiling
may thus enhance differential diagnosis, as well as prediction of
disease progression and treatment response [6].

Taken together, TC represents a heterogeneous group of
neoplasms with diverse clinical behavior and outcomes. Despite
generally high survival rates, the timely differential diagnosis,
identification of aggressive forms, and development of novel
therapeutic strategies remain pressing issues [7]. Research
into miRNAs opens new perspectives for the development of
biomarker panels that may serve not only as diagnostic and risk
stratification tools but also as potential therapeutic targets [8].

Aim
The aim of this study was to identify differentially expressed

microRNAs in papillary and follicular thyroid cancer and evaluate
their potential as diagnostic and prognostic biomarkers.

Material and methods

The study was based on datasets obtained from the Gene
Expression Omnibus (GEO) of the National Center for Biotech-
nology Information, which provides information on microRNA
expression in normal, benign, and malignant thyroid tissues.
Specifically, dataset GSE 104006 was used, comprising microRNA
expression profiles from non-transformed thyroid tissue (n = 6)
and papillary thyroid carcinoma (PTC) tissue (n = 20). Dataset
GSE191117 provided information on microRNA expression in 50
normal thyroid tissue samples and 50 PTC samples. Additionally,
dataset GSE62054 was employed to evaluate microRNA expres-
sion in benign thyroid neoplasms (n = 8) and follicular thyroid
carcinoma (FTC) tissue (n = 17).

MicroRNA expression profiles from the selected datasets were
analyzed using the online tool GEO2R. For datasets GSE104006
and GSE191117, microRNAs with |log2 fold change (FC)| >1 and
p-value <0.05 were considered differentially expressed between
PTC and normal thyroid tissue. For dataset GSE62054, differ-
entially expressed microRNAs between FTC and benign thyroid
tissue were identified using |log2 fold change (FC)| >0 as the
threshold. To reduce the risk of false-positive results, adjusted
p-values (adj.p) were calculated using the Benjamini & Hochberg
false discovery rate (FDR) method. Differences were considered
statistically significant at adj.p < 0.05. The results obtained were
visualized as volcano plots.

Pathway enrichment analysis of the identified microRNAs
was performed using DIANA miRPath v. 3.0 with the following pa-
rameters: KEGG pathway database, Fisher’s exact test, TarBase
v. 7.0 as the reference, significance threshold p < 0.05, and FDR
correction for multiple testing. Hierarchical clustering and heatmap
visualization of microRNAs and KEGG signaling pathways were
generated using DIANA Tools miRPath v. 3.

Target gene identification of the selected microRNAs was
carried out using miRNet v. 2.0, based on the TarBase v7.0 da-
tabase, which contains experimentally validated microRNA-target
interactions across 18 species, including Homo sapiens.

Pathway analysis of the identified target genes was performed
using ShinyGO v. 0.82. Gene Ontology (GO) analysis included
three categories: molecular functions, biological processes, and
cellular components. A significance threshold of p < 0.05 was
applied. The classification results by biological processes and
molecular functions were visualized as dot plots.

Finally, survival analysis based on the expression levels of the
identified microRNA panel was performed using ENCORI. Along
with gene expression data from 32 cancer types, ENCORI enables
pan-cancer analysis of RNA-RNA and RNA-RBP interactions and
provides integrated platforms for survival and differential expression
analysis of microRNAs, IncRNAs, pseudogenes, and mRNAs.

Results

Analysis of the GSE104006 dataset identified five differ-
entially expressed microRNAs (DEMs) in malignant papillary
thyroid carcinoma (PTC) tissue compared with non-transformed
thyroid tissue: hsa-miR-100-5p, hsa-miR-199b-5p, hsa-miR-
146b-5p, hsa-miR-7-5p, and hsa-miR-15a-5p. Examination of
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Fig. 1. Expression profile of tumor-associated miRNAs in patients with thyroid cancer (TC). Volcano plots representing DEMs identified in
datasets GSE104006 (A), GSE191117 (B), and GSE62054 (C). Volcano plots display both p-values and fold changes in miRNA expression.
Blue and red dots represent miRNAs with lower and higher expression levels, respectively, relative to the comparison group.

2

Fig. 2. Schematic representation of the regulatory network of the studied miRNAs. Squares indicate miRNAs, while circles represent
their target genes.

3

Fig. 3. Venn diagram illustrating the overlap of target gene sets regulated by the studied miRNAs.
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Fig. 4. Biological processes involving protein products of target genes regulated by hsa-miR-15a-5p, hsa-miR-199b-5p, hsa-miR-221-5p,
hsa-miR-222-3p, and hsa-miR-484.

5

Fig. 5. Molecular functions of proteins encoded by target genes regulated by hsa-miR-15a-5p, hsa-miR-146b-5p, hsa-miR-199b-5p,
hsa-miR-221-5p, hsa-miR-222-3p, and hsa-miR-484.

6

Fig. 6. Localization of protein products of target genes of hsa-miR-15a-5p, hsa-miR-146b-5p, hsa-miR-199b-5p, hsa-miR-221-5p,
hsa-miR-222-3p, and hsa-miR-484 within cellular components.
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Fig. 7. Hierarchical clustering and heatmap of miRNA / KEGG signalling pathways regulated by the studied miRNAs.

the GSE191117 dataset, which contains microRNA expression
profiles in PTC tissue, revealed six dysregulated microRNAs
associated with the development of this malignancy: hsa-miR-
222-3p, hsa-miR-146b-5p, hsa-miR-221-3p, hsa-miR-221-5p,
hsa-miR-15a-5p, and hsa-miR-7-5p.

In the GSE62054 dataset, two microRNAs were identified as
dysregulated in follicular thyroid carcinoma (FTC): hsa-miR-607
and hsa-miR-484. Notably, no microRNA was consistently dys-
regulated across all three analyzed datasets. However, altered
expression of three miRNAs (hsa-miR-146b-5p, hsa-miR-7-5p,
and hsa-miR-15a-5p) was observed in both GSE104006 and
GSE191117 (Fig. 1).

Based on these findings and supporting evidence from the
literature, we selected a panel of six miRNAs for further analysis:
hsa-miR-15a-5p, hsa-miR-146b-5p, hsa-miR-199b-5p, hsa-miR-
221-5p, hsa-miR-222-3p, and hsa-miR-484.

According to TarBase v. 7.0, hsa-miR-15a-5p, hsa-miR-
146b-5p, hsa-miR-199b-5p, hsa-miR-221-5p, hsa-miR-222-3p,
and hsa-miR-484 may regulate the expression of 2,170 genes.
Analysis of these target genes using DisGeNET v. 7.0 and the
Hypergeometric test identified seven genes (CCND1, RET,
TP53, HIF1A, BRD4, IL6, and IL1B) whose dysregulation is as-
sociated with the onset and progression of thyroid malignancies
(p=0.0015). In addition, five genes (CCND1, CDKN1A, OCRL,
RET, and CDKN1B) regulated by the selected miRNAs were

found to be linked to the development of benign thyroid neoplasms
(p=0.0000677) (Fig. 2).

A detailed analysis of target genes revealed that hsa-miR-
15a-5p regulates 2,114 genes, hsa-miR-146b-5p — 478 genes,
hsa-miR-199b-5p — 295 genes, hsa-miR-221-5p — 848 genes, hsa-
miR-222-3p — 545 genes, and hsa-miR-484 — 793 genes (Fig. 3).

To determine the functional significance of the analyzed miR-
NAs, a GO analysis of their target genes was performed based on
the information from TarBase v. 7.0, using the online tool ShinyGO
v. 0.82. In particular, three main ontological categories were analyz-
ed: “biological processes”, “cellular components”, and “molecular
functions”, which are presented in the form of chord diagrams.

It was established that among the biological processes involv-
ing the target genes of the studied miRNAs, the most prevalent
are the regulation of metabolic processes, protein modifications,
and biosynthesis (Fig. 4).

It was found that the protein products of the genes regulated
by the studied miRNAs are involved in such molecular functions
as cadherin binding, mRNAbinding, chromatin binding, transcrip-
tion factor binding, enzyme binding, DNA binding, RNA binding,
and others (Fig. 5).

It was determined that the protein products of genes regu-
lated by the identified miRNAs are most frequently localized in
organelle membranes, intracellular vesicles, and extracellular
vesicles (Fig. 6).
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Atthe next stage, signaling pathway analysis regulated by the
identified panel of six miRNAs was performed using DIANA Tools
miRPath v. 3 (accessed May 20, 2025) and the TarBase v. 7.0
database. The results are presented as hierarchical clusters and
a heatmap of miRNA/KEGG signaling pathways, reflecting the
most relevant pathways regulated by these miRNAs. As shown in
Fig. 7, this miRNA group is associated with a total of 19 signaling
pathways, with strong associations observed for 13 pathways.

To assess the prognostic significance of the identified miRNA
panel, bioinformatic analysis of the association between their
expression levels and survival outcomes in patients with thyroid
cancer was performed using the ENCORI database. Patients with
low expression levels of hsa-miR-146b-5p and hsa-miR-221-5p
in thyroid carcinoma tissue exhibited significantly lower survival
compared to patients whose tumor tissue showed higher levels
of these miRNAs. No significant differences in overall survival
were observed according to the expression levels of hsa-miR-
15a-5p, hsa-miR-199b-5p, hsa-miR-222-3p, or hsa-miR-484 in
thyroid cancer tissue.

Discussion

The present study provides a comprehensive bioinformatic
characterization of miRNA deregulation in papillary and follicular
thyroid cancer, integrating data from multiple independent GEO
datasets. By combining differential expression analysis, target
gene prediction, functional annotation, pathway enrichment,
and survival analysis, we identified a six-miRNA panel that ap-
pears to play a central role in thyroid carcinogenesis and tumor
progression.

Although no single miRNA was consistently dysregulated
across all analyzed datasets, the recurrent involvement of hsa-
miR-146b-5p, hsa-miR-15a-5p, and hsa-miR-7-5p in papillary
thyroid carcinoma datasets highlights the biological heteroge-
neity of thyroid tumors and reflects differences in histological
subtype, sample composition, and experimental platforms. Such
variability has been widely reported in transcriptomic studies
and underscores the importance of integrative approaches that
rely not only on overlap, but also on functional relevance and
literature support.

The selected panel of six miRNAs (hsa-miR-15a-5p, hsa-
miR-146b-5p, hsa-miR-199b-5p, hsa-miR-221-5p, hsa-miR-
222-3p, and hsa-miR-484) was shown to potentially regulate
more than 2,000 target genes, many of which are key drivers
of thyroid tumorigenesis. Notably, the identification of RET,
CCND1, TP53, HIF1A, IL6, and IL1B among the target genes
supports the biological plausibility of the findings, as these genes
are critically involved in cell cycle regulation, hypoxia response,
inflammation, and oncogenic signaling pathways known to be
altered in thyroid cancer.

Functional enrichment analysis further demonstrated that
the target genes of the identified miRNAs are predominantly
involved in metabolic regulation, biosynthetic processes, and
protein modification. These findings are consistent with the con-
cept that metabolic reprogramming and altered protein turnover
are hallmarks of cancer progression. Moreover, the enrichment
of molecular functions related to transcription factor binding,

chromatin binding, and RNA binding suggests that the studied
miRNAs exert broad regulatory control over gene expression
networks rather than acting through isolated signaling cascades.

Pathway analysis revealed that the six-miRNA panel is asso-
ciated with 19 KEGG signaling pathways, 13 of which are directly
linked to oncogenic processes. This extensive pathway involve-
ment indicates that these miRNAs may function as key network
regulators, coordinating multiple cancer-related pathways simul-
taneously. Such multi-pathway regulation is particularly relevant
for thyroid cancer, which is characterized by complex molecular
alterations rather than a single dominant driver in many cases.

Of special interest is the prognostic significance of hsa-miR-
146b-5p and hsa-miR-221-5p. Survival analysis demonstrated
that low expression levels of these miRNAs are associated with
significantly poorer overall survival in thyroid cancer patients.
These results align with previous reports describing the role
of miR-146b and miR-221 family members in tumor invasive-
ness, metastatic potential, and modulation of inflammatory and
MAPK-related signaling pathways. Moreover, literature data
indicate that these microRNAs are involved in the development,
increased invasiveness, and metastasis of thyroid cancer cells [8,
9,10,11,12]. The observed association with patient survival
suggests that these miRNAs may serve not only as diagnostic
markers but also as clinically relevant prognostic indicators.

Despite the strengths of this study, several limitations should
be acknowledged. First, the analysis is based on retrospective
public datasets, which may introduce bias related to sample
selection and technical variability. Second, the predicted miRNA-
target interactions, although experimentally validated in databas-
es, were not confirmed in thyroid cancer — specific experimental
models. Therefore, further in vitro and in vivo studies using clinical
samples are required to validate the functional roles of these
miRNAs and to assess their utility in clinical practice.

In summary, this study expands current knowledge on
miRNA-mediated regulatory networks in thyroid cancer and
highlights a panel of six miRNAs with potential diagnostic and
prognostic relevance. The findings provide a solid foundation
for future experimental validation and support the development
of miRNA-based strategies for improved risk stratification and
personalized management of thyroid cancer patients.

Conclusions

1. A six-miRNA panel (hsa-miR-15a-5p, hsa-miR-146b-5p,
hsa-miR-199b-5p, hsa-miR-221-5p, hsa-miR-222-3p, and hsa-
miR-484) was identified as a potentially important regulatory
component in thyroid cancer, reflecting the molecular heteroge-
neity of the disease.

2. GO functional analysis indicated that the target genes of
the studied microRNAs are involved in the coordinated regulation
of multiple cancer-related pathways, supporting their role as
network-level modulators rather than a single dominant driver in
thyroid carcinogenesis/tumor-related processes.

3. Among the identified miRNAs, hsa-miR-146b-5p and hsa-
miR-221-5p demonstrate potential prognostic relevance as their
expression levels are associated with overall survival and may
serve as biomarkers for patient stratification.
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Prospects for further research: Further experimental and
clinical studies are required to validate the functional roles, target
interactions, and clinical applicability of the identified microRNAs
as diagnostic and prognostic biomarkers in thyroid cancer.
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Isolation of mesenchymal stromal cells (MSCs) from adipose tissue is a relevant topic in regenerative medicine
and cell therapy. MSCs have significant potential for treating various diseases due to their ability to differen-
tiate, self-renew, and secrete biologically active molecules. However, the isolation process faces challenges
like variations in tissue collection methods, quality, sample transportation, laboratory sterility, and incubation
stability. Insufficient coverage of these issues in scientific publications complicates their resolution, particularly
under the conditions in Ukraine.

The aim is to identify and discuss the key problems associated with the isolation of adipose-derived mesenchy-
mal stromal cells, as well as the experimental search for potential solutions to overcome these obstacles for the
optimization of the isolation methodology.

Materials and methods. A literature review was conducted using PubMed and Google Scholar, selecting key
publications on isolation methods, MSCs characteristics, and good manufacturing practice (GMP) principles.
Inclusion criteria: full-text articles on adipose MSCs isolation, comparison of enzymatic methods of isolation,
GMP standardization, and cell characteristics. Following this, a pilot study was conducted using lipoaspirate and
fragments of subcutaneous adipose tissue (SAT) with the patients’ consent. Processing in Zaporizhzhia State
Medical and Pharmaceutical University’s GMP-compliant lab: mechanical grinding (for SAT), DPBS washing with
antibiotics, enzymatic digestion (collagenase or trypsin) at 37 °C, 600 g centrifugation, filtration, DMEM / FBS
cultivation. Viability was assessed in Goryaev chamber with trypan blue; passaging at 6070 % confluency.

Results. Abdominal lipoaspirate yielded larger MSCs volumes with higher proliferation than thigh or excised
SAT. Collagenase is considered the “gold standard” in terms of efficiency, but trypsin has been shown to be
a cost-effective alternative with similar viability, adhesion, and differentiation (chondro-, osteo-, adipogenic).
Cultivation with medium changes supported growth; passaging prevented senescence.

Conclusions. Optimization of the methodology for isolating mesenchymal stromal cells of adipogenic origin under
GMP-compliant conditions can be achieved by using lipoaspirate from the abdominal area, using trypsinization
as an effective and cost-effective alternative to collagenase for enzymatic isolation, and strictly adhering to
cultivation, passage, and quality control protocols.

Modern medical technology. 2026;18(2):112-121

Mpo6AeMHi NUTaHHA BUAIAEHHA Me3eHXiMaAbHUX CTPOMAAbHUX KAITHH
YKMPOBOro NOXOAXKEHHA: HOBi METOAOAOriUHI acneKTH (NIAOTHE AOCAIAXKEHHSA)

C. 0. MacneHHikoB, M. I. IcaueHko, M. B. AaHykano, M. A. TonoBaxa, O. B. laHueBa, 0. M. KonecHuk

BupineHHs me3eHxiManbHux ctpomanbHux knituH (MCK) i3 )KupoBOT TKaHWHM € aKTyanbHOK TEMOK B pereHe-
paTWBHIN MeauLuHi Ta KniTuHHIN Tepanii. MCK maioTb 3HauHWit noTeHwian Ans NikyBaHHS Pi3HUX 3aXBOPOBaHb
3aB[sKM 30ATHOCTI 0 AndepeHLiaLlii, CaMOOHOBIEHHS Ta cekpeLlii GionoriyHo akTuBHMX Monekyn. OaHak npoLec
BMAINEHHS CYNPOBOKYETLCS YACIIEHHUMU BUKNMKAMU, TakUMW sk BapiaLlii B MeTopax 360py TkaHuHm, ii skocTi,
TpaHCNopTyBaHHi 3pa3kis, CTepunbHOCTI TabopaTopii Ta cTabinbHOCTi yMoB iHkybaLjii. HegoctaTHe BUCBITIEHHS
LUMx Npobnem y HaykoBWx Ny6nikaLisx ycknagHHe ix BUpILLEHHS, 0cobnuBo B ymoBax YkpaiHu.

MeTa po6oTH - BUSIBNEHHS Ta OOTrOBOPEHHS! KIHOYOBKX NPOBneM, NoB’sA3aHmMX i3 BUAINEHHAM Me3eHXiManbHUX
CTPOMAsIbHMX KITiTUH i3 )XMPOBOI TKAHWHM, @ TAKOX EKCNEPUMEHTANbHWIA MOLLYK NOTEHLAHNX PilUeHb ANs NOf40-
NaHHS LMX nepeLukos Ans onTuMisaLlii MeTogonorii BUAINeHHs.

Marepianu i meToau. 34iCHUNN KOMNIEKCHW OFNSAA HAYKOBOI NiTepaTypy, Lo iHaekcyeTbes B 6asax PubMed
i Google Scholar. Obupanu kntovoBi nybnikauii Wwoao MeToaiB BUAINEHHs!, xapaktepuctuk MCK i npuHumnis
HanexHoi BupobHuyoi npaktuku (GMP). [lo aHanidy 3anyyany NoOBHOTEKCTOBI CTaTTi Lwofo BuaineHHs MCK i3
XMPOBOI TKAHWHM, MOPIBHAHHS EH3UMATUYHUX METOAIB, CTaHAapTM3aLii npotokonis (GMP) i xapakTepucTukm
KniTuH. Nicns uboro 34iNCHUAM NiNOTHE AOCAIMKXEHHS 3 BAKOPUCTaHHSAM finoacnipaty Ta gparmMeHTiB NigLLKIpHOT
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KMPOBOI TKaHWHW 3a 3rofoto nauieHTiB. Obpobka, Ky 3giicHunm B nabopatopii 3anopiabkoro fepkaBHOro Me-
[JMKO-(hapMaLieBTUYHOTO YHIBEPCHUTETY, LLO Bianosigae Bumoram GMP: MexaHiuHe nogpibHeHHs, NpoMUBaHHS B
DPBS 3 aHTubioTUKaMK, eH3MMaTYHa AnrecTis (konareHasa abo Tpuncut) npu 37 °C, ueHTpudyrysaxHs (600 g),
insTpadis, kynstueysaHHs B DMEM i3 FBS. XXutteanartHicTs oviHioBanu B kamepi lopsieBa 3 TpUNaHOBUM CUHIM;
nacaxysaHHs npu 60-70 % KOHIIOEHTHOCTI.

Pesyabtatu. Jlinoacnipat 3 abaomiHanbHUX AinsHok aaeas Ginblumnii 06'em MCK i3 BuLLoto nponidepallieto, Hix
3i CTEroH UM eKCLM30BaHUX parMeHTiB. KonareHasa — «30M0TWi CTaHaapT» 3a eeKTUBHICTIO, ane TPUMCUH
BM3HAYEHO SIK EKOHOMIYHY anbTepHaTVBY 3 NOLIOHOK XUTTENATHICTIO, aaresieto Ta AndepeHLiaLlieto (XoHapo-,
ocTeo-, aaunoreHHa). KynsTuByBaHHs 3 3aMiHOKO cepefioByLLa 3abe3neyyBarno picT, a nacaxyBaHHs 3anobirano
CEHeCLIEHLIi.

BucHoBku. OnTuMi3aLlis MeTogonorii BUAINEHHs Me3eHXiManbHUX CTPOMArbHUX KIiTUH aaunOreHHOro noxo-
[DKEHHS1 B yMOBaX, LLO BignosigatoTb Bumoram GMP, moxe GyTu gocsrHyTa LWsxoM BUKOPUCTaHHS ninoacnipaty
3 YepeBHOI MOPOXHMHW, 3aCTOCYBaHHS TPUMCUHI3aLii K e(heKTUBHOI Ta eKOHOMIYHO BUFigHOI ankTepHaT1Bm
konareHasi 415 (hepMEHTaTUBHOTO BUAINEHHS, @ TaKOX YiTKOro AOTPUMAHHS MPOTOKONIB KyNbTUBYBaHHS, naca-

KYBaHHS! Ta KOHTPOIO SIKOCTI.

CyuacHi mepuuHi TexHoAorii. 2026. T. 18, Ne 2(69). C. 112-121

The isolation of mesenchymal stromal cells (MSCs) has be-
come a relevant topic in the field of regenerative medicine and
cell therapy. MSCs possess significant potential for the treatment
of various diseases due to their ability to differentiate, self-renew,
and secrete biologically active molecules [1].

MSCs are defined by their ability to self-renewal and differ-
entiation into various cell lineages [2]. In this regard, MSCs have
attracted significant attention due to their ability to differentiate
into various cell types, including osteoblasts, chondrocytes,
myocytes, and adipocytes [3]. These cells can be isolated from
various tissues, such as bone marrow, adipose tissue, synovial
membrane, and perinatal tissues, each of which demonstrates
unique regenerative properties [4]. To date, abdominal fat is
considered a reliable source of MSCs due to the technical and
methodological ease of identifying them, high cell concentration
and homogeneity, as well as high differentiation potential and
secretory activity [5]. However, the process of their isolation
is accompanied by numerous challenges that may affect the
quantity, quality, and subsequent viability of the obtained cells.

The main problems encountered by researchers include
variations in methods of adipose tissue collection, its quality and
quantity, as well as external influences on cell culture (sample
transportation, laboratory sterility, stability of incubation conditions
and reagent storage) [6]. Furthermore, the insufficient coverage
of specific difficulties associated with MSCs isolation in scientif-
ic communities and publications complicates the resolution of
these issues, particularly under the conditions in which Ukraine
finds itself.

In this article, we will examine the main methodological chal-
lenges in isolating adipose-derived MSCs, as well as possible
solutions for overcoming them. The analysis of these issues and
the proposed approaches may contribute to the improvement of
the methodology, which, in turn, will impact on the efficiency of
further research and clinical applications of MSCs.

Aim
The aim of the research is to identify and discuss the key

problems associated with the isolation of adipose-derived mes-
enchymal stromal cells, as well as the experimental search for

potential solutions to overcome these obstacles for the optimi-
zation of the isolation methodology.

Materials and methods

In this work, a comprehensive literature review was conducted
regarding the current state of knowledge on the isolation of adi-
pose-derived MSCs, and these protocols and recommendations
were compared with our own experience. The analysis was based
on searches of databases PubMed and Google Scholar. Keywords
used: mesenchymal stem/stromal cells, lipoaspirate, subcutaneous
adipose tissue, abdominal fat, protocol, incubation. The search pe-
riod was 5 years; however, key historical publications (2006, 2011,
2014, 2016, and 2017) were also included in the final analysis,
due to fundamental importance for understanding the methods
of isolation and characterization of adipose-derived MSCs and
the principles of good manufacturing practice (GMP). Inclusion
criteria: full-text articles and protocols focused on the isolation of
MSCs from adipose tissue; comparison of enzymatic and non-en-
zymatic methods of their isolation; study of protocol standardization
(GMP) and cell characteristics (phenotype, proliferation, viability).
Exclusion criteria: documents that were focused on the isolation
of MSCs from sources other than adipose tissue (for example,
bone marrow or placenta); did not contain original data regarding
isolation protocols or GMP; duplicates or conference abstracts.

All found publications initially underwent screening by title
and abstract to assess their compliance with the above-described
criteria, after which a full text review was conducted for final inclu-
sion. To ensure objectivity and comparability of data, results from
different articles were summarized, with particular attention paid to
quantitative indicators. The results of our own research published
in the article were approved by the local bioethics commission
(Protocol No. 15 dated December 10, 2025).

Pilot experiment. For MSCs isolation, lipoaspirate or a frag-
ment of subcutaneous adipose tissue (SAT) of abdominal region
and lateral surface of the thigh were obtained during surgeries in
healthy patients who provided written informed consent prior to
the surgical intervention for the use of biomaterial for experimental
purposes. Groups for the pilot study were formed with 5 individuals
each, aged from 23 to 55 years, with a body mass index (BMI)
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Fig. 1. Laboratory of “Cell Cultures and Bioengineering of Zaporizhzhia State Medical and Pharmaceutical University” (original picture).

corresponding to the first degree of obesity Each patient sample
was divided into two equal parts for collagenase- and trypsin-
based isolation, with three replicates performed for each method
(n=15in each group).

After the surgery, the lipoaspirate or SAT fragment was deliv-
ered within 1 hour for in vitro research to the specially equipped
laboratory “Cell Cultures and Bioengineering of Zaporizhzhia
State Medical and Pharmaceutical University”, which is a struc-
tural subdivision of the Center for Collective Use Training Medical
and Laboratory Center of Zaporizhzhia State Medical and Phar-
maceutical University under conditions of compliance with high
standards of equipment quality, asepsis conditions, sterility, and
biological safety (Fig. 1).

Statistical analysis was performed using one-way analysis of
variance (ANOVA) for normally distributed data or the Kruskal—
Wallis test for non-normal distributions. Normality was verified
using the Shapiro-Wilk test. All parameters were compared
using one-way ANOVA, followed by Tukey’s post-hoc test (for
ANOVA) or Dunn'’s test (for the Kruskal-Wallis test) for multiple
comparisons where significance was detected. A two-tailed
p-value of <0.05 was considered statistically significant for all
tests. All calculations were performed using Statistica software
(License No. JPZ8041382130ARCN10-J).

Results

The primary challenge for all cell culture laboratories world-
wide is adequate technical equipment and adherence to ISO
14644-1 cleanliness standards [7]. Any laboratory must comply
with the requirements of GMP, which encompasses validation and
calibration of equipment, clear standard operating procedures,
personnel control (requirements for attire (special gowns, caps,
masks, shoe covers) and staff training to ensure aseptic tech-
nique), and environmental monitoring (regular sampling of air,
surfaces, and water to control for the presence of microorganisms
and mycoplasmas) [8].

These standards serve to ensure that the cells used in re-
search or for clinical applications are safe, sterile, and unaltered.
Therefore, the Zaporizhzhia State Medical and Pharmaceutical
University laboratory is equipped with all necessary licensed
equipment, including a biological safety laminar cabinet HR40-
IB2 (Haier Biomedical, China); CO, incubator HCP-80 (Haier
Biomedical, China); inverted microscope ZEISS Primovert with
the capability to switch from phase contrast to fluorescent mode
(Zeiss, Germany); water bath thermostat WB-4MS (Biosan,
Latvia); benchtop centrifuge with interchangeable rotors of var-
ious volumes (LMC Biosan, Latvia); magnetic stirrer MS-3000
(Biosan, Latvia); pH meter LAQUA-PH2000-SR (Horiba, Japan);
pharmaceutical refrigerator HYC-390/F (Haier Biomedical, Chi-
na); ultra-low temperature freezer. All equipment is certified and
undergoes annual metrological control.

Sterility and biosafety conditions are maintained through
trained personnel, adherence to restricted laboratory access, use
of special clothing, stability of temperature conditions and filtration
of incoming air to the premises (presence of a ventilation sys-
tem, temperature relay, and controlled temperature and airflow),
maintenance of sterile conditions (treatment of all surfaces with
70 % ethyl alcohol, constant UV sterilization, autoclaving), and
proper disposal of consumable materials and biological fluids [9].

The collection of lipoaspirate / fragment of subcutaneous
adipose tissue is a crucial stage for obtaining MSCs and requires
adherence to sterility and technical standards. The proper collec-
tion methodology ensures the quality of the obtained material and
increases the likelihood of effective cell seeding and survival [10].
However, some researchers have expressed concerns regarding
the reliability and consistency of methods for collecting lipoaspi-
rate or SAT fragments. Variations in liposuction techniques, ad-
ipose tissue quality, and external influences on cell culture may
affect the quantity and quality of the obtained MSCs [11]. Without
standardized protocols and stringent quality control measures, the
lipoaspirate collection process may not always yield high-quality
cells suitable for clinical application [12].
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Table 1. Results of MSCs isolation from different sites using different enzymes, Me [Q1; Q3]

Parameter,
units of measurement

Abdominal lipoaspirate, n =5

Abdominal fragment, n =5

Thigh fragment, n =5

Patient's age, years 27 [25; 42 27 [27; 51] 27 [25; 52)
Patient's BMI, kg/m? 31[31;32] 32[32; 33 31[31;32]
Indicators Abdominal lipoaspirate, n =15 | Abdominal fragment, n = 15 Thigh fragment, n = 15
Collagenase Trypsin Collagenase Trypsin Collagenase Trypsin
Total cell count, cells in 5 squares | 156 [153; 160] 155[152; 159] 101 [98; 105]* 100 [97; 104]* 65 [62; 69]*¢ 65 [62; 68]*¢
Live cells, count 148 [145; 152 146 [143; 150] 91[88; 94J* 90 [87; 93] 55 [52; 57]*¢ 54 51, 57]*¢
Dead cells, count 818; 8 8189 919; 10f* 10[9; 107* 10[10; 12]* 111218
Cell concentration, x10° cells/mL | 0.624 0.620 0.404 0.400 0.260 0.260
[0.610; 0.638] [0.606; 0.636] [0.390; 0.418]* [0.386; 0.414]* [0.246; 0.274 | [0.246; 0.270]*
Cell viability, % 94.9[94.8;95.0] |94.7[94.594.8] |90.7[90.5;91.0]" |90.2[89.7;90.8]* | 83.9[83.5; 84.5] |82.9[82.6; 83.4]*¢

#: statistically significant difference between trypsin-based and collagenase-based isolation; *: statistically significant difference in indicators of lipoaspirate compared

to the abdominal SAT fragment; $: statistically significant difference in indicators of thigh SAT fragment compared to the abdominal SAT fragment.

2A

2C

2B

Fig. 2. Collection of lipoaspirate from various anatomical sites of SAT (original pictures). A: sites on the anterior abdominal wall; B: sites
on the lateral surface of the thigh; C: collection of a fragment of adipose tissue from the surgical wound site.

Therefore, based on the literature data [5,6,11,12,13,14,16]
and our own experience, various anatomical sites of SAT and
various methods of obtaining MSCs (from lipoaspirate or SAT
fragments) were selected (Fig. 2, Table 1).

The advantages and disadvantages of each method are
determined by its invasiveness, quantitative / qualitative cell
composition, viability, and purity of the final product.

Lipoaspiration is considered a less invasive method than
surgical excision and allows for obtaining a significantly larger
volume of lipoaspirate, which means a greater number of MSCs;
however, one of the drawbacks is the mechanical damage to
cells caused by high negative pressure during aspiration and
turbulence, which reduces their viability [13]. Cells obtained from
a fragment of subcutaneous adipose tissue by excision experi-
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3A

3B

Fig. 3. Washing (A) and centrifugation (B) of the sample (original pictures).

ence minimal mechanical stress. Scientific sources highlight a
higher yield of viable MSCs per unit weight of tissue compared
to lipoaspirate, and these cells are also characterized by a better
proliferative potential [14].

However, the main drawback is the limited volume of tissue that
can be obtained and, consequently, an insufficient amount of cell
mass for scaling up the research as observed in our study. There-
fore, we subsequently focused on articles concerning lipoaspiration.
Zhu R. et al. in their study demonstrated that MSCs isolated from
abdominal fat exhibited higher proliferative capacity and better cell
growth parameters compared to cells isolated from other depots
[15]. As noted above, the quality of cellular material is influenced
not only by the method of adipose tissue harvesting, but also by
the anatomical site, which has been established to hold significant
importance. Thigh adipose tissue, particularly in women, differs in
its hormonal profile and is less metabolically active. This may impair
its suitability for certain regenerative purposes; moreover, from a
practical standpoint, the abdomen is usually easier to access and
allows for obtaining a larger volume of lipoaspirate with less discom-
fort to the donor, especially in the context of cosmetic surgery [16].

The main stages of the protocol for isolating MSCs of adipo-
genic origin, common to all the studied sources [5,6,11,12,13,14,
15,16,17,18,19,20,21,22], are material harvesting, mechanical
washing, enzymatic isolation, and cell culturing. We present the
main provisions of these protocols that were used by us in the
study.

The obtained fragment is mechanically minced using a sterile
scalpel under conditions of a biological safety cabinet, followed by
removal of blood and other components to isolate adipose tissue.
Subsequently, washing is performed in buffer (DPBS, Dulbecco’s
phosphate-buffered saline, without Ca?* and Mg?* ions; Sigma
Aldrich, USA) with the addition of 200 L of antibiotic-antimycotic
solution (x100: 10,000 U penicillin, 10 mg streptomycin, 25 ug
amphotericin B in 1 mL; Sigma Aldrich, USA) until the sediment
wash waters are clear and until the supernatant exhibits a “pearly
sheen” (Fig. 3A).

In case of lipoaspirate, the procedure is the same, except
without mechanical mincing, which significantly simplifies the
process and positively affects cell viability. After visual confirma-
tion of obtaining the desired color of the material, centrifugation
is initiated in DPBS buffer (volume ratio of buffer to lipoaspirate
1:1) at 600 g for 5 min, which helps to separate the adipose cells
from liquids and other components (Fig. 3B).

The next stage is enzymatic isolation, which remains con-
troversial and involves various enzymatic treatment options,
including trypsin or collagenase. Thus, experimental studies
have shown that cells isolated by the trypsinization method
retain the classical immunoprofile, are capable of pluripotent
differentiation, and demonstrate higher proliferative activity
compared to cells obtained using collagenase [17]. The use
of type | collagenase, although widespread, has a number of
limitations: high cost, variable duration of enzymatic digestion,
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4A

4B

Fig. 4. Cell counting in the Goryaev chamber, magn. x10. A: cells isolated with trypsin; B: - cells isolated with collagenase.

5

Fig. 5. Visual assessment of culture condition on PrimoVert (original picture).

potential damage to cellular structures and functions, which
complicates the reproducibility of results and their clinical ap-
plication [15]. An additional practical obstacle is the fact that
collagenase is primarily supplied by manufacturers in powder
form; therefore, diluting it to very low concentrations require the
preparation of a stock solution followed by the application of the
serial dilution method (aliquots). This appears impractical due to
the need to store the enzyme solutions at -20 °C, necessitating
thawing of the solutions each time they are used and is further
complicated by the fact that the collagenase solution loses its
enzymatic activity over time [23].

We performed two methods of enzymatic isolation to de-
termine the more suitable approach for further study (Table 1).
According to the standard procedure, cell washing is conducted,
during which the supernatant after centrifugation is aspirated,
and the pellet is resuspended in a solution of type | collagenase
(SCR103, Sigma Aldrich, USA) or a 0.25 % trypsin solution

containing 2.5 g of porcine trypsin and 0.2 g of EDTA-4Na per
liter of Hank’s Balanced Salt Solution (HBSS; Sigma Aldrich,
USA) in a 1:1 ratio with the volume of the lipoaspirate. Incuba-
tion is performed in a water bath at a temperature of 37.0 °C
with regular gentle shaking of the tube every 10 minutes for 40
minutes. The preparation of working solutions of trypsin / col-
lagenase is crucial, involving the dilution of a 0.25 % trypsin
solution in DPBS at a ratio of 1:99 with the addition of a 10 %
antibiotic-antimycaotic solution, and the same method for colla-
genase (0.5-2.0 mg/mL HBSS).

After incubation, the enzyme was inactivated by adding an
equal volume of complete medium (CM), and the suspension
was centrifuged at 600 g for 10 min. Subsequently, the fat frac-
tion was removed, and the liquid portion was resuspended and
passed through Biofill cell filters (China) with pore diameters
of 100 ym and 70 um to remove microfragments of adipose
tissue and erythrocyte conglomerates. The resulting pure cell
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suspension was centrifuged (600 g x 10 min). The liquid phase
was removed using a dispenser with a sterile tip, and the pellet
was resuspended in 1 mL of complete nutrient medium CM,
which consisted of 1 part FBS (fetal bovine serum, Sigma
Aldrich, USA), 9 parts DMEM (Dulbecco’s Modified Eagle Me-
dium (DMEM) containing 4.5 g/L glucose, sodium bicarbonate,
L-glutamine, sodium pyruvate, Sigma Aldrich, USA), and 0.1
part antibiotic-antimycotic solution.

Cell viability assessment and counting were performed using
a Goryaev chamber and 0.4 % trypan blue (Sigma Aldrich, USA),
based on a volume ratio of the dye to the cell suspension of 1:1
(Table 1). Cells stained blue were considered non-viable (Fig. 4).

The “5 squares’ method” was used with the calculation of cell
count (C) and viability (V) according to the formulas:

C=(Nx10000xD)/5 (1),

where (N) —the sum of counted cells in 5 squares; (D) — dilu-
tion factor with trypan blue (2); 10,000 — the volumetric coefficient
of the Goryaev chamber.

V = (Live cells / (Live cells + Dead cells)) x 100 %.  (2)

The results of observations on MSCs cultures isolated using
different enzymes revealed no significant differences between
their studied parameters in our study (Table 1).

Trypsin-isolated cells showed good viability and adhesive
capacity, which enables the formation of a sufficient cell pop-
ulation for its optimal growth in a culture flask; however, cells
isolated with collagenase showed the same parameters. In both
cases, the MSCs property for chondro-, osteo-, and adipogenic
differentiation was preserved. In most studies collagenase is
the “gold standard” for dissociation of adipose tissue, due to the
similarity of key characteristics, it exhibits higher efficiency and
better osteogenic potential (which is important for our further
research) compared to trypsin isolation [18]. Nevertheless, the
obtained results demonstrate that trypsin is an effective and more
economical alternative method.

The next stage of our isolation experience was the seeding of
MSCs into culture flasks with an area of 25 cm?to 1 mL of the cell
suspension, such an amount of CM was added that approximately
1-2 x 106 cells were present in 5 mL of it. Exactly this number of
cells in a volume of 5 mL of CM was seeded into a sterile flask,
placed in a CO, incubator, and cultured under standard conditions
(5% CO,, 95 % humidity, and 37 °C). After 24 hours, the culture
medium was replaced with fresh medium to remove non-adherent
elements, with subsequent replacement twice a week. Visual
monitoring of the culture status was performed using an inverted
microscope PrimoVert (“Carl Zeiss”, Germany) with an AxioCam
208 color camera (“Carl Zeiss”, Germany) (Fig. 5). The described
stage is fully regulated by all the studied protocols [5,6,11-22].

Although the described methodology for MSCs isolation is
widely used, it is not without limitations [24]. The stages of me-
chanical and enzymatic processing may potentially damage or
alter cell properties, leading to an inconsistent quantitative and
qualitative composition of the isolated population, and moreover,
it does not guarantee a “pure line” without the risk of contamina-
tion [25]. Additionally, the use of fetal bovine serum in the culture
medium raises concerns regarding the introduction of xenogeneic
components, which may elicit an immune response or infection
risks in clinical applications [26]. Further research is needed to

develop more standardized protocols that can reliably isolate
high-quality therapeutic-grade MSCs [27].

Special attention should be paid to the mandatory periodic
replacement of the medium in cell cultures, which is crucial for
maintaining cell viability and functionality. Regular medium re-
placement provides essential nutrients and removes metabolic
waste, promoting successful proliferation of the cell culture [28].
It is important to adhere to sterile conditions and to monitor the
stability of reagent storage, as well as their expiration dates [29].
However, excessive or untimely replacement of the medium
may also harm cell cultures [30]. Frequent medium changes can
disrupt cell attachment, induce stress, and lead to undesirable
differentiation or loss of stem cell properties [31]. Furthermore,
over-reliance on monitoring reagent expiration dates may over-
look other important factors that can affect the quality of the cell
culture, such as batch-to-batch variability or the impact of long-
term storage conditions [32]. A balanced approach that considers
the individual needs of the cell line is essential for maintaining
optimal cell viability and functionality [19].

Asignificant stage in the MSCs isolation is the control of cells
quality. After medium replacement, cells are regularly checked
for signs of stress, or contamination. Proper documentation is
important, which involves recording the date and time of medium
replacement, volumes of the used medium, and dates of package
opening. An equally important aspect is monitoring the progress
of cell growth and proliferation (Fig. 6).

The process of maintaining the cell population in the MSCs
culture involves their passage (reseeding cells into new culture
flasks), which was performed upon reaching 60-70 % confluence
of the monolayer. This is an important stage in working with cell
cultures that helps maintain cell viability. Before starting the
passaging, it is necessary to check the readiness of the cells,
which involves examining the flask with the culture under a
microscope for morphological changes, signs of contamination,
or cell death (Fig. 6).

It should be noted that passaging is critical for maintaining the
viability of cell cultures. Proper execution of this procedure en-
sures optimal conditions for their growth, which in turn contributes
to obtaining reliable results in research [20]. Although passaging
is an important stage for maintaining cell viability, the methodology
is not without drawbacks [21]. Repeated passages and subcultur-
ing may lead to genetic and epigenetic changes in cell cultures,
potentially altering their properties [22]. Furthermore, excessive
passaging may cause senescence and reduce the scalability of
the population, which will affect their therapeutic potential [33].

Based on the above, in our study, the passaging procedure
was performed as follows: the nutrient medium was drained from
the flask, the cells were washed twice with warm (37 °C) DPBS
containing a 10 % antibiotic-antimycotic solution, and then 1.5
mL of trypsin solution with EDTA (37 °C) was added to the flask.
The solution was distributed evenly across the flask with careful
circular motions, and after 1.0—1.5 min, the degree of cell rounding
was assessed under an inverted microscope as an indicator of
their disaggregation from the flask bottom. When the majority of
cells detached (but no more than 1.5-2.0 min after the addition of
trypsin), the enzyme was neutralized with an equivalent volume of
CM (37 °C). The resulting cell suspension was centrifuged (600 g
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6A

6B

6C

6D

Fig. 6. MSCs passage 1 on different days. A: 3 days, magn. x10; B: 5 days, magn. x10; C: 9 days, magn. x10; D: 13 days, magn. x4.
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for 10 min). Cell counting was performed in a Goryaev chamber,
with simultaneous assessment of their viability using trypan blue.
Following this, the liquid phase was aspirated and replaced with
such a volume of CM that 5 mL contained 1-2 x 10° cells. Cell
seeding was carried out onto adhesive microscope slides Millicell
EZ Slide 8-well glass (Sigma Aldrich, USA) at a density of 20,000
cells per well (Fig. 5).

Discussion

The aim of this study was to identify key methodological chal-
lenges in the process of isolating adipose-derived MSCs and to
optimize the isolation protocol for our laboratory. The relevance
of the work is underscored by the growing potential of MSCs in
regenerative medicine, particularly considering the advantages
of abdominal fat as a cell source that is easily obtainable, has a
high concentration of MSCs, and possesses a potent differenti-
ation potential. Our results confirm that successful isolation and
cultivation of MSCs critically depend on adherence to high quality
standards regulated by GMP, which includes laboratory technical
equipment, equipment validation, and strict aseptic control [8].
These measures are essential for minimizing contamination
risks and maintaining cell viability, which is one of the primary
challenges in MSC culture.

The choice of biomaterial source (lipoaspirate versus a
fragment of SAT) and anatomical site is a key factor affecting
the yield and quality of MSCs [13,14,16]. Literature data and our
experience indicate the advantages of lipoaspirate as a less inva-
sive method for the cell population, allowing for the extraction of
alarger amount of cell mass, despite the potential for mechanical
damage, in contrast to surgical excision of a SAT fragment, which
limits the amount of material for scaling [13,14,16].

The enzymatic isolation step is the second critical stage of
the protocol. Although collagenase type | is widely used due
to its high efficiency in adipose tissue dissociation and better
osteogenic potential, we also investigated trypsinization as an
alternative approach. Our observations showed that trypsin-iso-
lated cells exhibited viability, high adhesive capacity, and pluri-
potent differentiation potential (chondro-, osteo- and adipogenic
differentiation) compared to those isolated with collagenase.
Given the high cost, instability during storage and difficulties in
preparing working solutions of collagenase, trypsin appears to
be an effective, more economical and practical alternative, that
simplifies protocol standardization, particularly under conditions
of limited funding or logistical challenges [17,15,23]. We have
confirmed that standard cultivation conditions, regular medium
changes, and the use of an antibiotic-antimycotic are effective for
maintaining cell culture. The passaging step is critically important
to prevent cell aging and loss of their properties [20].

Despite the detailed protocol for isolating MSCs from adipose
tissue, commercially available ready-made MSC cultures repre-
sent an alternative approach. The advantages of this approach
are obvious: time savings, guaranteed high initial viability and
standardized quality. However, commercial cultures are financially
expensive and limit the researcher’s control over the origin of the
cells and the number of passages performed, which introduces
additional variability [34].

Adetailed analysis of the scientific literature showed that the
established standard protocols for working in cell culture labo-
ratories with MSCs vary, the stages of implementation depend
on the direction of researchers’ activities, equipment, type of
MSCs used (bone marrow, adipose tissue, umbilical cord blood),
and the purpose of cultivation (for differentiation, expansion, or
cryopreservation).

Conclusions

Optimization of the methodology for isolating mesenchymal
stromal cells of adipogenic origin under GMP-compliant conditions
can be achieved by using lipoaspirate from the abdominal area,
using trypsinization as an effective and cost-effective alternative
to collagenase for enzymatic isolation, and strictly adhering to
cultivation, passage, and quality control protocols.
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Aim. This study aimed to investigate the effects of combined quercetin and resveratrol administration on markers of
oxidative and nitrosative stress in the liver of rats subjected to surgical trauma following prolonged stress exposure.

Materials and methods. The study was conducted on 35 adult male Wistar rats, which were randomly assigned
to five experimental groups: intact animals (control, Group 1); rats subjected to single prolonged stress (SPS)
followed by laparotomy (Group 2); animals exposed to SPS and laparotomy and treated with a water-soluble form
of quercetin (20 mg/kg body weight, Group 3), resveratrol (5 mg/kg body weight, Group 4), and a combination of
quercetin and resveratrol (Group 5). Hepatic oxidative-nitrosative stress was assessed by measuring superoxide
anion radical (O,+~) production, total nitric oxide synthase (NOS) activity, the activities of constitutive and inducible
NOS isoforms (cNOS and iNOS), and the concentration of peroxynitrites of alkali and alkaline-earth metals.

Results. Combined exposure to SPS and surgical trauma induced a marked oxidative-nitrosative imbalance in the
liver, manifested by excessive superoxide and peroxynitrite production, mitochondrial redox dysfunction, INOS
overactivation, and profound cNOS uncoupling. Monotherapy with either water-soluble quercetin or resveratrol
partially alleviated these stress-induced alterations by reducing O+~ generation, suppressing iNOS activity, and
improving cNOS coupling, confirming their hepatoprotective effects under conditions of combined psycho-emo-
tional and surgical stress. In contrast, combined quercetin-resveratrol administration provided substantially
greater protection, resulting in near-complete normalization of mitochondrial O+~ production, full restoration of
cNOS activity and coupling, and a marked reduction in hepatic peroxynitrite accumulation.

Conclusions. These findings indicate a synergistic interaction between the two polyphenols, quercetin and
resveratrol in restoring hepatic redox and nitric oxide homeostasis.

Modern medical technology. 2026;18(2):122-128

BnAuB noeaHaHOro 3acTocyBaHHA KBEPLETUHY Ta pecBepaTpoAy
Ha NOKa3HUKU OKCUAATUBHO-HITPO3aTUBHOIO CTPECY B NEYiHLi wypis
3a yMOB XipypriuHoi TpaBMM NicAfl TPUBAAOTO CTpPeCy

P. M. Psbywwko, I. B. KocteHko, O. €. AkimoB, B. 0. KocTeHko

Meta po6oTu — BUBYMTY BNMMB NOEAHAHOTO 3aCTOCYBaHHS KBEPLETMHY Ta PECBEPATPOIy HA MapKepu OKCU-
[AaTUBHO-HITPO3aTMBHOIO CTPECY B MeviHUi LLypiB, SKAM 3MOLENbOBAHO XipypriyHy TpaBMy Micns TpUBanoro
CTPECOoBOro BMMBY.

Marepianu i meToau. JOCTIDKEHHS 3LIACHUNM HA 35 LOPOCAMX caMusx LypiB niHil Wistar, akux paHaoMizoBaHo Ha
5 ekcnepymeHTanbHUX rpyn: iHTakTHI TBapUHKW (KOHTPOIb, rpyna 1); Lypw, siki 3a3Han 0HOPa30BOro TPUBANOro
ctpecy (Single Prolonged Stress, SPS) Ta sikum 3aiicHunu nanapoTtomito (rpyna 2); TBapuHu, IkuM Ha oHi SPS
i nanapoToMii BBOAUIM BOAOPO34MHHY chopMy KBepueTuHy (20 mr/kr macy Tina, rpyna 3), pecsepatpon (5 mr/kr
macw Tina, rpyna 4) Ta komBiHaLito kBepLeTUHy Ta peceepatpony (rpyna 5). OKcuaaTUBHO-HITPO3aTHBHWIA CTPEC
Y NeviHLi OLiHIOBAaNK 3a NoKasHKkamu NpoyKLi cynepokcaHoro aHion-paaukana (O,+), saranbHoi akTMBHOCTI
cuHTasn okengy asoty (NOS), akTMBHOCTI KOHCTUTYTUBHUX Ta iHAYyLmMBenbHux i3ocopm NOS (cNOS ta iNOS),
a TakoX 3a KOHLEHTPALiEt0 NEPOKCUHITPUTIB Ty)KHWX i Ny)XHO3EMENbHUX MeTaniB.

Pesynbratu. [oegHaHuit Bnnme SPS i XipypriyHoi TpaBMK CNPUYMHSB BUPAXEHUIT OKCUAATUBHO-HITPO3ATUBHUI
pvcbanaHc y neviHLi, LWo BUSBNANN 3a HaZMiPHOK NPOAYKLIEK CynepoKkcuay Ta NepoKCUHITPUTIB, MOPYLUEHHAM
MITOXOHApianbHOro pegokc-romeoctasy, rinepaktusadieto iINOS i rmmbokUM NopyLIeHHsAM (YHKLiOHabHOTO
3B's3ky cNOS. MoHoTepanisi BOBOPO34MHHAM KBEpLETMHOM abo pecBepaTpornoM noyacT nocnabniosana L
CTPEC-iHAYKOBaHi NOPYLUIEHHS LLNAXOM 3HWKEHHS renepalii O,+~, npurHivenHs akTueHocTi INOS Ta BigHOBNEHHS!
yHkuioHanbHoro 38's3ky cNOS, W0 NiATBEPAXYE iXHi renaTonpoTEKTOPHI BNACTUBOCTI 32 YMOB MOELHAHOM
NCYXOEMOLINHOrO Ta XipypriyHoro cTpecy. KombiHoBaHe 3acToCyBaHHS KBEPLETUHY Ta PECBEpATPONy Crpusie
[OCSITHEHHIO BUPAXEHILLOMO 3aX1CHOMO edheKTy NMOpIBHSHO 3 OKPEMIUM BUKOPUCTaHHSIM crionyk. Y pasi kKoMBiHo-
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BaHOTO 3aCTOCYBaHHS 3adhikcOBAHO Maiike NOBHY HOpMani3aLito MiToxoHApianbHo npoaykuii O,, BiGHOBNEHHS
aKTVUBHOCTI Ta (yHKUioHanbHoro 38'a3ky CNOS, a Takox 3HaYHe 3MEHLUEHHS! HAKOMNYEHHS NEPOKCUHITPUTIB Y

MeviHLi.

BucHoBkwu. [iaTBEPIXEHO CUHEPTriYHY B3aEMOZIi0 4BOX NOMiceHoNiB KBEPLIETUHY Ta pecBepaTpony LWoao Bia-
HOBNEHHS pefiokc-0anaHcy Ta romeocTady OKCuay a3oTy B MeYiHLi.

CyuacHi MeanuHi TexHonorii. 2026. T. 18, Ne 2(69). C. 122-128

Prolonged psychological stress represents a major patho-
genic factor contributing to the development of systemic inflam-
matory and metabolic disorders, particularly when combined
with physical trauma. In the context of modern armed conflicts
and severe injuries, post-traumatic stress disorder (PTSD) and
PTSD-like conditions are increasingly recognized not only as
neuropsychiatric entities, but also as systemic pathological states
characterized by dysregulation of the hypothalamic-pituitary-ad-
renal axis, persistent inflammation, and redox imbalance [1,2].
These alterations markedly increase the vulnerability of periph-
eral organs to secondary injury, especially under conditions of
surgical trauma [3].

The liver plays a central role in the regulation of metabolic
homeostasis, detoxification, and systemic inflammatory respons-
es. Experimental and clinical evidence indicates that liver injury
of various etiologies is accompanied by excessive production of
reactive oxygen and nitrogen species (ROS / RNS) in hepatic
tissue, leading to oxidative-nitrosative stress, mitochondrial dys-
function, and hepatocellular damage [4]. Activation of pro-oxidant
enzymatic systems, including mitochondrial electron transport
chain components, NADPH oxidases, and inducible nitric oxide
synthase (NOS), together with impaired antioxidant defenses,
promote lipid peroxidation, protein nitration, and disruption of
hepatic redox homeostasis [5].

Polyphenolic compounds have attracted considerable
attention as potential modulators of stress-induced oxidative
and inflammatory pathways due to their multitarget biological
activity and favorable safety profiles. Quercetin, a widely stud-
ied flavonoid, exhibits potent antioxidant and anti-inflammatory
properties, including direct scavenging of free radicals, inhibition
of pro-inflammatory signaling, and modulation of nitric oxide
synthase activity [6]. Resveratrol, a stilbene polyphenal, is known
to activate Sirtuin 1 (SIRT1)- and AMP-activated protein kinase
(AMPK)-dependent signaling pathways, inhibit activation of
nuclear factor kappa-light-chain-enhancer of activated B cells
(NF-kB), improve mitochondrial function, and enhance endo-
genous antioxidant defense systems [7]. Importantly, quercetin
and resveratrol act through partially distinct yet complementary
mechanisms, suggesting that their combined administration may
confer synergistic protection against oxidative-nitrosative injury.

Despite extensive evidence supporting the individual hepato-
protective effects of quercetin and resveratrol, data on their
combined influence under conditions of severe systemic stress
remain limited. In particular, the effects of combined quercetin and
resveratrol administration on hepatic oxidative-nitrosative stress
following surgical trauma in the setting of prolonged stress have
not been sufficiently explored. Understanding whether this combi-
nation can more effectively attenuate ROS / RNS overproduction
and restore hepatic redox balance is of significant relevance for

the development of pathogenetically grounded strategies aimed
at protecting the liver under stress-associated surgical conditions.

Aim
The aim of the present study was to investigate the effects of
combined quercetin and resveratrol administration on markers

of oxidative and nitrosative stress in the liver of rats subjected to
surgical trauma following prolonged stress exposure.

Materials and methods

Experimental design. The study was conducted on 35 adult
male Wistar rats weighing 210-230 g, randomly allocated into
five experimental groups (n = 7 per group):

— Group 1 (Control) — intact animals without stress exposure
or surgical intervention;

— Group 2 (SPS + Laparotomy) — rats subjected to single
prolonged stress (SPS) followed by laparotomy;

— Group 3 (SPS + Laparotomy + Quercetin) — animals ex-
posed to SPS and subsequent laparotomy and treated with a
water-soluble form of quercetin (Corvitin; PJSC SIC “Borshcha-
hivskiy Chemical-Pharmaceutical Plant’, Ukraine) at a dose of
200 mg/kg, corresponding to 20 mg/kg of quercetin [8];

—Group 4 (SPS + Laparotomy + Resveratrol) — rats exposed
to SPS and subsequent laparotomy and treated with resveratrol
(Shaanxi Jiahe Phytochem Co., China) at a dose of 5 mg/kg
body weight [5].

— Group 5 (SPS + Laparotomy + Quercetin + Resveratrol) —
animals exposed to SPS and subsequent laparotomy and treated
with a combination of water-soluble quercetin (20 mg/kg) and
resveratrol (5 mg/kg body weight).

Rats were maintained under standard vivarium conditions,
including an ambient temperature of 22 + 2 °C, relative humidity
of 30-60 %, and a 12:12 h light / dark cycle. All animals had unre-
stricted access to standard laboratory chow and tap water. Every
effort was made to minimize animal discomfort and to use the
minimum number of animals required to achieve statistical validity.

All experimental procedures were conducted in accordance
with the European Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific Purposes
(Strasbourg, 1986) and Directive 2010/63/EU of the Europe-
an Parliament on the protection of animals used for scientific
purposes. The study protocol was reviewed and approved by
the Bioethics and Ethics Committee of Poltava State Medical
University (Protocol No. 246, dated February 09, 2026).

Beginning 24 hours after surgery, animals received once daily
intragastric administration of the test formulations at a dosing
volume of 5 mL/kg for seven consecutive days. After completion
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of the treatment period, rats were anesthetized with thiopental
sodium and euthanized in accordance with institutional ethical
standards. Liver tissue was rapidly excised, and a 10 % tissue
homogenate was prepared by homogenizing samples in ice-cold
0.1 M Tris-HCI buffer (pH 7.4) at a 1:10 weight-to-volume ratio.
All procedures were performed under cold conditions to preserve
enzymatic activity and redox-sensitive parameters.

SPS was induced according to a validated protocol. Briefly,
rats were immobilized in a dorsal position on a metal platform
using surgical tape restraints for 2 hours. This procedure was
followed by a forced swim test in a Plexiglas cylinder filled with
water maintained at 24 °C. Subsequently, animals were exposed
to sevoflurane vapor (Sevoran, AbbVie S.r.l., Italy) until loss of
consciousness. After completion of the SPS procedure, rats were
housed in pairs under standard conditions and left undisturbed
for seven days. This experimental paradigm is widely recognized
as a reliable model of post-traumatic stress disorder, reproduc-
ing key behavioral, neuroendocrine, and physiological features
observed in humans [9].

Experimental surgical trauma was induced by midline laparoto-
my under intraperitoneal thiopental sodium anesthesia (50 mg/kg;
Kyivmedpreparat, Ukraine). After antiseptic preparation of the
abdominal skin, a 1-cm midline incision was performed, followed
by blunt dissection through the muscular and peritoneal layers.
A segment of the small intestine was gently exteriorized and
manually palpated for 10 seconds to simulate surgical manipu-
lation, after which it was repositioned into the abdominal cavity.
The incision was closed in anatomical layers using polyglycolide
suture material and an atraumatic needle (Biopolymer, Ukraine),
as previously described [3].

Production of the superoxide anion radical (O,+) in hepatic
homogenates was assessed spectrophotometrically using a
ULAB 101 spectrophotometer (China), based on the reduction of
nitroblue tetrazolium (NBT; IUPAC: 2,2"-bis(4-nitrophenyl)-5,5"-di-
phenyl-3,3-(3,3"-dimethoxy-4,4’-diphenylene) ditetrazolium chlo-
ride; Sigma-Aldrich, USA) to diformazan. Experimental conditions
were optimized to selectively evaluate the contribution of distinct
cellular sources of reactive oxygen species [10]. Mitochondrial
electron transport chain-dependent superoxide generation was
assessed using B-nicotinamide adenine dinucleotide, reduced
disodium salt hydrate (NADH, 297 %; Sigma-Aldrich, USA) as an
electron donor. To evaluate superoxide production associated with
the endoplasmic reticulum and NOS activity, B-nicotinamide ad-
enine dinucleotide phosphate, reduced tetrasodium salt hydrate
(NADPH, 297 %; Sigma-Aldrich, USA) was used. Lipopolysac-
charide from Salmonella typhi (Sigma-Aldrich, USA) served as
an inducer of phagocytic NADPH oxidase activity (EC 1.6.3.1).

Total NOS activity was determined by measuring nitric oxide
(NO) generation following a 30-minute incubation of 10 % hepatic
homogenates in a reaction medium containing 0.1 M Tris-HClI
buffer (pH 7.4), L-arginine (320 mM; Sigma-Aldrich, USA), and
NADPH (1 mM) [10]. Constitutive NOS (cNOS) activity was as-
sessed in parallel samples supplemented with aminoguanidine
hydrochloride (1 % wi/v; 98 %; Sigma-Aldrich, USA), a selective
inhibitor of inducible NOS (iNOS), according to established
protocols. Inducible NOS (iINOS) activity was calculated as
the difference between total NOS and cNOS activities. Protein

concentrations were measured using the Biuret method and
used to normalize enzyme activities. NOS coupling efficiency
was evaluated by calculating the cNOS coupling index, defined
as the ratio of cNOS activity to NADPH-dependent superoxide
production rate, reflecting the balance between nitric oxide and
superoxide generation by NOS isoforms.

Peroxynitrite concentrations, expressed as peroxynitrites of
alkali and alkaline-earth metals, were determined spectrophoto-
metrically based on their oxidative reaction with potassium iodide
(299.0 %; Sigma-Aldrich, USA) in 0.2 M phosphate buffer (pH
7.0), according to a standardized method [10].

Statistical analyses were performed using Microsoft Excel
with the Real Statistics 2019 add-in. Data normality was as-
sessed using the Shapiro-Wilk test. Results are presented as
the mean + standard error of the mean (SEM). For datasets with
a normal distribution, group comparisons were conducted using
one-way analysis of variance (ANOVA), followed by pairwise
comparisons with Student’s t-test for independent samples and
Tukey’s honestly significant difference (HSD) post hoc test. To
control for type | error associated with multiple comparisons, the
Dunn-Sidak correction was applied. Differences were considered
statistically significant at p < 0.05.

Results

Combined exposure to SPS and surgical trauma led to a
pronounced increase in O+~ generation in rat liver tissue, reflect-
ing robust activation of multiple oxidative pathways (Table 1). In
Group 2, O, production associated with endoplasmic reticu-
lum-linked systems and NOS was elevated by 69.7 % compared
with intact controls (p < 0.001). Mitochondrial electron transport
chain-derived O, formation increased by 72.3 % (p < 0.001),
while activity of phagocytic NADPH oxidase nearly doubled, ris-
ing by 97.6 % relative to control values (p < 0.001). Collectively,
these results indicate extensive activation of both intracellular
and membrane-bound ROS-generating systems in response to
the combined psychological and surgical stress load.

Administration of the water-soluble form of quercetin (Group
3) markedly attenuated stress-induced oxidative alterations in liver
tissue. Specifically, O+~ production associated with endoplasmic
reticulum-linked systems and NOS in liver homogenates was
reduced by 39.7 % compared with Group 2 values (p < 0.001).
Mitochondrial electron transport chain-derived O, generation de-
clined by 14.0 % (p < 0.001), approaching control levels. Querce-
tin treatment was found to significantly suppress the phagocytic
NADPH oxidase-dependent component of O+~ production by
22.2 % relative to the untreated stress group (p < 0.001).

Resveratrol administration (Group 4) also exerted a pro-
nounced antioxidant effect, although of slightly lower magnitude.
In this group, O,*~ generation from endoplasmic reticulum-as-
sociated systems and NOS decreased by 34.5 % compared
with Group 2 (p < 0.001), while mitochondrial electron trans-
port chain-dependent O,+~ production was reduced by 11.3 %
(p < 0.001). Furthermore, resveratrol significantly attenuated
phagocytic NADPH oxidase-mediated superoxide O+ forma-
tion by 17.0 % relative to the untreated SPS + surgery group
(p <0.001).
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Table 1. Effect of polyphenols on the superoxide anion radical production (nmol/s per g) in the liver of rats exposed to single prolonged stress

and subsequent laparotomy, M + SEM

Sources of superoxide anion Control rats, SPS Administration of polyphenols
radical generation n=7 + subsequent after induction of SPS and laparotomy
laparotomy,
=7 Water-soluble Resveratrol, Water-soluble
form of quercetin, [n=7 form of quercetin
n="7 + resveratrol,
n="7
Endoplasmic reticulum and NOS 17.5940.33 29.85+0.28* 17.99 £ 1.01* 19.56 + 0.52*** 18.16 £ 0.28**#
Mitochondria 19.58 £ 0.41 33.74 £ 0.20* 29.02 £1.07*%* 29.92 £ 0.56%* 19.96 + 0.42**&#
Phagocytic NADPH oxidase 2.05+0.04 4.05+0.04 3.15£0.18"** 3.36 £ 0.07*** 2.21 £0.04* =84

*: p < 0.05 compared to findings in the control group; **: p < 0.05 compared to findings in the rats of Group 2; &: p < 0.05 compared to findings in the rats of Group 3;

#: p < 0.05 compared to findings in the rats of Group 4.

Administration of the combined polyphenol regimen compris-
ing water-soluble quercetin and resveratrol (Group 5) resulted in
the most pronounced suppression of stress-induced O+~ overpro-
duction in hepatic tissue. Specifically, O+~ generation associated
with endoplasmic reticulum-linked redox systems and NOS was
reduced by 39.2 % compared with the SPS + laparotomy group
(Group 2) and by 24.2 % relative to resveratrol monotherapy
(Group 4) (both p < 0.001), with values no longer differing signif-
icantly from those of intact controls.

Mitochondrial electron transport chain-derived O, production
was nearly completely normalized following the combined treat-
ment. This parameter did not differ significantly from control values
and was markedly lower than those observed after quercetin or
resveratrol monotherapy, by 31.2 % and 33.3 %, respectively
(both p < 0.001), indicating a superior efficacy of the combined
intervention in restoring mitochondrial redox homeostasis.

Similarly, phagocytic NADPH oxidase-dependent O,* genera-
tion was markedly suppressed following combined polyphenol ad-
ministration. The resulting values closely approximated those of the
control group and were 45.4 % lower than in the SPS + laparotomy
group, as well as 29.8 % and 34.2 % lower than in the quercetin-
and resveratrol-treated groups, respectively (all p < 0.001).

Overall, the combined administration of water-soluble querce-
tin and resveratrol demonstrated a synergistic antioxidant effect,
providing more effective suppression of superoxide production
from multiple cellular sources than either compound alone. These
findings indicate enhanced protection against oxidative stress in
hepatic tissue under conditions of combined psychological and
surgical stress.

The combined application of SPS and surgical injury led to
marked activation of NOS pathways in rat liver tissue, consistent
with the development of pronounced nitrosative stress (Table 2).
In Group 2, total NOS activity was elevated by 127 % compared
to control animals (p < 0.001), indicating a substantial increase
in overall NO generation. This effect was primarily driven by
a robust induction of INOS, whose activity exceeded control
values by 175 % (p < 0.001). Conversely, cNOS activity was
profoundly reduced, showing a 77.8 % decrease compared to
controls (p < 0.001).

As a result of these opposing alterations, the cNOS coupling
index, an indicator of efficient electron transfer and physiological

NO synthesis, decreased 6.8-fold compared with control values
(p<0.001), reflecting a pronounced shift toward NOS uncoupling
and pro-oxidant enzyme behavior. In parallel, hepatic levels of
peroxynitrites of alkali and alkaline-earth metals, which represent
stable end products of O »~NO interactions, increased by 65.4 %
compared with control values (p < 0.001), providing further evi-
dence of excessive ROS formation under conditions of combined
psychological and surgical stress.

Administration of the water-soluble form of quercetin
(Group 3) markedly alleviated SPS- and surgery-induced distur-
bances in hepatic NO metabolism. Total NOS activity declined
by 40.5 % compared with Group 2 (p < 0.001), primarily due to
a pronounced reduction in iINOS activity (-43.4 %, p < 0.001)
accompanied by a partial restoration of cNOS activity (+118 %,
p < 0.02). Consistent with these changes, the cNOS coupling
index increased by 233 % relative to untreated stressed animals
(p < 0.001), indicating substantial restoration of NOS coupling
and redox efficiency. In parallel, hepatic peroxynitrite levels de-
creased by 18.0 % compared to Group 2 (p < 0.001), reflecting
attenuation of nitrosative stress and improved redox homeostasis
in liver tissue.

A comparable protective pattern was observed following
resveratrol administration (Group 4). Total NOS activity was
reduced by 43.4 % relative to Group 2 (p < 0.001), driven by
significant suppression of INOS activity (-46.5 %, p < 0.001) and
partial recovery of cNOS function (+118 %, p < 0.05). The cNOS
coupling index increased 3-fold compared with untreated SPS-ex-
posed rats (p < 0.01), indicating improved enzymatic coupling and
NO bioavailability. Concurrently, peroxynitrite content in hepatic
tissue declined by 17.7 % versus Group 2 (p < 0.001), confirming
effective mitigation of nitrosative stress.

Administration of the combined polyphenol treatment consist-
ing of water-soluble quercetin and resveratrol (Group 5) produced
the most pronounced normalization of NO metabolism in hepatic
tissue following SPS and laparotomy (Table 2). Total NOS activity
in this group did not differ significantly from control values and was
54.7 % lower than in untreated SPS-exposed rats (p < 0.001).
Importantly, total NOS activity was also significantly reduced
compared with animals receiving either quercetin or resveratrol
alone by 23.9 % (p <0.01)and 19.9 % (p < 0.02), respectively, in-
dicating a superior regulatory effect of the combined intervention.
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Table 2. Effect of polyphenols on the reactive nitrogen species formation in the liver of rats exposed to single prolonged stress and subsequent

laparotomy (M + SEM)

Parameter, Control rats, SPS Administration of polyphenols
units of measurement n=7 + subsequent after induction of SPS and laparotomy
laparotomy,
=7 Water-soluble Resveratrol, Water-soluble
form of quercetin, [n=7 form of quercetin
n=7 + resveratrol,
n="7
Total NOS activity, 3.82+0.28 8.70£0.23* 518+0.21%* 4.92+0.22"* 3.94 £0.27*8&#
pmol (NO, ) / min per g of protein
cNOS activity, 0.72+£0.06 0.16 £ 0.04* 0.35+0.05"** 0.35+0.06™** 0.73 £ 0.15**&#
pmol (NO, ) / min per g of protein
iNOS activity, 3.10+0.24 8.54 +0.20" 4.83+£0.19** 457 £0.21** 3.21+£0.16*&#
pmol (NO, ) / min per g of protein
cNOS coupling index 0.041 £ 0.003 0.006 + 0.001* 0.020 £ 0.003*** |0.018 £ 0.003*** | 0.040 £ 0.008**&#
Peroxynitrites concentration, umol/g | 1.91 £ 0.06 3.16 £ 0.04* 2.59 £ 0.06*** 2.60 + 0.06** 1.96 £ 0.04**&#

*: p < 0.05 compared to findings in the control group; **: p < 0.05 compared to findings in the rats of Group 2; &: p < 0.05 compared to findings in the rats of Group 3;

#: p < 0.05 compared to findings in the rats of Group 4.

This normalization was accompanied by a complete resto-
ration of ctNOS activity, which was statistically indistinguishable
from control levels and 108 % higher than the values observed in
both monotherapy groups (p <0.05). In parallel, INOS activity was
markedly suppressed, reaching levels close to those in control
rats and remaining significantly lower than in Groups 3 and 4 by
33.5 % and 29.8 %, respectively (both p < 0.001).

As a consequence of these coordinated effects, the cNOS
coupling index was fully restored, matching control values and
significantly exceeding those observed following individual
polyphenol administration (p < 0.001), indicating effective resto-
ration of NOS coupling and physiological NO synthesis.

Consistent with the improvement in redox homeostasis,
hepatic peroxynitrite concentrations in Group 5 declined to levels
comparable with control rats and were 38.0 % lower than in the
SPS + laparotomy group (p < 0.001). Moreover, peroxynitrite
levels were significantly reduced compared with quercetin or
resveratrol monotherapy by 24.3 % and 24.6 %, respectively
(both p < 0.001).

Collectively, these findings demonstrate that combined
quercetin and resveratrol administration confers superior
protection against nitrosative stress, effectively restoring NOS
homeostasis and limiting reactive nitrogen species accumulation
in the liver under conditions of prolonged psychological stress
and surgical trauma.

Discussion

The present study demonstrates that the combination of
prolonged psychological stress and surgical trauma induces a
profound oxidative-nitrosative imbalance in rat liver tissue, char-
acterized by excessive ROS / RNS generation, mitochondrial
dysfunction, and marked dysregulation of NOS activity. These
findings reinforce the concept that PTSD-like stress states, when
superimposed on physical injury, act as potent amplifiers of sys-

temic redox pathology, extending far beyond the central nervous
system and significantly affecting metabolically active peripheral
organs such as the liver [11,12].

Our results show that SPS followed by laparotomy markedly
activates multiple hepatic sources of O, production, including
mitochondrial electron transport chain components, endoplas-
mic reticulum-associated redox systems, NOS, and phagocytic
NADPH oxidase. This observation is consistent with our previous
findings showing that psychological stress and surgical injury
promote mitochondrial ROS leakage and activate NADPH oxi-
dase, whereas their combination elicits a synergistic response
that results in sustained oxidative stress in rat cardiac tissue
[13]. Excessive ROS generation at the mitochondrial level is
particularly detrimental, as it disrupts ATP synthesis, promotes
mitochondrial permeability transition, and sensitizes hepatocytes
to inflammatory damage [14].

In parallel with oxidative stress, the present study revealed
pronounced activation of nitrosative pathways, evidenced by a
strong induction of inducible NOS, suppression of constitutive
NOS activity, severe uncoupling of NOS isoforms, and accu-
mulation of peroxynitrites. Such a shift toward iNOS-dominant
NO production and NOS uncoupling is a recognized hallmark
of stress- and inflammation-driven liver injury [15]. Peroxynitrite
formation, resulting from the rapid reaction between NO and O -,
further exacerbates cellular damage through protein nitration,
lipid peroxidation, and inactivation of mitochondrial enzymes [16].
The observed reduction in the cNOS coupling index in stressed
and surgically injured rats indicates a transition of NOS from a
physiological signaling enzyme to a pro-oxidant source, thereby
reinforcing the oxidative-nitrosative vicious cycle.

Administration of water-soluble quercetin or resveratrol alone
significantly attenuated both oxidative and nitrosative stress
markers, confirming their well-documented hepatoprotective
properties. Quercetin reduced O+ production from multiple
intracellular sources and partially restored NOS coupling, likely
through suppression of pro-inflammatory signaling and direct
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radical-scavenging activity [6,8]. Resveratrol exerted comparable
effects, which may be attributed to its ability to enhance mitochon-
drial function, activate AMP-activated protein kinase and sirtuin-1
pathways, and upregulate endogenous antioxidant defenses [7].
These findings are in line with previous studies demonstrating
that each compound independently mitigates oxidative stress
and improves NO bioavailability in models of metabolic and
inflammatory liver injury [5,17,18].

Importantly, the combined administration of quercetin and
resveratrol exerted the most pronounced hepatoprotective
effect, clearly exceeding the efficacy of either polyphenol used
alone. This combined intervention almost completely normalized
mitochondrial O,*~ generation, fully restored ctNOS activity and
its coupling, and reduced hepatic peroxynitrite accumulation to
levels indistinguishable from those of intact animals. Such a pat-
tern indicates a synergistic rather than merely additive interaction
between quercetin and resveratrol in limiting oxidative-nitrosative
stress under conditions of prolonged psychological stress and
surgical trauma.

The enhanced efficacy of the combined treatment may be
explained by the synergistic actions of the two polyphenols.
Quercetin predominantly suppresses pro-oxidant and pro-in-
flammatory pathways and directly scavenges reactive oxygen
species, whereas resveratrol improves mitochondrial function,
optimizes redox signaling, and stimulates endogenous antioxi-
dant defenses [6,7]. Acting in concert, these mechanisms more
effectively interrupt the self-amplifying ROS / RNS cascade and
promote stabilization of hepatic redox homeostasis following
stress-induced injury.

Consistent with this interpretation, previous experimental
studies in metabolic and inflammatory disease models have
demonstrated that combined quercetin and resveratrol therapy
provides superior protection against oxidative damage, metabolic
dysregulation, and tissue injury compared with monotherapy. In
experimental models of diabetes, cotreatment with quercetin and
resveratrol more effectively reduced hyperglycemia, dyslipidemia,
oxidative stress, and tissue injury while preserving hepatic meta-
bolic enzyme activity and pancreatic B-cell integrity, highlighting
a clear synergistic interaction between these polyphenols [19].
Together with our findings, these data support the concept that
combined polyphenol administration represents a rational and
pathogenetically grounded strategy for mitigating hepatic oxida-
tive-nitrosative stress associated with severe psychogenic stress
and surgical trauma.

The observed normalization of NOS coupling under combined
treatment is of particular importance. Restoration of cNOS func-
tion not only limits O+~ generation from uncoupled cNOS but also
preserves physiological NO signaling, which is essential for hepat-
ic microcirculation, mitochondrial respiration, and cytoprotection
[20]. By simultaneously suppressing iNOS overactivation and
restoring cNOS-derived NO synthesis, the quercetin-resveratrol
combination effectively shifts NO metabolism from a cytotoxic to
a regulatory profile.

From a translational perspective, these findings are highly
relevant. Liver dysfunction is a common complication in patients
experiencing severe psychological stress and trauma, including
those undergoing surgery after combat-related or civilian injuries.

The present results suggest that combined polyphenol-based
interventions may offer a promising adjunctive strategy for limiting
stress-associated hepatic injury by targeting both oxidative and
nitrosative pathways. Importantly, the use of a water-soluble
quercetin formulation likely enhanced bioavailability and tissue
distribution, further contributing to the observed efficacy [21].

Several limitations should be acknowledged. The study did
not directly assess molecular signaling pathways such as NF-
kB, Nrf2, SIRT1, or AMPK, which are known targets of quercetin
and resveratrol. Therefore, mechanistic interpretations regarding
transcriptional regulation remain inferential and based on estab-
lished literature. In addition, only a single dose and treatment
duration were evaluated; future studies should explore dose-re-
sponse relationships and longer-term outcomes. Nevertheless,
the consistent normalization of multiple independent redox and
NOS-related parameters strongly supports the robustness of the
observed protective effects.

Conclusions

Combined administration of quercetin and resveratrol
provides superior protection compared with either compound
alone, leading to near-complete normalization of mitochondrial
O+ production, full restoration of cNOS activity and coupling, and
marked reduction of peroxynitrite accumulation. These findings
indicate a synergistic interaction between the two polyphenols in
restoring hepatic redox and nitric oxide homeostasis.

Prospects for further research. Future studies should focus
on direct molecular validation of the signaling pathways involved
(e. g., NF-kB, Nrf2, SIRT1, and AMPK), evaluation of dose-re-
sponse relationships and long-term outcomes, and assessment
of functional hepatic parameters. Investigating the effects of
combined quercetin and resveratrol therapy in clinically relevant
models and exploring its translational potential in stress- and
trauma-associated liver dysfunction are also warranted.
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NpoTuwokoBa Tepania npu 60MoBiK TpaBMi Ha AorocnitaAbHOMY eTani:
CYUacHi niaxoau Ta natodisiororiuHi 06rpyHTYBaHHA

A. M. ConTUCIK(ACPEF | B, 3apiBHa2®
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TpaBmaTu3M 3anuiiaeTbCs OAHIE 3 NPOBIHUX NPUYMH NETanbHOCTI Ta iHBanigu3auii y CBiTi, a B ymoBax
nosHomacLUTabHux 6oroBux fiit B YkpaiHi Habysae 0cobnneoro Meamko-coianbHoro 3HayeHHs. MacusHa kpo-
BOBTpaTa Ta PO3BUTOK rEMOPAriYHOrO LLOKY € OCHOBHUMI YMHHUKAMU CMEPTi MOPaHEHUX Ha JorocnitTanbHoOMy
eTani, Wo 3yMOBMOE HeOOXiaHICTb BNPOBaKEHHs! CyvacHWX, NatodisionoriyHo obrpyHTOBaHMX MigXOAiB A0
MPOTULLOKOBOI Tepanii.

Merta poboTu — y3aranbHeHHs Ta NaTtogidioNoriYHniA aHania cy4acHuX Niaxo4is 40 NPOTULLOKOBOI Tepanii npu
oitoBili TpaBMi Ha forocniTanbHoMy eTani BignoBigHo Ao koHuenuii Damage Control Resuscitation.

Martepianu i meToau. [JoCTiKeHHS 30iACHEHO LNISIXOM CUCTEMATUYHOTO aHari3y CyqacHUX HaykoBux NybnikaLlii
y 6a3zax PubMed, Scopus, Web of Science, Cochrane Library, a Takox MixkHapogHUXx pekoMeHaaLlilt i npoTokonis
TakTMyHoi Meauuuku (Tactical Combat Casualty Care).

Pe3yAbTaTh. Y3aranbHEHO CyvacHi ysBMEHHsS NpO NaToreHe3 remopariyHoro LWoky npy 60/AoBii TpaBMi 3 No3u-
Ll KOHLienUin Tak 3BaHNX NeTanbHOI Tpiaau Ta fiamaHTa cMepTi. [okasaHo, WO paHHii KOHTPOb KPOBOTEI,
obmexeHa iHgy3iliHa Tepanisi, reMocTaTyHa pecycuuTaLlis KOMNOHEHTaMK KpOBi, NpodiNnakTuka rinoTepmii,
KopekLis rinokanbLiemii Ta ageksaTHe 3He60M0BaHHS — B3aEMONOB'si3aHi CkrnagoBi epeKTUBHOT AorocnitansHol
ponomoru. OcobnvBy yBary NpuAaineHo pori TpaHekcamoBOi KMCMOTH Sk NaTOreHETUYHO 06r'pyHTOBaHOrO 3acoby
paHHbOI KOpeKLji TpaBMaTuyHoi koarynonarii. O6rpyHTOBaHO AOUINBHICTb ii BBEAEHHS Ha JorocnitansHOMY
eTani, BpaxoByt4u KpUTUYHY YacoBY 3aneXHICTb KIiHIYHOTO eekTy.

BucHoBku. IHTerpauis npuHumnie Damage Control Resuscitation y npoTokonu gorocnitansHoi AonoMoru npu
O0oi10BilN TpaBMi Aa€ 3MOTy 3MEHLUMTY YacTOTy AeKOMMeHcaLi, 3HU3NTW NEeTanbHICTb | NOKPaLMUTY Pe3ynbTaTi
HaCTyNHWX eTaniB NikyBaHHs Ta MEAMYHOI eBakyaujii. PO3BUTOK BilCbKOBOI MeaULMHN Mae ByTu CnpsiMoBaHuii
Ha CTaHAapTU3aLilo Ta NpaKTUYHY peanisaLlilo KOMMIEKCHUX NPOTULLOKOBMX anropuTMiB, BPAXoBYKOHYM YMOBH
6onoBmx fiit.

CyuacHi meanuHi TexHonorii. 2026. T. 18, Ne 2(69). C. 129-134

Anti-shock therapy for combat trauma in the pre-hospital setting:
modern approaches and pathophysiological rationales

L. M. Soltysik, I. V. Zarivha

Trauma remains one of the leading causes of mortality and long-term disability worldwide, and in the con-
text of ongoing full-scale hostilities in Ukraine has acquired exceptional medical, and social significance.
Massive hemorrhage and the development of hemorrhagic shock are the main causes of death among the
wounded during, underscoring the need for contemporary, pathophysiologically grounded approaches to
anti-shock therapy.

The aim of this work is to summarize and provide a pathophysiological analysis of modern approaches to pre-
hospital anti-shock therapy for combat trauma, in accordance with the Damage Control Resuscitation concept.

Materials and methods. The study was based on a systematic review and critical analysis of current scientific
publications from PubMed, Scopus, Web of Science, and the Cochrane Library, as well as international tactical
medicine guidelines, including the Tactical Combat Casualty Care recommendations.

Results. Modern concepts of the pathogenesis of hemorrhagic shock in combat trauma are summarized through
the lens of the “lethal triad” and the expanded “diamond of death”. Itis demonstrated that early hemorrhage control,
restricted fluid therapy, hemostatic resuscitation with blood components, prevention of hypothermia, correction
of hypocalcemia, and adequate analgesia are interrelated components of effective prehospital care. Particular
emphasis is placed on the role of tranexamic acid as a pathogenetically justified agent for early correction of
traumatic coagulopathy. The rationale for its administration at the prehospital stage is substantiated, taking into
account the critical time-dependence of its clinical efficacy.
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Conclusions. Integration of Damage Control Resuscitation principles into prehospital care protocols for combat
trauma reduces physiological decompensation, lowers mortality, and improves outcomes at subsequent stages of
treatment and medical evacuation. Further advancement of military medicine should focus on the standardization
and practical implementation of comprehensive anti-shock algorithms adapted to the realities of combat operations.

Modern medical technology. 2026;18(2):129-134

[mo6anbHoK NPo6reMor OXOPOHM 3OPOB’S Ta OFHIEH 3
MPOBIAHMX MPUYKUH iHBAIZHOCTI 1 NeTanbHOCTI 3anuLIaeTbes
TpaBmaTu3M. 3a gaHumu BcecBiTHBLOI opraHisallii OXOpoHM
300pOB's, NoHaA 4,4 MIH MoAen y CBIiTi NOMMPAlOTb Bif TPaBM
LLOPOKY. [10 HANMOLLMPEHILUMX NPUYMH NETANbHOCTI BHACIZOK
TpaBM Hanexatb JOPOXHbO-TPAHCMOPTHI MPUrOAW, NagiHHS,
camoryBCTBO, YTOMMEHHS, a TaKOX TPABMM, MOB’13aHi 3 BOEHHUMU
KOHdnikTamm [1].

B ymoBax noBHomacLUTabHOro BTOPrHEHHS pocii B YkpaiHy
npobrema TpaBMaTuamy 3aroctpunacs. boosi gji Ta 36poitHa
arpecis Npu3BoaATL 40 MacoBWX BTpaT Cepen BiiCbKOBMX i
LMBINbHOTO HACemNeHHs, 3pOCTag KiNbKiCTb NOPaHEH!X, a TaKoX
PyHyBaHb 00’€KTIB KPUTUYHOI iHGPACTPYKTypH, LLO CYTTEBO
YCKITaZHKE HafaHHs HeoOXigHOT MeayyHOT fonoMor. 3a OHoB-
nexHumun gaHmmmn Mowitopunrosoi Micii OOH 3 npaB noguHu,
cTaHoM Ha nucrtonag 2025 poky KinbkiCTb 3a40KYMEHTOBaHMX
XEPTB Cepef LMBINbHOMO HaceneHHs nepesuLLye 53 Tuc. ocid, 3
HUX NoHap 14 Tuc. 3armbnux i noHag 38 TuC. nopaHeHx, cepen
HUX € AiTW. 3a OUiHKaMK MiXHAPOAHUX EKCMepTiB, (akTUYHi
MOKa3HWKMW, IMOBIPHO, € 3Ha4YHO BULLIMMMU [2].

Pasom i3 Tvm, 3a oiiiHor 3asBoto MpesnaerTa Ykpaihw,
Bif, MOYATKy BTOPTHEHHSI 3arMHynW noHag 46 TUC. YKpaiHCbKNX
BilicbkoBMX, a 6nm3bko 380 Tuc. 3a3Hanu nopaHeHb [3]. Taki
MacLuTabm BTpaT cBigyaThb Npo 6e3npeLeaeHTHUIA piBeHb TpaB-
MaTnamy, KM NoTpebye YAOCKOHANEHHS! CUCTEMM HadaHHS
MEOMYHOI AOMOMOrM, po3pobKM Cy4yacHWX METOMIB eBakyaLii
nocTpaxaanux i BNIpoBamKeHHs! eheKTUBHUX peabiniTalinHmnx
nporpam.

Y umx ymoBax 0cobnmBoi yBarm notpedye po3BUTOK BIliCbKO-
BOi MEeNLMHK, OCKiNbkW came BoHa 3abesrneyye CBOEYacHy
eheKT1BHY JOMOMOTY NopaHeHWUM Yy 30Hi 6ooBKX i, Brcokwin
piBEHb TPAaBMaTU3My Cepes, BiliCbkoBOCIYX60BLIB hOpMYE HOBI
KMiHIYHi BUKIWKIA, NOB'AA3aHI 3 TSHKKICTIO YLLKOLKEHb, 0OMEXEHUMM
pecypcamu Ha MicLji nogii Ta HeoOXigHICTIo WBMAKOT cTabinizawi
CTaHy NoCTpaxaanoro.

Came TOMy MpOTArOM OCTaHHIX POKIB y cApepi BiliCbKOBOI
MeauLMHU BifOYBAETHCS 3HAYHUI NPOrpec, CPsSMOBaHUA Ha
ONTUMI3aLlil0 anropuTMIB HaZaHHS JONOMOTM, YAOCKOHANEHHS
MigxoaiB 4O NEPBUHHOIO BELEHHS MOPaHEHNX Ha Aorocnitanb-
HOMY eTani Ta BNPOBaKEHHS CTpaTerii KOHTPOMHO YLIKOAKEHD.
HesBaxaroun Ha Ui JOCATHEHHS!, OFHI€I0 3 OCHOBHWX MPUYMH
neTanbHOCTI cepes NoOpaHeHUX Ha noni 60t Joci 3anmwaeTbes
rinoBONMEMIYHWI LLIOK, eTiONATOreHes sKoro npu 6oMoBIN TpaBMmi
Ma€ MyNbTUAKTOPHWUI XapakTep, WO HanyacTiLle 3yMOBIIEHMI
MaCyVBHO KPOBOBTPATOH, MMOKCIE0, TPABMATUYHWM YLLUKOKEH-
HSIM TKaHUH, iIHGhEKLIIiHO-3anasnbHOK peakLieto abo kombiHaLlieto
umx cpakTtopis [4].

BignosigHo fo cyvacHoi koHuenuii Damage Control
Resuscitation, npoBigHO0 NaHKo y natoreHesi 6o1oBoi TpaBMM
| TSXKKOT HEKOHTPONBLOBAHOI KPOBOTEY € «MNeTarbHa Tpiagay, Wo
XapakTepusyeTbCs rinoTepMieto, aunao3oM i koarynonarieto.

OcTaHHiM YacoM [0 i€l KOHLenLii 4oaaHo rinokanbLiemito, 1
y Takuil cnocib po3LWMPEHO [0 MOHATTS «[iamaHTa CMepTi».
Woro BiaHauatoTh Ik KOMMMEKC i3 HOTUPLOX B3aEMONOB'A3aHNX
KOMMOHEHTIB, LLO MOCKIOTL OAMH OFHOTO i NPM3BOAATL [0
nornnbreHHs remognHamiyHoi HecTabinbHOCTI Ta AUCYHKLT
opraHiB i cuctem [5].

Y LbOMY KOHTEKCTi 0COBNMBOrO 3Ha4eHHs! HabyBae paHHs
MPOTULLIOKOBA Tepanis Ha forocnitanbHOMY eTani K KpUTUYHO
BaXIMBa MaHKa NaHLora BIBKMBAHHS, OCKINbKM CaMe B MepLLi
XBUIMWHM Nicns nopaHeHHs OpPMYIOTLCA KITOYOBI natodisiono-
MYHi MEXaHi3MK, Lo BWU3HAYaK0Tb nepebir reMopariyHoro oKy
i1 ePeKTUBHICTb NiKyBarbHO-eBaKyaLiiH1X 3ax0AiB. Y 3B'A3Ky 3
MM aKTyanbHUM € y3aranbHEHHS Cy4aCHWX HAYKOBUX JaHWX Ta
aHania nigxoais 40 NPOTULLIOKOBOI Tepanii npy 60ooBiN TpaBMi 3
no3uLuiin natodisionorii reMopariyHoro LLOKyY, 30KpemMa B Mexax
koHuenuii Damage Control Resuscitation.

Merta pobotu

Y3aranbHeHHs Ta naTodisionoriyHMin aHania cy4acHux
nigxoAiB O NPOTULLIOKOBOI Tepanii npu 6ooBii TpaBMi Ha Ao-
rocnitansHOMy eTani BignoBigHo Ao koHuenuii Damage Control
Resuscitation.

Marepianu i meToAM AOCAIAKEHHA

3pifcHUIM CUCTEMATUYHWIA OMNSAA Ta aHani3 KniHiYHUX pe-
KOMeHZaLi i cyqacHux mybnikaLlii, Lo iHAEKCYTbCS Y MiKHa-
POAHVX HayKOMETpuYHUX 6a3ax aaHux PubMed, Scopus, Web of
Science Ta Cochrane Library, a Takox MiXHapoaH1X NPOTOKONiB
3 TakTM4HOi MeamumHm (Tactical Combat Casualty Care) wono
KoHTponto ywkomxeHs (Damage Control Resuscitation).

Pe3yabtatu

Konuenuis Damage Control Resuscitation cpopmysanacs
SK pesynbtar baraTopiyHOro JOCBigy BINCHKOBOI MEOULMHM Ta
XapakTepu3ye CyvacHi nigxoam 40 BeAeHHS NaLiEHTIB i3 TSHKKOH
TpasMoo [6]. i nepeaymosm noyanu hopmysaTics Le ia Yac
B’eTHamcbkoi BiHM y 1960-1970-x pokax, konu Ans xipypris
CTarno O4EBWAHM, LLIO TPMBai ONepaTUBHi BTPYYaHHS Ta HEKOHT-
pornboBaHa iH(ya3iiiHa Tepanist y reMoanHaMiYHO HeCTabinbHUX
nopaHeHuX NaLieHTIB CyTTEBO MiABULLYIOTb PiBEHb NETANBHOCTI.

®eHoMeH Tak 3BaHOi NeTanbHoi Tpiaau, TOBTO NOeAHaHHS
rinotepmii, koarynonarii Ta MeTaboniyHOro aumao3y, 3anuilas-
€A1 KIKOYOBOKO NPOGNEMOL, L0 Pi3KO MoripLlyBana nporHo3 y
TSDKKO nopaHeHux. KoxeH i3 KOMMOHEHTIB Tpiagyu NOTeHLioBaB
NaTonoriyHi MexaHiam1 04WH O4HOrO: rinoTepMis nornubniosana
koarynonarito, NopyLUEHHS 3ropTaHHs CMIPUYMHSIIIO KPOBOTEYY, a
aumuaos, Lo NporpecyBas, 3HKYBaB ePeKTUBHICTb CEpLIEBO-CY-
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JWHHOT cuCTEMY Ta NOripLLYBaB TKaHUHHY nepdysito. Y pesynbrari
Li npouecy chopMyBanm X1bHe Komo, LLO LBMAKO NPU3BOAMIIO A0
[eKoMMeHcaLji Ta CMepTi, HaBiTb 32 YMOB CBOEYACHOTO Xipyprid-
HOTO BTpYYaHHs [5,7].

Y 1980-1990-x pokax y BiliCbKOBIl | LiBirbHIN Xipyprii nocTy-
MoBO CCHOpPMYBAsIoCs PO3YMIHHS TOrO, LLIO TPaAULinHI nigxoam 4o
BEAEHHS TSHKKO TPAaBMOBaHUX NaLLiEHTIB HEAOCTATHLO EDEKTUBHI
y NepLLi, HAWroCTPILWi roguHK nicnst nopaHeHHs. Came Togij 3a-
nposamxeHo napagurmy Damage Control Surgery, y Mexax skoi
pekoMeHA0BaHO GinbLU MparMaTyHi 3aX0au: KOPOTKi BTPYYaHHS],
CrpsiMOBaHi Ha 30epeXXeHHs KUTTS, cTabinisaLis cTaHy Ta nuie
MiCNS UbOro — OCTATOYHE BiAHOBMNEHHSI aHAaTOMIYHWX CTPYKTYP.
3acTocyBaHHs MoeTanHux fi y kKoMOiHaLi 3i WBMAKUMU TUM-
4acoBUMW BTPYHAHHSIMM Ta IHTEHCUBHOO iH(DY3IHOK Tepanieto
LiACHO CNPUSNN 3MEHLLEHHIO CMEPTHOCTI KPUTUYHMX MaLjieHTiB
i3 Tpasmoto [8].

Brim, sk nokasaB [ocBia, nuLle XipypriyHuX pilleHb Hepo-
cTaTHbo. CynyTHS MPOTULLIOKOBA Tepanisi 3anmiaeTbesl obme-
XyBarbHUM akTopoM edpektusHocTi Damage Control Surgery,
OCKiNlbKM MaciBHa KpOBOBTpaTa HEMMUHYYe MPU3BOAUTL A0
(bopMyBaHHs Tak 3BaHOI NETanbHOI Tpiaau, 40 SKOI HUHI 06rpyH-
TOBaHO [I0AAt0Tb rinokanbuiemito [9]. Po3yMiHHS KpUTUYHOI poni
neTanbHoI Tpiagu Ta Ti B3aEMHO MOB'A3aHUX MeXaHi3MiB cTano
nigrpyHTaM 4ns nepernsagy Nigxogis 4o KOMMIEKCHOM BeAeHHS
nauieHTis i3 nonitpasmoto [10].

Ha nouatky 2000-x pokiB, CNMpatoymch Ha BOEHHUI OCBIA
B Ipaky Ta B AdraHicTaHi, ChopMOBaHO CyvacHy cTpaterito
Damage Control Resuscitation, sika noegHyBana paHHii KoH-
Tponb Kepena kpoBoTeui, 36anaHcoBaHy iHGy3iliHy Tepanio
Ta NpoinakT1Ky NaToqisionoriYH1X NopyLLEHb, L0 NPU3BOAATL
[0 AekomneHcauii [11]. BusHavanbH1m acnektom ctano Te, Wo
peaHiMaLjiiiHi 3axo4n MatoTb MOYMHATUCH SIKOMOTra paHile (Le
Ha noni 6oto) i ByTn cnpsMOBaHUMK NEPeayCiM Ha 3anobiraHHs!
PO3BUTKY NETANbLHOI Tpiaay — Koarynonarii, aungosy, rinotepmii.
3 nopaBaHHAM rinokanbLieMii KoHLenLis TpaHcgopMyBanacs
Yy TaK 3BaHWIN AiaMaHT CMepTi, WO NiATBEPIKYE KPUTUYHY POSib
KanbLiito B poboTi cepLieBO-CyAMHHOI CCTEMM Ta 3rOpTaHHI KPOBI.
Came Takuit nigxig cTaB MigrpyHTAM Ans Cy4acHUX NPOTOKOMIB
TaKTUYHOT MeauumHK, Hacamnepen Tactical Combat Casualty
Care (TCCC) [12].

Possutok koHuenuii Damage Control Resuscitation cnpuss
MPVHLMMOBOMY NMEPEOCMMCIIEHHIO POITi 4OroCniTanbHOro eTany
K KDUTUYHO BaXKIMBOI CKIAZ0BOI JTaHLKora BKMBaHHS npy 60-
1oBir TpasmMi [13]. Y cyyacHux ymoBax came nepLui XBUAnHK Ta
rOAMHM NiCNs NOPaHEHHs BU3HaYatoTb NPOrHO3 i ePEKTUBHICTb
nogasbLux nikyBanbHO-eBaKyaLinHUX 3axogiB. HakonuyeHni 3a
OCTaHHi POKM JOCBIf GOMOBMX il | pesynsTaTu KIiHiYH1X Aochi-
[PKeHb JOBOAATD, LLO SKICTb NEPBUHHOI cTabinisaLji nopaHeHoro
Mae He MEeHLLIE 3HAYEHHS, HiX 06Csr creLlianiaoBaHoi XipypriYHoi
[OMOMOIY Ha HAaCTYMHKX eTanax MeauyHoi eBakyadii [14].

[MpoBigHOK NaHKOK NPOTULLOKOBOI Tepanii Ha gorocnitarb-
HOMY eTari 3anuLIaeTbCa PaHHIn Ta ePEKTUBHUIA KOHTPOMb
KpOBOTEMI, OCKIMbK/ Came MacuBHa KpPOBOBTpATa € OCHOBHOK
MPUYMHOKO PO3BUTKY FNOBOMEMIYHOIO LUOKY Ta CMepTi Ha Nofi
Boto. CyyacHi KniHiYHi pekomeHZaLii 3 TaKTUMHOT MeLULMHM
HaromnoLLyHTb, L0 3aCTOCYBaHHS MEXaHIYHNX METOZIB 3yMnHKA
kpoBOTeui Mae nepegyBatv Oyob-AkUM iHY3IAHUM BTPyYaH-

Ham. CBOeYaCHe BUKOPUCTaHHS TYPHIKETIB, reMOCTaTUYHMX NOB's-
30K i TaMMOHaaM paH Aae 3MOry LUBUAKO OOMEXNUTY BTPATY KPOBi
Ta CTBOPUTW YMOBM 151 cTabinisavji remoguHamikv. [JloBeaeHo,
LLIO MPaBUITbHE HaKIaAEHHS TYPHIKETIB 3HAYHO 3HIDKYE NeTanb-
HICTb 6€3 ICTOTHOTO 3POCTaHHS YaCTOTH iLUEMIYHUX YCKIaAHEH,
LU0 MIOTBEPIKYE iXHIO KMHOYOBY POMb Y Cy4aCHWUX MPOTOKOMax
forocnitansHoi gonomoru [15].

[NapanenbHo 3 KOHTPOMEM KPOBOTEMI peanisyeTbCs CTpaTeris
obmexeHoi iHdysiiHOT Tepanii, Lo € 0aHUM i3 6a30BMX NPUHLK-
nie Damage Control Resuscitation. Bigmosa Big arpecvBHoro
BBEJEHHSI KPUCTANOIAHMX PO3YMHIB Y Benukux ob’emax ctana
Ba)XMMBMM KPOKOM Y MpodpinakTuLi koarynonarii, rinotepmii Ta
MOCUNeHHs TKaHUHHOTO Habpsiky [16]. CyyacHi nigxoau nepega-
GavaloTb LiNboBy pecycuuTaLito 3 MigTPUMaHHSM MiHiMansHO
[OCTaTHBOrO PiBHS apTepianbHOro TUCKY 40 OCTaTOMHOrO KOHT-
POSo Keperna KpoBoTeui. Taka TakTvka, BigoMa Sk nepmicuBHa
rinoTeH3isl, ae 3MOory 3MEHLUMTU pU3KK NOBTOPHOI KPOBOTEY Ta
BOZHO4aC 3abe3neqnTy agekBaTHy nepdy3ito UTTEBO BAXIMBIX
opraHis. BUHSTOK CTaHOBNATb NOPAHEHI 3 TSKKOK YepenHo-Mo3-
KOBOO TPABMOIO, Y SIKUX LiiNbOBI MOKA3HWKM reMOAMHaMIKL MoTpe-
OytoTb iHaMBIgyansHoro nigxogy [17].

Ocobnuee MicLie B Cy4acHil NpOTULLOKOBI Tepanii nocigae
PaHHE 3aCTOCYBaHHsI KOMMOHEHTIB KPOBi ab0 LinbHOI KPOBi Ha
forocnitansHoMy eTani. [JaHi, OTpUMaHi IPOTAroM OCTaHHIX POKiB,
CBiYaTh: reMOCTaTYHa pecycLmTaLlis 3 BUKOPUCTaHHAM CriBBia-
HOLLIEHHS1 KOMNOHEHTIB KPOBI, HAabnMKeHoro 0 ¢isionoriyHoro,
[a€ 3MOry 0[JHOYaCHO KOpWryBaTy rinoBoNeMito, Koarynonarito
i TKAHWHHY TINOKCIt0. BUKOPUCTAHHS HU3bKOTUTPOBAHOI LiifTbHOI
KpOBI acoLinoBaHe 3 kpaLLumm pesynsratamu, 30Kpema BUxmBa-
HICTIO, NOPIBHSIHO 3 TPAAWLINHUMM iHAY3IMHUMK CepeaHMKamu,
TOMY Liei Niaxig BU3HAYEHO Sk NepenekTUBHIIA | natodidionoriyHo
06rpyHTOBaHMI y BooBMXx ymoBax [18].

BaxnuBoto cknaioBOK KOMMMEKCHOI NPOTULLIOKOBOI Tepanii
€ PaHHS KOpEeKLjis TpaBMaTUYHOI Koaryronarii, Lo (hopMyeTbes
BXe B NepLLi XBUNUHYK nicns nopaHeHHst. [inonepdysis, aumaos,
rinoTepmist Ta BBEAEHHS (haKTOpIB 3ropTaHHs CTBOPHOKOTb YMOBM
[Nsi NOPYLLEHHS reMOoCTasy, LU0 Nporpecye. Y LibOMY KOHTEKCTI
06r'pyHTOBaHNM € paHHE BBEAEHHS TpaHeKcamMoBoi kucnotv [19].

TpaHekcaMoBa K/CNOTa — CUHTETUYHUIA aHaror NisuHy, Lo
pearnisye reMoCTaTU4HIUA ePEKT LNSXOM KOHKYPEHTHOro Gro-
KyBaHHS1 3B'I3yBaHHS NnasmiHoreHy 3 pibpuHOM, NPUrHivyoum
B TaKMi cnocié HagMipHWiA ibpuHONI3, SKNA € XapaKTEPHUM
IS paHHbOI hasu LIOKY. Y naLlieHTiB i3 6ONOBOK TPaBMO ak-
TuBaLis hibpuHoNi3y BiaOyBaETHCA BXKE B NEPLLi XBUIMHM MiCs
YLIKOZKEHHS Ta acoLLitoeTbCs 3 rinonepdysieto TKaHWH, eHaoTe-
nianbHO ANCHYHKLIEK Ta CUCTEMHO 3anasbHO BiANoBIAAL0.
HekoHTponboBaHuin hidp1HONI3 NPU3BOANTb OO LWBWAKOI AecTa-
Ginisauii cpopmoBaHoro Tpomby, MporpecyBaHHs KPOBOTEMI Ta
MOCUNEHHS Koaryrnonarii, Lo 3Ha4YHO NoripLUye NPorHo3. Y Lsomy
KOHTEKCTi paHHe BBELEHHS TPaHEKCaMOBOI KUCIOTY BU3HaYaK0Th
He sIK JOMOMDKHMIA, @ SIK NaTOreHEeTUYHO 00r'pyHTOBaHWIA ENEMEHT
npoTuLLoKoBoi Tepanii [20].

Pesyneratn gocnimkeHs CRASH-2 Ta MATTERS nigteep-
JWNK, LLO BBEEHHS TPAHEKCAMOBOI KUCIOTY MPOTArOM FOAUHY
niCns TPaBMM CYTTEBO 3HKYE PiBEHb NETANLHOCTI Bif MaCUBHOI
KPOBOBTPATH, @ PU3NK BUHWUKHEHHS TpOMBOeMBOoniYHMX yeknaa-
HeHb 3anuLaeTbesl HU3bkiuM [21].
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EdbekTnBHICTb NpenapaTy KpUTUYHO 3anexuTb Bif yacy:
HaMKPaLLOro TepaneBTUYHOrO edoekTy JocsratoThb Y pasi BBe-
[EeHHs BNPpoaoBX 60 XBUNWH, @ BBELEHHS MICNS TPbOX FOAWH
€ HepouinbHMM abo HaBiTb MOXeE 3alukoauTh. Lle symoBnioe
HeobXigHICTb HagaHHs! aHTMAIOPUHONITUYHOT JoMOMOrK came
Ha gorocnitansHoMy eTani [22].

OcobnuBiCTIO 3aCTOCYBaHHS TPAHEKCAMOBOI KUCTIOTM B yMO-
Bax OooBWVX AiNt € ii hapmakonoriyHa cTabinbHICTb, NpocToTa
BBEJ)EHHS Ta MOXNUBICTb iMNNEeMeHTalii y CTaHaapTM30BaHi
anropuTMm TakTUYHOI MeauuuHK. MNpenapaTr MOXHa BBOAUTM
BHYTPILLUHBOBEHHO Ta BHYTPILUHLOKICTKOBO, LU0 € KPUTUYHO BaX-
NBMM y CUTYaLlisix 0OMeXeHOro BeHo3Horo gocTyny. CtaHgapTHa
pekoMeH0BaHa j03a Ha JorocniTanbHOMY eTani CTaHOBUTb 2 T
TpaHeKCaMOBOI KICIOTU, BBEAEHOI MOBINbHO, 3 NOAANbLIMM
MPOAOBKEHHAM iHdby3ii 860 MOBTOPHWUM BBEAEHHSM Ha HACTYMHUX
eTanax Mean4Hoi eBakyallii 3a nokazaHHsMM. Taka cxema fobpe
y3rooxyeTbes 3 koHLenuietlo Damage Control Resuscitation i He
notpebye cknagHoro nabopaTopHOrO MOHITOPWHIY B MOMbOBHX
ymoBax [12,23].

Y KNiHIYHOMY aCreKTi KI4Y0BOI0 NepeBarot TpaHEKCaMOBOI
KucnoTv € ii 3gaTtHicTb cTabiniayBatv remocTatnyHuiA 6anaHc
6e3 nornuMoneHHs! iHWKX KOMMOHEHTIB TaK 3BaHOrMO fiamaHTa
cMepTi. Ha BigMiHy Big HagMipHOI iHdy3iHOI Tepanii, TpaHek-
CaMOBa KMC0Ta He CPUYMHAE FiNOTEPMIto Y1 reMoguntoLito, a
il 3aCTOCYBaHHS Y NMOEAHAHHI 3 reMOCTaTUYHOK pecycUmTaLieto
KOMMOHEHTaMW KPOBi MOTEHLit0E e(heKT paHHbOrO KOHTPOMHO
kpoBoTeui. Kpim TOro, 3a cy4acHUMM AaHUMM, TpaHekcamoBa
KICIOTa MOXE OMOCEepPefKOBaHO 3MEHLLYBATH BUPAXEHICTb
3anarbHoi BignoBiai Ta eHOOTENIanbHOrO YLLKOMKEHHS, @ OTXe
MEPCNEKTUBHUM € i LMpLUE 3aCTOCYBaHHS B KOMMIEKCHOMY
NiKyBaHHi TSXKKOT TpaBMu [24].

He MeHLL 3HauyLL0t NPoGNEMOND 3anmLLAETLCS TiNoTepMis,
L0 € OOHMM i3 KMOYOBUX €NeMeHTIB NPOTMLLOKOBOI Tepanii.
YmoBm Boii0BMX Aild, TpMBana eBakyauis Ta KOHTaKT NopaHeHo-
r0 3 XONOJOBUM areHTOM MPU3BOAATL [0 LUBWUAKOTO 3HUKEHHS
TemnepaTtypu Tina, WO HeraTMBHO BNAMBAE Ha KoarynsuinHWi
Kackap i cepLeBo-CyAnHHY cuctemy. ToMy akTUBHY NpodinakTuky
rinoTepMii LSIXOM 3irpiBaHHs MOCTPaXanoro, BUKOPUCTaHHS
TEPMOI30NALIMHAX MaTepianis i MigirpiTux iHY3INHUX PO34MHIB
BW3HAYaK0Th SIK 060B’A3KOBUA ENEMEHT MPOTULLIOKOBKX 3aX0giB
Ha gorocnitansHomy etani [25].

Y cyvacHMX LOCRIMKEHHSAX TaKOX aKLEHTYITb Ha posi
rinokanbLiemii K BaXNMBOro, ane NpOTAroM TPUBANoro Yacy
HEeJOOLIHEHOMO KOMMOHEHTa NaToreHe3y reMopariyHoro LLOKY.
MacuBHa KpoBOBTpaTa M TpaHCy3is KOMMNOHEHTIB KPOBI, 5Ki
MICTATb LMTPAT, NPU3BOAATb 4O 3HWXKEHHS PIBHS IOHI30BAHOrO
KarbLjto, L0 HEraTUBHO NO3HA4YaeTbCs Ha CKOPOTNMBOCTI MioKap-
[a, CyaAUHHOMY TOHYCI 1 e(DEKTUBHOCTI 3ropTaHHs KpoBi. PaHHs
KopekuUis rinokanbLiemii gae 3mory noninwuTi cTabinbHiCTb
remMOAVMHaMIK/ Ta 3MEHLUUTI PU3MK MPOrPecyBaHHs fiamMaHTa
CMepTi, WO pobuTb LN KOMMOHEHT HEBIA'EMHOI YACTUHOK
Cy4acHOI NpOTULLOKOBOI Tepanii [26].

BaxnuBoto cknagoBoko KOMMEKCHOro nigxogy fo crabi-
nisauii nopaHeHux € agekBaTHe 3HeOOMBaHHS. BupaxeHnun
OOoNbOBWIA CMHAPOM iHOYKYE CYMNaToaapeHarnoBy BiAnoBidb,
L0 MPW3BOANTb [0 Taxikapaii, 3pOCTaHHS CMOXMBAHHSI KUCHIO
Ta NocUNeHHs MeTaboniyHoro cTpecy. B1kopucTaHHs cy4acHmx

aHanreTUYHUX CTpaTeriil, WO BPaxXOBYKTb reMOAUHAMIYHUNA
CTaH navjieHTa, Aae 3MOry He NPOCTO MOKPALLWTH Cy6 eKTUBHMI
CTaH MopaHeHoro, a crpusie cTabinisauii cucteMHoi Bignosiai
opraHismy Ha Tpasmy [27].

OTe, cyJacHa NpoTULLIOKOBa Tepanist Ha AOrochiTanbHOMY
eTani npy 601oBi TpaBMi € BaraToKOMNOHEHTHOR, NaTogisiono-
r4HO 06I'PYHTOBAHOLO Ta NoeTanHoK. BoHa crpsiMoBaHa He nuwe
Ha TUM4acoBe NiATPUMAHHS reMoaMHaMIKK, ane W Ha akTUBHE
3anobiraHHs pO3BMTKY KMIOYOBIUX MEXaHi3MiB AekoMneHcaLlii, Lo
BM3HaA4at0Tb BUCOKWIA piBEHb NETANbHOCTI. IHTEerpaLlis npuHLMnia
Damage Control Resuscitation y npakTuky gorocnitansHoi gono-
MOI CTIPUSIE CYTTEBOMY MiABULLEHHIO BYXKVBAHOCTi MOPAHEHNX Ta
[a€ 3MOry ONTUMI3yBaTK PesynsTaTi HaCTYNHUX eTaniB MEAUYHOT
eBaKyalLlii Ta nikyBaHHS.

BucHoBkU

1. Pesynbraty aHaniay cy4acHux HayKoBMX JaHMX | KIiHIYHNX
pekoMeHZaLii 4anu nigcTasy 3pobrTH BUCHOBOK, LLIO NPOTULLIO-
KoBy Tepanito npu OOWOBII TpaBMi Ha AorocniTanbHOMY eTani
Crif BU3HAYATW K KIKOYOBUI E€MEMEHT CUCTEMU BUXKMBAHHS
nopaHeHmx, i I'pyHTyBaTUCA BOHa Mae Ha npuHuunax Damage
Control Resuscitation. Came nepLui XBUnuHu Ta roguHu nicns
MOpaHeHHs! € KPUTUYHUMM ANt (DOPMYBaHHSI MPOTHO3Y, a SIKICTb
nepBWHHOI cTabinisauii BU3Ha4ae eeKTUBHICTL HACTYMHNX
nikyBanbHO-eBaKyaLiiHNX 3axogiB.

2. [poBigHOK NPUYMHOK PO3BUTKY LLIOKY Ta NeTarbHOCTI Ha
noni 6ot 3aNMWaETbC MacBHa KPOBOBTPATa, LU0 3yMOBMOE
HeoOXigHICTb NPIOPUTETHOTO Ta PaHHLOTO KOHTPOITH KPOBOTEM 3
3aCTOCYBaHHSAM MEXaHiYHUX METOLIB remocTasy Lie [0 novaTky
iHGhy3iiHoI Tepanii. Bigmosa Bif arpecyBHOI KpUCTanoigHoI pe-
cycuuTalii Ha KopuCTb 0OMEXEHOI, LinboBOi iHAY3iliHOi cTpaTerii
[a€ 3MOry 3MEHLUUTY PU3UK NornnbneHHs koarynonarii, rinotep-
Mii Ta MeTabonivyHOro aurao3y, Lo hOPMyHOTb OCHOBY Tak 3BaHNX
netanbHoi Tpiaau Ta AiamaHTa CMepTi.

3. BaxsmBoto CKnafoBOK CyyvacHOi NpOTULLOKOBOI Tepanii
€ PaHHS remMocTaThyHa pecycumTallist 3 BUKOPUCTAHHSM KOM-
MOHEHTIB KpOBi ab0 LjinbHOI KpPOoBi, Lo 3abesnevye ogHOYacHy
KOpekLjto rinoBoneMii, koarynonarii Ta TKaHUHHOT rinokcil. Takui
nigxig naTodisionoriyHo 0BrpyHTOBaHMI | Mae nepesarm LLoAo
BVXKMBAHOCTI MOPIBHSHO 3 TPAAULINHAMY IHGY3iIMHUMY CEpeaHM-
kamu, 0cobn1Bo B ymoBax BOA0BKX il

4. Okpeme 3Ha4YeHHS B KOMMIEKCi 4OrOCTiTanbHUX NPOTULLIO-
KOBVIX 3aXO/1iB Ma€e pPaHHe 3aCTOCYBaHHS TPaHEKCAMOBOI KNCOTH
5K 30Dy naToreHeTUYHOT KopeKLii TpaBMaTUYHOI Koarynonarii.
Buicoka edhekTUBHICTb Npenapary npy BBEAEHHI B NepLLY roauHy
nicns TpaBMU Ta YiTka YacoBa 3aneXHICTb KNiHIYHOMO edekTy
00rpyHTOBYHOTb HEOOXIAHICTb VOT0 IHTErpaLlii y CTaHAAPTU30BaHI
anropuTMu TaKTUYHOI MeauMLMHK. [TpocToTa 3acTocyBaHHs, dap-
MaKomoriyHa CTabinbHICTb | MOXMMBICT BBEAEHHS BHYTPILLHBO-
BEHHO ab0 BHYTPILLHBOKICTKOBO pObNsiTh TPAHEKCAMOBY KMCTOTY
BaXKIMBWM IHCTPYMEHTOM AOroCniTansHoOi 4OMOMOr B YMOBaX
0OMEXeHNX pecypciB.

5. KomnnekcHWi nigxig 4o NpoTULLOKOBOI Tepanii Takox ne-
penbayae akTUBHY NPOINaKTIKy Ta KOPEKLIitO MiNoTEPMIl, paHHE
BUSIBINIEHHS 1 NiKyBaHHS rinokanbLiemii, a Takox afekBaTHe 3He-
BontoBaHHsl, BpaxoByOUM reMOAMHaMIYHUIA CTaTyC NOPaHEHOrO.
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CuHepriyHe noeaHaHHs UMX 3axOAiB Aae 3Mory BMAvBaTh Ha
KIKo40BI NaTodisionorivyHi MexaHiamm AekoMneHcauii Ta nepep-
BaTW Kackaj nogiu, Lo NPU3BOASATL 40 PO3BUTKY TSHKKOTO LLIOKY
Ta NoniopraHHoI HEAOCTATHOCTI.

6. CyvacHi cTaHgapT1 NpOTULLOKOBOI Tepanii npu 6oiioBin
TpaBMi Ha JorocniTanbHOMY eTani MakTb I'PyHTYBaTUCS Ha
paHHbOMY, arpecBHOMY KOHTPOI KPOBOTEYi, FeMOCTaTUYHiIN pe-
cycumTaLlil, CBoe4aCHOMY 3aCTOCYBaHHi TPaHEKCAMOBOI KCMOTH
Ta NpoqiNaKkTUL KOMMOHEHTIB TaK 3BaHOrO AiamaHTa CMepTi.
HacTynHe BNpOBaKeHHs LX NPUHLMMIB Y NPaKTUKY BINCHKO-
BOi MeAMLMHY, IX aganTauis 4o peanbHux yMoB GOMoBUX Ailt i
CUCTEMaTNYHE HaBYaHHS MEQUYHOrO NepcoHary € HeobXigHo
YMOBOK 3HWKEHHS NETanbHOCTI Ta MOKPALLEHHS pe3ynbraTis
NiKyBaHHSs! NOPaHEHWX.

MepcneKTMBY NOAAABLUMX AOCAIAKEHD NepentayaloThb OLLHI0-
BaHHs Oe3neky 3acToCYBaHHs TPAHEKCAMOBOI KUCIOTH, 30Kpema
PU3NKy TPOMBOTUYHUX YCKIaaHEHb Y NALIEHTIB i3 TSHKKOK TpaB-
MO Ta CyNyTHLOK NaTONOriE, @ TaKoXK Ha BU3HAYEHHS rpyn
XBOPUX, SIKi OTPUMYHOTb HalBiNbLLy KOPUCTD Bif il 3aCTOCYBaHHS.

diHaHcyBaHHA
[ocnimkeHHs aaiiicHeHo 6e3 ¢iHaHCOBOI MIATPUMKN.
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Aim. Based on the analysis of literature data, to investigate the pathomorphological and ultrastructural changes
in the placenta associated with COVID-19 during pregnancy, with the identification of critical periods for fetal
development.

Materials and methods. A search for original research articles was conducted in the scientometric databases
PubMed, Web of Science, Scopus, and Google Scholar published between 2017 and 2025. The following search
terms were used: COVID-19, SARS-CoV-2, placenta, pregnancy, chorionic villi, and placental telocytes. A total
of 44 publications were selected to summarize current knowledge on the issue.

Results. According to the literature, during the acute phase of COVID-19 in pregnant women, 100 % of cases
showed placentitis, signs of endothelial dysfunction, damage to the microcirculatory bed, edema of the chorionic
villi stroma, nuclear apoptosis, narrowing of the vascular lumen, and destructive changes in telocytes. As the
post-COVID interval lengthened, manifestations of placentitis decreased and vascular lumens were restored
(in cases of COVID-19 during the third trimester). In contrast, cases of infection in the second trimester were
characterized by arteriolosclerosis, stromal fibrosis of the villi, and delayed chorionic maturation.

Conclusions. Vertical transmission of SARS-CoV-2 from infected pregnant women to their fetuses has been
demonstrated, with no established correlation between the severity of maternal illness and the extent of placen-
tal or fetal impairment. The SARS-CoV-2 virus causes endothelial dysfunction, microcirculatory disturbances,
edema, and placentitis, acting as a morphogenetic factor in chorionic remodeling. The degree of placental
pathomorphological changes and the consequences for the fetus were determined by the gestational age at
which maternal infection occurs. The loss of regulatory control by structurally damaged telocytes over angiogen-
esis, vascular tone regulation, and apoptosis constitutes one of the mechanisms underlying the development
of placental insufficiency.

Modern medical technology. 2026;18(2):135-139

MaTtomopdoAoriuHi yAbTPACTPYKTYPHI 3MiHM NAALEHTH
npu KopoHaBipycHii xBopo6i 2019 (COVID-19) nia uac BariTHocTi:
OFAfIA AiTepaTypu

T. B. CaBuyk, . B. AewieHko

Merta po6oTu - Ha MifcTaBi aHani3y JaHWX HayKOBOI NiTepaTypu AOCHIAMTY MAaTOMOPAIONONiYHi i YBTPACTPYKTYPHI
3miHm nnauenTy npu COVID-19 nig yac BariTHOCTI 3 BU3HAYEHHSAM KPUTUYHIX NepioaiB Ans nnoga.

Martepianu i MeToau. 37iiCHEHO NOLLYK OpWriHaNbHNX CTaTel y HaykoMeTpuyHnx Basax aaHux PubMed, Web
of Science, Scopus Ta cepsici Google Scholar, onybnikoeanunx 3a nepiog 3 2017 go 2025 poky. BukopucTaHo
Taki nowykosi TepmiHn: COVID-19, SARS-CoV-2, placenta, pregnancy, chorionic villi, placental telocytes. [ins
y3aranbHeHHs! BioMocTei npo npobnemy obpaHo 44 ny6nikauii.

Pesyabratu. 3rigHO 3 aaHuMK daxoBoi nitepatypu, y roctpomy nepiogi COVID-19 nig yac saritHocTi B 100 %
BUNaAKIB BUSBNANW NNALEHTUT, 03HAKN AUCYHKLIT eHAOTENiI0, NOLUKOMKEHHS MIKPOLIMPKYNSTOPHOrO pycna,
Habpsik CTPOMM BOPCUH XOpiOHa, anonTo3 sifep, 3BY)XEHHS MPOCBITY CYAWH, AECTPYKTUBHI 3MiHU TENOLMTIB.
3i 30inbLUEHHsIM TPUBANOCTi NOCTKOBIAHOTO iHTEPBamNy CUMNTOMM NNALEHTUTY 3MEHLLYBANMMCS, MPOCBIT CYAUH
BigHoBntoBaecs (COVID-19 y TpeTboMy TPUMECTPI BariTHOCTI), abo BUSIBNSANM apTepiocknepos, dibpo3 cTpomMu
BOPCUH, 3aTpUMKy fo3piaHHs xopioHa (COVID-19 y apyromy TpumecTpi rectadii).

BucHoBku. [loBefieHO BepTukanbHy nepegady SARS-CoV-2 Bif iHeikoBaHUX BariTHUX XiHOK 4O Nnogis, Npy
LibOMY He BUSIBMEHO KOPEnsLiii MiX TSXKICTIO 3aXBOPIOBaHHA MaTepi Ta NOPYLLEHHAM CTaHy MnaleHTy i nnoaa.
[Jis Bipycy SARS-CoV-2 cnpuunHsna ancdyHKLito eHA0TENito, NOpYLLEHHS MIKpOLMPKyNALjii, HAbpsK, nnaueHTuT
Ta cTaBana MopOreHETUYHUM YMHHUKOM PEMOAENOBAHHS XOpioHa. BupaxeHicTb natoMoponoriyHmxX 3MiH
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nnaLeHTV Ta HacniaKku Ans nroaa 3yMoBeHi TEpMiHOM iHdikyBaHHS BariTHWUX. BTpaTa KOHTponto AeCTPyKTUBHO
3MiHEHMX TENOLMTIB Haf, aHrioreHe3oM, perynsLielo TOHyCy CyauH Ta anonTo30M € O4HWM i3 MexaHiamiB qop-

MyBaHH$ NraLleHTapHOi He[oCTaTHOCTI.

CyuacHi mepuuHi TexHonorii. 2026. T. 18, Ne 2(69). C. 135-139

The placenta (chorion) is a temporary organ with dual blood
circulation that acts as an intermediary between the mother and the
fetus throughout pregnancy [1]. The morphological structure of the
chorion varies depending on gestational age [2]. Timely maturation
of chorionic vill ensures adequate placental function in accordance
with fetal needs [3,4]. A cotyledon represents the structural unit of
the term placenta and consists of the branching of a single stem
villus into mature intermediate and terminal chorionic villi [5]. The
latter give rise to vasculosyncytial membranes (composed of the
endothelial cell, basement membrane, and syncytiotrophoblast
cytoplasm), which are specialized structures responsible for diffu-
sion exchange [6,7]. Adequate placental perfusion, which ensures
satisfactory fetal condition, depends on sufficient vascularization
of terminal chorionic villi and a patent intervillous space (IVS) [8,9].
Due to the absence of innervation in the placenta, the regulation of
vascular smooth muscle tone and intercellular communication is
attributed to telocytes (interstitial cells of Cajal) [10,11,12].

SARS-CoV-2, the causative agent of coronavirus disease
(COVID-19), hinds to the angiotensin-converting enzyme 2
(ACE2) receptor [13,14], which is expressed in cells of various
organs [15]. In the placenta, the level of ACE2 activity and protein
concentration contribute to protection against vertical viral trans-
mission [16]. Nevertheless, cases of intrauterine infection, fetal
demise, placental abruption, and preterm hirth associated with
COVID-19 have been reported [17,18]. Activation of endothelial
cells disrupts blood rheology and microcirculation [19], leading
to both fetal and maternal malperfusion [20].

Aim
Based on the analysis of literature data, to investigate the
pathomorphological and ultrastructural changes in the placenta

associated with COVID-19 during pregnancy, with the identifica-
tion of critical periods for fetal development.

Materials and methods

Asearch for original research articles was conducted in scien-
tometric databases, including PubMed, Web of Science, Scopus,
and Google Scholar, covering publications from 2017 to 2025.
The following search terms were used: COVID-19, SARS-CoV-2,
placenta, pregnancy, chorionic villi, and placental telocytes.
The search included both Ukrainian and international scientific
literature. After reviewing article abstracts and analyzing full-text
results, a total of 44 publications were selected to summarize the
available data on the topic.

Results

Researchers examined the pathomorphological changes in
the placenta of pregnant women with confirmed COVID-19 in-

fection, verified by a positive PCR test (detection of SARS-CoV-2
RNA) at various stages of gestation [16,17,21]. Direct placental
SARS-CoV-2 expression was studied by two methods — nucleo-
capsid protein expression by immunohistochemistry, and RNA
expression by in situ hybridization [22]. Researchers have report-
ed that the SARS-CoV-2 spike protein was detected in individual
cases within the syncytiotrophoblast of the placenta in mothers
with COVID-19 when the newborn tested PCR-positive. In con-
trast, the spike protein was absent in the placentas of mothers with
a positive PCR result whose newborns tested negative by PCR.
Notably, none of the infants exhibited clinical manifestations of
infection [23]. The severity of the maternal disease and the fetal
condition at birth (assessed using the Apgar score) were taken
into account. Vertical transmission of SARS-CoV-2 was detected
only in isolated cases (3 %) [14,21,24,25,26)].

In the majority of observations, during the acute phase of
the disease in term pregnancies, regardless of the severity of
clinical manifestations in the mother, newborns tested nega-
tive for COVID-19 by PCR and had Apgar scores of 8-9 [21].
No statistically significant correlation was found between the
severity of maternal illness and the neonatal condition at birth
[18]. Similarly, researchers reported no association between the
degree of COVID-19-induced pathomorphological changes in the
placenta and the severity of maternal disease [22,27]. Placentitis
was described even in cases of mild disease [28], while minimal
placental pathology was observed in severe cases accompanied
by pneumonia [18]. However, the neonatal condition at birth con-
sistently correlated with the extent of placental alterations [29].

Most studies focused on placental changes during the third
trimester of pregnancy in the acute phase of COVID-19[27,28,30].
Macroscopic examination of placentas during acute infection re-
vealed pronounced circulatory disturbances, including hyperemia
and hemorrhages [31], as well as the presence of white infarctions
[32]. In cases of COVID-19 infection during the second trimester,
the placenta appeared mottled due to numerous white infarctions
and demonstrated a firm consistency. Pale coloration and flaccid
consistency were characteristic of placentas associated with
antenatal fetal death [33].

Microscopic examination of placentas from pregnant women
with COVID-19 revealed vascular thrombosis, chorangiosis of
terminal villi, stromal edema, and placentitis (chorioamnionitis and
basal deciduitis) [14,27]. Researchers reported the presence of
intervillositis both in cases with live births and in cases of ante-
natal fetal asphyxia [34,35]. In the latter, generalized intervillositis
was observed in women infected with COVID-19 during the first
and second trimesters of gestation [36]. The presence of mac-
rophages, detected using CD-68, indicated chronic intervillous
inflammation, which was observed in full-term pregnancies and
was focal in nature [14,36].

In addition to inflammatory infiltration of the intervillous space,
deposition of perivillous fibrin was noted [14,34,35], resulting in
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areduced proportion of free intervillous space [34,35]. Evidence
suggests that the highest rate of pathomorphological alterations
occurred in cases of COVID-19 infection during the third trimester
(acute phase), characterized by chorangiosis, vascular throm-
bosis, fibrinoid necrosis, and pronounced placentitis [30,37].
The severity of these manifestations decreased with longer
post-COVID intervals [30].

Changes were also noted in stem and intermediate chorionic
villi, including fibrinoid deposition and proliferative alterations of
the vascular wall leading to lumen narrowing during the acute
phase, or vascular obliteration with increasing duration of the
post-COVID interval [33]. Therefore, the reduction in the number
of terminal villiin COVID-19 in the second trimester of gestation
was explained by vascular remodeling and changes in the stroma
of stem and semi-stem villi, which are the source for the formation
of terminal villi [33,38].

Electron microscopy of placentas during the acute phase of ma-
ternal COVID-19 revealed aggregated erythrocytes within narrowed
vessels [38]. Apoptotic nuclear changes and cytoplasmic swelling
of endothelial cells were observed, accompanied by a reduction in
cytoplasmic organelles, disruption of cellular membranes, mitochon-
drial homogenization, and stromal edema of the villi [30,38]. The
latter resulted in an increased stromal-to-vascular ratio within the
villi. With longer post-COVID intervals (infection during the second
trimester), cytoplasmic swelling of endothelial cells and stromal
edema diminished, and vascular lumens were restored [38]. The
basal membrane of the syncytiotrophoblast was thickened. Syn-
cytiotrophoblast cells covering the outer surface of the villi formed
syncytial knots, the number of which increased during the acute
phase of infection [29]. The nuclei of these cells displayed apoptotic
changes, and most cytoplasmic organelles were destroyed, with
numerous small vacuoles detected [28,30]. Microvilli on the surface
of the syncytiotrophoblast were reduced in number [38].

Electron microscopy also revealed destructively altered
telocytes (TCs) — interstitial cells with spindle-shaped nuclei and
long cytoplasmic projections (telopodes) — located within the
villous stroma and adjacent to vessels. With increasing duration
of the post-COVID interval, numerous collagen fibers were found
surrounding telocyte-like cells [14,38], indicating telocyte trans-
formation into fibroblasts [10,11,12]. Stromal edema and fibrosis
led to thickening of the vasculosyncytial membrane, while fetal
vessels became more centrally located within terminal villi [39].

Electron-dense virion-like structures were identified within
syncytiotrophoblasts [34]. Spherical, osmiophilic particles re-
sembling viral particles were described in terminal villi, located
externally near the plasma membranes of stromal fibroblasts
[38]. The presence of extracellular viral particles indicated viral
budding via endocytosis or exocytosis [40].

Immunohistochemical analysis of placentas from women with
COVID-19 demonstrated a positive reaction to the SARS-CoV-2
spike protein. Aslightly lower expression of ACE2 was observed,
accompanied by significantly higher expression of TMPRSS2
(4.76 £1.37vs. 2.61 £ 1.04; p<0.001) [27]. The apoptosis index
in syncytiotrophoblast cells was significantly higher (56.66 + 14.28
vs. 38.92 + 13.71; p = 0.004) [27]. Moreover, no correlation was
found between the severity of maternal COVID-19 and the in-
crease in apoptosis index or the intensity of placentitis.

In placentas of women infected with SARS-CoV-2, a marked
decrease in VEGF-A expression was detected. VEGF-A pro-
motes angiogenesis in the placenta and is normally expressed
in syncytiotrophoblasts, cytotrophoblasts, and stromal cells of
chorionic villi, with expression levels typically declining as ges-
tation progresses [30].

Discussion

The analyzed literature data concern placental remodeling in
COVID-19-positive mothers at different gestational stages, both
in cases of live birth and antenatal asphyxia. The condition of the
fetus at hirth correlated with the intensity of placental pathomo-
rphological changes caused by SARS-CoV-2 (p < 0.0001) and
depended on the gestational age at which maternal infection
occurred [38]. Published studies provide conflicting evidence
regarding the risk of vertical transmission of SARS-CoV-2 from
infected pregnant women to fetuses [21,27,34]. Most researchers
observed that infection during the third trimester did not affect
neonatal condition. Newborns were PCR-negative and exhibit-
ed no signs of hypoxia [21,27,41]. This phenomenon has been
attributed to decreased co-expression and concentration of angio-
tensin-converting enzyme 2 (ACE2) and transmembrane serine
protease 2 (TMPRSS2), which serve as protective mechanisms
against vertical viral transmission [15,16,17].

Other studies demonstrated that SARS-CoV-2 infection may
cause intrauterine fetal death during the first and second trimes-
ters [28]. To assess potential placental transmission, electron
microscopy identified coronavirus virions invading syncytiotroph-
oblasts of the chorionic villi [32,34]. Viral particles were detected
both in acute and prolonged post-COVID periods, particularly in
cases of second-trimester infection, suggesting viral persistence
[34]. However, even in the absence of direct viral invasion, ac-
tivation of maternal inflammation and immune response may
adversely affect fetal condition [14].

Both the direct cytopathic action of SARS-CoV-2 and the
maternal immune response (“cytokine storm”) contribute to
endothelial activation, which has been associated with the
development of a preeclampsia-like syndrome in pregnant
women with COVID-19 [41,42,43]. Unlike true preeclampsia,
the clinical and pathomorphological manifestations of this
syndrome regress following maternal recovery. Moreover, the
biomarker ratio of soluble fms-like tyrosine kinase-1 (sFlt-1)
to placental growth factor (PIGF) remains within normal limits
(sFIt-1/PIGF <38), distinguishing it from preeclampsia [44].
Despite pathogenetic differences between preeclampsia and
COVID-19, similar placental alterations have been reported, in-
cluding microcirculatory disturbances and an increased number
of syncytial knots as a compensatory response to decreased
maternal perfusion [29]. Placental changes in moderate-to-se-
vere preeclampsia —such as infarctions, arteriolosclerosis, and
delayed maturation — resembled those seen in COVID-19 during
the second trimester [38].

Placental pathomorphological changes described in the
literature — thrombosis, endothelial cytoplasmic swelling,
membrane rupture, and stromal edema of the chorionic
villi — indicate endothelial dysfunction [27]. Stromal edema
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contributes to thickening of the vasculosyncytial membrane,
leading to malperfusion [20]. The thickened membrane, in
turn, triggers endothelial activation, and the resulting media-
tors promote microcirculatory disturbances, vasoconstriction,
stromal edema, hypoxia, and fibroblast activation, ultimately
leading to stromal fibrosis [38].

Adequate maternal perfusion depends on the integrity of
maternal perfusion, defined as a three-dimensional network of
channels between chorionic villi [20,29]. In COVID-19, fibrinoid
deposition, intervillositis, hemorrhage, and edema of terminal villi
reduce the perfusion area. The increased number of syncytial
knots described in areas of closely apposed villi or fibrinoid en-
casement is considered a compensatory mechanism to restore
microcirculation by increasing the intervillous distance - thus
serving as a marker of malperfusion [20]. Alternatively, excessive
syncytial knot formation may reflect the loss of telocyte control
over apoptosis due to destructive changes [10].

An elevated apoptotic index is indicative of energy deficiency
that activates fibroblasts, explaining stromal fibrosis of the chorionic
villi. The loss of telocytic regulation of fibroblast activity, observed
both in COVID-19 and preeclampsia, may further contribute to
fibrosis [10]. Telocytes also regulate angiogenesis, vascular tone,
and terminal villi growth; therefore, their injury leads to vasoconstric-
tion and impaired chorionic growth in COVID-19-positive mothers
infected during the second trimester [11,12,38].

The intensity of placentitis in COVID-19 correlated with the
timing of infection and the duration of the post-COVID interval
[38]. The generalized pattern of intervillositis was attributed to
immaturity of placental defense mechanisms [29]. Pronounced
basal deciduitis and subchorionic intervillositis exceeding the
degree of inflammation in the amniotic membranes in cases of
antenatal fetal death indicated vertical viral transmission [29].

The aggregate placental pathomorphological alterations
observed in COVID-19 during pregnancy lead to maternal and
fetal malperfusion, manifesting as placental dysfunction [20].

Conclusions

1. Vertical transmission from infected pregnant women to
fetuses has been demonstrated; however, no correlation was
found between the severity of maternal disease and placental
or fetal impairment.

2. The action of the SARS-CoV-2 virus induced endothelial
dysfunction, microcirculatory disturbances, edema, and placen-
titis, acting as a morphogenetic factor in chorionic remodeling.
The severity of placental pathomorphological changes and fetal
outcomes depended on the gestational age at which maternal
infection occurred.

3. The loss of control by destructively altered telocytes over
angiogenesis, vascular tone regulation, and apoptosis represents
one of the key mechanisms underlying the development of pla-
cental insufficiency.

Perspectives for further research. Data from the literature
and our own analysis indicate the absence of a clear correlation
between the severity of maternal disease and placental pathol-
ogy. This finding underscores the need for further studies to
better understand the mechanisms of SARS-CoV-2 infection in

pregnancy and to evaluate potential long-term consequences for
children born to mothers infected with COVID-19 during gestation.
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Computed tomography (CT) and cone-beam computed tomography (CBCT) are essential imaging tools for
visualization in cranio-maxillofacial (CMF) surgery, providing high-resolution, 3D anatomical data for diagnosis,
surgical planning, and follow-up. CT offers broader anatomical coverage and soft tissue contrast, while CBCT
provides detailed bone imaging at lower radiation doses. However, both modalities are prone to artifacts — beam
hardening, scatter, motion, and metal interference — that reduce image accuracy. Optimization of scanning pa-
rameters and protocols is essential to balance diagnostic quality with radiation safety. In parallel, deep learning
approaches such as convolutional and generative adversarial networks are being explored for artifact suppression
and segmentation enhancement.

Aim. The aim of the study is to review and compare CT and CBCT to identify the most optimal scanning param-
eters for cranio-maxillofacial imaging, ensuring high diagnostic accuracy while minimizing radiation exposure
and artifact impact.

Materials and methods. A systematic search of scientific studies was conducted in the PubMed, Scopus, IEEE
Xplore, and Web of Science using keywords: CBCT optimization, CT artifact correction, cranio-maxillofacial
imaging, and deep learning in CT / CBCT. Inclusion criteria: studies assessing scanning parameters, image
quality, artifact correction techniques in CMF contexts. Clinical, in vitro, and ex vivo studies were included. In
total, 85 papers were analyzed.

Results. Optimal parameters — voxel sizes of 0.075-0.125 mm for CBCT and slice thicknesses of 0.50-1.25 mm
for CT — improved diagnostic accuracy and segmentation outcomes. CBCT was preferred for bone structures,
while CT remained superior for soft tissue and trauma. Traditional correction methods showed Dice gains of
6-15 %. Al-based models demonstrated higher performance, reducing artifacts by up to 70 % and achieving
Dice scores up to 0.95. However, clinical adoption remains limited due to regulatory and standardization barriers.

Conclusions. Optimizing scan parameters significantly improves diagnostic performance in CMF imaging. While
Al-based artifact correction shows strong potential, integration into clinical workflows requires further validation
and regulatory alignment.

Modern medical technology. 2026;18(2):140-148

OnTMmi3auia npoueAypy CKaHyBaHHA AN KOMITIOTEPHOI Tomorpadii
Ta KOHYCHO-NPOMEHeBOoi KOMN’loTepHOi Tomorpadii
B KpaHioMmaKcunopaLiaAbHUX Xipyprifx: cUCTeMaTUUHUI OFASA

M. A. LapeHko, A. €. KanawwHikoBa

Komn'totepHa Tomorpadist (KT) Ta koHycHo-npomeHeBa komm'totepHa Tomorpadis (KIMKT) e npioputeTHumu
meToLamu Bidyanisauii B kpaHiomakcunodauianshin (KM®) xipyprii, Wo AalTb 3MOry 0TpuMaTii BUCOKOSIKICHI
TPUBUMIPHI aHaTOMIYHi AaHi Ans AiarHOCTUKK, NnaHyBaHHs onepaLiy i nicnsionepaLiiHoro KOHTPOrHo. [NopiBHSAHO
3 KIMKT, KT xapakTepu3yeTbCcs po3LUMPEHUM OXOMMEHHSM aHaTOMIYHUX 30H | KPaLLOKO AiarHOCTUYHOM iHGop-
MaTMBHICTIO LWOAO M'AkuX TkaHuH, ane KIMKT nepesaxac y BiATBOPEHHI 306paxeHHs KICTKOBUX CTPYKTYp npu
MEHLLOMY NPOMEHEBOMY HaBaHTaxeHHi. Obrnasa MeToay xapakTeprayoTbCs BPa3nMBICTHO IO YTBOPEHHS Taknx
apTedakTis, SK 3aTBEPAIHHA MyyKa, PO3CILOBaHHS, PyX NaLjieHTa Ta BUKPUBMEHHS Yepe3 HasiBHICTb METaneBmx
€MTEMEHTIB, L0 3HVXYIOTb TOYHICTb 306paxeHHs. OnTuMi3aLlis napameTpiB i POTOKONIB CKaHYBaHHS € Ba/u-
BOK AN151 AOCSATHEHHS BanaHcy Mix SKiCTIO AiarHOCTVKW Ta pagiauinHoto 6e3nexoto. MapanenbHo JOCHimXYOTh
MeToaM rMMBMHHOTO HaBYaHHS, 30KPEMa 3ropTKOBI HEMPOHHI MEpEeXi Ta reHepaTMBHO-3MararnbHi Mepexi, Ans
NPUTHIYEHHS apTedhakTiB i NOKPaLLEHHs cermeHTaLlii.

Merta pobotu - 3jiicHuTi ornsag nitepatypu Ta nopisHaT KT i KIMKT gns Bu3HaveHHs onTuMarnbHux napame-
TpiB CKaHyBaHHA 4N1s kpaHiomakcunodaliansHoi Bidyanisallii, Lo 3abe3nevye BUCOKY AiarHOCTUYHY TOYHICTB i
MiHIMi3aLlilo TPOMEHEBOr0 HaBaHTaXeEHHS Ta BNVUBY apTedaKTis.
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Martepianu i MmeToau. CCTEMATUYHWI NOLLYK HAYKOBWX LOCTIMKEHb 3aiicHnny B 6asax aaHnx PubMed, Scopus,
IEEE Xplore ta Web of Science 3 BukopuctanHsm kntoyosux cnis: CBCT optimization, CT artifact correction,
cranio-maxillofacial imaging, deep learning in CT / CBCT. [Ins Binbopy penesaHTHWX JOCTiZXeHb BUKOPUCTAHO
TaKi KpUTEpii: OLiHIOBaHHS NapaMeTpiB CKaHyBaHHSI, SKiCTb 300paxeHHst Ta METOAM KOpekLii apTedakTis y
KM®-koHTekcTi. [lo aHaniay 3any4yeHo KriHiyHi, in vitro Ta ex vivo gocnimkeHHst. 3aranom npoaxaniaosaHo 85 pobir.

Pesyabtatn. OnTumanbHi napameTpy, a came poamip Bokcens 0,075-0,125 mm ans KIMKT i ToBwwHa 3pisy
0,50-1,25 mm ans KT, nokpallyBanu To4HICTb cermeHTaLi Ta giarHoctuku. KIMKT 6inblu gouinbHa ans sisyani-
3aLii KicTkoBux CTPYKTYp, a KT onTumanbHa Ans M'sakux TKaHvH i TpaeM. TpaauLiiiHi MeToaum KopekLii nokasanm
ninBuLLeHHs koediuieHTa Dice Ha 6-15 %. Mogeni Ha ocHoBi LI nokasanu BuLLy eheKTUBHICTb, 3MEHLLYIOYM
aptedpakt go 70 % i gocsaratoumn koediuieHta Dice go 0,95. Brim, iX kniHiuHe BNpOBamKeHHs 3anmiLaeTbCst
0OMexeHM Yepe3 perynaTopHi Ta cTaHgapTu3aLliiHi 6ap’epw.

BucHoBku. OnTuMi3saLlis napameTpiB CkaHyBaHHS CyTTEBO MOKpaLLye AiarHOCTUYHI MoxnneocTi npu KM®-gi-
3yanisauii. Xoya metoam kopekLii aptedakTiB Ha ocHOBI LLII xapakTepu3ytoTbes BUCOKOK €DEKTUBHICTb, iXHS

iHTerpaLisi B KniHiYHy npakTuky noTpebye Banigauii Ta y3romxeHHs 3 HOpMaTUBHUMW BUMOTaMu.

CyuacHi mepuuHi TexHoAorii. 2026. T. 18, Ne 2(69). C. 140-148

This systematic review explores the optimization of scanning
parameters and artifact correction strategies in Computed Tomo-
graphy (CT) and Cone-Beam Computed Tomography (CBCT),
with a particular emphasis on applications in cranio-maxillofacial
(CMF) surgery. CT and CBCT have become indispensable in
producing high-resolution, three-dimensional anatomical models
critical for diagnosis, treatment planning, and surgical navigation
[1]. However, the accuracy of these models is significantly influ-
enced by parameters such as slice thickness, voxel size, radiation
dose, voltage, and reconstruction algorithm — each playing a role
in balancing image quality and patient safety [2].

CBCT is widely adopted for dental and CMF procedures due
to its superior spatial resolution and lower radiation dose, while
CT remains the gold standard for bone, soft tissue imaging and
trauma cases [3,4].

Despite these advancements in scanning protocol optimiza-
tion, imaging artifacts such as beam hardening, scatter, motion,
and metal-induced distortions continue to pose challenges,
particularly in CBCT [5]. The review categorizes artifact sources
into physics-based, patient-related, and scanner-related groups
and outlines traditional correction methods (e. g., metal artifact
reduction (MAR), iterative reconstruction). In addition, it evaluates
recent Al-based solutions, including deep learning models, such
as convolutional (CNNs) and generative adversarial networks
(GANSs), which can significantly enhance artifact suppression,
segmentation accuracy, and processing speed [6,7]. Although
these methods show great promise — achieving Dice coefficients
up to 0.95 — their clinical integration remains limited due to reg-
ulatory and generalizability concerns [8,9].

By synthesizing current evidence, the review underscores the
importance of parameter standardization and the emergence of
hybrid Al-classical frameworks as future directions for improving
diagnostic reliability, minimizing radiation, and enabling precise
artifact-resilient CMF imaging.

Aim

This study aims to review and compare CT and CBCT to
identify the most optimal scanning parameters for cranio-maxillo-
facial imaging, ensuring high diagnostic accuracy while minimizing
radiation exposure and artifact impact.

Materials and methods

A comprehensive literature search was carried out using
databases including PubMed, Scopus, IEEE Xplore, and Web
of Science, covering publications from 2023 to 2025. Keywords
used in the search strategy included: CBCT optimization, CT
artifact correction, cranio-maxillofacial imaging, deep learning
in CT / CBCT, beam hardening, motion artifact, segmentation
accuracy, and Al in medical imaging. Inclusion criteria comprised
peer-reviewed studies that: investigated CT or CBCT imaging
protocols specifically in CMF surgery; discussed image quality
in relation to scanning parameters (e. g., slice thickness, voxel
size, kVp, mA); or presented solutions for artifact reduction us-
ing traditional or Al-based techniques. Both clinical studies and
in vitro / ex vivo experimental validations were included. In total,
28 papers were analyzed.

Results

CT in CMF imaging. In CMF imaging, CT modalities — CBCT,
multidetector CT (MDCT), and Helical CT — play a critical role in
anatomical visualization and preoperative planning. These tech-
nologies differ in scanning mechanics, reconstruction algorithms,
and clinical applications, which directly influence image quality
and patient safety.

CT imaging: scanning protocols in CMF. MDCT and its prede-
cessor, Helical (Spiral) CT, represent the principal medical-grade
CT technologies employed for high-resolution imaging of both
bony and soft tissue structures. These scanner types operate
using a fan-shaped X-ray beam and a rotating gantry equipped
with detector arrays, capturing volumetric anatomical data in a
rapid and continuous fashion. The primary distinction between
traditional helical CT and MDCT lies in the number and configu-
ration of detector rows, which directly impacts image resolution,
speed, and anatomical coverage. This spiral trajectory allows
for volumetric scanning rather than isolated slice acquisition,
dramatically reducing scan times and minimizing motion artifacts.
However, early helical systems typically featured single or dual
detector rows, limiting spatial resolution and increasing recon-
struction time. Despite this, helical CT provided the foundation for
advanced maxillofacial imaging by enabling 3D reconstructions
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and multi-planar reformatting, which were significant improve-
ments over older axial-only CT methods. Helical CT is still in use
in certain trauma and rural settings but has largely been replaced
by MDCT in modemn practice [10].

Multidetector CT represents a major evolution of helical scan-
ning. Modern MDCT scanners are equipped with 16, 64, 128, or
more detector rows, enabling simultaneous acquisition of multiple
slices per gantry rotation. This not only shortens scan duration
but also increases z-axis resolution and expands anatomical
coverage. For CMF protocols, MDCT systems typically operate in
helical mode, acquiring data with a sub-millimeter slice thickness
—often 0.50 mm to 1.25 mm — allowing for exceptionally detailed
imaging of facial bones, sinuses, orbits, and temporomandibular
joints. The thin slices facilitate high-resolution 3D renderings,
curved planar reformats (CPR), and virtual surgical planning,
which are critical in managing complex fractures, midface re-
constructions, tumor resections, and congenital deformities [10].

Scanning parameters for MDCT in CMF applications are
largely determined by the protocol. Tube voltage (kVp) typically
ranges between 100 kV and 140 kV, and tube current (mA) may
vary from 150 to 500 mA, adjusted using automatic exposure
control systems based on patient size and region of interest.
Pitch factors, defined as the ratio of table feed per rotation to
total beam width, are usually optimized between 0.75 and 1.50,
balancing scan speed and resolution. The field of view (FOV) for
CMF imaging is generally confined to 180-250 mm, sufficient to
include the midface and skull base while minimizing radiation to
adjacent tissues. Exposure times per rotation range from 0.4 to
1.0 second, and total scan durations for the entire CMF region
typically remain under 10 seconds.

Image reconstruction in MDCT relies on sophisticated algo-
rithms. While filtered back projection was standard for decades,
modern scanners favor iterative reconstruction techniques that
reduce image noise and allow for lower-dose imaging protocols.
This is especially relevant in CMF imaging, where repeat im-
aging may be required in preoperative planning, postoperative
evaluation, or orthognathic simulation [10,11]. Furthermore,
MAR algorithms are integrated to mitigate the effects of dental
restorations or implants, which are common sources of image
degradation in the maxillofacial region.

In summary, MDCT has become the gold standard in hos-
pital-based CMF imaging, especially in acute settings where
soft tissue contrast, speed, and anatomical range are critical.
While Helical CT laid the foundation for volumetric scanning, its
role has been largely historical. The multidetector architecture
of modern MDCT allows for high-fidelity imaging of complex
anatomical zones and supports advanced surgical planning,
making it indispensable in trauma, oncology, and complex CMF
reconstructive procedures.

CBCT imaging: scanning protocols in CMF. CBCT has be-
come a cornerstone in CMF surgery due to its ability to generate
accurate, high-resolution three-dimensional images of the facial
skeleton with significantly lower radiation exposure than conven-
tional CT [2]. Unlike CT, which captures sequential axial slices
using a fan-shaped X-ray beam, CBCT employs a cone-shaped
beam and a flat-panel detector to acquire volumetric data in
a single or limited rotational arc [12]. This technique improves

imaging efficiency while providing comprehensive 3D datasets
for diagnostic and surgical planning.

Notably, CBCT accuracy depends on protocol adherence.
Inconsistent settings may result in suboptimal resolution or in-
complete visualization of critical structures, compromising surgical
planning. Proper immobilization, scout imaging, calibration of
rotation arcs, and operator training are essential for reproduci-
bility. Standardized protocols not only improve local accuracy but
also enable reliable data integration into virtual surgical planning
platforms and 3D-printed surgical guides [13].

Reconstruction of CBCT images is typically performed using
the Feldkamp-Davis-Kress algorithm, optimized for cone-beam
geometry. Although CBCT has limited soft tissue contrast com-
pared with CT, its spatial resolution (0.075-0.4 mm) makes it
the modality of choice for osseous detail in orthognathic surgery,
temporomandibular joints diagnostics, midface trauma, and
implant planning [4,14].

Comparison of CT and CBCT: key differences in scanning me-
chanics for CMF imaging. CT — specifically MDCT and helical CT
—and CBCT differ significantly in scanning mechanics, detector
configurations, and reconstruction strategies. These differences
are particularly relevantin CMF imaging, where both high-resolu-
tion bone visualization and soft tissue contrast are often required.

MDCT / helical CT employs a fan-beam X-ray system with
multi-row detector arrays, allowing continuous volumetric scan-
ning with high temporal and spatial resolution. It provides excellent
soft tissue contrast, making it the modality of choice for evaluating
complex facial trauma, sinonasal and orbital pathology, head and
neck tumors, and vascular anatomy. The flexibility to fine-tune
acquisition parameters — such as slice thickness, tube voltage,
and tube current — enables tailored imaging for intricate CMF
structures like the temporomandibular joint and infraorhital canal.
Furthermore, advanced CT protocols such as dual-energy CT and
contrast-enhanced helical CT improve tissue characterization
and vascular mapping, offering superior diagnostic capability in
oncologic and reconstructive planning [12].

In contrast, CBCT uses a cone-shaped X-ray beam and
flat-panel detectors, optimized for high-resolution 3D imaging
of osseous structures. With isotropic voxel sizes as small as
0.075 mm, CBCT is highly effective for dental implant planning,
jaw deformity analysis, fracture detection, and surgical navigation
in alveolar, midfacial, and orthognathic procedures [15,16,17].
Additionally, CBCT typically delivers a much lower radiation
dose [4,13]. However, CBCT's inferior soft tissue contrast, limit-
ed grayscale dynamic range, and higher susceptibility to metal
artifacts restrict its utility in soft tissue diagnostics [4].

Another important distinction lies in image reconstruction.
MDCT / helical CT often utilizes iterative reconstruction algo-
rithms, which reduce image noise and allow for lower-dose
imaging while maintaining clarity [10]. In contrast, CBCT pre-
dominantly uses the Feldkamp-Davis-Kress algorithm, which,
while computationally efficient, lacks advanced noise correction
capabilities and is more prone to artifacts, particularly in areas
affected by motion or metallic interference [18].

Ultimately, the choice between MDCT / helical CT and CBCT
in CMF imaging should be guided by the specific clinical objective.
CBCT s preferred when high spatial resolution of bony anatomy is
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Table 1. Comparison of optimal scanning parameters between CT and CBCT for CMF surgeries

Parameter, units of measurement Optimal CBCT Values Optimal CT Values
Slice thickness, mm 0.075-0.125 0.5-1.25

Radiation dose, mSv 0.1-0.3 2-5

Voltage, kV 80-100 100-120

Tube current, mA 4-10 50-300

Exposure time, s 3-6 5-10

Field of view 5x 5 cm (teeth), 10 x 10 cm (jaws) 20x20cm
Reconstruction algorithm Feldkamp-Davis-Kress Iterative reconstruction

needed with minimal radiation, while MDCT remains superior for
soft tissue evaluation, pathology detection, and comprehensive
surgical planning. A structured comparison of optimal scanning
parameters between CT and CBCT modalities is presented in Ta-
ble 1, providing practical reference values for clinical application.

Image artifacts and minimization techniques. Image artifacts
in CT and CBCT represent distortions or inaccuracies that com-
promise image quality, hinder accurate segmentation, and reduce
the overall diagnostic reliability of the scan. These artifacts arise
from physical interactions between X-rays and patient tissues or
materials, as well as limitations in imaging geometry and recon-
struction algorithms. Although artifacts occur across all imaging
modalities, CBCT is particularly susceptible due to its lower radi-
ation dose, narrower detector dynamic range, and greater sensi-
tivity to scattered radiation compared to conventional CT. These
factors contribute to a higher prevalence of image degradation
in CBCT, often manifesting as streaks, shadows, or distortions
that obscure anatomical details or lead to misinterpretation [19].
Understanding the mechanisms underlying artifact formation and
applying appropriate correction strategies is therefore essential
for ensuring diagnostic accuracy. Artifacts in CT and CBCT are
generally categorized into three groups: patient-related (motion
or metal), physics-based (beam hardening, scatter, noise), and
scanner-related (detector imperfections or calibration errors).

Physics-based artifacts. Physics-based artifacts in CT and
CBCT imaging arise from inherent interactions between X-ray
photons and matter, leading to distortions such as beam hard-
ening, scatter, and photon starvation, which occurs when dense
structures absorb most of the photons before they reach the
detector, producing streaking and under-sampling artifacts that
degrade image quality.

To mitigate these artifacts, correction strategies are employed.
In CT, hardware solutions such as bowtie filters, anti-scatter grids,
high-energy spectra, and beam-hardening correction algorithms
are standard. In CBCT, hardware filtering is limited, making soft-
ware-based solutions essential. These include scatter correction
algorithms, Monte Carlo-based scatter modeling, and careful
optimization of exposure parameters (kVp, mA, voxel size) to
balance dose and image quality. Collectively, such techniques
are indispensable for diagnostic reliability in high-contrast CMF
environments [18].

Scatter artifacts are among the most prevalent and challeng-
ing image distortions in CBCT. They arise when X-ray photons

are deflected from their original trajectories due to interactions
with patient tissues before reaching the detector. These scattered
photons overlay the primary signal, resulting in decreased image
contrast, blurring, and loss of edge definition (Fig. 1, red arrows
point to a visual example of scatter artifacts). This issue is signifi-
cantly more pronounced in CBCT than in conventional CT due to
the wide-angle cone beam, larger field of view, and limited colli-
mation —factors that collectively increase the proportion of scatter
reaching the detector. The problem is exacerbated in low-dose
imaging protocols, where scattered photons contribute dispropor-
tionately to signal intensity, thereby degrading diagnostic quality.

To mitigate scatter artifacts, several strategies have been de-
veloped. Anti-scatter grids are commonly employed to physically
block scattered radiation before it reaches the detector, improving
contrast resolution. Additionally, hardware beam collimators
help constrain the X-ray beam to the region of interest, reducing
off-axis scatter. On the computational side, Monte Carlo-based
scatter modeling is widely used to simulate and subtract scattered
components from the raw data, enhancing image clarity. More
recently, deep learning-based correction techniques — particularly
CNNs, residual CNNs, and conditional generative adversarial
networks (CGANS) — have shown promising results. CNNs are
effective at predicting scatter distribution in the projection domain,
while GAN-based models excel at reconstructing scatter-free
images in the image domain, often outperforming traditional
iterative correction. For example, recent studies reported up to
35 % improvement in CBCT image contrast using CNN-driven
correction pipelines, while adversarial models demonstrated
strong generalizability across patient anatomies and acquisition
protocols [19]. These Al-driven approaches provide real-time,
adaptive solutions that dynamically adjust to variable imaging
conditions, marking a significant advancement in artifact reduction
and image enhancement in CBCT imaging.

Beam hardening is another significant artifact that adversely
affects both CT and CBCT imaging quality. It occurs when low-
er-energy X-ray photons are preferentially absorbed as they pass
through dense materials — such as bone or metal implants — while
higher-energy photons penetrate more effectively. This differential
attenuation leads to non-uniform X-ray absorption, resulting in
characteristic dark bands, cupping artifacts, and streaking in
reconstructed images. These distortions can obscure anatomi-
cal details or simulate pathology, thus compromising diagnostic
accuracy. Beam hardening is particularly problematic in maxil-
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Fig. 1. Zoomed red area contains scatter artifacts example. Personal CBCT lower jaw scans made for dental purposes. Scan key parameters:
scanner type - Planmeca / ProMax, Tube Current - 8 mA, kVp - 90 kV, slice thickness - 0.2 mm, slice increment - 0.2 mm, pixel size

- 0.2 mm, number of slices - 501, scan date - 17.10.2023.

Fig. 2. Zoomed red area contains beam hardening artifact on CBCT. Personal CBCT lower jaw scans made for dental purposes. Scan key
parameters: scanner type - Planmeca / ProMax, Tube Current - 8mA, KVP - 90 kV, slice thickness - 0.2 mm, slice increment - 0.2 mm,

pixel size - 0.2 mm, number of slices - 501, scan date - 17.10.2023.

lofacial CBCT imaging, where high-density anatomical regions
and dental restorations are common. In fact, segmentation errors
of up to 1.5 mm have been reported in CBCT scans affected
by this artifact, posing a serious challenge for surgical planning
and prosthetic design [8,20]. A representative example of beam
hardening effects in CBCT imaging is illustrated in Fig. 2, showing
streaks and cupping artifacts adjacent to metallic restorations.

Mitigation strategies for beam hardening focus on improving
the uniformity of X-ray penetration and enhancing reconstruction
fidelity. One common approach is to increase the tube voltage
(typically to 100-120 kV), thereby generating higher-energy pho-
tons that are less susceptible to selective absorption, reducing
the severity of beam hardening. Additionally, beam hardening
correction algorithms are applied during image reconstruction to
compensate for intensity variations. Among these, dual-energy CT
has shown particular promise; it acquires images at two distinct
energy levels to distinguish between different tissue types and
materials, enabling more accurate attenuation correction [14].
Recent developments have also introduced Al-driven dual-en-
ergy reconstruction models, which outperform traditional beam
hardening correction methods. For instance, deep learning-based
dual-energy CT approaches can significantly reduce beam
hardening streaks in CBCT datasets, particularly in regions with
dense restorative materials where conventional algorithms fail [8].
These innovations represent a critical step forward in addressing
beam hardening artifacts and improving the reliability of CBCT
in clinical workflows.

Noise artifacts in CBCT and CT imaging occur primarily when
the X-ray dose is insufficient, resulting in random fluctuations in
pixel intensity that obscure anatomical detail and degrade overall
image clarity.

CBCT systems are particularly vulnerable to noise due to their
inherently lower signal-to-noise ratio compared to conventional
CT. This limitation becomes especially significant in low-dose
protocols, such as those used in pediatric imaging, orthodontic

assessments, and routine dental screenings, where minimizing
radiation exposure is a clinical priority. In such cases, noise
not only reduces image sharpness but can also mask subtle
pathologies or anatomical boundaries, compromising diagnostic
accuracy.

While increasing the X-ray dose can reduce noise levels, this
approach directly conflicts with the principle of radiation dose
optimization, particularly in vulnerable populations. As a resullt,
alternative noise-reduction strategies are essential. Recent
advancements in Al-driven denoising techniques have demon-
strated remarkable potential in overcoming this challenge. These
models —including CNNSs, residual U-Nets, and GAN-based archi-
tectures — are capable of selectively suppressing noise while pre-
serving fine structural details, offering a superior balance between
image quality and radiation safety. For example, it is reported that
a CycleGAN-based denoising approach improved CBCT image
clarity by up to 60 %, enabling diagnostic-quality reconstructions
from low-dose acquisitions without increasing patient exposure.
Deep learning methods have been shown to consistently outper-
form traditional filters and iterative reconstruction, achieving better
preservation of edge sharpness while simultaneously reducing
stochastic noise. Such innovations represent a transformative
step in CBCT imaging, making high-fidelity visualization more
accessible and safer for a broader range of clinical applications.

Patient-based artifacts. Patient-based artifacts in CT and
CBCT imaging result from factors intrinsic to the patient, including
involuntary movement, anatomical variations, and the presence
of metallic implants, all of which can distort the reconstructed
image and compromise diagnostic accuracy. Motion artifacts
are especially common in CBCT due to its typically longer scan
times compared to conventional CT. Even minor patient move-
ments during image acquisition can lead to blurring, streaking,
or double-image formation, which impairs the visualization of
anatomical structures and reduces spatial accuracy. This issue
is particularly critical in pediatric imaging, scans involving unco-
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Fig. 3. Red arrows point to motion artifact. Adapted from [22].

Fig. 4. Red arrow points to a ring artifact. Adapted from [22].

operative or medically complex patients, and cases requiring
extended exposure durations.

In addition to movement, anatomical heterogeneity — such as
dense cortical bone, air-filled sinuses, and soft tissue transitions
—can introduce attenuation mismatches that cause subtle incon-
sistencies in image reconstruction. These structural variations
may alter X-ray absorption unpredictably, leading to artifacts that
resemble pathology or mask real findings.

Metal artifacts represent another significant challenge,
frequently encountered in CBCT due to the high prevalence of
dental restorations, orthodontic appliances, and surgical implants
in the CMF region. These materials induce severe streaking,
dark bands, and signal voids, primarily due to beam hardening
and photon starvation, which distort surrounding anatomy and
complicate segmentation or surgical planning.

To mitigate patient-based artifacts, several techniques are
employed. These include shortened acquisition protocols to
reduce motion susceptibility, patient immobilization strategies
such as bite blocks and head stabilizers, and the use of MAR
algorithms to restore image integrity near metallic structures.
Furthermore, motion correction software and emerging Al-driven
artifact suppression models offer promising avenues to further
enhance image quality, especially in complex or compromised
scanning conditions [6]. When combined, these strategies are
essential for optimizing the diagnostic reliability of CBCT imaging
across diverse patient populations.

Motion artifacts represent a significant challenge in both CT
and CBCT imaging, occurring when the patient moves during
data acquisition (Fig. 3). Such motion results in blurring, double
contours, streaking, and overall degradation of image quality,
which can severely impair diagnostic accuracy. This problem is
especially pronounced in CBCT, where longer scan times — often
exceeding 10-20 seconds — make the modality more suscepti-
ble to involuntary movements such as breathing, swallowing,
or tremors. In contrast, CT typically operates with shorter scan
durations and higher acquisition speeds, making it relatively less

prone to this issue. Motion artifacts are particularly problematic
in neurological imaging, dental CBCT scans, and pediatric ap-
plications, where maintaining patient stiliness can be difficult or
unpredictable.

Traditional mitigation strategies focus on reducing scan
duration — typically to 3-6 seconds for CBCT and 5-10 seconds
for CT — along with patient immobilization techniques, such as
bite blocks in dental imaging or head restraints in neurosurgical
applications. While these methods are partially effective, they
do not eliminate motion-related distortions, especially in cases
involving uncooperative patients or complex anatomical regions.

Recent advances in artificial intelligence have introduced
more sophisticated and robust solutions. For example, a proto-
type motion correction reconstruction algorithm for interventional
CBCT, showing substantial improvements in motion artifact
suppression [8]. Similarly, a time-resolved CBCT reconstruction
method using spatiotemporal Gaussian models, significantly
reducing streaking and respiratory-motion artifacts [21]. More
recently, a review highlighted Al-based motion compensation
frameworks in CT and CBCT reconstruction, emphasizing the
integration of deep learning into real-time motion prediction and
correction pipelines [9]. These dynamic approaches integrate
motion estimation into the reconstruction process, resulting in a re-
duction of motion-induced artifacts and substantial improvements
in overall image clarity. Collectively, these Al-driven techniques
mark a transformative step in enhancing the reliability and diag-
nostic utility of CBCT and CT imaging, particularly in challenging
clinical scenarios where patient motion is unavoidable.

Scanner-based artifacts originate from inherent limitations
within the imaging system itself, including detector performance
issues, hardware miscalibrations, and imperfections in recon-
struction algorithms. These artifacts are particularly evident in
CBCT due to its compact system design and reliance on simpler
hardware compared to conventional CT. Common scanner-based
artifacts include ring artifacts, truncation artifacts, and limited
FOV artifacts.
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Ring artifacts, frequently encountered in CBCT, arise from de-
fective or miscalibrated detector elements. These faults manifest
as concentric rings or circular distortions in the reconstructed im-
age, degrading diagnostic accuracy. While such artifacts are now
rare in modern CT systems — due to robust detector calibration
and advanced iterative reconstruction algorithms — they remain
a concern in CBCT, particularly in older or lower-end systems.

Truncation artifacts occur when part of the patient’s anatomy
lies outside the detector's FOV, leading to incomplete data ac-
quisition and causing bright halos or edge distortions in the final
image. This is especially problematic in CBCT, where the limited
scan volume and small detector array may fail to capture larger
anatomical structures, such as the full craniofacial skeleton or
jawline in dental imaging.

Limited-FOV artifacts are closely related and refer to image
data loss at the periphery, where regions outside the detector
coverage are not reconstructed, resulting in cut-off anatomy or
inconsistent gray levels near the edges. These effects can hinder
clinical interpretation and reduce measurement accuracy, particu-
larly in surgical planning or orthodontic applications.

Mitigation strategies for scanner-based artifacts include
rigorous detector calibration protocols and the implementation
of extended-field-of-view algorithms that extrapolate beyond the
scanned region to recover lost information. Deep learning-based
correction models are also being integrated into CBCT work-
flows, offering data-driven reconstruction improvements that can
effectively suppress scanner-induced distortions. In CT imaging,
the use of optimized detector arrays and iterative reconstruction
techniques has largely minimized the prevalence of these arti-
facts, making them significantly less pronounced than in CBCT
systems. As CBCT technology continues to evolve, addressing
scanner-bhased artifacts remains a key priority to ensure consist-
ent image quality and clinical reliability.

Ring artifacts are a notable image distortion, particularly
prevalent in older CBCT systems or devices with inadequate
detector calibration (Fig. 4). These artifacts appear as concentric
circular bands superimposed on the reconstructed image and are
caused by individual detector elements that consistently record
inaccurate intensity values due to malfunction or miscalibration.
The repetitive nature of these errors across the rotational scan
leads to circular anomalies centered around the axis of rotation.
This artifact is especially disruptive in applications requiring high
anatomical precision, such as craniofacial reconstruction, sinus
evaluation, and orthognathic surgical planning, where even minor
inaccuracies in segmentation can lead to clinical misinterpretation.
To address ring artifacts, detector calibration procedures and
flat-field correction techniques are routinely employed. These
methods aim to normalize the detector’s response by compen-
sating for gain and offset inconsistencies across all pixels, thereby
minimizing the appearance of rings in the reconstructed volume.

Partial volume artifacts are another common source of image
distortion in CBCT imaging, occurring when a single voxel en-
compasses multiple tissue types due to limited spatial resolution.
This results in averaged or blended intensity values within the
voxel, inaccurately representing the true anatomical structures.
The artifact leads to blurred boundaries, false density readings,
and reduced contrast between adjacent tissues — posing a sig-

nificant challenge in applications requiring precise delineation,
such as dental root analysis, implant planning, and bone — tissue
interface evaluations.

This effect is generally more pronounced in CBCT thanin CT,
largely due to the larger voxel sizes and lower detector sensitivity
employed in many CBCT systems, particularly when operating
under low-dose protocols. In contrast, CT systems typically offer
finer control over slice thickness and detector resolution, allowing
better discrimination between tissues.

Mitigation strategies focus on enhancing spatial resolution.
In CBCT, reducing voxel size — ideally to the range of 0.075-
0.125 mm - can significantly reduce partial volume effects, es-
pecially in high-detail regions such as the alveolar ridge or cranial
sutures [5]. For CT, optimal slice thickness typically falls within
0.50-1.25 mm, depending on the clinical context. Additionally, the
application of high-pass spatial filters during post-processing can
improve edge definition and compensate for blurring caused by
partial volume averaging. These filters emphasize high-frequency
components of the image, thus enhancing the visibility of small
anatomical structures [23].

Recent studies have confirmed that reducing voxel size in
CBCT improves diagnostic accuracy in fine-detail imaging tasks.
For example, S. Murat et al. (2025) demonstrated that smaller
voxel sizes significantly improved CBCT-derived measurement
accuracy compared to micro-CT [24]. Similarly, highlighted voxel
size has been identified as a major determinant of registration
accuracy in facial imaging, while Al-based CBCT resolution en-
hancement models have been proposed to reduce partial volume
artifacts and improve image clarity in dental and endodontic
applications [25].

As imaging demands increase in precision-driven fields like
CMF surgery and endodontics, minimizing partial volume artifacts
remains a critical factor in optimizing CBCT image quality and
ensuring accurate clinical outcomes.

Impact of artifacts on segmentation accuracy. This issue is
especially pronounced in CBCT imaging, which is inherently
more susceptible to artifacts due to its lower radiation dose,
limited detector dynamic range, and wider cone beam geometry.
The presence of such artifacts can substantially impair segmen-
tation accuracy, with soft tissue boundaries being particularly
vulnerable because of low contrast resolution and beam-related
distortions. One notable example is beam hardening and scatter
artifacts, which cause non-uniform attenuation and result in
blurred or artificially altered tissue boundaries. In maxillofacial
CBCT studies, segmentation errors of up to 1.5 mm have been
reported in artifact-prone regions, a significant margin that
can compromise the clinical accuracy of surgical or prosthetic
interventions [26].

Metal artifacts, commonly encountered in dental and orthope-
dicimaging, present an additional challenge. High-density restora-
tions, implants, and surgical hardware cause severe streaking and
signal voids that obscure the surrounding bone and soft tissues.
This distortion can lead to mislocalization of implants, inaccurate
bone delineation, and compromised preoperative planning. In
radiation therapy, segmentation errors caused by artifacts can
translate into inaccurate dose mapping, risking underdosing of the
target or unintended exposure to surrounding critical structures,
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Table 2. Comparison of traditional vs Al-based artifact correction techniques in CT and CBCT imaging

reconstruction or MAR filters

Feature Traditional methods Al-based methods Citations

Accuracy (Dice) 0.65-0.80 depending on filter type and modality | 0.85-0.95 using deep learning (CNN, GAN, b-MAR) [24,25,26]
(MAR, beam hardening correction) on CBCT datasets

Processing time ~1-5 min per scan using conventional iterative | 0.5-2.0 min (depending on GPU capacity); real-time [22]

possible in some cases

Clinical readiness | Fully integrated into major CT / CBCT systems;
FDA (Food and Drug Administration) cleared

Mostly experimental; limited FDA/CE (Conformité -
Européenne) approvals; general-purpose Al correction

not yet widely cleared
Artifact coverage | Optimized for one type (e.g., beam hardening or | Can learn multiple artifact patterns simultaneously [22,25]
motion) (motion + noise + beam hardening)
Scalability Vendor-dependent; tuned to scanner models Highly scalable across platforms, but robustness to patient |-

anatomy and diverse scanners remains a challenge

thereby affecting both treatment efficacy and patient safety [25].

Recent advances in deep learning have introduced Al-driven
segmentation models that substantially improve robustness against
artifacts. Automated 3D segmentation frameworks such as nnU-
Net v2 have demonstrated strong performance in CBCT datasets,
achieving reliable detection of fine structures with Dice similarity
coefficients (DSC) >0.90 even in artifact-rich scans [27]. Similarly,
multi-algorithm comparisons in CMF imaging confirmed that Al-
based CBCT segmentation consistently outperforms manual and
semi-automated methods, particularly in complex anatomical zones
[20]. More advanced strategies, including deep ensemble learning
and hybrid multi-structure segmentation pipelines, have further
improved accuracy for surgical planning tasks, reducing variability
and increasing reproducibility across patient datasets [28].

Comparison of traditional and Al-based artifact correction
techniques. Traditional artifact correction techniques in CT and
CBCT imaging — such as beam hardening filters, MAR algo-
rithms, and iterative reconstruction — have been widely used in
commercial scanners for years. These methods typically address
a single artifact type and offer moderate segmentation accuracy,
with Dice coefficients ranging from 0.65 to 0.80 depending on the
anatomical region and imaging modality (Table 2).

In contrast, Al-based correction methods, particularly deep
learning approaches using convolutional neural networks and
generative adversarial networks, demonstrate significantly higher
segmentation precision, often achieving Dice scores between
0.85 and 0.95 on benchmark datasets (Table 2). These meth-
ods excel at modeling complex, overlapping artifacts such as
scatter and motion simultaneously and can reconstruct missing
anatomical details around metal implants more effectively than
traditional techniques.

Processing time is also markedly improved. Al models, when
executed on modern GPUs, can produce corrected scans in un-
der 2 minutes, with some achieving near real-time performance.

Challenges and future directions. Despite their promising ca-
pabilities, Al-based artifact correction techniques remain underuti-
lized in routine clinical practice. Many models have been validated
only in controlled, retrospective, or single-vendor environments,
limiting their generalizability. Furthermore, current Al systems
often target individual artifact types, while in real-world clinical
imaging, multiple artifacts frequently co-occur —interacting in ways

that simple single-mode correction cannot resolve. Another bar-
rier is regulatory approval, as most models have not undergone
the multi-center clinical validation and safety testing required for
integration into FDA- or CE-cleared diagnostic platforms.

To overcome these limitations, future research must pri-
oritize large-scale, multi-institutional validation across diverse
patient anatomies, scanner models, and imaging protocols. The
development of hybrid or multi-task Al frameworks, capable of
simultaneously correcting multiple artifact types, will be essential
for practical deployment. Additionally, user-friendly integration
into existing Picture Archiving and Communication System and
imaging software platforms is needed to ensure smooth clinical
adoption without disrupting established radiology workflows.

By addressing these challenges, Al-based artifact correction
can transition from an experimental innovation to a clinical stand-
ard, enabling safer, faster, and more accurate diagnostic imaging
across a wide range of applications in medicine and surgery.

Conclusions

1. The diagnostic effectiveness of cranio-maxillofacial imaging
with CT and CBCT is largely determined by the adjustment of
scanning parameters and reconstruction algorithms. Optimization
of these parameters ensures highimage quality and patient safety.

2. Nevertheless, imaging artifacts remain a significant obstacle.
In CT and CBCT, such artifacts can decrease segmentation accu-
racy by up to 30 %, thereby complicating diagnostic evaluation.

3. Conventional correction methods (e. g. iterative recon-
struction, beam-hardening filters, and metal artifact reduction
algorithms) improve segmentation accuracy by only 6-15 %.
These approaches are generally tailored to individual artifact
types and demonstrate limited effectiveness in complex or com-
bined scenarios.

4. Artificial intelligence—based correction methods, including
convolutional neural networks and generative adversarial net-
works, show improvements in segmentation accuracy of up to
30 %. These techniques can simultaneously address multiple
artifact sources and enable real-time reconstruction. However,
Al-based algorithms remain at an experimental stage; their clinical
effectiveness, reliability, reproducibility, and generalizability are
still under investigation and require further validation.

ISSN 2072-9367 CyyacHi MeanyHi TexHoAorii. T. 18, Ne 2(69), kiteHb - yepBeHb 2026 p. 147



Orasp aitepatypu / Reviews of literature

Prospects for further research. Future research should focus
on the development of hybrid correction frameworks that integrate
validated Al models with conventional reconstruction approach-
es, with particular emphasis on ensuring clinical reliability and
regulatory compliance.
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Two cases of open and video-assisted thoracoscopic approaches
to superior vena cava in combat trauma in Ukraine
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Aim: to analyze the clinical features and surgical outcomes of combat-related superior vena cava injuries and to
determine the optimal operative strategy considering the mechanism of injury, severity of the patient’s condition,
and associated thoracic damage.

Materials and methods. The article presents two clinical cases of combat trauma involving injury to the superior
vena cava treated in Zaporizhzhia Military Hospital, Ukraine. Both patients sustained penetrating thoracic injuries
caused by explosive fragments during hostilities. Clinical data, imaging findings, intraoperative observations,
surgical techniques, and postoperative outcomes were analyzed. Two different surgical approaches were used
depending on the patient’s clinical condition, injury characteristics, and anatomical localization of the vascular
damage: open surgical repair and video-assisted thoracoscopic surgery. Particular attention was paid to the
mechanism of injury, associated thoracic damage, hemodynamic stability, and the feasibility of minimally invasive
intervention in combat trauma settings.

Results. In the first case, the patient underwent open surgical repair of the superior vena cava due to the severity
of injury and associated thoracic damage. In the second case, a video-assisted thoracoscopic approach was
successfully used for removal of the foreign body and repair of the vascular wall. Both patients survived and
demonstrated favorable postoperative outcomes without major complications. These cases illustrate that modern
combat injuries caused by low-velocity fragments may allow delayed surgical management due to temporary
sealing of the vascular defect by the fragment itself. This phenomenon may facilitate planned surgical intervention
after evacuation to a specialized medical facility.

Conclusions. Injuries of the superior vena cava in combat trauma are rare but potentially life-threatening conditions
that require prompt diagnosis and individualized surgical management. Both open surgery and video-assisted
thoracoscopic techniques can be effective treatment options. The choice of surgical approach should depend
on the patient's physiological status, the mechanism of injury, the extent of associated thoracic damage, and
the overall survivabhility potential.

Modern medical technology. 2026;18(2):149-154

ABa BUNaAKM 3aCTOCYBaHHA BiAKPUTOro Ta BiA€OTOPAKOCKONIYHOrO AOCTYNIB
AO BepXHbOi NOPOXXHUCTOI BEHU Npu 60i0oBIH TpaBMi B YKpaiHi

1. B. Teaywwko, K. B. [ymeHtok, 0. 0. Mixees, C. Lllakendopa C. I. CaBueHko

Merta po60oTH - NpoaHani3yBaTu KniHi4YHi 0COBNMBOCTI Ta pe3ynbTaTyt XipypriYHOro NikyBaHHs GOMOBMX YLIKOMKEHb
BEPXHbOI MOPOKHWCTOI BEHW, @ TAKOX BU3HAYUTH ONTUMArbHY TaKTVKy OMepaTUBHOTO BTPYYaHHS, BPaxoByo4M
MeXaHi3aM TpaBMU, TSHKKICTb CTaHy nauieHTa Ta CynyTHi NOLUKOMKEHHS OpraHiB rpyaHOI KNiTKu.

Martepianu i meToau. HaBegeHo ABa KNiHiYHi BUnagku 6010BOT TpaBMY 3 YLLIKOIKEHHSM BEPXHBOI MOPOXHUCTOI
BEHW; NaLlieHTn nepebyBanu Ha nikyBaHHi B 3anopisbkomy BilickkoBoMy rocnitani (Ykpaina). Obuaea naieHTu
OTPMUMany BOrHenasbHi OCKONKOBI NPOHUKHI MOPaHEHHs TPYAHOI KNiTKM nig yac 6orosux Ain. MNpoaHanizoaHo
KMiHIYHI AaHi, pesynbTaTi iHCTPYMeHTamnbHWUX AOCTIMKeHb, iHTpaonepauiiHi 3Haxigku, 0CobnmBoCTi onepaTus-
HOro BTPYYaHHs! Ta nicrnsionepadiiiHui nepedir. 3anexHo Bia kNiHIYHOrO CTaHy nawieHTa, XapakTepy NopaHeHHS
Ta nokanisauii yLKOIXeHHs CyAWHM 3aCTOCOBAHO [Ba Pi3Hi XipyprivHi Migxoau — BUKOHAHO BIAKpUTY onepaito
Ta BigeoTopakockoniyHe BTpyyaHHs. Ocobnusy yBary NpuaineHo MexaHiamy TpaBMu, CynyTHIM YLIKOMKEHHSM
OpraHiB rpyaHoi KniTk1, reMoaMHaMiuHil CTabinbHOCTI NawuieHTiB i MOXMMBOCTI 3aCTOCYBaHHS ManoiHBa3NBHNX
TexHonorii npu 60MOBIN TpaBMi.

Pe3yabraTu. Y NepLUIOMY KIiHIYHOMY BUMafKy BUKOHAHO BiZKPUTE ONepaTvBHE BTPYYaHHS 3 YLUMBAHHSAM YLLIKOMKEH-
HS BEPXHbOI MOPOXHUCTOI BEHM Yepes TSKKICTb TPaBMU Ta HAasiBHICTb CYNYTHIX YLIKOMKeHb. Y ApyroMy BUNagKy
YCHILLHO 3aCTOCOBAHO BiA€0TOPAKOCKOMIYHUI AOCTYN ANS BUAANEHHS CTOPOHHBOIO Tifla Ta BiHOBIEHHS CTIHKM
cyauHn. ObuaBa naLieHTV BIKWNK, nicnsionepaLiiiHui nepioa Mas cnpusTinemii nepebir, MuHys 6e3 ycknaaHeHs.
HaBepaeHi cnocTepexeHHs nokasanu, LWo Npy Cy4acHnx 6ONOBUX MOPAHEHHSIX, CIPUYMHEHNX HU3bKOLLIBUAKICHUMM
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ynamkamu, iHKOn1 MOXMMBE TUMYacoBe «repMETU3yBaHH» AedeKTy CyanHU CaMuM YNamKoM, Lo Aae 3Mory
BWKOHATU BiACTPOUYEHE OnepaTuBHE BTPyYaHHs nicrns eBakyauii 4o cneuiani3oBaHoro nikyBanbHOro 3aknagy.

BHCHOBKH. YLLKO)KEHHSI BEPXHBOI MOPOXHMCTOI BEHM Npy BOI0BIN TpaBMi — piaKiCHi, ane NOTEHLINHO XMTTEBO
Hebe3neyHi cTaHw, Lo noTpebyoTb CBOEYACHOI 4iarHOCTWKM 1 iHAMBIAYyani3oBaHoro XipypriyHoro nigxogy. Bia-
KpuTi onepaLii, SiK i BiieoTopakoCKONiYHi BTpyYaHHs, MOXyTb 6yTv eChekTUBHIMI METoAaMM nikyBaHHS. Bubip
OnepaTuBHOI TaKTUKM Mae 3anexaty Bif, 3arafbHOrO CTaHy nauieHTa, MexaHiamy TpaBmu, obcsry cynyTHiX

YLWKO4XXEHb Ta NPOrHO3Y BUXXUBAHHA.

CyuacHi MeanuHi TexHonorii. 2026. T. 18, Ne 2(69). C. 149-154

Penetrating injuries to the superior vena cava (SVC) are
rare and often fatal. Existing literature primarily describes stab
wounds and gunshot injuries to the SVC, with few reports on com-
bat-related trauma involving this vessel. The injury mechanisms
observed in the Ukrainian conflict significantly differ from those
reported in previous wars. Unlike prior armed conflicts, where
gunshot wounds predominated, most combat-related vascular
injuries in Ukraine result from blast fragments, including those
from drone-detonated explosives. Notably, small, low-velocity
fragments may, in some cases, embed within the vascular wall,
effectively sealing the defect and preventing immediate exsan-
guination. This phenomenon allows for prolonged casualty evac-
uation and facilitates delayed but planned surgical interventions.
However, in the current operational environment, prolonged evac-
uation times — due to tactical constraints and deliberate targeting
of medical assets — often exceed the conventional “golden hour”,
impacting patient outcomes.

The majority of reported vena cava injuries involve the
inferior vena cava [1,2]. Literature predominantly focuses on
case reports, diagnostic evaluations, and management strat-
egies that address both arterial and venous trauma, as well
as contemporary approaches to reconstructive aortic surgery
in complex pathologies [1,3,4]. Vascular injuries are classified
into blunt, penetrating, and iatrogenic etiologies [1,2]. The
largest published series of combat-related vena cava injuries,
consisting of 82 cases, was reported during the Vietnam War;
however, all involved the inferior vena cava [3]. Successful
surgical repair of SVC injuries remains infrequent, with only a
limited number of cases documented [3,5,6]. Although tempo-
rary hemostasis may be achieved through soft clot formation
in certain injuries, a high index of suspicion for major vascular
trauma is required [1,2,7].

The management of SVC injuries remains complex and
context dependent. Permissive hypotension resuscitation strat-
egies may be beneficial in preventing excessive hemorrhage in
critically injured patients [8]. In select cases, vascular ligation
has been employed as a life-saving measure [9], while in others,
endovascular stenting has demonstrated efficacy in achieving
hemostasis [10]. However, existing literature largely omits tech-
nical considerations for the surgical repair of SVC injuries in the
setting of combat trauma, particularly those resulting from blast
fragmentation. Additionally, no reported cases describe the use of
video-assisted thoracoscopic (VATS) surgery for combat-related
mediastinal vascular trauma.

Atour Role 3 institution, we managed two cases of SVC frag-
ment injuries, in which the retained metallic fragment functioned
as a temporary vascular seal. Given that SVC injuries are both

rare and highly lethal [11], these cases contribute valuable insight
into the evolving understanding of combat vascular trauma and
its management as part of future investigations.

Aim

To analyze the clinical features and surgical outcomes of
combat-related superior vena cava injuries and to determine
the optimal operative strategy considering the mechanism of
injury, severity of the patient’s condition, and associated thoracic
damage.

Materials and methods

This study reports our experience in managing two cases of
SVC injury. The study was conducted in accordance with bio-
ethical standards and was approved by the Bioethics Committee
of Zaporizhzhia State Medical and Pharmaceutical University
(Protocol No. 4, dated March 12, 2026). Written informed consent
was obtained from all eligible patients.

Results

Clinical case 1. Our first patient was a 45-year-old male who
was injured during mortar shelling, 20 hours prior to admission.
Initial medical care provided by the forward surgical team 18
hours after the injury included: occlusive dressing of the wound
without drainage of the pleural cavity. During evacuation by
ground assets, the patient was in stable condition without signs
of blood loss or respiratory compromise.

His past medical history was notable for a 27 pack-year history
of smoking, otherwise unremarkable.

On hospital admission, the patient had the following findings
on physical exam: normal vital signs; coarse breath sounds,
diminished on the right. On the right side of his chest, he was
noted to have an entry wound in the deltopectoral groove near
the shoulder joint with a 1 x 2 cm skin defect and abrasions of
the wound margins, without active bleeding and no evidence for
air movement.

Chest computed tomography (CT) without intravenous
contrast per local protocol showed a small right-sided apical
pneumothorax, 11-mm right hemothorax, intramuscular emphy-
sema of the right chest wall, an area of focal consolidation with
pneumatocele and surrounding “ground glass” opacity in the 5"
segment of the right lung; 15 mm metallic foreign body at the
level of the right auricle adjacent to the vena cava; and 5-mm
hemopericardium (Fig. 1).
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Fig. 1. Case 1, CT scan of the chest showing a metallic foreign body in the anterior mediastinum projecting over the SVC and associated
with a small right-sided hemothorax and hemopericardium; double contour of the foreign body is caused by motion artefact and confirms

contact with a moving structure.

With a metallic fragment localized in the anterior mediastinum
near the great vessels, a high index of suspicion for vascular injury
was maintained. In our surgical planning, we needed to account
for control of the great vessels in the mediastinum, removal of
metallic foreign body, and potential repair of presumed SVC injury.

During the surgical intervention, the patient was positioned
supine with 30 degrees elevation of the right side. Following ante-
rior thoracotomy in the 5™ intercostal space, 300 mL of blood and
clots were removed from the pleural cavity. On the pericardium
at the confluence with the SVC, we noted a 1-cm tissue defect
with the edge of a metallic foreign body protruding in the center.
Any manipulations near the foreign body resulted in leakage of
dark blood. Packing with surgical sponges was performed to
facilitate evaluation for other injuries; the lung was freed from
the inferior pulmonary ligament and tidal volume was reduced
on the ventilator. A pericardiotomy was then performed anterior
to the phrenic nerve. As a result, 80 mL of serosanguinous fluid
was removed from the pericardial sac. A metallic fragment was
localized in the walll of the intrapericardial SVC. Prior to fragment
removal, the lateral wall of the SVC was elevated and clamped
longitudinally without interrupting blood flow. The fragment was
safely removed, and the SVC wall defect was repaired. The post-
operative course was uneventful. The chest tube was removed
on postoperative day 4. On postoperative day 7, the patient was
evacuated to the next Role of care.

Clinical case 2. Our second patient was a 52-year-old male
who was injured 9 hours prior to hospital arrival as a result of

a drone strike. Five hours after the injury, he was evacuated to
Role 2. Injuries included: severe penetrating head injury, pene-
trating right chest injury and right upper extremity trauma with
vascular injury and humeral fracture. The forward surgical team at
Role 2, which does not have CT or neurosurgical capability, placed
aright-sided chest tube, ligated the right brachial vein, and placed
an external fixator for the complex right upper extremity injury.
Damage control resuscitation with 2 units of red blood cells and
2 units of plasma was performed. The patient was mechanically
ventilated and further evacuated by ground to Role 3.

His past medical history was notable for 36 pack-year history
of smoking, otherwise unremarkable. The patient arrived at Role
3 on mechanical ventilation with normal vital signs. Exam findings
included penetrating ballistic head trauma to the right parietal
region with leakage of cerebrospinal fluid through an open skull
fracture; Glasgow coma score 11T, multiple fragment wounds of
the posterior and lateral torso; chest tube in the right pleural cavity
drained about 100 mL of blood without air leak; and right upper
arm external fixator with penetrating injury of the right shoulder
with soft tissue defects and ballistic fracture of the right humerus.

Initial work-up included CT of head, chest, abdomen and
pelvis without contrast (per local protocol), X-rays of the right
upper extremity and laboratory analysis. CT showed the following
findings: penetrating fragment injury of the right parietal region
of the skull and brain with pneumocephalus, ballistic penetrating
injury of the right chest with a fragment at the lung base, right
pneumothorax, right pulmonary contusion, pneumomediastinum,
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Fig. 2. Case 2, a series of CT slices of the chest showing a fragment in the SVC, also penetrating injury of the lung parenchyma, and
right-sided hemopneumothorax; vascular catheter is noted in the lumen of the vessel.

3

Fig. 3. Case 2, intraoperative picture of the SVC injury site, a fragment is lodged in the vessel wall; bleeding control is achieved before
suturing the injury site.

Fig. 4. Case 2, postoperative 1-view X-ray of the chest in anteroposterior projection.
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and multiple fragments within the soft tissues of the back and
abdominal wall. The surgical team performed an independent
evaluation of the CT images and raised suspicion for a fragment
injury of the SVC (Fig. 2). X-ray of the right shoulder: comminuted
displaced fracture of the middle third of the humerus; multiple
metallic foreign bodies in the soft tissues of the neck, shoulder,
and the right chest.

Pre-operative diagnosis: Blast injury. Penetrating fragment
injury of the head with an entry wound in the right parietal re-
gion, metallic and bone fragments within the brain parenchyma,
depressed open parietal bone fracture, cerebrospinal fluid leak-
age, pneumocephalus; fragments within the soft tissues of the
supraorbital and parieto-occipital regions of the scalp; penetrating
fragment injury of the right chest, right lung laceration, fragment
injury of the SVC, right hemopneumothorax; multiple fragments
within the soft tissues of the trunk; fragment injury of the right
shoulder, ballistic comminuted and displaced fracture of middle
third of the right humerus; right brachial vein injury and right
brachial artery contusion, with multiple retained foreign bodies
within the soft tissues of the right upper extremity.

Emergency neurosurgical intervention was a priority in this
patient, and he was taken to the operating room for craniectomy.
Wound debridement and parietal bone resection were performed;
metallic and bone fragments were removed. The dural defect
was closed with periosteum. Concurrently with the neurosurgical
team, a second team debrided the right shoulder and repaired the
neurovascular bundle of the right upper extremity. A second chest
drain was placed. The patient required ongoing damage control
resuscitation during the surgery due to recurrent episodes of
hemodynamic instability with hypotension. During postoperative
observation, his lung mostly expanded but atelectasis of the right
lower lobe persisted. He did not have any further blood loss from
the right pleural space, but an air leak persisted. It was known
that a metallic foreign body was retained in the anterior-superior
mediastinum, adjacent to the great vessels, which could po-
tentially erode through the vessels and lead to life-threatening
hemorrhage. Therefore 12 hours after the hospital admission,
the decision was made to perform a right-sided VATS which
revealed that the lung laceration was hemostatic and there was
no air leak; a fragment was found to be lodged in the wall of the
SVC above the confluence with the azygos vein. The lateral wall
of the SVC was clamped longitudinally in order to isolate both the
vascular defect and the foreign body (Fig. 3). The fragment was
removed with a magnet, and the vessel wall was closed with a
lateral vascular suture. Total blood loss of 50 mL was recorded.

Arepeat chest X-ray showed re-expanded lungs, post-trau-
matic contusion of the right upper lobe, chest wall emphysema,
chest tube presentin the right pleural cavity, and retained metallic
fragments in the right chest (Fig. 4).

On the 2™ day, the patient was transferred to the next Role
of care in critical but hemodynamically stable condition, pharma-
cologically sedated and mechanically ventilated.

Discussion

Combat injuries in the Ukraine conflict are caused primarily
by fragments due to weaponization of drones, artillery, or various

ballistic missiles. Alower energy fragment, rather than lacerating
a major vessel and causing fatal hemorrhage, may “breach and
lodge” into the vessel wall. This phenomenon facilitates casualty
survival in the setting of prolonged evacuation and delayed access
to surgical care. Under such circumstances, the clinical picture
alone may be misleading, and further diagnostic delays may
occur. Ballistic injuries caused by fragments have very diverse
intracorporeal trajectories. CT is the diagnostic modality of choice
for blast injury. It allows diagnosis of injuries with localization of
fragments and their trajectories. However, metallic foreign bodies
also cause significant artifacts during CT scanning, which may
degrade the quality of imaging and may obscure significant find-
ings in the surrounding tissues. Furthermore, it may be difficult
to determine the exact location of the fragments near moving
structures such as the heart, central vessels or the diaphragm,
due to the motion artifact.

Our standard protocol, used in 95 % of studies, does not
include intravenous contrast during CT imaging for trauma due
to limited availability of contrast agents.

Surgical planning is influenced by several factors such as
mechanism of injury, duration of evacuation and the overall
patient’s condition. Foreign body migration from another site
should be considered [9]. Anesthesia should be administered
with double-lumen endotracheal tube which allows for single-lung
ventilation. This facilitates surgical access to the mediastinum
and visualization during VATS. To prevent blood loss during for-
eign body removal and surgical repair of the SVC wall, we place
vascular clamps in the longitudinal orientation on the lateral wall,
along the long axis of the vessels.

Our two cases show that taking an individualized approach
to surgical decision-making in case of penetrating injuries to
the great vessels of the chest with foreign bodies lodged in the
vessel wall, leads to best outcomes. VATS may be safely used
in well-selected casualties. For best results it is also mandatory
to consider the level of staff preparedness, current workload, and
completeness of patient workup along with the patient's overall
condition and injury complex. Appropriate imaging modalities
must be available.

Conclusions

1. In Ukraine, combat injury patterns differ significantly from
what was observed in other recent conflicts. Penetrating fragment
injuries predominate among the combat casualties. Furthermore,
tactical conditions and deliberate targeting of medical assets lead
to prolonged evacuation delays.

2. Penetrating injuries of the superior vena cava with low
velocity projectiles may lead to a “breach and lodge effect”. Frag-
ments get lodged in the vessel wall and temporarily function as a
“vascular patch”. In such settings, when vascular intervention is
neither necessary nor feasible immediately following the injury,
surgeons may have time to optimize operative planning.

3.In carefully selected patients, video-assisted thoracoscopy
is a viable option for surgical repair of the penetrating injuries to
the great vessels of the chest.
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